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https://youtu.be/6LmbRJSwefk?autoplay=1

TODAY, IDT IS THE LEADING BRAND IN DNA AND u
RNA SYNTHESIS

REDWOOD CITY, CA, USA SHANGHAI, CHINA
*  Founded in 1987 by Dr. Joseph Walder
* Largest custom oligonucleotide rr—— TOKYO, JAPAN
manufacturer worldwide e eduction ety Y

° >1500 employees in 9 IOcationS EVANSTON, IL, USA LEUVEN, BELGIUM SEOUL, SOUTH KOREA

Administrative office Production facility Sales office

* >130,000 active customers

* >95% of ordered products are
manufactured and shipped in less than 24
hours

Production facility
0 . = SAN DIEGO, CA, USA Production facility
- o SINGAPORE
Production facility Sales office

RESEARCH TRIANGLE PARK, NC, USA SYDNEY, AUSTRALIA
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https://youtu.be/6LmbRJSwefk?t=40s&autoplay=1

THE WORLD'S LARGEST SUPPLIER OF CUSTOM u
NUCLEIC ACIDS

>64,000 oligos synthesized every day Major Product Lines

Major R&D teams Prime Time®qPCR Probes, Primers, and Assays Alt-R® CRISPR Systems

(~80 employees) — e

= Quencher

. CRISPR ® -or
. NGS
_ ¥ Custom
. Genotyping DNA & RNA _____
* q P C R - i o) I i g o 1o gBlocks®Gene Fragments
e  Synthetic Biology ’ -
e RNAI —=
V

. Bioinformatics
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https://youtu.be/6LmbRJSwefk?t=01m43s&autoplay=1

CUTTING AND EDITING

' Cas9 Double-stranded
h break (DSB)

generates blunt ends

l

No donor DNA Addition of donor DNA with

precise insertion or repair

Imprecise insertions/deletions Specific mutations or insertions

(knockouts)

Non-homologous Homology-directed
end joining (NHEJ) repair (HDR)
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https://youtu.be/6LmbRJSwefk?t=02m38s&autoplay=1

COMMON CRISPR ENZYMES n

SpCas9 AsCas12a (Cpf1)

Cas12a

tracrRNA— (Cpf1)

— crRNA

“NGG” PAM site “TTTV” PAM site
dsDNA cut with blunt ends 5-base staggered cuts
Separate crRNA + tracrRNA (annealed) Single, short crRNA
20 nt spacer 21-24 nt spacer
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https://youtu.be/6LmbRJSwefk?t=05m03s&autoplay=1

MANY WAYS TO DELIVER CRISPR INTO CELLS n

N

)

%ﬂw

TITTTT
g

Tt

p
NV N

2-part gRNA or sgRNA

Cas? protein CRISPR gRNA

Cas? protein

CRISPR-Cas?
ribonucleoprotein
complex

Cas? stable cell line

Synthetic gRNA

in vitro transcribed sgRNA

(IVT sgRNA)
INs g ’ sgRNA
- romoter
AN P
Cas? mRNA gBlocks® Gene Fragment
4 3 (sgRNA expression cassette)

< >
4
Combined expression plasmid

Cas9 expression plasmid (or combined Lentiviral sgRNA expression plasmid
\ (or Lentiviral Cas9) / expression plasmid) \ (or Lentiviral sgRNA)

><><IDT
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https://youtu.be/6LmbRJSwefk?t=06m14s&autoplay=1

RNP DELIVERY

Step 1
Complex

Step 2
Deliver

N\

' -+ %\E/E RNP complex formation 10-20 minutes

J

/

v

® RNP delivery

N

J

30-60 minutes
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https://youtu.be/6LmbRJSwefk?t=07m14s&autoplay=1

Alt-R™ CRISPR SYSTEM: A COMPLETE WORKFLow 59

(
Alt-R Cas9 gRNA design

tool

* Predesigned guides
e Custom designs

e Design checking

Alt-R Cas9 HDR design

tool

e Friendly Ul

e Empirically defined
design rules

* Integration with Cas9
gRNA designs

rhAmpSeq design tool

CRISPR-Cas
reagents

-

-

Alt-R gRNAs

Cas9 crRNA:tracrRNA
Fluorescently labeled
tracrRNAs

Cas9 sgRNA

Casl2a crRNA

Custom ordering for any gRNA
(e.g. pegRNA, Cas13)

