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ABSTRACT

CRISPR/Cas9 has emerged as a versatile genome-
engineering tool that relies on a single guide RNA
(sgRNA) and the Cas9 enzyme for genome editing.
Simple, fast and economical methods to generate
sgRNAs have made targeted mutagenesis routine
in cultured cells, mice, zebrafish and other model
systems. Pre-screening of sgRNAs for target effi-
cacy is desirable both for successful mutagenesis
and minimizing wasted animal husbandry on targets
with poor activity. Here, we describe an easy, quick
and cost-effective fluorescent polymerase chain re-
action (PCR)-based method, CRISPR Somatic Tissue
Activity Test (CRISPR-STAT), to determine target-
specific efficiency of sgRNA. As a proof of princi-
ple, we validated our method using 28 sgRNAs with
known and varied levels of germline transmission ef-
ficiency in zebrafish by analysis of their somatic ac-
tivity in injected embryos. Our data revealed a strong
positive correlation between the fluorescent PCR
profiles of the injected embryos and the germline
transmission efficiency. Furthermore, the assay was
sensitive enough to evaluate multiplex gene target-
ing. This method is easy to implement by laborato-
ries with access to a capillary sequencer. Although
we validated the method using CRISPR/Cas9 and ze-
brafish, it can be applied to other model systems and
other genome targeting nucleases.

INTRODUCTION

Recent advances in genome editing by zinc finger nucleases
(ZFNs), TAL effector nucleases (TALENs) and clustered
regularly interspersed palindromic repeat/Cas9 nucleases
(CRISPRs) have made it possible to perform targeted mu-
tagenesis in many systems, including zebrafish (1–7). While
assembly of target-specific ZFNs and TALENs have lim-

itations due to design constraints, cost and/or laborious
protocols (8–11), CRISPR/Cas9 requires design of a single
guide RNA (sgRNA) that can be synthesized quickly and at
very low cost (12,13). Furthermore, the target sequence for
CRISPR/Cas9 is flexible, limited only by the requirement
of a protospacer adjacent motif (PAM site) (14,15). Thus it
is straightforward to rapidly design and generate sgRNAs
for multiple targets. However, all sgRNAs do not exhibit
similar levels of activity in generating mutations at the tar-
get site (16). Prediction of activity by computational meth-
ods may not be reliable for all applications as the criteria
are derived from limited, context specific data (17,18). Thus
a rapid experimental validation for the level of any given
sgRNA activity is essential.

A number of methods have been developed to evalu-
ate activity of targeting nucleases including CRISPR/Cas9
(19–23). The ‘gold standard’ method to determine the level
of somatic activity is by polymerase chain reaction (PCR)
of the target region followed by cloning and sequencing of
a large number of clones (21,22). Although this method
has high sensitivity and specificity to determine the activ-
ity level, it is both expensive and labor-intensive. Simple
mismatch-based assays such as high resolution melt analy-
sis (HRMA) and DNA cleavage by Surveyor or T7 endonu-
clease have poor specificity in organisms such as zebrafish
that possess a high rate of polymorphism in the genome
that cause false positive results (20,24–25) and anecdotally
in our hands has a tendency to underestimate activity. Sim-
ilarly, a restriction fragment length polymorphism assay is
limited by the choice of target sites that contain an appro-
priate restriction enzyme site. The quantitative PCR based
protocol developed by Yu et al. (23) is a feasible method
to detect somatic activity. However, it might be difficult to
design robust primers overlapping with the predicted cut
site in every case. Recently two sequence-based methods,
termed TIDE and CRISPR-GA, were developed for quan-
titative assessment of sgRNA activity in the cell culture ex-
periments (26,27). However, both methods have limitations
in their application, such as TIDE requiring high quality
sequence reads of 500–1500 bp in length that may be fea-
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sible for only a small subset of targets. For the majority of
targets, the exon sizes are small (<300 bp) and the flank-
ing intronic sequences are highly polymorphic containing
both SNPs and insertions or deletions (indels). CRISPR-
GA requires next generation sequencing data that can be
both expensive and out of reach for many small laborato-
ries aiming to generate mutants in a small number of genes.
Currently there are no assays that can be easily used for all
model systems.

