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THE WORLD’S LARGEST SUPPLIER OF CUSTOM 
NUCLEIC ACIDS
>64,000 oligos synthesized every day

• Major R&D teams (~100 employees)

• CRISPR

• NGS

• Genotyping

• qPCR

• Synthetic Biology

• RNAi

• Bioinformatics

https://youtu.be/S3sxzvX-YVI?t=57s&autoplay=1
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IDT SUPPORTS THE CRISPR WORKFLOW

https://youtu.be/S3sxzvX-YVI?t=02m22s&autoplay=1
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CRISPR GENOME EDITING OVERVIEW
Double-stranded 

break (DSB) 
generates blunt ends

Homology-directed 
repair (HDR)

Addition of donor DNA with 
precise insertion or repair

Non-homologous 
end joining (NHEJ)

No donor DNA 

Imprecise insertions/deletions
(knockouts)

Specific mutations or insertions

or
Short donor

Long donor

Knockouts
Genomic screens

Change allele (e.g., mimic disease)
Gene fusions (e.g., tagging)

https://youtu.be/S3sxzvX-YVI?t=03m58s&autoplay=1
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ON-TARGET AND OFF-TARGET EDITING

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

https://youtu.be/S3sxzvX-YVI?t=07m52s&autoplay=1
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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 rhAmpSeq 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 rhAmpSeq 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.

https://youtu.be/S3sxzvX-YVI?t=08m46s&autoplay=1
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STEP 1: IDENTIFY OFF-TARGET SITES

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

Mismatch Assay Chr Start Stop Strand G T T G G A G C A T C T G A G T C C A G GS Reads
0 AR_iGS_1 chrX 67545904 67545924 + G T T G G A G C A T C T G A G T C C A G 4030

4 AR_iGS_2 chr17 14626784 14626804 - A A T G G G G C A T C T G A G T C C A T 1671

3 AR_iMS_2 chr1 27592693 27592713 - G A T G G A G C A A C C G A G T C C A G 1190

2 AR_iGS_3 chr7 22126335 22126355 - A T T G G A G C C T C T G A G T C C A G 940

2 AR_iGS_4 chr20 46362541 46362561 - G T T G G A G A A A C T G A G T C C A G 562

1 AR_iMS_3 chr8 70014903 70014923 - G T T G G A G C C T C T G A G T C C A G 418

3 AR_iMS_4 chr12 122113358 122113378 - G G A G G A G C A C C T G A G T C C A G 409

3 AR_iGS_5 chr10 75605948 75605968 - G G A A G A G C A T C T G A G T C C A G 341

Guide Coordinates Sequence Alignments

GUIDE-seq results
Internal, improved protocols 
to share with customers
Tsai, et al., Nat Biotech (2015)

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

STEP 2: STUDY THEM IN DETAIL WITH rhAmpSeq

https://youtu.be/S3sxzvX-YVI?t=10m46s&autoplay=1
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https://youtu.be/S3sxzvX-YVI?t=13m36s&autoplay=1
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rhAmpSeq METHODOLOGY?
Editing 

Site

https://youtu.be/S3sxzvX-YVI?t=15m07s&autoplay=1
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rhAmpSeq LIBRARY FORMATION

Template

LSS-Forward

LSS: Locus-specific sequence

SP2
LSS-Reverse

SP2

SP1

(rhAmp primer)

(Index primer)

(rhAmp primer)

(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)

Target

SP1

https://youtu.be/S3sxzvX-YVI?t=16m58s&autoplay=1
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rhAmp PCR TECHNOLOGY INNOVATED AT IDT

BMC Biotechnology (2011) 11:80

https://youtu.be/S3sxzvX-YVI?t=18m48s&autoplay=1
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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

No primer-dimer
amplification

https://youtu.be/S3sxzvX-YVI?t=19m52s&autoplay=1
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rhAmpSeq DESIGN APPROACH

Target 1 Target 2 Target N

D
es

ig
n

Design
1. Flexible amplicon size
2. Exhaustive primer design

around each target site
3. Comprehensive QC

https://youtu.be/S3sxzvX-YVI?t=20m57s&autoplay=1
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rhAmpSeq DESIGN APPROACH

Target 1 Target 2 Target N

D
es

ig
n

Pool

Po
ol

in
g

Pooling
1. Select best primers for each

target site.
2. Perform multiplex primer QC.
3. Re-select primers from sites that 

failed cross-reactivity check.

https://youtu.be/S3sxzvX-YVI?t=21m54s&autoplay=1
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PUBLICATIONS: ON/OFF-TARGET WORKFLOW

https://youtu.be/S3sxzvX-YVI?t=22m30s&autoplay=1
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PUBLICATIONS: ON/OFF-TARGET WORKFLOW

https://youtu.be/S3sxzvX-YVI?t=22m58s&autoplay=1
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rhAmpSeq TECHNOLOGY AND Alt-R HiFi Cas9

rhAmpSeq system 
savings:
• 8 x 40 assay designs
• ~1500 individual PCRs

reduced to <96
• Master mix
• gDNA

• Library quantification
• Full-time equivalent hours

• Months to days

Worst-case scenario Best scenario

WT Cas9-
expressing cells

HiFi Cas9 
RNP delivery

Vakulskas, et al. (2018) Nat Med 24:1216

Total editing Total editing

https://youtu.be/S3sxzvX-YVI?t=22m36s&autoplay=1
https://youtu.be/S3sxzvX-YVI?t=23m36s&autoplay=1
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DATA ANALYSIS PIPELINE

Off-target
identification

(stable Cas9, modified gRNAs)

rhAmpSeq design,
amplification, 

and sequencing
(multiple conditions, 

high-throughput)

https://youtu.be/S3sxzvX-YVI?t=29m04s&autoplay=1
https://youtu.be/S3sxzvX-YVI?t=25m04s&autoplay=1
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CRISPAltRations FOR THE ANALYSIS OF rhAmpSeq
DATA

Sequencing QC

Mapping

Filtering/Binning

Target alignment

Variant annotation

Results

Visualization

Interrogation

Optimization

Au
to

m
at

ed
 T

es
ts

Pipeline Adapter trimming
Quality filtering

Read merging
R2

R1

fastp

flash
Mapping
Filtering
Binningminimap2

bedtools
bamtools
Target read bin

Amplicon target

-15 -10 -5 0 5 10 15
0
1
2
3
4
5

Bo
nu

s

Amplicon:guide pairing
Cas-alignment
Variant QC
Variant annotation
Additional features

Visualization

IDT-tools

Cloud
Platform

https://youtu.be/S3sxzvX-YVI?t=26m29s&autoplay=1
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COMPARATIVE ANALYSIS OF CRISPR-NGS TOOLS

Amplican
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True % editing
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Amplican
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https://youtu.be/S3sxzvX-YVI?t=27m22s&autoplay=1
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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

https://youtu.be/S3sxzvX-YVI?t=28m59s&autoplay=1


THANK YOU
www.idtdna.com/CRISPR

CRISPR@idtdna.com
achernick@idtdna.com

https://youtu.be/S3sxzvX-YVI?t=30m05s&autoplay=1
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https://youtu.be/S3sxzvX-YVI?t=30m35s&autoplay=1
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