Alt-R CRISPR proteins

WT Cas9

HiFi Cas9

Cas9 nickases

A.s. Casl2a Ultra

L.b. Cas12a Ultra
Fluorescently labeled Cas9

Alt-R Electroporation

Enhancers

HDR
reagents

(Alt-R HDR Donor Oligos

* Upto 200 nt
e Modified ssODNs

Megamer ssDNA Fragments
* Up to 2000 nt
* Sequence-verified

via NGS

Linear dsDNA Fragments
* Modified to reduce blunt
integration
* Up to 3000 nt
* Sequence-verified
via NGS

Alt-R HDR Enhancer
* V2 coming soon!

-

Analyze

~
rhAmpSeq system for

CRISPR
e Multiplexed amplicon
sequencing

CRISPAItRations NGS

analysis tool

* Cloud-hosted Ul for
analysis of CRISPR on-
and off-target editing

>XIDI
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https://youtu.be/6LmbRJSwefk?t=07m36s&autoplay=1

Alt-R GUIDE RNASs
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https://youtu.be/6LmbRJSwefk?t=09m18s&autoplay=1

Alt-R gRNA Options for S.p. Cas9 & A.s. Casl2a

Guide RNAs Cas? guide RNAs Cas12a guide RNAs
o Alt-R \S\ Alt-R \S\ Ak-R Alt-R Cas12a J—

rHerre 2-part ) 2-part XT ) sgRNA crRNA

RNA § . Alt-R CRISPR-Cas? crRNA Alt-R CRISPR-Cas? crRNA XT Alt-R CRISPR-Cas? sgRNA Alt-R CRISPR-Cas12a crRNA
g erms & tracrRNA & tracrRNA
c . crRMNA crRNAXT sgRNA crRMNA

omponents tracrRNA tracrRNA
Size (nt) 36 36 100 40-44 (41 nt recommended)

ize (n &7 67
Annealing Yes Yes No No
required
Stability ++ -t ++++ +++

* Cas9-expressing cells * Co-delivery with Cas9 plasmid/Cas? mRNA * KO/KI, RMP in most cell types

Applications ® RNP in most cell types ® RMP under diffcult expermental condiitions (e.g., high nuclease  ® Cas12a-expressing cells

environments)

>XIDI
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https://youtu.be/6LmbRJSwefk?t=09m22s&autoplay=1

NOW AVAILABLE!

CUSTOM ORDERING TOOL FOR ANY gRNAs

>IXIDI
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Custom CRISPR entry
[JSelect All #ofltems: | 1

O#1 ltem Mame * (<]

Scale &

Custom Alt-R® gRMA, Z nmol hd

Sequence ¥ (5'— 3')

5'MOD~ INTERMNAL> 3'MOD~ BASES ~

# Bases: 0 (Min:30 Max:150)

GC: % Tm; °C £ DeltaG; keal/mole

PRODUCTS & SERVICES = SUPPORT & EDUCATION = TOOLS =

© GETHELP == SIGNIN

@ E OITEMS $0.00 USD

COMPANY =

Step 1: Enter Sequences (1item)

BULKINPUT &

i

Step 2: Order Custom CRISPR Essentials (0
items)

CONTINUE »

Show CRISPR Help

Online ordering of any custom gRNA:
including Cas13, pegRNA, gRNAs for
novel nuclease systems

Lengths: 30 to 150 nt
Scales: 2, 10, 50, & 100 nmols

Supports: RNA bases, Alt-R
modifications, 2’0OMe bases, and
phosphorothioate linkages

> XIDI
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https://youtu.be/6LmbRJSwefk?t=12m00s&autoplay=1

IDT CRISPR PROTEIN ENGINEERING

e (Cas9vs. Casl2a (Cpfl)

e Alt-R WT Cas9 vs. Alt-R HiFi Cas9
* Problem with Cas9: off-target editing
* Bacterial mutagenesis to evolve high-fidelity Cas9

e Alt-R WT Casl12a (Cpfl) vs. Alt-R Cas12a (Cpfl) Ultra

* Problem with Cpfl: low on-target editing
* Bacterial mutagenesis to evolve enhanced activity A.s. Cas12a
* Actively working on developing mutants of L.b. Cas12a with increased activity