In zebrafish, the experimental procedure for targeted mu-
tagenesis requires microinjections of the nuclease of choice
(ZFNs, TALENS or CRISPR/Cas9) in one-cell stage em-
bryos, growing them to adulthood (∼three months) and
screening their progeny for indels at the target site (22,28).
Pre-screening for activity saves time and costs associated
with the animal husbandry and founder screening. In our
experience with ZFNs and TALENs, the somatic activity in
injected embryos has been a good indicator of the success of
generating genetic mutants (22). These factors prompted us
to explore the utility of using the fluorescent PCR method
we developed previously (22) to evaluate somatic activity of
the injected nuclease. We evaluated 28 sgRNAs with known
germline transmission efficiency in zebrafish by fluorescent
PCR of the injected embryos at 48 hours post fertilization
(hpf) (13) and could accurately determine their potential for
generating indels at the target site.

MATERIALS AND METHODS

Ethics statement and zebrafish lines used

The zebrafish work was performed under animal study pro-
tocol # G05–5 approved by the National Human Genome
Research Institute Animal Care and Use Committee at the
National Institutes of Health (OLAW Assurance # A-4149–
01). Zebrafish were housed in accordance with the Guide
for the Care and Use of Laboratory Animals of National
Institutes of Health in an AAALAC (Association for As-
sessment and Accreditation of Laboratory Animal Care)
accredited facility. All zebrafish handling, embryo care and
microinjections were performed as described in the Ze-
brafish Book (29). All experiments were performed in the
wild-type (WT) fish of genetic strain TAB5.

Selection of sgRNA targets for validation

We used a sgRNA targeting the tyr gene for the proof of
principle experiment since its somatic activity can be de-
tected as a pigmentation phenotype in the injected embryos
(12). For validation experiments, we selected sgRNAs tar-
geting 28 genes (Table 1, Supplementary Table S1) based
on their germline transmission efficiency from our previous
study (13).

sgRNA and Cas9 mRNA synthesis

sgRNAs for each target were generated by the oligonu-
cleotide assembly method as described earlier (13). RNAs
were synthesized using the HiScribeTM T7 Quick High
Yield RNA Synthesis Kit (New England Biolabs) with
an incubation time of 8 h for the in vitro transcription
reaction. RNAs were purified with the RNA Clean &

ConcentratorTM-5 kit (Zymo Research) and eluted into 20
�l water. Cas9 mRNA was synthesized from the pT3TS-
nCas9n plasmid (Addgene plasmid # 46757) (12) following
XbaI digestion using the mMessage mMachine T3 Tran-
scription Kit (Ambion) and recovered by lithium chloride
precipitation.

Microinjections and DNA extraction from embryos

Embryos were injected with 300 pg of Cas9 mRNA and
50 pg of each sgRNA at one-cell stage using a PicoPump
(World Precision Instruments) and standard microinjection
protocol (29). The amount of sgRNA and Cas9 mRNA for
each injection was calculated by CRISPR-CALC (Supple-
mentary File S1). For majority of the sgRNAs, we mixed
sgRNAs to two genes at 50 pg each to reduce the num-
ber of injections. To test for multiplexing, we mixed eight
sgRNAs at 25 pg each with 300 pg of Cas9 mRNA (Sup-
plementary File S1). Injected embryos were incubated at
28.5◦C and euthanized at 48 hpf for DNA extraction. DNA
was extracted from eight uninjected and eight injected em-
bryos for each sgRNA using Extract-N-Amp Tissue PCR
Kit (Sigma) with one-fourth of the recommended volumes
for each of the solutions. Extracted DNA was diluted at 1:10
ratio with ultra pure water and 1.5 �l was used as template
for subsequent PCR reactions.

Primer design and fluorescent PCR

Primer sequences for all sgRNAs are listed in Supplemen-
tary Table S1 and also described previously (13). In general,
the primers were designed to amplify 180–300 bp fragments
with the target site roughly in the middle of the amplicon
and avoiding intronic sequences as much as possible. M13F
adapter (5′-TGTAAAACGACGGCCAGT-3′) and PIGtail
adapter (5′-GTGTCTT-3′) sequences were added to the for-
ward and reverse primers respectively (Supplementary Ta-
ble S1). PCR reactions were set-up using AmpliTaq-Gold
(Life Technologies) and a three primer mix with equimo-
lar ratios of target-specific primers and fluorescently labeled
M13F (6-FAM) primer as illustrated in Figure 1A with a fi-
nal reaction volume of 6.5 �l (22). The PCR conditions were
as follows: 12 min denaturation at 94◦C; 40 cycles of 94◦C
for 30 s, 57◦C for 30 s and 72◦C for 30 s; and final extension
at 72◦C for 10 min followed by a hold at 4◦C.

