CRISPR-Based Disease
Detection Strategies

Joseph Lagner!:2

USDA apms

1-University of Maryland, College Park
2-USDA-APHIS, Plant Pathogen Confirmatory Diagnostics Lab



What is CRISPR?

* Clustered Regularly Interspaced Short Palindromic Repeats
* Cas- CRISPR-associated protein
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History of CRISPR

* 1987- Dr. Yoshizumi Ishino and his team noticed an odd series of
repeated, interspersed sequences when cloning a gene in E. coli

* 1993- J.D. van Embden discovered different strains of M.
tuberculosis had unique spacer sequences between repeats.
Mojica and Jansen first coined CRISPRs

* 2007- Rodolphe Barrangou and others at Danisco found that
spacers were integrated viral genes and removing or adding these
spacers changed bacterial resistance to phage attacks
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Common CRISPR Terms

* crRNA- CRISPR RNA;

* Entire RNA that associates with Cas-protein, includes scaffold and spacer region

« gRNA- Guide RNA

* Spacer region on crRNA that ‘guides’ Cas-protein where to cut based on
complementarity to target

* PAM- Protospacer Adjacent Motif

* Short sequence Cas-proteins search for first before checking target region for
complementarity

* PFS- Protospacer Flanking Sequence
e Similar to PAM but for Cas13, not every Cas13 protein variant has a PFS

* Collateral Cleavage a.k.a trans-Cleavage

* Non-discriminate cleavage caused by activated Cas-proteins in the Type V family
after finding their target sequence



(Puig-Serra, P.; et al. 2022)
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ssDNA Reporter Oligos- "Reporters” (Cas12a)

e Fluorescence-based Detection

* Fluorescence resonance energy transfer (FRET)-based reporter

* Fluorophore bound to a quencher on a short oligo

* When separated by trans-cleavage, emitted fluorescence increases
* Example: /56-FAM/ATTTA /3BHQ _1/

* Lateral Flow Assay (LFA)

* Paper test strip ) V_VW:\. . L o] et
* Streptavidin-biotinylation e = .
 Portable, rapid §:=””‘ E 5

* Example: /56-FAM/ATTTA /3Bio/ ==

Yin, D., et al. 2022



Let’s Build a CRISPR-based Detection Assay

i What you Will- need: AGTAGTACGTACGCAAGTATGAAACTTAAAGGAATTG

* High-quality sequence data for species of interest

A CRISPR/Cas-protein
 Cas12a- DNA

* Cas13-ssRNA Cas12a ﬁ gRNA
crRNA

* Scaffold compatible with Cas-protein
* gRNA sequence specific to
Reporter oligos

* FAM-quencher for fluorescence
* FAM-biotin for LFA

* Buffer containing Mg
e NEB-CutSmart
e Result Readout

* Fluorometer plate reader
* LFA test strips




How to Find a Cas12a Target Site

e | iberibacter crescens

e Culturable close-relative to Candidatus liberibacter spp. asiaticus
e Casual pathogen for Huanglongbing- “Citrus Greening Disease”

 Gram-negative bacteria, plant pathogen
* Prokaryotic genome=DNA

e Casl12a

 LbCas12aisolated from Lachnospiraceae bacterium
* Most common Cas12a protein used in CRISPR-based DNA detection

* PAM site requirementis TTTV (V=any N, not T)
* 20-23nt spacer region size
* Tolerates 1-2 mismatches depending on location to PAM



L. crescens Target Site Selection

L.crescens-ABC-F
|ATGTCAACTGATATTCTTATCCCCGTTAT

TTTCATATCATTATCATGCCCAACAAGCAGCACAAAACTTCTTTGAGAAACACAAATTAGTTACGGAGGCCCTAGGATATGTCAACTGATATTCTTATCCCCGTTAﬂTTTAkAAGCﬂTTTChAGAAAqTT
} ] } | } 1 } | } / + ] } ! } ] } | } 1 } 1 } } + 1 1,149,590
AAAGTATAGTAATAGTACGGGTTGTTCGTCGTGTTTTGAAGAAACTCTTTGTGTTTAATCAATGCCTCCGGGATCCTATACAGTTGACTATAAGAATAGGGGCAATAAAATTTTCGAAAAGATICTTTGAA