*  Fluorescent CRISPR fusion proteins: coming soon

e Alt-R Cas9-GFP
e Alt-R Cas9-mCherry
e Alt-R A.s. Casl12a Ultra-GFP

IDT-exclusive mutants >O<IDT
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https://youtu.be/6LmbRJSwefk?t=12m06s&autoplay=1

IDT FLUORESCENT CRISPR PROTEINS RETAIN n
HIGH ON-TARGET ACTIVITY

S.p. Cas9 (Cas9 V3, Cas9-GFP, or Cas9-mCherry) was delivered at 2.0 uM RNP into HEK293 cells by Nucleofector™
Nucleofection (Lonza) targeting sites within the HPRT gene

e A.s. Casl2a RNP (Casl12a Ultra or Cas12a-GFP) was delivered at a suboptimal dose of 50 nM RNP into HEK293 cells
by nucleofection to achieve a range of editing across the tested HPRT sites

80
70 W Cas9 V3
m Cas9-GFP

60 m Cas9-mCherry
50

40

30

20

10 I I

0
38087-AS 38094-S 38133-AS 38231-S 38285-AS 38287-AS 38358-AS 38371-S 38509-S 38574-S 38636-AS 38673-AS

T7E1 Cleavage (%)

80
70 H A.s. Casl2a Ultra

60 m A.s. Casl12a-GFP

50

40

: II I

20

| mill Il al mE I l

38094-5 38104-5 38115-AS 38146-AS 38164-AS 38164-S 38186-5 38228-5 38330-AS 38343-5 38455-5 38486-5

T7E1 Cleavage (%)
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https://youtu.be/6LmbRJSwefk?t=13m58s&autoplay=1

ENRICHMENT OF EDITED CELLS BY FACS USING ﬂ
Cas9-GFP

e Alt-R™ Cas9 V3 or Cas9-GFP was delivered by lipofection (10 nM RNP) into HEK293 cells

e After ~18 hours, cells were sorted into three populations. High: Top 20%, Medium 80—-60%, Low:
Bottom 60% of cells based on GFP signal

Cas9-GFP m High B Medium Low B Unsorted m Cas9 V3

—_ 90
S

8 80
2

Fy 70
e]

[ 60
a

g 50
€

%0 40
B

5 30

2 20
2

10

0

BECN2 C170rf99 Clorf68 ANKEF1 ABCA9 ASCL5
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https://youtu.be/6LmbRJSwefk?t=16m22s&autoplay=1

Cas9 V3
+ Unlabeled
tracrRNA

Cas9 V3
+ Labeled
tracrRNA

FLUORESCENTLY-LABELED tracrRNA

e Labeled tracrRNA was duplexed with Alt-R™ crRNA XTs

e crRNA:tracrRNA duplex complexed with Alt-R™ Cas9 V3
* RNP was delivered into cells using Lipofectamine™ RNAIMAX (Thermo Fisher) at 10 nM
e HEK293 cells were incubated for ~18 h at 37°C.

= +—————— ATTO™ 550

NN

e Cells were washed twice with PBS and run on a flow cytometer
ATTOS550

200714-509 netr 550s

ATTO647

200714-509 netr 647

ATTOA488

200714-509 nctr 4883

L

Lount

Count
oo T 200 T P A AR

Count
AP PO P T P o

L

200
1

na

)

t
o3
&

TTTTT

fl a

."ﬂlFO 438 GFF‘Eﬁ ﬂ'l_l'l'] Ra7 ﬂulm-ca Fllmr ﬁdl? -4
200714-509_ 647

200714-508_488 200714-508_5K50

N

N

L

Count
a0 75
Count
Ililﬂ 1?0
Count
b ln 0 200 210 200 3T 0.0

50
1

>IXIDT

INTEGRATED DNA TECHNOLOGIES

A'I_I'O 4388 GFF' .i\

A'I'I'O G 7 .t‘-‘«lexa Fluc-r 64? =B


https://youtu.be/6LmbRJSwefk?t=18m09s&autoplay=1
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https://youtu.be/6LmbRJSwefk?t=19m29s&autoplay=1

