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ABSTRACT Klebsiella pneumoniae (K. pneumoniae) is one of the most common pathogens
causing nosocomial infection. A rapid, accurate, and convenient detection method is required
for early diagnosis and directed therapy of K. pneumoniae infection. CRISPR-top (CRISPR-
mediated testing in one pot) is a LAMP-CRISPR-based nucleic acid detection platform,
which integrates target preamplification with CRISPR/Cas12b-based detection into a one-pot
reaction mixture, performed at a constant temperature. In this study, we established the
K. pneumoniae CRISPR-top assay to precisely identify K. pneumoniae at 56°C within 60 min.
The reaction mixture with 0.53 mM (each) FIP and BIP, 0.27 mM LF, 0.13 mM (each) F3 and
B3, and 2 mM ssDNA fluorescence probe was determined as the optimal reaction system
of our assay. The limit of detection of this assay is 1 pg genomic DNA (equivalent to 160
K. pneumoniae cells and 1.6 � 105 CFU/mL for samples) per reaction, which is 10-fold more
sensitive than LAMP. Up to 105 strains composed of K. pneumoniae clinical isolates and
non-K. pneumoniae strains were correctly identified by our assay. A total of 58 sputum sam-
ples collected from patients with respiratory symptoms were used to evaluate the diagnostic
performance of the K. pneumoniae CRISPR-top assay. As a result, the K. pneumoniae CRISPR-
top assay yielded 100% (33/33) specificity and 96% (24/25) sensitivity, as well as a positive
predictive value of 100% (24/24) and a negative predictive value of 97.1% (33/34), which
were all higher than LAMP detection. In conclusion, the K. pneumoniae CRISPR-top assay
developed in this study is a simple, rapid and ultra-specific method to detect K. pneumoniae.

IMPORTANCE Klebsiella pneumoniae is a significant threat to global health. At present,
the methods of K. pneumoniae detection are culture-based and instrument-dependent
and are not suitable for rapid diagnostic. This study reports K. pneumoniae CRISPR-top assay,
which can precisely identify K. pneumoniae using nucleic acids of pure cultures or clinical
samples in one pot with one fluid-handling step. The K. pneumoniae CRISPR-top reaction
can be completed within 60 min at a constant temperature, thus specific instruments are
not required. Our results show that CRISPR-top assay yields enormous advantages com-
pared with LAMP detection. The K. pneumoniae CRISPR-top assay can be a high-efficiency
alternative tool for rapid and accurate diagnosis of K. pneumoniae infection, especially in
resource-limited settings.
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K lebsiella pneumoniae (K. pneumoniae), a Gram-negative bacillus, is one of the most com-
mon bacterial pathogens causing acute respiratory infections and even pneumonia,

especially nosocomial acquired infection (1, 2). A nationwide prospective surveillance in
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China between 2009–2019 revealed K. pneumoniae was one of the three leading bacte-
rial pathogens (i.e., Streptococcus pneumoniae, Mycoplasma pneumoniae, and K. pneumo-
niae) in patients with acute respiratory infections and was the third (older people) to the
fifth (children) causes of bacterial pneumonia (3). In recent years, with multidrug-resistant
isolates and hypervirulent variants emerging, K. pneumonia has become a significant
threat to global public health (4, 5). In some countries and regions, the K. pneumoniae
population is highly diverse and the resistant strains have spread across the country over
a few years (6). Therefore, a rapid, accurate and convenient detection method is required
for early diagnosis and directed therapy of K. pneumoniae infection.

At present, some phenotypic-based identification methods, such as biochemical
identification and bacterial identification system, are used to detect K. pneumoniae (7,
8). Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-
TOF MS) was also commonly used to identify K. pneumoniae (9, 10). However, these
methods are culture-based, which resulted in a longer diagnosis time. Nucleic acid
detection is the key to diagnose early and rapidly control the spread of infectious dis-
eases. Some PCR-based molecular diagnostic techniques have been developed to
detect K. pneumoniae and shown a satisfactory effect (11, 12), but expensive precision
instruments are required to execute these tests. Moreover, the relatively long reaction
time (2–4 h) is another limitation of PCR-based methods. Isothermal amplification is an
ideal technology to overcome the disadvantages of PCR-based methods. The loop-
mediated isothermal amplification (LAMP) has been widely used in pathogen detection
(13, 14). However, a relatively high rate of false-positive results is a shortcoming of the
LAMP method (15).