Fragment separation by capillary electrophoresis

PCR products were mixed with the GeneScan 400HD ROX
dye size standard (Life Technologies) by adding 10 �l of
1:50 mix of 400HD ROX and HiDi-Formamide (Life Tech-
nologies) to 2 �l of PCR product. Samples were denatured
at 95◦C for 5 min and run on the Genetic Analyzer 3130xl
using POP-7 polymer and a 36 cm array. The default mod-
ule was used and the injection time of 23 seconds was mod-
ified to 60 seconds.

Titration experiment with known levels of mosaicism

DNA from WT and homozygous mutant fish with a known
7 bp insertion mutation in pus3 (unpublished data) were
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Table 1. Correlation of CRISPR-STAT data to germline transmission rates for 28 sgRNAs

Gene
Percentage of germline
transmitting foundersa Results from CRISPR-STAT

Fold change Fold change

espnlb 100 yes 1500.10
eya4 100 yes 812.90
grhl2a 100 yes 4623.64
mgea5 100 yes 5.30
msrb3 100 yes 1710.94
myo15aa 100 yes 7.16
pou4f3 100 yes 4000.08
prdx3 100 yes 4041.19
coch 77.78 yes 8.55
loxhd1b 75 yes 1856.77
man2b1 75 yes 8.80
tmie 75 yes 1338.47
marveld2a 50 yes 1785.62
mgat5 50 yes 2056.94
slc26a4 50 yes 454.96
sh3pxd2aa 50 yes 1165.44
marveld2b 33.33 yes 1.19
myo6a 30 yes 1.34
krt15 20 yes 3.27
tmc1* 16.67 No 0.99
lhfpl5a 0 No 0.97
myh9a 0 No 1.04
myo7aa* 0 yes 1.94
prps1b 0 No 1.19
ptprq 0 No 0.91
slc26a5 0 No 1.00
ush1c* 0 yes 1.57
wfs1b 0 No 1.01

Notes: a Data from Varshney etal., 2015, asterisks indicate discrepancies between somatic and germline activity based on yes by one method and no by
the other method.

prepared as 50 ng/�l stock solutions and mixed at known
ratios ranging from 0 to 100% of the mutant DNA as fol-
lows: 100 + 0, 90 + 10, 80 + 20, 70 + 30, 60 + 40, 50 + 50,
40 + 60, 30 + 70, 20 + 80, 10 + 90, 0 + 100 �l of WT and
mutant DNA respectively. To account for pipetting errors,
fluorescent PCR reactions were set-up in triplicates using 2
�l of mixed DNA as template.

Activity level calculations

Data were analyzed for sizes and heights of all observed
peaks using GeneMapper or Genotyper (Life Technologies)
by setting the Peak Amplitude Threshold at 100 as the level
for background peaks. The expected sizes of the WT peaks
were determined from the size of the amplicon and M13F
and PIGtail adapters (25 bp) as listed in Supplementary
Table S1. We first calculated the ratio of total peak height
to the peak height of the WT peak plus 1 for each sample
(
∑

heightTotal/ height WT + 1). The ‘+1’ was used so that
we always had a denominator since some injected embryos
had no detectable WT peak. We then calculated the aver-
age for each group (uninjected and injected) from a total
of eight embryos analyzed. Fold change reduction of the
WT peak was determined by dividing the averaged ratio
for the injected embryos by the averaged ratio for the unin-
jected embryos. A fold change of 1 indicates no sgRNA ac-
tivity. For sgRNAs with somatic activity, the higher the fold
change, the higher the target-specific efficiency of sgRNA.

Cloning and sequencing of PCR products

A single injected embryo that showed sgRNA activity was
selected for loxhd1b, myo6a and sh3pxd2aa. In addition
eight injected embryos were pooled for myh9a. DNA extrac-
tion and PCR were performed as described above but with-
out the M13F-FAM primer. PCR products were purified us-
ing the MinElute PCR purification Kit (Qiagen) and cloned
into pCR4-TOPO vector (Life Technologies). Colony PCR
was performed as follows: 50 �l of PCR master mix con-
taining everything except template DNA was dispensed into
each well of a 96-well plate. Individual colonies were picked
with sterile P-20 pipette tips and dipped into the master mix
followed by PCR. The PCR conditions were as follows: 12
min denaturation at 94◦C; 35 cycles of 94◦C for 30 s, 57◦C
for 30 s and 72◦C for 30 s; and final extension at 72◦C for
10 min followed by a hold at 4◦C. Four microliters of PCR
products were sequenced with M13F and big-dye v3.1 se-
quencing mix (Life Technologies) after removal of unused
primers and nucleotides with Exo-SAP-IT (Affymetrix). Se-
quence analysis was performed using software package Se-
quencher, version 5.3 (Gene Codes).

