NMIN Capacity-Building Webinar

rhAmpSeq™ CRISPR:

Multiplexed Amplicon Sequencing & Analysis

Adam Chernick

Field Application Manager

Integrated DNA Technologies (IDT) m I DT®

INTEGRATED DNA TECHNOLOGIES



rhAmpSeq™ CRISPR
MULTIPLEXED AMPLICON SEQUENCING

AND ANALYSIS
ADAM CHERNICK, PhD

November 16, 2020

M I D I The information in this presentation is confidential and proprietary. No part of the presentation may be used,

INTEGRATED DNA TECHNOLOGIES reproduced or distributed without the express written permission of Integrated DNATechnologies, Inc.



https://youtu.be/S3sxzvX-YVI

THE WORLD'S LARGEST SUPPLIER OF CUSTOM u
NUCLEIC ACIDS
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IDT SUPPORTS THE CRISPR WORKFLOW

Alt-R CRISPR System — a complete workflow

n

Att R CRISPR-Cas9 gmde '

RNA design tool

* Predesigned guides

* Custom designs
* Design checking

* Human, mouse, rat,

zebrafish, and C.

elegans

HDR design tool

RNF‘ delivery methods
® Electroporation

* Lipofection

* Microinjection

Alt-R Electroporation
Enhancers

Art R guide RNAs

® Cas? crRNAtracrRNA
* Cas? sgRNA

®* CaslZa crRMA

Alt-R CRISPR proteins
* \WT Cas?

® HiF Cas9

* Cas9 nickases

® Cas12a (Cpf1)

* Cas12a (Cpf1) Ultra

Knockout

Repair (HDR)
Knockin

Knockout occurs naturally after

p

DNA break — no additional

tools needed

Ultramer
Oligonucleotides

* Up to 200 bases

* Modified ssODNs

Megamer ssDNA

Fragments

* Up to 2000 bases

* Sequence-verified
via NGS

gBlocks fragments
Alt-R HDR Enhancer

Gen ome Editing
Detection Kit
* Simple, fast, T7EI-

based assay

rhAmpSeq system

for CRISPR

* Multiplexed,
amplification for
lHurmina NGS

* Up to 1000-plex

foy |

AN A
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CRISPR GENOME EDITING OVERVIEW
P \
Cpf

| Ca59ﬁ“
(Blunt ends) ( ﬁ , (5' overhang)

Double-stranded break (DSB)

e SHOrt donor

or
— = LONg donor

Addition of donor DNA with
precise insertion or repair

No donor DNA

Non-homologous Homology-directed
end joining (NHEJ) repair (HDR)
Knockouts Change allele (e.g., mimic disease)

Genomic screens Gene fusions (e.g., tagging) >O<ID-I-
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ON-TARGET AND OFF-TARGET EDITING

 Genome editing is not perfect
 CRISPR can result in edits throughout the genome
e On-target and off-target edits must be identified and quantified

X XIDI
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WHAT DOES rhAmpSeq DO?

* Enables the best-in-class insertion/deletion (indel) quantification of genome editing
¢ Sequences on-target and off-target sites simultaneously

* Yields great uniformity and high “map rate” as well as quantitative readout

* GUIDE-seq or other unbiased methods result in significant noise (>80% unmapped or non-target reads) in
library prep; the rnAmpSeq system does not generate these wasted reads

* Provides detailed info at on-target sites, as well as off-target sites, all in one reaction
* The condensed workflow saves time and reagents during design and experiment

The rnAmpSeq system is NOT an off-target identification method; it is a
tool used to evaluate up to 5000 known or predicted off-target sites

genome-wide.
X XIDT
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STEP 1: IDENTIFY OFF-TARGET SITES

Unbiased detection methods
Cell-based—GUIDE-seq
In vitro—SITE-Seq

In silico prediction methods
IDT “gRNA checker”
Cosmid, CRISTA, RGEN

Guide Coordinates

G U I D E _S e q reS u |tS Mismatch Assay Chr Start Stop Strand
0 AR_iGS_1 chrX 67545904 67545924
. 4 AR_iGS_2 chrl7 14626784 14626804
Internal, improved protocols L s ant omews s
- 2 AR_iGS_3 chr7 22126335 22126355
to share with customers S A
1 1 1 AR_iMS_3 chrg8 70014903 70014923
Tsal ! et al " Nat BIOteCh (2015) 3 AR_iMS_4 chrl2 122113358 122113378
3 AR_iGS_5 chrl0 75605948 75605968

STEP 2: STUDY THEM IN DETAIL WITH rhAmpSeq

>XXIDI
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STEP 1: IDENT

Unbiased detection n
Cell-based—GUI
In vitro—SITE-Se

GUIDE-seq results
Internal, improved proto
to share with customers

Tsai, et al., Nat Biotech (20!