In recent years, several cluster regularly interspaced short palindromic repeats/CRISPR-
associated (CRISPR/Cas) based detection platform have been developed and showed high
sensitivity and ultra-specificity (16). For instance, CRISPR/Cas12a-based DNA endonuclease
targeted CRISPR trans reporter (DETECTR) and one-hour low-cost multipurpose highly effi-
cient system (HOLMES), as well as CRISPR/Cas13a-based specific high-sensitivity enzymatic
reporter unlocking (SHERLOCK) assay generated single-base mismatch specificity and atto-
molar sensitivity in multiple pathogens detection (16–18). However, up to now, most
CRISPR-based detection assays consisted of two separate steps, including a) preamplifica-
tion of the target sequences using amplification techniques (e.g., PCR, loop-mediated iso-
thermal amplification, and recombinase polymerase amplification), and b) detection of the
preamplicons using the trans-cleavage activity of the Cas protein. These two-step CRISPR
assays require multiple manual operations and thus complicate the detection procedures.
Additionally, due to the uncapped operation of preamplification tubes, the risk of cross-
contamination in the detection step is increased. Despite some microfluidic equipment
and reversible valve-assisted chips developed to decrease the risk of cross-contamination
(19, 20), the use of these devices increases economic cost and thus their application is lim-
ited. The Cas12aVDet platform and the opvCRISPR platform improved CRISPR-assisted in-
tube detection without specific equipment, but a centrifugation and mixing step was still
required (21, 22). More recently, Li et al. (23) devised a novel CRISPR-based detection tech-
nique named CRISPR-top (CRISPR-mediated testing in one pot), which combined loop-
mediated isothermal amplification (LAMP) with CRISPR/Cas12b-based detection in one
tube and only required one fluid-handling step. The CRISPR-top assay was applied to detect
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and showed high specificity
and sensitivity. The whole process of the COVID-19 CRISPR-top assay can be completed
within 60 min and the results can be read out by visual fluorescence or lateral flow biosen-
sors. It is worth note that a protospacer adjacent motif (PAM) site is introduced to the target
sequence by the engineered forward inner primer (FIP), thus the CRISPR-top assay can be
used to detect any sequence even if there is no suitable PAM site in the target.

In this report, we employed the CRISPR-top detection platform to establish a simple,
rapid, and accurate method for K. pneumoniae detection and named it as K. pneumoniae
CRISPR-top assay (Fig. 1). The capsular polysaccharide synthesis regulating gene rcsA was
selected as the target sequence because of its specificity and conservation (15). The
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K. pneumoniae CRISPR-top assay was optimized after development and was verified using
pure cultures. The limit of detection (LOD) of the present method was determined.
Moreover, we compared the K. pneumoniae CRISPR-top assay with LAMP detection in
terms of clinical diagnostic using clinical specimens to further clarify the advantages of the K.
pneumoniae CRISPR-top assay.

RESULTS
Primer set selection and confirmation. To screen out the most efficient primer

set, LAMP amplification was performed using the three primers sets. All the three sets
were tested under same reaction conditions. A real-time turbidimeter was employed

FIG 1 The principle of the K. pneumoniae CRISPR-top assay. (a) Schematic illustration of the K. pneumoniae CRISPR-top workflow. The sample-to-answer
time of the K. pneumoniae CRISPR-top assay is less than 90 min. (b) The principle of the CRISPR-top reaction. (c) The primer set (Kp1) and gRNA design
regions. A part of the rcsA sequence (211–495 bp) was shown. Right-pointing arrows and left-pointing arrows indicate sense and complementary strands,
respectively.
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to monitor the amplification products. K. pneumoniae ATCC 700603 genomic DNA
(10 ng and 10 pg) was used as the positive control template, and deionized water
(DW) was used as the negative control. Based on the results of LAMP tests (Fig. S1), set
Kp1 was selected to establish the K. pneumoniae CRISPR-top assay because of the fast-
est amplification.

Optimal reaction conditions of the K. pneumoniae CRISPR-top assay. (i) Optimal
primer premixture volume. Serial volumes of LAMP primer premixture (0.3–0.8 mL
with 0.1 mL intervals) were used to determine the optimal primer concentration of the
K. pneumoniae CRISPR-top assay. K. pneumoniae ATCC 700603 served as the positive
template, and DW was used as the negative control. Finally, the reaction mixture with
0.4 mL LAMP primer premixture (work concentration 0.53 mM FIP and BIP, 0.27 mM LF,
0.13 mM F3 and B3) showed optimum detection results (Fig. S3).