RESULTS

Overview and sensitivity of CRISPR-STAT method

The goal of our study was to develop an easy, fast, eco-
nomical and reliable method for pre-screening of genome-
targeting nucleases, in particular, sgRNAs for their target-
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Figure 1. Overview of the CRISPR-STAT Method. (A) Schematic of the
primer design strategy for fluorescent PCR. (B) Flowchart of step-by-step
experimental procedures for the CRISPR-STAT method.

specific activity. We have been using the fluorescent PCR
method for high throughput mutagenesis in zebrafish
(13,22). Therefore, we sought to validate its performance
for pre-screening of sgRNAs by analysis of somatic tissue
from injected embryos that are typically mosaic for a vari-
ety of indels. We termed this method CRISPR-STAT for
CRISPR––Somatic Tissue Activity Test. The primer de-
sign strategy and experimental workflow of CRISPR-STAT
are described in Figure 1. Briefly, we injected sgRNA/Cas9
mRNA mix into one-cell stage embryos and collected eight
injected and eight uninjected embryos at 48 hpf for fluores-
cent PCR of the target region. We separated the fluorescent
PCR products by capillary electrophoresis using a conven-
tional capillary sequencer, i.e. Genetic analyzer 3100xl. We
analyzed the observed peak profiles for each embryo (in-
jected and uninjected) using GeneMapper and calculated
the fold change reduction in the WT allele with the follow-
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Figure 2. Evaluation of sensitivity of CRISPR-STAT method to detect
mosaicism. (A) Fluorescent PCR peak profiles showing the changes in
peak heights of WT and mutant alleles with varying ratios of WT to mu-
tant DNA. In the fluorescent PCR plots, the X-axis represents the size of
the peaks with the red and blue stars denoting WT and mutant alleles re-
spectively, and Y-axis shows the peak heights. Ratios of WT and mutant
DNA are shown for each panel. (B) Correlation of the detected WT allele
to the known amount of WT allele in the mixture of WT and mutant DNA
at various ratios. (C) Representative embryos at 48hpf and corresponding
fluorescent PCR peak profiles shown for an uninjected embryo (top panel)
and an embryo injected with tyr sgRNA showing reduced pigmentation
phenotype (bottom panel). In the fluorescent PCR plots, the X-axis repre-
sents the size of the peaks with the red star denoting the position of the WT
peak and Y-axis shows the peak heights. Data is shown for peaks observed
within 20 nt of the WT peak.

ing formula:

Fold Change =
Averaged ratio of WT peak height from 8 injected embroys
Averaged ratio of WT peak height from 8 unjected embroys

To evaluate the sensitivity of the CRISPR-STAT method,
we simulated different levels of mosaicism by mixing WT
DNA with increasing amounts of mutant DNA (from a
known mutant fish homozygous for a 7 bp insertion). As ex-
pected, as the amount of WT DNA was decreased and the
mutant DNA increased the peak heights of the respective
alleles changed accordingly (Figure 2A). Quantification of
the data demonstrated a strong correlation (R2 = 0.99) be-
tween the percentage of WT allele detected in the mix with
the percentage of WT DNA added to the fluorescent PCR
reaction (Figure 2B). These data demonstrated the sensitiv-
ity of CRISPR-STAT method to the degree of mosaicism in
the template DNA, suggesting that it can be used to quan-
tify activity of targeting nucleases.
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Figure 3. Correlation of somatic and germline transmission activity of
sgRNA. Representative fluorescent PCR plots for sgRNAs with medium
(A, sh3pxd2aa), low (B, myo6a) and no (C, myh9a) germline transmission
activity are shown. In each case, data from an uninjected embryo is shown
in the left panel and an injected embryo in the right panel. In the fluores-
cent PCR plots, the X-axis represents the size of the peaks with red star
denoting the position of the WT peak and Y-axis shows the peak heights.
Data is shown for peaks observed within 20 nt of the WT peak. (D) Graph
showing the correlation of somatic activity calculated as a log fold change
in the WT peak (X-axis) and percentage of founders positive for germline
transmission (Y-axis).