STEP 2: STUD

GUIDE-seq

—— dsODN
dsODN tag JdsDNA in
cell genome

1Tag integration in live cells

-

Y

1Tag-speciﬁc amplification

High-throughput sequencing

TES

rediction methods
JRNA checker”
id, CRISTA, RGEN

66 AaGccllc cllcctclletcclle
[6c A ald A A A

VITH rnAmpSeq
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rhAmpSeq METHODOLOGY?

/Siep 1: rhPCR feas Editing Blocker \
(1.2 hrs) _ L Sit R RNA Base
rhPrimer k_’y e

Activation of rhPrimers by R DNA Template

RNase H2 Cleavage H
Amplification by DNA N\ .

Polymerase

rhPrimer

h -

rhPCR Amplicon

Step 2: Universal PCR
(1 hr)

P7 Index Primer

N—

Index rhPCR amplicons
with P7 & P5 universal ‘ P5 Index Primer
primers

Individual 1X SPRI purification

3

Quantify each rhAmpSeq library

\ for normalization and sample pooling / WIDT
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rhAmpSeq LIBRARY FORMATION

(Index primer)

SP1 (rhAmp primer)
LSS-Forward (g W=
B lR
(rhAmp primer) | =

LSS: Locus-specific sequence (Index primer)

Assay: A pair of forward and reverse rhAmp primers designed to amplify a specific region
Panel: Collection of assays (forward panel and reverse panel)
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rhAmp PCR TECHNOLOGY INNOVATED AT IDT

BMC Biotechnology (2011) 11:80
RNA base —  ,— Blocking moiety
METHODOLOGY ARTICLE [N (e ry  DBlocked inactive primers S —
anneal to target

. B e
RNase H-dependent PCR (rhPCR): improved '
specificity and single nucleotide polymorphism hybridized el RNA base i< ”
detection using blocked cleavable primers 3
Joseph R Dobosy, Scott D Rose, Kristin R Beltz, Susan M Rupp, Kristy M Powers, Mark A Behlke™ and — Blocking moie
Joseph A Walder RNEsE H claavis ‘RNA - %L ::\Ja:e H2 ty

hybridized primers
N

4

DNA polymerase extends Toa pahmeress
newly unblocked primers

Target sequence denatures for next PCR cycle

X XIDI
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BENEFITS OF rhAmp PCR

RNase H2 is sensitive to mismatches around the RNA base cleavage site, thus enabling:

« Higher specificity

* Lower potential for primer-dimers
« Higher multiplexing capability

* Modular panel designs

* Flexible amplicon sizes

1500 -
1000 -

700 -

500
400 -

300 -
200 -

100 -

50 -

25 -

Standard
DNA primer thPCR primers

10ng NTC 10ng NTC

_— No primer-dimer

- — amplification

—

-1 S Target amplicons
[—
-' — b « == Primer dimer

e

— — — — S—
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rhAmpSeq DESIGN APPROACH

- <= =g < =g <=
1’*—» 1':-;' -'E:» e = -E-Z = O =
= - = = - -
= <
=== — ===
= - = = - = — - - = -
| I § E B B B B I
Target 1 Target 2 Target N
Design
1. Flexible amplicon size
2. Exhaustive primer design
around each target site
3. Comprehensive QC

>XXIDI
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rhAmpSeq DESIGN APPROACH

Pooling

Pooling
- <= . — -
a— e 1. Select pest primers for each = =
- - target site. | | - -
= ~« | 2. Perform multiplex primer QC. = -
= < . .
T - 3. Re-select prlmerg f_rom sites that "';* ":-_4.
R - failed cross-reactivity check. = = -
| | H H H H B B |
Target 1 Target 2 Target N
Pool
—p - —p - <=
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PUBLICATIONS: ON/OFF-TARGET WORKFLOW
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rhAmpSeq TECHNOLOGY AND Alt-R HiFi Cas9