(ii) Optimal ssDNA probe concentration. Different concentrations of ssDNA fluo-
rescence probe (100 mM, 0.3 mL, 0.5 mL, 0.8 mL, 1 mL, and 1.5 mL) were examined to
determine the optimal ssDNA probe concentration of the K. pneumoniae CRISPR-top
assay. The positive reactions and the negative control were prepared as mentioned
above. Finally, the reaction mixture with 0.5 mL ssDNA fluorescence probe (work con-
centration 2 mM) showed optimum detection results (Fig. S4).

(iii) Optimal reaction temperature. The standard K. pneumoniae CRISPR-top reac-
tion mixtures reacted under temperatures ranging from 53°C to 58°C with 1°C incre-
ments. As shown in Fig. 2, the most suitable reaction temperature was 56°C, because
of the fastest reaction time and the relative high fluorescence value.

Specificity of the K. pneumoniae CRISPR-top assay. K. pneumoniae ATCC 700603
and DW were used as the positive control and the negative control, respectively. In
total, 105 strains, including 64 K. pneumoniae clinical isolates and 41 non- K. pneumo-
niae strains (Table S2) were tested by the K. pneumoniae CRISPR-top assay. As shown in
Fig. 3, all the K. pneumoniae isolates tested showed positive and the non-K. pneumo-
niae strains and the negative control showed negative.

LOD of the K. pneumoniae CRISPR-top assay. To determine the LOD of the K.
pneumoniae CRISPR-top assay, genomic DNA was extracted from K. pneumoniae ATCC
700603 and diluted ranging from 1 ng/mL to 1 fg/mL at 10-fold intervals. As shown in
Fig. 4, the LOD of the K. pneumoniae CRISPR-top assay was 1 pg pure genomic DNA
(equivalent to 160 K. pneumoniae cells and 1.6 � 105 CFU/mL for samples) per reaction,
and the LOD of the LAMP detection was 10 pg pure genomic DNA, which was 10-fold
higher than the K. pneumoniae CRISPR-top assay.

Diagnostic performance of the K. pneumoniae CRISPR-top assay. Of 58 clinical
sputum specimens, K. pneumoniae strains were successfully isolated from 25 sputum
samples and no other pathogen was identified in these samples. To take the result of
culture as the gold standard, the sensitivities of the K. pneumoniae CRISPR-top assay
and the LAMP detection were 96% (24/25) and 95.8% (23/24), respectively; and the
specificities were 100% (33/33) and 79.4% (27/34), respectively. The positive predictive
values of the K. pneumoniae CRISPR-top assay and the LAMP detection were 100%

FIG 2 Optimal reaction temperature of the K. pneumoniae CRISPR-top assay. The reactions were performed
under temperatures ranging from 53°C to 58°C with 1°C intervals. Error bars represented mean 6 s.e.m.
(n = 3 technical replicates). s.e.m., standard error of mean.
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FIG 3 Specificity of the K. pneumoniae CRISPR-top assay. PC, positive control (K. pneumoniae ATCC
700603); NC, negative control (DW). 1–3, Klebsiella oxytoca; 4, Klebsiella aerogenes; 5–7, Staphylococcus

(Continued on next page)
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(24/24) and 76.7% (23/30), respectively; and the negative predictive values were
97.1% (33/34) and 96.4% (27/28), respectively. More details of detection using clinical samples
are shown in Fig. 5.

DISCUSSION

Klebsiella pneumoniae is a significant threat to global health, and the existing meth-
ods of K. pneumoniae detection are not suitable for rapid diagnosis. CRISPR-based diag-
nostics were one of seven technologies to watch in 2022 by Nature journal (24) and
offered highly specific and ultra-sensitive tests. Compared to culture-based identifica-
tion methods (e.g., biochemical identification and MALDI-TOF MS), CRISPR-based diag-
nostics are more timesaving. Compared to PCR-based tests, CRISPR-based diagnostics
are able to perform isothermally with reduced dependency on specialized instruments.
Compared to isothermal amplification (e.g., loop-mediated isothermal amplification,
recombinase polymerase amplification), CRISPR-based diagnostics eliminate false positive
results caused by primer cross-reaction, and show higher specificity. In this study, we
employed a one-step, one-pot CRISPR-based nucleic acid detection platform (CRISPR-top) to
develop the K. pneumoniae CRISPR-top assay for simple, rapid and accurate K. pneumoniae
detection.