EDITING OUTCOMES

' Cas9 Double-stranded
h break (DSB)

generates blunt ends

l

No donor DNA Addition of donor DNA with

precise insertion or repair

Imprecise insertions/deletions Specific mutations or insertions

(knockouts)

Non-homologous Homology-directed
end joining (NHEJ) repair (HDR)
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https://youtu.be/6LmbRJSwefk?t=19m59s&autoplay=1

USE THE Alt-R HDR DESIGN TOOL FOR OPTIMAL DESIGN ([iE)

Alt-R HDR Design Tool

Design 2nd order haomology-directed repair [HDR) donor templates and associated Cas% guide RMNAs for zenome editing human, mouse, rat, zebrafizh, or C

elegans targets. AIt'R HDR DESign tOOI: d I‘IOVE|
LPIGCTARGETES) | 2 SPECIFYDESGN bioinformatics tool for ssDNA HDR

Vizualize & specify your mutation by opening the sliders HEl @ on the interactive map or input fields below. Need additional assistance? Click "Watch video' to learn more. te plate design

MCEBI Transcript Accession MM_000518.4
Exon BEintron B guide RMA W Reference Sequence SNP/MNP - W Insertion Wl Deletion

52288451 5227025

« Human, mouse, rat, zebrafish,
nematode, or custom input

5 =3

Ak
6 T/TCACCTTG|IC/CCCAICAGGGCAGTAACGECAGACTTCTCCTCAGGAGTCAGATGCACCIATEGT|GET

CAAGTGGAACIGGEGEGTGETCCCGETICATTGCCGTICTGAAGAGGAGTCCTCAGTCTACGTGGTACTCACA|

T e * gRNA selection using IDT Alt-R
gRNA design tool

.- e Addition of silent mutations

Start edit o EMP/MNP/Deletion length 0 i
o) [5 DD improves rates of HDR

Mutation @

| - . Ol omtbrnd * » Supports WT and Cas9 Nickase
Homology arms Left Right ¥ Use default homology .

Mumber of designs a 5 Add silent mutations € ® Mo @ Yes ( D 1 OA) St rate g I e S

Guide GTAACGGCAGACTTCTCCTC

« Single or multiple (batch) design

For 5.p. Cas% designs, guidelines based on empirical data are used to recommend danors that are associated with guide RMNAs that are near the desired mutation
and have both high on-target and off-target scores. For 5.p. Cas% D10A nickase designs, guidelines bazed on empirical data were used to recommend paired guide

RiAs that flank the desired mutation, have PAM sites ariented away from the mutation, and have cut sites 37-70 nucleotides apart. ° Alt' R m Od Ifl ed d 0 n O rs aval Iab | e

in output
www.idtdna.com/HDRdesigntool >O<IDT
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http://www.idtdna.com/HDRdesigntool
https://youtu.be/6LmbRJSwefk?t=20m23s&autoplay=1

DONOR TEMPLATE OPTIONS

EHDR O Total editing
@]
o ° ¢

80

e Bluntinsertion by
o ° 70 NHEJ observed for
60 the linear dsDNA
donor, but not for
ssDNA templates

N N
o (6}

[y
(9]
T7El cleavage (%)

* Doses titrated up

o)
50
40
30
20 until toxicity was
I I ' I . I 10 observed.
o m [ :

20nM (1 40nM (2(0.2 uM (1.40.3 uM (2.5(0.2 M (0.70.4 pM (1.40.7 pM (2.9(0.4 M (0.50.7 pM (0.9 3 uM (3.9
ug) ug) ug) ug) ug) ug) ug) Hg) ug) ug)

HDR - EcoRl cleavage (%)
(=Y
()

(6, ]

Plasmid Li dsDNA M | DNA Ult hort ssODN Amaxa nucleofection
asmi inear ds egamer iong ss ramer snort ss
& & Jurkat cells — SERPINC1 locus

