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Described by Deltcheva E. et al. Nature (2011). doi:10.1038/nature09886
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Stefano Stella et al. University of Copenhagen
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Ancient “foreign” DNA/RNA-
recognizing system

Exemple:
• Cas9 unwinds dsDNA
• Recognizes specific sequences
• Introduces dsDNA breaks

PAM: protospacer adjacent motif



Source: Barrangou R. et al. CRISPR-Cas 
Systems: RNA-mediated Adaptive 
Immunity in Bacteria and Archaea

Evolution of Cas systems



The ”classic”

Source: Haarika Kathi
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Diagnostic application?

• Do we want to destroy what we would like to detect?



Use case 1: Human papilloma virus (HPV)

PAP smear





HPV

Source: https://media.springernature.com/
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HPV test based on Cas12

Source: Haarika Kathi



Diagnostic test setup

Cervical cells – PAP smear

DNA extraction or simple proteinase K digest

DNA

Cas12 + gRNA

reporter

DNA endonuclease-targeted CRISPR trans reporter (DETECTR)



Source: Haarika Kathi



CChen et al., Science 360, 436–439 (2018) 
27 April 2018 

Specificity: M13 example



Specificity: M13 example



KKinetics of Cas12a ssDNA trans cleavage



Target: L1 ORF

Rapid identification of HPV16 and HPV18 in human samples by 
DETECTR.



The assay distinguishes 
two closely related genotypes



DETECTR platform



Summary DETECTR

• Chen et al. report the discovery that when CRISPR-Cas12a proteins cleave 
double-stranded DNA (dsDNA) in a sequence-specific manner, they induce 
robust nonspecific single-stranded DNA (ssDNA) trans-cleavage. The 
authors apply this observation to develop a rapid and accurate test to 
detect carcinoma-associated HPV types 16 and 18 from clinical specimens.

• HPV dsDNA is extracted from anal swabs and amplified through isothermal 
preamplification by recombinase polymerase amplification (RPA) a method 
that is rapid and does not require specialized equipment. 

• A Cas12a-crRNA complex binds to and cleaves target HPV dsDNA, which 
activates trans-cleavage of ssDNA. 

• A fluorescent reporter coupled to ssDNA generates a fluorescent signal 
upon cleavage.



Use case 2: Zika / Dengue



SHERLOCK system: Cas13 (RNA)

specific high-sensitivity enzymatic reporter unlocking



Myhrvold et al., Science 360, 444-448 
(2018)
27 April 2018
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ZIKV detected by SHERLOCK



Workflow



DENV RNA detection (E) serum (F) saliva



Sensitivity: 
extremely high
• aM: atto molar
• atto a 
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Figure: We show SHERLOCK fluorescence 
values after 20 minutes of RPA and 1 hour 
of detection for serial dilutions of ZIKV 
cDNA. Sensitivity of 0.9 aM is equivalent to 
single copy sensitivity as 2 aM = 1 cp/ and 
2 of sample was used as input. Error bars 
indicate 1 S.D. based on 3 technical 
replicates.







Summary SHERLOCK

• Cas13-based SHERLOCK (specific high-sensitivity enzymatic reporter 
unlocking) platform can detect Zika virus (ZIKV) and dengue virus 
(DENV) in patient samples at concentrations as low as 1 copy per 
microliter. 

• The protocol is enabling instrument-free DENV detection directly 
from patient samples in <2 hours.

• The authors report the rapid (<1 week) design and testing of 
instrument-free assays to detect clinically relevant viral single-
nucleotide polymorphisms.



SHERLOCK version 2

• Gootenberg et al. introduced SHERLOCK version 2 (v2). This improved 
assay allows for detection of three ssRNA targets and one dsDNA 
target in a single reaction. 

• The authors biochemically characterize 17 CRISPR-Cas13a and -
Cas13b enzymes, selecting three with distinct cleavage preferences, 
that when combined with a Cas12a enzyme and RPA accurately
detect ZIKV ssRNA, synthetic ssRNA, DENV ssRNA, and synthetic
dsDNA by visual readout in less than 90 minutes.



Use case 3: pneumonia with RNA and DNA 
pathogens
• Pneumonia with RNA virus (influenza)
• Followed by bacterial superinfection





Quantification



Summary CRSIPR 
systems in diagnostics

http://science.sciencemag.org/content/sci/360/6387/381/

• These emerging diagnostic tools will by 
necessity be compared to standard 
diagnostics to ensure sensitivity and 
specificity.

• They will need to be field-tested to 
guarantee performance in patient care 
settings, as environmental conditions and 
end-user application might affect 
performance.



Regulatory

• Other foreseeable challenges to routine implementation of CRISPR-
Cas-based assays include performance, cost, and regulatory issues.

• Since a target amplification step is still incorporated as part of the 
assay, there remains the possibility of cross-contamination and/or 
contamination from the laboratory, reagents, or environment. 

• There may be issues regarding availability and cost of CRISPR-Cas-
based testing to the developing world, especially given that many of 
the intended-use cases for the technology have been patented.