As expected, the K. pneumoniae CRISPR-top assay was extremely specific for K. pneumo-
niae detection and achieved 100% inclusivity and exclusivity applied to various pathogens
(Table S2 and Fig. 3). In terms of clinical diagnosis, the K. pneumoniae CRISPR-top assay
showed higher specificity and sensitivity compared with LAMP detection (Fig. 5), and no
false-positive result was observed by our assay. The further increased reliability and preci-
sion in CRISPR-based detection could be owed to the target-dependent gRNA. Therefore,
our data demonstrated the K. pneumoniae CRISPR-top assay can identify K. pneumo-
niae accurately.

Another advantage of the K. pneumoniae CRISPR-top assay is that it is simple and
rapid. It only requires one fluid-handling step and is performed at a constant tempera-

FIG 3 Legend (Continued)

aureus; 8, Staphylococcus haemolyticus; 9, Staphylococcus succinus; 10, Staphylococcus epidermidis; 11,
Acinetobacter baumannii; 12, Acinetobacter pizzeria; 13, Acinetobacter junii; 14, Pseudomonas aeruginosa; 15,
Haemophilus influenzae; 16, Moraxella catarrhalis; 17, Escherichia coli; 18, Mycobacterium tuberculosis; 19,
Streptococcus pneumoniae; 20, Streptococcus oralis; 21, Streptococcus salivarius; 22, Streptococcus agalactiae;
23, Streptococcus pyogenes; 24, Streptococcus mitis; 25, Streptococcus suis; 26, Stenotrophomonas maltophilia;
27, Nocardia farcinica; 28, Nocardia cyriacigeorgica; 29, Rhodococcus sp.; 30, Streptomyces sp.; 31,
Corynebacterium striatum; 32, Corynebacterium simulans; 33, Corynebacterium propinquum; 34,
Corynebacterium aurimucosum; 35, Clostridium difficile; 36, Enterococcus faecalis; 37, Aeromonas
caviae; 38, Elizabethkingia anopheles; 39, Ralstonia mannitolilytica; 40, Rothia kristinae; 41, Serratia
marcescens; 42–105, K. pneumoniae clinical isolates (n = 3 technical replicates; bars represent
mean 6 s.e.m.).

FIG 4 The limit of detections (LODs) of the K. pneumoniae CRISPR-top assay and the K. pneumoniae LAMP detection (n = 3
technical replicates, two-tailed Student's t test; bars represent mean 6 s.e.m.). NC, negative control; **, P , 0.01; ***, P , 0.001;
****, P , 0.0001.
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ture (56°C) for 60 min. Without redundant liquid handling steps and manual opera-
tions, the process of detection is simplified, and the risk of cross-contamination is
decreased. For results readout, a real-time fluorescence reader can be used, and visual
detection can also be achieved using lateral flow biosensors and many small and port-
able blue light instruments (e.g., G500312, Blue Light Gel Imager, Sangon, China). Thus,
an isothermal hot block or a temperature-controlled water bath and a portable blue
light device or CRISPR test strips are enough for the K. pneumoniae CRISPR-top reaction
and results readout. In addition, the K. pneumoniae CRISPR-top assay is low cost. A
$500 USD portable heater supports 96 CRISPR-top reactions, and each reaction approx-
imately costs $3.50 USD. A blue light device is also not expensive, and the device
can be reused. Therefore, the K. pneumoniae CRISPR-top assay is appropriate for
rapid detection of K. pneumoniae, especially for on-site testing or in resource-limited
settings.

A limitation of the present method is that the LOD is relatively high (1 pg genomic
DNA, equivalent to 160 K. pneumoniae cells and 1.6 � 105 CFU/mL for samples), which
may cause false negative results in infection with low dose. The relatively high LOD
may be caused by relatively low amplification efficiency of the LAMP primer set in this
study, which is inferred based on the results that the LOD of the K. pneumoniae
CRISPR-top assay was 10-fold lower than the LAMP detection using the same primer
set (Fig. 4). Moreover, the feasibility of this testing using bacterial suspension or sam-
ples without nucleic acid extraction was not tested in this study. Thus, a DNA extrac-
tion step is recommended for the K. pneumoniae CRISPR-top assay.

