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People infected with a virus often harbour 
very low numbers of circulating viral 
particles, making the infection difficult 

to detect. For example, during one outbreak 
involving Zika virus, infected individuals har-
boured as little as one virus copy per microlitre 
of blood serum1. These small numbers pose a 
large problem for medical diagnostics. How-
ever, researchers might in the future be armed 
with molecular tools whose sensitivity has 
been refined by evolution. Writing in Science, 
three groups2–4 report a new class of diagnos-
tic tool, created by repurposing nucleic-acid 
sensing systems found in bacteria. 

CRISPR–Cas systems are adaptive immune 
systems that protect bacteria from viral 
attack by functioning as nucleic-acid sensors. 
Nucleic-acid sequences from viruses that have 
previously invaded a bacterium are stored in 
the cell’s genome, and are used by Cas enzymes 
as a guide with which to recognize and bind to 
the same sequence if the virus invades again. 
Incoming viral nucleic acids are then cleaved 
through sequence-specific interactions.

One particular CRISPR system, derived 
from the bacterium Streptococcus pyogenes, has 
been adapted for use as a genome-editing tool 
that is revolutionizing biomedical research. 
However, there are many other types of 
CRISPR system, each of which has specific 
characteristics. The three current studies use 
CRISPR systems that have an unusual prop-
erty: after engaging a target nucleic acid, they 
cleave other nearby nucleic acids indiscrimi-
nately, a process called collateral activity. The 
studies use this activity as a signal amplifier, 
whereby the cutting of many arbitrary nucleic 
acids serves as a beacon for the detection of 
one specific molecule. 

In the first of the current papers, Chen et al.2 
examined a type V CRISPR system that uses 
Cas12a proteins to target viral DNA. The 
authors discovered that Cas12a has collateral 
activity, indiscriminately cleaving single-
stranded (ss) DNA after binding to its spe-
cific double-stranded (ds) DNA target. The 
researchers took advantage of this property to 
create a diagnostic tool for detecting viruses. 

In the authors’ diagnostic, Cas12a guide 
sequences are designed to match particular 
targets in the viral DNA. After binding a viral 

target, Cas12a cleaves a ‘reporter’ construct 
— an ssDNA that is tagged at one end with 
a fluorophore molecule and at the other with 
a quencher molecule. Before cleavage, the 
fluorescence emitted by the fluorophore is 
captured by the quencher. However, after the 
ssDNA has been cleaved by Cas12a, fluores-
cence can be readily detected (Fig. 1a). Chen 
and colleagues boosted this fluorescent signal 
using a process called recombinase polymer-
ase amplification (RPA) to amplify the target 
viral DNA, generating many more copies of the 
target sequence than are present in the original 
sample.

The group’s system, which they name 
DETECTR (DNA endonuclease targeted 
CRISPR trans reporter), can detect target 
DNA at extremely low concentrations — as 
little as one molecule per microlitre of sam-
ple analysed. The authors also showed that 

DETECTR could discern different strains of 
human papillomavirus in crude DNA extracts 
from patient samples. 

In the second paper, Gootenberg et al.3 
expanded on previous work5–7 to create a diag-
nostic called SHERLOCKv2 (specific high sen-
sitivity enzymatic reporter unlocking version 
2). The original version of SHERLOCK works 
similarly to DETECTR, but uses Cas13, which 
binds to and indiscriminately cleaves RNA, 
rather than DNA5. SHERLOCK is not limited 
to RNA detection, however — a transcription 
step can be included in the RPA process to 
produce RNA from viral DNA, enabling DNA 
detection by proxy6. 

Gootenberg and colleagues improved 
SHERLOCK in several ways. First, they 
screened 17 Cas13 family members and thor-
oughly characterized their activity. The authors 
discovered that a subset of Cas13 variants 
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Scissors become sensors
Two bacterial Cas proteins cleave nucleic acids indiscriminately after binding to specific target sequences. This property 
has now been harnessed to create highly sensitive, portable diagnostic tools for detecting viruses at low cost. 
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Figure 1 | Repurposing CRISPR–Cas to produce virus sensors.  a, Chen et al.2 have developed a virus 
sensor called DETECTR, which has three parts: a Cas12a enzyme; an RNA sequence designed to guide 
Cas12a to a matching DNA sequence in a virus of interest; and a single-stranded (ss) DNA construct 
tagged with ‘fluorophore’ and ‘quencher’ molecules. In the absence of the target virus sequence, Cas12a 
is inactive and emission produced by the fluorophore is captured by the quencher (yellow arrow), 
preventing fluorescence. When Cas12a recognizes its target, it cleaves the ssDNA construct, separating 
the quencher from the fluorophore to generate fluorescence. b, Gootenberg et al.3 and Myhrvold et al.4 
developed tools based on a system called SHERLOCK (ref. 6) that is similar to DETECTR. SHERLOCK 
uses Cas13, which targets viral RNA and cleaves ssRNA constructs. Gootenberg et al. designed two 
ssRNA constructs, one cleaved by Cas13 and one by another Cas enzyme, Csm6. Csm6 is activated by 
Cas13 cleavage products, and serves to amplify the fluorescent signal and improve the reaction kinetics.
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target mutually exclusive sequences. By using 
four such Cas13 proteins and designing a spe-
cific reporter for each, the authors created a 
SHERLOCKv2 system that could detect up to 
four viruses at once. Furthermore, by scaling 
up the RPA step, the group detected viral DNA 
sequences at concentrations as low as two 
copies per millilitre of sample. 