Correlation of somatic activity with germline transmission ef-
ficiency

To test whether fluorescent PCR is sensitive enough to
identify peaks due to somatic sgRNA activity in mosaic
embryos, we selected the sgRNA target for the tyr gene
which generates an easy to detect pigmentation phenotype
in >90% of the injected embryos (12). We observed a clear
reduction of the WT peak (1800-fold change of WT peak
height) in the eight injected embryos that were selected by a
reduced pigmentation phenotype compared to eight unin-
jected embryos. Furthermore, as expected we observed mul-
tiple secondary peaks within 50 bp of the amplicon size in-
dicative of indels of up to 25 bp in the injected embryos only
(Figure 2C). These data suggested that CRISPR-STAT is
sensitive enough to detect somatic activity of sgRNAs in
mosaic zebrafish embryos.

An sgRNA has to be extremely efficient to cause bial-
lelic mutations in enough cells that a phenotype can be
detected in the injected embryos (as observed for the tyr

Figure 4. Correlation of fluorescent PCR peak profile and mutations. (A)
Peak profile of an embryo injected with loxhd1b sgRNA. The WT peak is
marked by an arrow and the secondary peaks for which clones with match-
ing size of indels were detected are marked by colored stars. In the fluores-
cent PCR plot, X-axis represents the size of the peaks with WT denoting
the position of the WT peak and Y-axis shows the peak heights. Data is
shown for peaks observed within 30 nt of the WT peak. (B) Sequences of
WT and mutant clones with percent of clones for each mutation. The tar-
get site is in bold and the PAM site in underlined in the WT sequence. The
indels and percentage of clones columns are highlighted to match with the
corresponding secondary peaks in (A).
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Figure 5. Peak profiles of an embryo injected with pooled sgRNAs to eight
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the size of the peaks with WT denoting the position of the WT peak and
Y-axis shows the peak heights. Data is shown for peaks observed within 20
nt of the WT peak that is denoted by a red star.
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gene). However, to generate stable germline transmitted
mutants, the injected embryos need to be healthy and de-
void of lethal phenotypes so that they can be raised to fer-
tile adults. To test whether fluorescent PCR can be used to
determine sgRNA activity in the injected embryos regard-
less of whether the gene has an observable phenotype or
not, we selected sgRNAs targeting 28 genes with a range
of germline transmission rates (from 0 to 100%) that had
been previously determined (13). Two sgRNAs were co-
injected with Cas9 RNA and for each target eight embryos
were analyzed by fluorescent PCR at 48 hpf. Representa-
tive examples of peak profiles for sgRNA with 50% positive
founders (sh3pxd2aa, Figure 3A), 30% positive founders
(myo6a, Figure 3B) and no positive founders (myh9a, Fig-
ure 3C) are shown in Figure 3. We observed a reduction
in the WT peak height and presence of multiple secondary
peaks in injected embryos for all but one (tmc1) (Table 1,
Figure 3 A and B) of the 20 targets with positive germline
transmission data. Only three sgRNAs (myo7aa, tmc1 and
ush1c) showed somatic activity that incorrectly predicted
germline transmission (Table 1). The discrepancies between
somatic and germline activity of tmc1, myo7aa and ush1c
could be due to technical reasons as mRNA synthesis and
injections were carried out by different people in the two
experiments or screening of insufficient number of founder
fish for germline transmission, especially for myo7aa and
ush1c. Overall, our data suggested a strong positive trend
between the fold reduction in the WT peak and the per-
centage of positive founders. The correlation coefficient for
these experiments was 0.75 (Figure 3D, Table 1). Thus based
on our data a decrease in the WT peak and presence of sec-
ondary peaks in the injected embryos can be taken as an
indication of target-specific sgRNA activity.

Correlation of the secondary peaks with indels at the target
site

To verify that the secondary peaks observed in sgRNA in-
jected embryos are due to indel mutations at the target site,
we cloned and sequenced amplicons for one gene each with
high (loxhd1b), medium (sh3pxd2aa), low (myo6a) and no
(myh9a) germline transmission activity. As expected, 100%
(39/39) of sequenced clones for myh9a sgRNA (with no
secondary peaks), had WT sequence (Figure 3C, Supple-
mentary Figure S1). On the other hand, no WT clones
were found for loxhd1b and sh3pxd2aa sgRNAs (Figures 3A
and 4, Supplementary Figure S1). Overall, we found se-
quences correlating by size to predicted indels based on the
peak profiles of the embryos (Figure 4, Supplementary Fig-
ure S1). For example, in the embryo injected with loxhd1b
sgRNA, a 3 bp deletion represented the strongest secondary
peak as well as the most frequently observed sequence in the
clones (Figure 4). Thus, our data showed that most of the
secondary peaks detected by fluorescent PCR are represen-
tative of target-specific indels.