In conclusion, we established the K. pneumoniae CRISPR-top assay, which was a
one-step and one-pot CRISPR-based method to detect K. pneumoniae simply, rapidly,
and accurately at a constant temperature. The CRISPR-top assay showed higher specificity
and sensitivity than the LAMP assay, and thus it can be a high-efficiency alternative tool for
rapid and accurate diagnosis of K. pneumoniae infection, especially in resource-limited
settings.

MATERIALS ANDMETHODS
Reagents and instruments. Wizard Genomic DNA Purification kits were purchased and used to

extract DNA (A1125; Promega, USA). DNA Isothermal Amplification kits (HT0600; HuiDeXin, China) and
AapCas12b nuclease (HT100008; HuiDeXin, China) were purchased and used for LAMP and CRISPR-top
assay. A real-time turbidimeter (Loopamp LA-320c; Eiken, Japan) was used to monitor the LAMP prod-
ucts. A real-time fluorescence qPCR instrument (QuantStudio 6 Flex; Applied Biosystems, USA) was used
as the fluorescence reader. MALDI-TOF MS (microflex LRF; Bruker, Germany) was used to identify the iso-
lated strains.

Bacterial isolates, identification, and preparation of DNA templates. K. pneumoniae reference
strain ATCC 700603 was chosen to establish the K. pneumoniae CRISPR-top assay. Sixty-four K. pneu-
moniae clinical isolates isolated from different patients’ specimens and 41 non-K. pneumoniae
strains purchased from international strain preservation center (standard strains) or collected from
two hospitals in China (clinical isolates) were used to test the specificity of the K. pneumoniae
CRISPR-top assay (Table S2). All the isolates mentioned above were stored in 20% (wt/vol) glycerol
broth at 270°C before DNA extraction. Genomic DNA of isolates were extracted using Wizard
Genomic DNA Purification kits according to the technical manual. The concentration of DNA of the

FIG 5 Clinical sample validation of the K. pneumoniae CRISPR-top assay and the K. pneumoniae LAMP detection. Culture was used as the gold standard and the
numbers of the positive samples were in red (n = 3 technical replicates; bars represent mean 6 s.e.m.). PC, positive control (K. pneumoniae ATCC 700603); NC,
negative control (DW); &, false-positive results; #, false-negative results.

One-Pot LAMP-CRISPR-Based Detection for K. pneumoniae Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.01545-22 7

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.01545-22


isolates were greater than 10 ng/mL determined by a Nanodrop LITE spectrophotometer (Thermo
Fisher, China). In the LOD examination, the genomic DNA of K. pneumoniae reference strain ATCC
700603 was serially diluted from 1 ng/mL to 1 fg/mL (10-fold intervals) after being quantified by the
Nanodrop LITE instrument. All the clinical isolated K. pneumoniae were handled in a biosafety level
2 (BSL-2) laboratory.

Primer and gRNA design. Based on the sequence of rcsA (GenBank Gene ID: 7946097), three primer
sets (Kp1–Kp3) were designed using PrimerExplorer V5 (http://primerexplorer.jp/lampv5e/index
.html) and a PAM sequence (TTC) of AapCas12b was inserted at the linker region (between F1c and
F2) of each forward inner primer (FIP) according to the strategy of the CRISPR-top platform (Table 1
and Table S1) (23). Oligo Analyzer version 3.1 (https://eu.idtdna.com/calc/analyzer) was used to
check the secondary structure of primers. The guide RNA (gRNA) and the single strand DNA (ssDNA)
fluorescence probe (6-FAM/BHQ1 labeled) were designed based on the principle of the CRISPR-top
platform (23). The details on primers and gRNA design are shown in Table 1, Table S1, Fig. 1, and Fig.
S2. The LAMP primers and the ssDNA fluorescence probe were synthesized and purified at HPLC pu-
rification grade by Sangon Biotech. Co., Ltd. (Shanghai, China). The gRNA was synthesized and puri-
fied at HPLC purification grade by GenScript Biotech. Co., Ltd. (Nanjing, China).