— 2 UM Alt-R Cas9 RNP, 2 uM
Alt-R Cas9 Electroporation

Enhancer
Donor type for long . . . .
Product Toxicity HDR efficiency
HDR
ssODN Ultramer 45-200 Low ++++
ssDNA Megamer 201-2000 Low-Med +++

dsDNA (linear) gBlock 125-3000 High -+ >O< I DT

. _ INTEGRATED DNA TECHNOLOGIES 25
dsDNA (plasmid) Gene 125-3000 Very high +



https://youtu.be/6LmbRJSwefk?t=22m06s&autoplay=1

SSDNA DONOR TEMPLATES

B Unmodified @ PS modified @ Alt-R modified

= N
(%2} o

HDR measured by NGS (%)
[y
o

5
0
AAVS1 MET MYC SAA1l Rosa26 TRAC
Jurkat H36.12)
Unmodified ATAATCAGGTTCTGTTCCATAAACTCTGGATTGCATTCCTgaattcACATGGAAATGCCTCTGGAGTGTATTCTCACAGAAAAGAG
PS modified A*T*AATCAGGTTCTGTTCCATAAACTCTGGATTGCATTCCTgaattcACATGGAAATGCCTCTGGAGTGTATTCTCACAGAAAAG*A*G
Alt-R modified JAIt-R/A*T*AATCAGGTTCTGTTCCATAAACTCTGGATTGCATTCCTgaattcACATGGAAATGCCTCTGGAGTGTATTCTCACAGAAAAG*A*G/Alt-R/

>XXIDI
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https://youtu.be/6LmbRJSwefk?t=24m04s&autoplay=1

SOLUTIONS TO REDUCE BLUNT INTEGRATION
WITH dsDNA HDR TEMPLATES

Double stranded break
A due to Cas9 cleavage

Insertion through / \ Insertion through
HODR pathway MNHEJ pathway

Homology-dependent Integration Homology-independent Integration

Endogenous double stranded break
B or Cas9 off-target cleavage

Y

+
Linear dsDMNA HOR doner

Insertion through
MHEJ pathway

Homology-independent Integration INTEGRATED DNA TECHNOLOGIES



https://youtu.be/6LmbRJSwefk?t=25m41s&autoplay=1

80

70

60

50

40

% Insertion (MinlON™)

20

10

Alt-R MODIFIED dsDNA DONORS IMPROVE HDR RATES WHILE n
REDUCING BLUNT INTEGRATION EVENTS FOR LARGE INSERTIONS

Assessment of Alt-R modifications on long dsDNA donors

300bp

B Unmodified dsDNA

O Alt-R_1 dsDNA

B HDR Blunt

%WW

1000bp

B Alt-R_4 dsDNA

Alt-R modified dsDNA donors mediating
a 300 bp, 500 bp, or 1 kb insertion at
the SerpinC1 locus (with symmetrical
100 bp homology arms).

Donors delivered into HEK293 cells at
100 nM with 2 uM Cas9 RNP.

Cells were treated with 1 uM Alt-R HDR
Enhancer V2 for 24 hrs.

Editing outcomes assessed by NGS:
Targeted amplification long-read
MinlON™ sequencing (Oxford Nanopore
Technologies).

Analyzed via an internal data analysis
pipeline.

>XXIDI
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https://youtu.be/6LmbRJSwefk?t=27m45s&autoplay=1

NEW: HDR ENHANCER V2 FURTHER IMPROVES u
HDR RATES

70

o

O 60

& 50

(18

X 40

T 30
20
10
0

Jurkat HEK293 Hela HAP1 Jurkat HEK293 Hela HAP1
Cas9 Cas12a
EDMSO alone = 30 uM Alt-R HDR Enhancer (V1) B 1M Version2

> XIDI
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https://youtu.be/6LmbRJSwefk?t=30m05s&autoplay=1

rhAmpSeq FOR EDITING QUANTIFICATION

EEEEEEEEEEEEEEEEEEEEEEEEE
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https://youtu.be/6LmbRJSwefk?t=31m54s&autoplay=1

EXAMPLE CRISPR EXPERIMENT WORKFLOW u

Off-target rhAmpSeq design,
|dentification » amplification, and sequencing
(Nomination) (multiple conditions, high-throughput)

(stable Cas9, modified gRNAs)

» Data analysis pipeline
(CRISPAItRations)

