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What options do we have to monitor emerging pathogens?

🫰Expensive

Field deployable

Genus level👎

👍

Reference 
genome?

🤏

ZIKA Strain 2

ZIKA Strain 1



Basics of SHERLOCK (Kellner et al. 2019)

Pre-amplification of DNA or 
RNA to enhance detection limit

CRISPR-based 
target recognition

Signal reporting
• Multiplexed Light detection
• Lateral flow device



CRISPR-Cas Dx pipeline
T7 promoter region is attached 

to the forward primer for 
transcription after RPA

Diagnostic region differentiates 
species / lineage in question 

Conserved hairpin allows the 
crRNA to be recognized by 

Cas13/Cas12Spacer sequence is designed 
to be complementary to the 

target sequence
Kellner et. al. 2019



krisp facilitates development of CRISPR-Dx guides and primers

Zachary
 Foster

Andrew
 Tupper
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krisp facilitates development of CRISPR-Dx spacers and primers

Zach Foster and Andrew Tupper



Simple to install (Available upon request):
• Github
• PyPI (Python – pip repository) -> pip install krisp
• Command line tools automatically installed
• Free and open source license (MIT)

Simple to use:
• Specify FASTA/VCF files and run:  $ krisp  lineage1.fasta  lineage2.fasta …
• Optimal primers pairs suggested for each potential marker found
• Results are clear: No complex algorithms, weighting function, or magic

Fast:
• Whole genomes: ~10-15 minutes (5 lineages @ ~60 Mbp / genome using 4 cores)
• Population SNP data: ~2 hours (~350 isolates on a laptop) 
• Written in parallel: compute time decreases with number of cores available

krisp: A tool to find diagnostic markers for SHERLOCK

Andrew Tupper
Zach Foster



Examples



>Alignment 0:

aaaaaaagaaaaagaaaccagaacgcgacaCCTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGGCTTGGTGTCTGAGGACCccacgtttgcccctcgacgatctccatagt <- PR-102

aaaaaaagaaaaagaaaccagaacgcgacaCTTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGACTTGGTGTCTGAGGACCccacgtttgcccctcgacgatctccatagt <- PR-15-019

aaaaaaagaaaaagaaaccagaacgcgacaCCTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGACTTGGTGTCTGAGGACCccacgtttgcccctcgacgatctccatagt <- PR-18-108, PR-18-126, PR-18-069

                             {-*----------------------------------------*-----------------}

>Alignment 1:

aaaaaacaatgtccatcgttcgcggtagttCGGGATTGGTTGCATATCAATTTCTGTTGCATCCACACTGGCAAGCATAACCGTGACCCAcccctccgttgtggtcatttcaaagaatgt <- PR-102

aaaaaacaatgtccatcgttcgcggtagttCGGGATTGGTTGCATATCAATTTCTGTTGCATCCACACTGGCAAGCATAATCGTGATCCAcccctccgttgtggtcatttcaaagaatgt <- PR-15-019
aaaaaacaatgtccatcgttcgcggtagttCGGGATTGGTTGCATATCAATTTCTGTTGCATCCACACTGGCAAGCATAATCGTGACCCAcccctccgttgtggtcatttcaaagaatgt <- PR-18-108, PR-18-126, PR-18-069

                             {--------------------------------------------------*-----*---}

>Alignment 2:

aaaaaagaaaaagaaaccagaacgcgacacCTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGGCTTGGTGTCTGAGGACCCcacgtttgcccctcgacgatctccatagtg <- PR-102

aaaaaagaaaaagaaaccagaacgcgacacTTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGACTTGGTGTCTGAGGACCCcacgtttgcccctcgacgatctccatagtg <- PR-15-019

aaaaaagaaaaagaaaccagaacgcgacacCTGATTGCCAAGCAGCGAAATGGAGCAGATACTGCAGCGAGACTTGGTGTCTGAGGACCCcacgtttgcccctcgacgatctccatagtg <- PR-18-108, PR-18-126, PR-18-069

                             {*----------------------------------------*------------------}

>Alignment 3:

aaaaaagagcacactgtgattggtcaatccACTTCAAGTTGATGTGGATCGACTATACGTGACGGTAGAGTAGTTGCCAAAGGTAGCGCGccatgagcgcgaatcgctgtcgctgtcgcg <- PR-102

aaaaaagagcacactgtgattggtcaatccACTTCAAGTTGATGTGGATCGATTATACGTGACTGTAGAGTAGTTGCCAAAGGTAGCGCGccatgagcgcgaatcgctgtcgctgtcgcg <- PR-15-019

aaaaaagagcacactgtgattggtcaatccACTTCAAGTTGATGTGGATCGACTATACGTGACTGTAGAGTAGTTGCCAAAGGTAGCGCGccatgagcgcgaatcgctgtcgctgtcgcg <- PR-18-108, PR-18-126, PR-18-069

                             {----------------------*----------*--------------------------}

krisp: Candidate regions displayed as alignments

Conserved 
primer region

Diagnostic Regions (* highlighting) Lineages with conserved 
sequences are grouped 

together

Conserved 
primer region

Andrew Tupper
Zach Foster



Coast Live Oak, Marin County CA, 2000

Tan oak, Marin County CA, 2000

Phytophthora ramorum
Sudden Oak Death

Photos courtesy Marin County Fire Dept. 



Trends in Microbiology (2012); Van Poucke et al. 2012
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Detection of first sexual 
variants
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Genomes available: Nextstrain implementation



Plate reader detection

P. ramorum

P. cinnamomi

P. foliorum

P. lateralis

P. plurivora

Water

Using krisp + SHERLOCK, we designed an assay for detection of P. ramorum
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Protein phosphatase 2 (PP2A) locus



Late blight

(Blair et al. 2012)

A species level assay to distinguish P. infestans



SNP

krisp_vcf identified a list of 51 sites for a P. infestans species level assay

P. ipomoea

P. mirabilis 

P. andina

P. parasitica

P. infestans



A lineage level assay to distinguish among variants of concern  

(USBlight 2023, EUBlight 2023, Saville et al. 2015)

Phytophthora infestans

US-01 = Insensitive
US-08 = Insensitive
US-11 = Sensitive
US-22 = Sensitive
US-23 = Sensitive
US-24 = Sensitive

Mefenoxam

Early detection

Late detection



We identified variants to distinguish among P. infestans lineages

Putative lipase



(Weisberg et al. 2023)

Grapevine crown gall

Genomospecies

A lineage/variant level assay to distinguish among plasmids of concern  



We found variants to distinguish types of oncogenic plasmids

Wet lab validation in progress…

crRNA



In summary,

krisp leverages whole genome data 
to design guide RNAs and other 
PCR-based diagnostic assays

CRISPR-Dx is a novel tool to 
monitor pathogen variants and 
inform management strategies

We are developing assays that can 
differentiate variants of concern 
for P. ramorum, P. infestans and 
the Agrobacterium complex
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