The researchers also discovered that Cas13 
cleavage products can activate another Cas 
protein, Csm6. By including a second ssRNA 
construct that could be cleaved by activated 
Csm6 (Fig. 1b ), the group boosted the signal 
relative to background and improved the 
kinetics of the SHERLOCKv2 reaction. Finally, 
the authors combined all of these advances 
into a simple assay in which a drop of sample 
is applied to a strip of paper that holds the 
diagnostic, and a colorimetric readout is given. 
This format requires no instruments, greatly 
increasing the ease with which the technol-
ogy can be used by scientists and clinicians in 
regions of high need.

The techniques developed by Chen et al. 
and Gootenberg et al. both require stringent 
purification steps to prevent viral degrada-
tion by the body’s RNA-digesting enzymes 
during testing. In the third paper, Myhrvold 
et al.4 paired the previously reported version 
of SHERLOCK with a method for inactivat-
ing these enzymes in body fluids, allowing 

the authors to directly detect viruses in urine 
and saliva. Their approach can be used to dis-
criminate between related viral species, which 
can be difficult to tell apart because they cause 
similar symptoms.

Viral genomes can mutate rapidly, but 
Myhrvold and colleagues showed that they 
could use their system to discriminate 
between sequences that differed by a single 
nucleotide mutation. This enabled them to 
identify strains of Zika virus isolated from 
different geographic regions, as well as a Zika 
virus harbouring a mutation associated with a 
developmental condition called microcephaly. 
They showed that appropriate guide sequences 
can be designed in less than a week, and the 
whole protocol implemented in less than two 
hours, with minimal equipment and sample 
processing.  

The diagnostic tools described in the current 
papers are a major advance for the tracking and 
treatment of viral outbreaks. But they could 
also have diverse applications beyond viral 
detection, such as identifying tumour-specific 
cancer mutations for personalized medicine, 
and enhancing quality control in agriculture 
and biomanufacturing by detecting possible 
biological contaminants. Although their long-
term shelf-life remains to be tested, the tools 
excel in all other ASSURED criteria set by the 
World Health Organization for point-of-care 

devices8, and are ready for deployment. The 
impact and adoption of these technologies will 
be determined by factors such as regulatory 
approval, scaling up synthesis for mass pro-
duction, distribution logistics and economics.

Much of the excitement about CRISPR 
technology has centred on its use in gene or 
cell therapies, which are expensive processes 
that, for the foreseeable future, will probably 
be available only in prosperous regions of the 
world. The current studies greatly expand and 
diversify the possible beneficiaries of CRISPR 
technology, by developing a low-cost technique 
that has many important potential uses. ■
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N E U R O S C I E N C E

Models of Parkinson’s 
disease revisited
Conventional models propose that activity levels in two neuronal pathways, 
which have opposing effects on movement, become imbalanced in Parkinson’s 
disease. Analyses in mice point to a more complex reality. See Article p.177

T H O M A S  W I C H M A N N

Scientists have long associated structures 
in the forebrain called the basal ganglia  
with the control of movement, and with 

movement disorders such as Parkinson’s 
disease. Some of the strongest evidence for 
the role of the basal ganglia in movement is 
anatomical1: the basal ganglia receive neu-
ronal input from movement-related areas 
in the brain’s frontal cortex through a region 
called the striatum. They then send it back to 
the frontal cortex. Two pathways mediate this 
processing, but models to explain how process-
ing functions go awry in movement disorders 
are debated. On page 177, Parker et al.2 add 
valuable data to the discussion.  

In conventional models of basal-ganglia 
function, the two pathways that connect the 
striatum to output structures work in opposing 

ways. The first, dubbed the direct pathway, is 
activated by the neurotransmitter molecule 
dopamine, through D1-like dopamine recep-
tors on direct-pathway spiny projection neu-
rons (dSPNs). Activation of dSPNs is thought 
to facilitate movement1,3,4. The second, the 
indirect pathway, is inhibited by dopamine 
through D2-like receptors on indirect-pathway 
spiny projection neurons (iSPNs). In contrast 
to the first pathway, activation of iSPNs is 
thought to reduce movement1,3,4.

Current models of basal-ganglia function 
emphasize that balanced activity in these two 
pathways is required for normal movement. 
For example, one model posits that sequen-
tial activation of the pathways could ‘scale’ 
movements — activation of dSPNs would 
first facilitate movements, and subsequent 
activation of iSPNs would terminate them5. 
Alternatively, the action-selection hypothesis 

proposes that interplay between dSPN and 
iSPN activation might assist the selection 
of particular actions by the frontal cortex, 
with initiation of certain movements associ-
ated with dSPN activation, and movement 
prevention associated with iSPN activation6,7.

These models predict that movement 
disorders result from imbalanced pathway 
activities. For instance, it has convention-
ally been argued1 that, in Parkinson’s disease 
(which involves decreased striatal dopamine 
levels), the balance would shift in favour of 
iSPN activation, leading to slowness or lack of 
movements. By contrast, involuntary move-
ment (dyskinesia), such as that associated 
with overuse of the anti-parkinsonian drug 
l-3,4-dihydroxyphenylalanine (l-DOPA), 
would arise from a shift towards dSPN 
activation (Fig. 1a). 

Parker et al. used a method called fluores-
cence microendoscopy8–10 to simultaneously 
monitor the activity and spatial arrange-
ment of large groups of dSPNs and iSPNs in 
freely behaving mice. The two sets of neu-
rons were genetically engineered to fluoresce 
when calcium entered the cell, indicating 
electrical signalling. The authors monitored 
three groups of mice: those under normal con-
ditions, mice treated with a drug that causes 
the loss of dopamine-releasing neurons to 
mimic the parkinsonian state, and dopamine-
depleted animals treated with l-DOPA to 
induce involuntary movements. 

The authors’ observations in normal animals 
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