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Article 
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Abstract: African swine fever virus (ASFV) is a large double stranded DNA arbovirus that is highly 

contagious and seriously endangers the lives of domestic and wild pigs. In the past decade, African 

swine fever (ASF) has spread in many countries in the Caucasus, Russian Federation, Eastern 

Europe and Asia, causing significant losses to the pig industry. At present, there is a lack of effective 

vaccine and treatment for ASF. Therefore, the rapid and accurate detection is crucial for ASF 

prevention and control. In this study, we have developed a portable lateral flow strip (LFS) detection 

method mediated by recombinase polymerase amplification (RPA) and DNA enzyme (LwCas13a), 

which is performed at 37 ℃ and visualized by eyes without the need for complex instruments. This 

RPA-LwCas13a-LFS is based on the ASFV structural protein p17 gene (D117L), with a detection 

sensitivity up to 2 gene copies. This method is highly specific and has no cross reactivity to 7 other 

pig viruses. In the detection of 33 clinical samples, the p17 (D117L) RPA-LwCas13a-LFS had 100% 

coincidence with conventional quantitative PCR (qPCR). These findings demonstrate the potential 

of this simple, rapid, sensitive, and specific ASFV detection method for on-site ASFV detection. 

Keywords: African swine fever virus (ASFV); LwCas13a; recombinase polymerase amplification 

(RPA); lateral flow strip (LFS); visual detection 

 

1. Introduction 

African swine fever (ASF) is an acute, febrile and highly contagious infectious diseases caused 

by African swine fever virus (ASFV) infecting domestic pigs and wild boars [1,2]. The acute type ASF 

is characterized by high fever, depression, anorexia, skin cyanosis, splenomegaly and bleeding, with 

very high morbidity and mortality [3]. In recent years, ASFV has been widely spread, causing a huge 

impact on the global pig industry [4]. Currently, there is no effective vaccine for this disease, and 

neither is effective therapeutic to treat ASF [5]. Therefore, early monitoring, diagnosis, and biosafety 

measures are crucial for ASF prevention and control [6]. Many molecular and serological detection 

methods of ASFV have been developed, such as fluorescence quantitative PCR, conventional PCR, 

fluorescence antibody test, enzyme-linked immunosorbent assay (ELISA) [7,8]. However, these 

methods require expensive equipment, standardized laboratory and/or professional technical 

personnel to operate, resulting in long reaction time and difficult to meet the front-line requirements 

of pig farms. Further, early monitoring cannot be achieved for cases with extremely low virus content 
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[7,8]. How to detect ASFV more quickly, simply, accurately and cheaply is the future direction for 

ASFV detection development [7]. 

ASFV encodes more than 150 proteins, and p17 is a conserved protein necessary for the 

formation of icosahedron from the viral precursor membrane, which is crucial to the viral vitality [9]. 

When the expression of p17 is inhibited, the hydrolytic processing of polyprotein pp220 and pp62 is 

blocked, the mature core shell containing viral genome cannot be assembled and the formed 

icosahedron particles with defective core shell have impaired virus infectivity [9]. In the ASFV 

particles, p17, as an advanced transmembrane protein, is located in the viral capsid and inner lipid 

envelope, and is one of the main structural proteins of ASFV [10]. Confirmed by indirect ELISA 

experiment, p17 has good immunogenicity and can induce the production of specific antibodies 

during ASFV infection [11]. The viral protein p17 is encoded by the conservative D117L gene, which 

can be used as target site for nucleic acid detection [9,12]. 

The CRISPR/LwCas13a system, via guide RNA (gRNA), recognizes the RNA of the protospacer 

flanking site (PFS) sequence (composed of A, U, and C at the 3' end), demonstrating efficient 

degradation ability towards the target RNA [13,14]. LwCas13a protein consists of a CRISPR RNA 

(crRNA) recognition leaf (REC) and nuclease leaf (NUC) [15]. This double leaf structure enables 

LwCas13a to have two kinds of RNA enzyme activities [15,16]. The Helical-1 domain of LwCas13a 

protein is responsible for cleaving pre-crRNA to form mature crRNA [16]. On the other hand, the 

HEPN domain of LwCas13a protein is responsible for specific cis cleavage of targeted RNA, followed 

by non-specific trans cleavage of other nearby RNAs [16]. LwCas13a recognizes the pre spacer 

sequence, PFS, which is equivalent to the protospacer adjacent motif (PAM) sequence of DNA 

recognized by Cas9 [17,18]. When the LwCas13a crRNA complex recognizes PFS sequence, the 

crRNA guiding sequence undergoes base complementary pairing with the target RNA, while 

inducing a synergistic conformational change of LwCas13a, resulting in HEPN-RNase activity of the 

LwCas13a crRNA complex [13,14,16]. The RNA guided RNA endonuclease LwCas13a was 

additionally used to exert non-specific cleavage activity and degrade single stranded RNA probes for 

detection [19]. In addition, CRISPR/LwCas13a was combined with recombinant polymerase chain 

reaction (RPA) and/or lateral flow test strip (LFS) to create a fast, accurate, sensitive, and specific 

visual detection platform [20–22]. 