Detection of somatic activity in multiplexed injections

It has been demonstrated that multiple sgRNAs can be
combined to target multiple genes (13,30–31). The mul-
tiplexing approach is of greater importance in generating

Table 2. Somatic activity of individual sgRNAs in multiplexed embryos

Gene
% of embryos with
secondary peaks (n = 8) Fold change

loxhd1b 100% 17.69
man2b1 87.5% 1.11
marveld2b 37.5% 0.98
myo15aa 87.5% 1.89
myo6a 75.0% 1.35
prdx3 100% 4.63
slc26a4 100% 1.68
sh3pxd2aa 100% 276.07

gene knockouts in zebrafish and mice as it reduces the num-
ber of injections, reagents and time to raise animals. There-
fore, we evaluated zebrafish embryos co-injected with eight
sgRNAs by CRISPR-STAT to determine their somatic ac-
tivity. We detected somatic sgRNA activity in all eight genes
(Table 2, Figure 5) with most injected embryos with activity
in at least six genes. Thus, our data strongly supports the
use of CRISPR-STAT to quickly screen sgRNA for target-
specific activity both for single and multiplexed mutagenesis
projects.

DISCUSSION

Successful genome editing by targeting nucleases, i.e. ZFNs,
TALENs and CRISPR/Cas9 depends on their target-
specific activity. A fast and cost-effective approach to test
their efficacy at the target-site would help in developing op-
timized genome editing strategies for a variety of applica-
tions, such as disease modeling and functional genomics us-
ing animal models and developing gene therapy approaches
using cultured cells. The CRISPR-STAT method presented
here can give an accurate assessment of sgRNA activity in
1 day. We used a three-primer strategy to save costs asso-
ciated with fluorescent labeling of individual target-specific
primers. For laboratories performing targeted mutagenesis
on a single gene, the M13F-FAM primer and genomic-M13
fused primer can be replaced with a fluorescently labeled
gene-specific primer.

We demonstrated the utility of CRISPR-STAT as a pre-
screening method in zebrafish to evaluate sgRNAs. By com-
bining a cloning-free method of generating sgRNAs with
evaluation by CRISPR-STAT, any laboratory should be
able to generate mutants in their genes of interest and be
confident of the efficiency of targeting before raising the
animals. We recommend designing at least two sgRNAs
per gene and evaluating a small subset of the injected em-
bryos for their activity. This approach facilitates successful
mutagenesis and minimizes time and costs associated with
animal husbandry and negative founder screening for tar-
gets with poor somatic activity. Efficient founder screening
strategies, i.e. reducing the number of founders screened and
the number of embryos screened per founder, can be based
on the efficiency score of the somatic tests. Furthermore,
primers designed for CRISPR-STAT can be recycled in
subsequent steps, specifically for identification of germline
transmitting founders and genotype-phenotype correlation
analysis of the knockout mutants.

Efficient nucleases are a prerequisite for several other ap-
plications of genome editing. For example, deletions of en-
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tire genes or large chromosomal regions and inversions can
be generated by using two targeting nucleases (13,32–33).
Targeted knock-in to create a missense mutation or insert
a reporter gene by using homology directed repair and a
donor template DNA is still a challenge due to low effi-
ciencies and can be significantly improved with highly ef-
ficient sgRNAs (34). Thus genome-editing applications can
be made more efficient by implementation of the CRISPR-
STAT as a pre-screening step in the targeted mutagenesis
process.

Although we used zebrafish to demonstrate CRISPR-
STAT, it would also work in other model systems and for
other targeting nucleases. Similar to the mosaic nature of
the injected zebrafish embryos, the cultured cells transfected
with CRISPR/Cas9 plasmids are mosaic for a number of
mutations and often require picking and growing of single
cells for subsequent analysis. Pre-screening of transfected
cells with CRISPR-STAT would allow one to determine
if the desired activity is seen prior to the tedious colony
cloning efforts. Calculating the fold change gives an effec-
tive quantitative measure of the sgRNA activity, however, in
most cases it will not be necessary to perform these calcula-
tions. A quick analysis of the fluorescent PCR profiles of in-
jected embryos or transfected cells for reduction of the WT
peak and presence of secondary peaks can be interpreted
as good, target-specific activity. In conclusion, CRISPR-
STAT is a valuable and versatile tool for assessing target-
specific efficacy of genome editing nucleases in a variety of
systems.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.
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