Cas12a Site

TCTATATTGTGAGTGTTTCTGGAATCATCGGAACAACAATAGGTTTGCCTATTGGTATATTTTTAGCAACGAGTCGTAAAAACGAGCTCTITTTCATTTCCTATCGCTAATAAATTAATTGGTTTAGTTGT
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AGATATAACACTCACAAAGACCTTAGTAGCCTTGTTGTTATCCAAACGGATAACCATATAAAAATCGTTGCTCAGCATTTTTGCTCGAGAAAAGTAAAGGATAGCGATTATTTAATTAACCAAATCAACA

Cas12a Site

TAATGCCTTACGCTCTGTACCATTTATAATTCTTGTTATTGCAATTATACCATTTA ACGCTTGTTAACAGGCACTTCTATTGGAACTAAAGCTTCTGTTGTACCATTAACT TTTC GCTATACC TTT
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ATTACGGAATGCGAGACATGGTAAATATTAAGAACAATAACGTTAATATGGTAAATGTGCGAACAATTGTCCGTGAAGATAACCTTGATTT GAAGACAACATGGTAATTGATAAAGTCGATATGGAAAA

AT AGCGCGATTAATTGAAACTTCCATTCGTGAAGTTAATATTGAGCTTGTTGAAACCGCACGTTCAATGGGAGCGACTCCCTTACAAATTATTACAAAAGTCCTGTTGGCAGAAGCCAAACCTGGAATAA
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TATCGCGCTAATTAA CTTT AAGGTAAGCACTTCAATTATAACTCGAACAACTTT GCGTGCAAGTTACCCTCGCTGAGGGAA GTTT ATAA GTTT CAGGACAACCGTCTTC GTTT GACCTTATT

TACTCAGTTTAA CAGTGACTATGATCAGCCTGATAGGCTACTCAGCGATGGTTGGAGCTGTTGGTGGTGGAGGITTTGISGAGAJTTTAFCAATACGTTATGGCTACCAACG TTTATGCCAGATGTAATGTT
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ATGAGTCAAATTGTCACTGATACTAGTCGGACTATCCGATGAGTCGCTACCAACCTCGACAACCACCACCTCCAAACCCTCTAAATCGTTATGCAATACCGATGGTTGCAAAATACGGTCTACATTACAA

AATTGTTGTTTTTA ACTTATCATCATTGTTCAAGTCGTACAAAGTGTTGGAAACGC TTTG CAAGCG TTTG TAAACGATCACGTAACAATTAAAAATATTT TTTAAAGGAGGATTATTCATGCGT
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TTAACAACAAAAATATGAATAGTAGTAACAAGTTCAGCATGTTTCACAA CTTT CGAAAACGGTTCGCGAAAC ATTT CTAGTGCATTGTT ATTT TATAAAAA ATTT CTCCTAATAAGTACGCA

GcGAAACTATTTGCTAGTGCATTGTTA]
\ L.crescens-ABC-R



L. crescens Off-Target Screening

TTTCATATCATTATCATGCCCAACAAGCAGCACAAAACTTCTTTGAGAAACACAAATTAGTTACGGAGGCCCTAGGATATGTCAACTGATATTCTTATCCCCGTTATmAAGC TTTC AGAAA TT
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AAAGTATAGTAATAGTACGGGTTGTTCGTCGTGTTTTGAAGAAACTCTTTGTGTTTAATCAATGCCTCCGGGATCCTATACAGTTGACTATAAGAATAGGGGCAATAA ATTT CGAAAAGA CTTT AA