At present, only three literatures have reported the detection of ASFV based on the 

CRISPR/LwCas13a system, with all the detection target genes being the major capsid protein p72 

gene B646L [20,22,23]. In this study, we developed CRISPR/Cas13a method and utilized p17 gene 

(D117L) as the detection target to detect ASFV. Further, our study designed and optimized a specific 

combination of RPA primers, crRNA, and probe for p17 gene D117L detection by RPA-LwCas13a-

LFS. Our results demonstrated that this p17/D117L-RPA-LwCas13a-LFS method can be effectively 

applied for clinical ASFV detection, thus providing an important tool for timely monitoring and 

prevention of ASF. 

2. Materials and Methods 

2.1. Reagents and specimens 

The virus DNA extraction kit Hipure Tissue DNA Mini Kit (D3121-02) and Hipure Blood DNA 

Mini Kit (D3111-02) were purchased from Magen Biotechnology Co., Ltd (Guangzhou, China). 

CRISPR/LwCas13a protein (C005M) was from Meige Biotechnology Co., Ltd (Guangzhou, China). 

Rosseta-2 (DE3/BL21) competent E.coli was from Tiangen BioTech Co., Ltd (Beijing China). The 

FastPure Gel DNA Extraction Mini Kit (DC301-01) and T7 High Yield RNA Transcription Kit (TR101-

01) were both from Nanjing Vazyme Biotech Co., Ltd (Nanjing, China). RNA Clean & Concentrator-

5 (R1013) was from Zymo Corporation (Irvine, CA, USA). The recombinant polymerase amplification 

(RPA) kit (TwistAmp Basic, Cat #TABAS03KIT) was from TwistDx Limited (Maidenhead, UK). 

LwCas13a test strip (M20801-F007) was from Bio-Lifesci Company (Guangzhou, China). The other 

conventional reagents and p17 expression plasmid pCold-I-D117L were all stored in our laboratory. 

The classical swine fever virus (CSFV) attenuated strain (CVCC AV1412), porcine pseudorabies virus 
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attenuated strain (Bartha-K61) were from Jiangsu Nannong Hi Tech Co., Ltd (Nanjing China). The 

inactivated porcine parvovirus (S-1 strain) was purchased from Shangdong Huahong Biological 

Engineering Co., Ltd (Binzhou, China). In this study, the nucleic acids were extracted from 3 hearts, 

3 livers, 3 spleens, 3 lungs, 3 kidneys, 3 small intestines, 3 lymph nodes, 2 oral swabs, 5 blood samples, 

and 5 serum samples of pigs (Guangzhou Aisu Testing Technology Research Institute Henan Branch) 

by using High Tissue DNA Mini Kit (D3121-02) and High Blood DNA Mini Kit (D3111-02) according 

to the instructions. 

2.2. Design and preparation of D117L gene crRNA 

Three crRNAs targeting the p17 gene D117L were designed based on the special PFS sequence 

identified by LwCas13a (consisting of A, U, and C at the 3 'end). Each crRNA sequences (5’-3’) consist 

of a T7 promoter (GAAATTAATACGATACTATATATAGG) + LwCas13a anchoring sequence 

(GATTTAGACTACCCAAAAAACGAAGGGACTAAAAAC) + target sequence (18-28 bp after the 

PFS sequence, with the 3 'end as A, U, and C). The synthesized complementary encoding DNAs 

(Table S1, Qingke Biotechnology Co., Ltd.) were annealed, gel purified, and the corresponding 

specific crRNAs were obtained through in vitro transcription (IVT) followed by RNA purification 

using ZYMO RNA Clean&Concentrator-5.  

2.3. Preparation of D117L gene derived target RNA (T-RNA) 

Based on LwCas13a specific PFS sequences (consisting of A, U, and C at the 3 'end) in D117L 

gene sequence, the PCR primers were designed (Table S1) to amplify the target double stranded DNA 

from the ASFV-p17 plasmid pCold-I-D117L constructed in our laboratory. Subsequently, the 

CRISRP-Cas13a target RNA (T-RNA) were obtained from the PCR products by in vitro transcription 

(IVT) via the T7 promoter (TAATACGACCACTACTAGAGG) added to the 5 'end of the forward 

PCR primer. 