>XIDI

INTEGRATED DNA TECHNOLOGIES 31


https://youtu.be/6LmbRJSwefk?t=33m01s&autoplay=1

rhAmpSeq WORKFLOW

Targeted rhAmp PCR 1

RNA base — Blocking moiety

\_\
RMN B

Activation of rhAmp primers ly 8 ‘R\
by RNase H2 cleavage Sy,

Amplification
D
rhAmp PCR amplicon
Indexing PCR 2 ']
®«w
D

Amplification with - gy
indexing primers l'

rhAmpSeq library

>XIDI
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https://youtu.be/6LmbRJSwefk?t=34m03s&autoplay=1

CRISPAItRations FOR THE ANALYSIS OF rhAmpSeq

DATA

Cloud
PIatform

Visualization

Interrogation

Plpelm

Sequencing QC
Mapping
Filtering/Binning

Target alignment

Automated Tests
-

Variant annotation

I"
PN
§
.

fastp l

Adapter trimming
Quality filtering

S
R1 Read merging

Amplicon target

flash l
Mapping
Filtering
minimap2 Binning
bedtools
bamtools
Target read bin a Amplicon:guide pairing

Cas-alighment

%] I

Variant QC

c 3:
@ §: \Variant annotation
-15  -10 -5 0 5 10 15 oy .
IDT-tools l Additional features

— . . .
——__ Visualization

>XIDI
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https://youtu.be/6LmbRJSwefk?t=35m36s&autoplay=1

rhAmpSeq TECHNOLOGY AND Alt-R HiFi Cas9 u

Verification and validation Alt-R S.p. HiFi Cas9 Nuclease V3

[ ]On-target editing [] Off-target editing
Worst-case scenario Best scenario
' AR ] rhAmpSeq system savings:
100; 98 " 71 " 100 e 8x40 assay designs
- Total edltmg. Total editing 3 e ~1500 individual PCRs reduced
- to <96
10-! 10 e Master mix
: . e gDNA

Library quantification
Full-time equivalent hours
e Months to days

Indel by NGS (%)

I
WT Cas9- expressing HiFi Cas9 RNP
cells delivery

> XIDI
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https://youtu.be/6LmbRJSwefk?t=36m32s&autoplay=1
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CRISPAIt-Rations
Prototype

Qs Analysis Details

Q1 Target Report

@y Target Details

Qs Alignment Details

Target

ANALYSIS TOOL OUTPUT

[Y Files Z® Samples U Analyses bl Aggregations Q Queries

B Analysis Target Details: Singleplex_GeneX_EditedHDR, CRISPAIt-Rations 3.2.0, 2020/10/23 12:31

(2] &gj Adam Chernick ~

Amplicon position (relative to cut site)

— SingleplexSample

* Close
Select 1.or more targets on the left to see target result details. Max 100 targets are displayed at a time.
* Metrics
& e Fs
e £ O O
S * S S S
S e,é'“i-‘g\‘ ol & Se Eﬁ‘o& & e,é\e‘b e,é'z& q,é' S& S &
S B @ & 5 & & EF o K88 & e‘;@ ORI A
LF GF G £ GF &F L G P L G < QYT YT <G
SingleplexSample 32250 00 6534 3093 2554 331 6907 937 3882 7279 143 156 3882 00 0.0 098
* Percentages
% Edited % Repair Pathways
SingleplexSample 34.66% 65.34% 34.66% 38.82% 2223% 3. 69.07% 30.93%
M Unedited M Edited M Unedited IMINHE) M PerfectHDR M ImperfectHDR M Other M Inframe M Frameshift
* Frequency Histograms
Insertions
u
£ 100
w
-
@
[
_O
5 50
@
=
2
; e
-34 32 30 28 -26 -24 22 -20 18 16 -14 12 -10 -8 6 A4 -2 0 2 4 6 8 10 12 14 16 32 34
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https://youtu.be/6LmbRJSwefk?t=37m57s&autoplay=1

THANK YOU

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

SOXIDT
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https://youtu.be/6LmbRJSwefk?t=38m50s&autoplay=1

NMIN Capacity-Building Webinar

Q&A

Adam Chernick

Field Application Manager

Integrated DNA Technologies (IDT) m I DT®

INTEGRATED DNA TECHNOLOGIES


https://youtu.be/6LmbRJSwefk?t=39m37s&autoplay=1

Nanomedicines Innovation
Network (NMIN)

https.//nanomedicines.ca

Info@nanomedicines.ca

W enMIN NCE
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