Standard K. pneumoniae CRISPR-top assay. According to the protocol of CRISPR-top, the reaction
was performed in a final volume of 25 mL (23). Each reaction contained 12.5 mL 2� isothermal reaction
buffer, 1mL Bst 2.0 DNA polymerase (8U), 0.4mL LAMP primer premixture, 3.5 mL AapCas12b-gRNA com-
plex, 0.5 mL ssDNA fluorescence probe (100 mM), 1 mL DNA template, and DNase/RNase-free deionized
water (DW) up to 25 mL. The DNA template was replaced by DW in the negative control reaction. The
LAMP primers were diluted to 100 mM and premixed in advance. The LAMP primer premixture con-
tained 40 mL each of FIP and BIP, 20 mL each of LF and/or LB, and 10 mL each of F3 and B3. The
AapCas12b-gRNA complex mixture was prepared using 15 pmol AapCas12b and 2 mL gRNA (10 mM)
in Cas12b buffer and was incubated at 37°C for 10 min. The complex was used immediately after
preparation. The CRISPR-top reaction was monitored by the fluorescence reader at a constant tem-
perature for 1 h.

LAMP detection. A 25 mL LAMP reaction volume contained 12.5 mL 2� isothermal reaction buffer,
1 mL Bst 2.0 DNA polymerase (8U), 0.4 mL LAMP primer premixture, 1 mL DNA template, and DNase/
RNase-free deionized water (DW) up to 25 mL. The LAMP reaction was conducted at 56°C for 1 h using a
real-time turbidimeter containing a thermo block (Loopamp LA-320c; Eiken, Japan), and the turbidity of
the reaction mixture was captured by the turbidimeter in real time.

Specificity and LOD of the K. pneumoniae CRISPR-top assay. To examine the specificity of the K.
pneumoniae CRISPR-top assay, DNA templates extracted from 64 K. pneumoniae clinical isolates and 41
non- K. pneumoniae strains (Table S2) were tested. K. pneumoniae ATCC 700603 served as the positive
control and DW as the negative control. To determine the LOD of the K. pneumoniae CRISPR-top assay,
10-fold serial dilutions of K. pneumoniae ATCC 700603 genomic DNA (1 ng/mL to 1 fg/mL) were prepared
and 1 mL aliquots of DNA templates were used in each reaction. A negative control (DW) was tested in
parallel. The LOD of LAMP detection was determined using the same DNA templates with CRISPR-top.
The experiments were repeated three times.

Application of the K. pneumoniae CRISPR-top assay to clinical samples. A total of 58 clinical spu-
tum samples from patients with respiratory symptoms were collected by two hospitals in China to vali-
date the K. pneumoniae CRISPR-top assay. One milliliter sputum samples were digested by 4% sodium
hydroxide solution followed by DNA extraction using DNA purification kits. The K. pneumoniae CRISPR-
top assay was compared with the LAMP detection using the same DNA templates from clinical samples.
The experiments were repeated three times. The results of culture were used as the gold standard to
evaluate the K. pneumoniae CRISPR-top assay and the LAMP detection in clinical diagnostic. The sputum
samples were inoculated on Columbia blood agar plates, chocolate agar plates and eosin-methylene
blue agar plates and incubated at 35°C for 24 to 72 h. Then, the isolated colonies were identified by
MALDI-TOF MS.

Ethics statement. This study was approved by the Research Ethics Committee of National Institute
for Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention
(no. ICDC-2019015). All experiments were performed according to relevant regulations.

TABLE 1 Primers, gRNA, and probe used to establish the K. pneumoniae CRISPR-top assay

Primer Type Sequence (59–39)a Lengthb

Kp1-F3 Forward outer primer GCTGTTTGTTATCTTTATGTCG 22 nt
Kp1-B3 Backward outer primer CATCCACATTTGCAGCATAT 20 nt
Kp1-FIP Forward inner primer TGGGGTTATCGATTTTGAACTGATT-TTC-GGCGAACATCCATTTTGAC 47 nt
Kp1-BIP Backward inner primer ACAAAAACACCAGTGTAGGGC-GATTCTGTTTTACTCAGTGACAAT 45 nt
Kp1-LF Loop forward primer CAGATTCTTCCGTACCCGC 19 nt
gRNA Guide RNA GUCUAGAGGACAGAAUUUUUCAACGGGUGUGCCAAUGGCCACUUUCCAGGUGGCAA

AGCCCGUUGAGCUUCUCAAAUCUGAGAAGUGGCACGGCGAACAUCCAUUUUGACC
111 nt

Probe SsDNA fluorescence probe FAM-TTATTATTAT-BHQ1 10 nt
aThe inserted PAM site (TTC) is in bold.
bnt, nucleotide.
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