2.4. Design of single stranded RNA (ssRNA) probe for CRISPR/LwCas13a reaction 

The LwCas13a reporter ssRNA probe was designed as 5'-6-FAM-rUrUrUrUrArUrU-BHQ-3' 

(synthesized by Shanghai Shenggong Biotechnology Co., Ltd.). The 5' and 3' ends of LwCas13a probe 

are conjugated with the fluorescent group 6-FAM and the quenching group BHQ-1, respectively. The 

synthetic probe was centrifuged at 5000 rpm 4 ℃ for 5 minutes, diluted to 100 µM with sterile enzyme 

free water, and stored at -20 ℃ for experimental use. 

2.5. CRISPR/LwCas13a reaction and its detection 

LwCas13a and crRNA mediate CRISPR response, recognize the transcribed T-RNA, cleaving T-

RNA as well as probe RNA to generate signaling (Figure 1). Specifically, the LwCas13a protein was 

mixed with crRNA, target T-RNA, and RNA probe in a sterile enzyme free PCR tube in a detection 

buffer (20mM Tris HCl, 100 mM KCl, 6 mM MgCl2, 1 mM DTT, 5% glycerin, 50g /mL heparin 

medium, pH 8.0), and subjected to reaction at 37 ℃ for 30 minutes. The amounts of reaction 

components of CRISPR/LwCas13a are as follows: 1 µL LwCas13a (40 nM), 1 µL crRNA (250 ng/µL), 

1 µL T-RNA (100 ng/µL), 1 µL ssRNA probe (40 nM), and 46 µL buffer, totaling 50 µL. Blue light 

(wavelength 450 nm), ultraviolet light (wavelength 320 nm) and fluorescence signal (excitation 

wavelength 492 nm, emission wavelength 521 nm) were used to detect the activity of LwCas13a RNA 

endonuclease (Figure 1). Additionally, the cleavage of T-RNA by CRISPR/LwCas13a without RNA 

probes can be further verified by SDS-PAGE together with silver staining. 
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Figure 1. Schematic diagram of RPA-CRISPR/LwCas13a reaction and its different detection methods. 

2.6. Recombinase polymerase amplification (RPA) 

According to the design principle of RPA primers: the primer length is between 28 - 35 bp, and 

the optimal amplification fragment size is 150-200 bp. Two pairs of RPA primers for D117L gene were 

designed, with the 5 'end of each forward primer appended with the T7 promoter sequence 

(GAAATTAATACGACTACATAGG) (Table S1). According to the TwistAmp Basic Kit (TwistDx), 

each RPA reaction contains 29.5 µL buffer, reaction microspheres, 0.48 µM forward and reverse 

primers, appropriate amount of purified DNA templates, 2.5 µL magnesium acetate (MgAc) and up 

to 12.2 µL sterile water, approximately 50 µL in total. RPA reaction was run in a conventional water 

bath at 39 ℃ for 15-20 min, and the amplified D117L gene DNA was examined by gel electrophoresis. 

Two pairs of RPA primers were evaluated and selected based on better performance. The final p17 

RPA product was subjected for T7 in vitro transcription to produce target RNA for subsequent 

detection of LwCas13a mediated lateral flow strip (LFS).  

2.7. RPA-CRISPR/LwCas13a Lateral Flow Strip (LFS) detection method 

Synthetic biotin labeled ssRNA probe 5'-6-FAM-UUUUUUUUAUUUUUU-Biotin-3' was 

synthesized by Shanghai Shenggong Biotechnology Co., Ltd. One microliter (1 µL) RPA derived 

target RNA was added into the CRISPR/LwCas13a reaction system (1 µL LwCas13a, 1 µ L D117L-

crRNA1, 1 µL 0.2 nM biotin ssRNA probe and 46 µL detection buffer, a total of 50 µL), for a moment 

at room temperature to allow the CRISPR/LwCas13a reaction. Subsequently, the binding pad of the 

test strip with arrow end was inserted into the CRISPR reaction solution for 1-2 minutes, the binding 

pad area will be completely soaked in the reaction solution. The FAM antibody cross-linked gold 

particles on the test strip bind to the ssRNA probe in the reaction solution, forming a 5'-gold particle-

anti-FAM-6-FAM-ssRNA-biotin-3' detection probe. As the liquid diffuses, streptavidin on the quality 

control (C) line captures biotin labeled gold particle probes, presenting a gold line. Finally, the test 

strip was taken out and test results were read directly based on whether there is gold wire on the test 

strip (T) line (Figure 1). 
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2.8. Sensitivity and specificity of the D117L gene RPA-LwCas13a-LFS detection method 

The plasmid pCold-I-D117L was 10 fold serially diluted where the plasmid concentration was 

from 2×1011 copies/µL to 2×100 copies/µL. Plasmids with different dilutions were subjected to RPA 

amplification, and the amplified products were subjected to in vitro transcription (IVT), followed by 

CRISPR/LwCas13a-LFS detection. The LFS assay sensitivity was determined by the minimum copy 

number of plasmid DNA in the positive results. 