Cas12a Site

TC ATATTGTGAGT TTTCTGGAATCATCGGAACAACAATAGGTTTGCCTATTGGTATATTTTTAGCAACGAGTCGTAAAAACGAGCTCTTTTCATTTC TATCGCTAATAAATTAATTG TTTA TTGT
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AGATATAACACTCACAAAGACCTTAGTAGCCTTGTTGTTATCCAAACGGATAACCATATAAAAATCGTTGCTCAGCATTTTTGCTCGAGAAAAGTAAAGGATAGCGAT ATTT ATTAACCAAATCAACA

Descrlption Scientif's Name Sh:zl)'(e ;z:::a ?:::;: valIEue IZ:;t Acc.vLen Accession
v v v v v
Liberibacter crescens strain BT-0,_complete genome Liberibactercre... 46.1 46.1 100% 0.016 100.00% 1522119 CP0105221
Liberibacter crescens BT-1, complete genome Liberibactercre... 461 461 100% 0.016 100.00% 1504659 CP003789.1
Cervus elaphus genome assembly, chromosome: 13 Cervus elaphus  40.1 136 100% 1.0 100.00% 72175023 0OU343090.1
Canis lupus familiaris breed Labrador retriever chromosome 10a Canis lupusfa... 382 132 100% 40 100.00% 69938001 CP0505911
Canis lupus familiaris breed Labrador retriever chromosome 10b Canis lupusfa... 382 132 100% 40 100.00% 69942321 CP050611.1
Salarias fasciatus genome assembly, chromosome: 10 Salarias fasciatus 382 382 100% 40 95.65% 28124721 LR5974451
Canis lupus genome assembly, chromosome: 10 Canis lupus 382 132 100% 40 100.00% 71927348 HG994393.1
Cottoperca gobio genome assembly, chromosome: 1 Cottoperca gobio 382 986 100% 40 100.00% 27055867 LR131916.1
Apoderus coryli genome assembly, chromosome: 2 Apoderus coryli 382 370 100% 40 100.00% 45504066 0QU452199.1

Red Deer Domesticated dog Lawnmower blenny Hazel-leaf roller weevil Black-eyed peas



Optimal Target Sites

* Maximal on-targeting for species of interest

* Minimal off-targeting of species that could generate false
positives
* Screen heavily for other species captured by designed gRNAs

* Region with little to no variability or rapid change
* PAM/PES site compatible with Cas-protein being used

* Regions of higher copy number may produce better results



Establishment of WT-Cas12a Detection Assay

LbCas12a-WT Sensitivity LOD (Site1)
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Lateral Flow Assay

LFA Detection limit
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Integration with RPA vs LAMP

* RPA

* Recombinase Polymerase Amplification
* Isothermal at ~39°C and amplification time required is ~20min

* Cons: Long primer (~30-35nt) very high off targeting rate, 9-10 mismatch
tolerance

* LAMP

* Loop-mediated isothermal amplification
* |sothermal at ~65°C and cost-effective

 Cons: Complex primer design and isothermal reaction is too hot for
LbCas12a



Summary of CRISPR-based Detection

* DNA/RNA-target identifier that breaks apart reporter oligos after
finding complimentary match to gRNA

* Pros:
* Easy to design target sites with simple guidelines
* Customizable and modular to fit needs of your assay
* New advancements happening daily
* Potential for in-field, on-site testing

* Cons:
* Potential for off-targeting a similar sequence
 CRISPR alone is not as sensitive as established technology like gPCR or HTS
» Still a developing technology
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Lateral Flow Assay (LFA) Explained

v Take dipstick anti FITC
antibody

Antibody Gold particle

P 4 oy 4

Ready-to-use (analyte-independent) Dipstick
v DNA Amplification - PCR,LAMP, RPA
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DNA Target labeled specific Labeled Target DNA
Sequence primers

v Get your results
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Optimal trans-cleavage
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Cas13 vs. Cas12a Detection
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Cast2a I ﬁ Detection

https://blog.addgene.org/finding-nucleic-acids-with-sherlock-and-