[ ]On-target editing [] Off-target editing
Worst-case scenario Best scenario
498 AR_ rhAmpSeq system
3 100 Total editing |§1 Total editing 100 savings:
= : - - « 8 x40 assay designs
0 y e ~1500 individual PCRs
% 104 10 reduced to <96
> ] « Master mix
— ' . gDNA
5 1 1 e Library quantification
£ « Full-time equivalent hours
I  Months to days
WT Cas9- HiFi Cas9
expressing cells RNP delivery
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DATA ANALY SIS PIPELINE

Oﬂ:-target mIDT RN ~f Samples @ Analyses Ll Aggrezations Q Queries = # © ©  Intezrstes DNA Technolog Vv
|dent|f|cat|on INTEGRATED DNA TECHNOLOGES [ Files
(stable Cas9, modified gRNAS)

Q

CRISPAIt-Rations
Prototype

Chocse afile or dragithere

ilable anal P 2= z ;
AVB ab RIS Yses While uploaas are D'?gl}‘.'n’ Q ease keepthis browser tab opento ensure that the uploasds succeed. T heupicad speed Is dependent on your intérnat connection If you want 2 'p-’DSD a

CrispAlt Rations < 30MB large number of files, or continuously synchronize a folder on your computer, we recommend using the CoNNector instead.
CrispAlt Rations < 300MB m (] File Name Creation Date - Size Source
CrispAlt Rations <3GB8 [ £

rhAmpSeq design,

© Add sctivation code

ampllflcatlon, | 4 = | alpha-test Compressed Folder Tools = O
. Uploads Home Share View Extract 0
and sequencing . :
. .. < L <« testing_.. » alpha-test v & Search alpha-test y-
(multiple conditions, Noanguing upiosas : =
Name o

plex_Lenex_tdited_|

h|gh'th roughput) e 3 Quick access

No cdloud connecior configured for

|_] Singleplex_GeneX_Control R1 fastq gz
._l Singleplex_GeneX_Control_R2 fastq.gz

manuslimport @& OneDrive

No ongoing downiosds.

8 This PC ._:] Singleplex_GeneX_EditedHDR_R1.fastq.gz
J 30 Objects | | Singleplex_GeneX_EditedHDR_R2.fastq.gz
R by ... BlueBee I Desktop d Singleplex_GeneX_EditedOnly_R1.fastq.gz

| | Singleplex_GeneX_EditedOnly R2fastq.gz
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CRISPAItRations FOR THE ANALYSIS OF rhAmpSeq

DATA

-

Interrogation

Visualization

Sequencing QC
Mapping
Filtering/Binning

Target alignment

n
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o
®
&
@)
o
-
<

Variant annotation

Cloud
Platform
eI | .

Amplicon target

h Adapter trimming
fastp |  Quality filtering

R2
R1 Read merging
flash l
Mapping
Filtering
minimap?2 Binning

bedtools
bamtools

Target read bin Amplicon:guide pairing

] Cas-alignment
;E . Variant QC
l:_,..&_,_.Variant annotation

IDT-tools I *  “Additional features

Bonus
ol [SVEN

- - - -
. Visualization
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COMPARATIVE ANALYSIS OF CRISPR-NGS TOOLS

100 — 100+ —
True % editing = = = True % editing = = =
o 3 — o —
o : -n =603 o .n =603
= : =
° 5 . o
o o o o (D)
S 5 < g
= 50 ~ g + - - 5 50 _%_O I
> : : >
) ) )
n 8 n
@) ®)
O O O
° 8 Cas9 Cas12a
0- | | | | | 0= | | | |
A\ W=y \ ,%\ nS e (=Y W=D AD ol
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CONCLUSIONS

 rhAmp PCR enables high multiplexing levels.
* Up to 5000 targets are designed for a single-pool reaction.

« Simultaneously quantify editing for on- and off-target loci for
CRISPR experiments.

« Streamlined, simple, 2-step PCR protocol generates NGS-ready libraries in approximately 4
hours.

* High on-target rate and coverage uniformity from as little as
10 ng of DNA input.
* Increased % on-target reads
« Higher degree of multiplexing

« Better uniformity in coverage across the panel

X XIDI
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THANK YOU

www.ldtdna.com/CRISPR
CRISPR@Idtdna.com
achernick@idtdna.com
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