Virus RNA or DNA was extracted from 7 pig virus samples. Specifically, RNA was from porcine 

reproductive and respiratory syndrome virus (PRRSV), porcine epidemic diarrhea virus (PEDV), 

classical swine fever virus (CSFV) and swine influenza virus (SIV), respectively. DNA was from 

porcine parvovirus (PPV), porcine pseudorabies virus (PRV), porcine circovirus type 3 (PCV3), 

respectively. Both viral RNA and DNA were used as viral target RNA for the CRISPR/LwCas13a 

reaction mediated by D117L-crRNA1, followed by LFS detection to determine the reaction specificity 

of D117L-LwCas13a-LFS detection. 

3. Results 

3.1. CRISPR/LwCas13a reaction mediated by ASFV structural gene D117L crRNA and its optimization 

LwCas13a is an RNA guided RNase and T7 transcription mediated Cas13a assay has been 

proven to be successful for DNA detection [24]. We used this CRISPR/Cas13a system with RNA 

cleavage characteristic to develop a molecular testing method successfully. As shown in Figure 2A-

B, all three ASFV D117L crRNAs (crRNA1, crRNA2, and crRNA3) can mediate LwCas13a cleavage 

of the target RNA of the D117L gene. The RNA probe cleaved by CRISPR/LwCas13a generates 

consistent light signals under blue light, ultraviolet light, or fluorescence activation (Figure 2C-D). 

 

Figure 2. Establishment of CRISPR/LwCas13a reaction system. A, Three D117L gene crRNAs and the 

target T-RNA of D117L gene from vitro transcription (IVT) were verified by agarose gel 

electrophoresis. B, Three crRNA mediated cleavage of D117L T-RNA by guide LwCas13a was 

validated through SDS-PAGE plus silver staining. C, The blue and ultraviolet light signals from the 
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three crRNA mediated CRISPR/LwCas13a reaction. D, The fluorescence signal intensity was 

measured using microplate reader, and the strongest fluorescence signal of LwCas13a cleavage 

mediated by crRNA1. ** P<0.01, target RNA sample (PC) versus no target RNA sample (NC) (n=3). 

The results in the figure are representative of three similarly repeated experiments. 

3.2. Probe concentration optimization 

We optimized the probe concentration by measuring the blue light, ultraviolet light, and 

fluorescence signals generated by LwCas13a cleaved ssRNA probe in the CRISPR reaction. Starting 

from 10 nM, as the probe concentration increases, the intensities of blue light, ultraviolet light, and 

fluorescence signals continue to increase (Figure S1). Considering the signal-to-noise balance, a probe 

concentration of 40-80 nM is appropriate (Figure S1). 

3.3. Optimization of concentration ratios between LwCas13a protein and crRNA1 

The initial concentrations of LwCas13a protein and crRNA1 were set to 40 nM and 250 ng/µL, 

respectively. The CRISPR/LwCas13a reaction was performed at different concentrations of LwCas13a 

: crRNA1 (8:1, 4:1, 2:1, 1:1, 1:2, 1:4, and 1:8). Different LwCas13a/crRNA1 ratios led to variation of 

LwCas13a activity. At the LwCas13a/crRNA1 ratio of 2:1, LwCas13a exhibited higher blue, 

ultraviolet, and fluorescence signals than other ratios (Figure S2). 

3.4. Detection sensitivity of CRISPR/LwCas13a reaction 

The plasmid pCold-I-D117L was 10 fold serially diluted where the plasmid concentration was 

from 2×1011 copies/µL to 2×100 copies/µL. The D117L gene was directly subjected for in vitro 

transcription, and the transcribed RNA was used as the detection target to determine the sensitivity 

of CRISPR/LwCas13a reaction system. The results indicated that the detection limit is 2 × 1010 

copies/µL (Figure 3A-B). 

 

Figure 3. The sensitivity of CRISPR/LwCas13a reaction to detect the D117L gene. A, Blue and 

ultraviolet light signals detected based on CRISPR/LwCas13a reaction. B, The fluorescence signal 

intensity by using Microplate reader. * P<0.05 versus no target RNA control (NC) (n=3). 

3.5. Establishment of CRISPR/LwCas13a mediated lateral flow test strip (LFS) method 

The FAM antibody cross-linked gold particles on the test strip react with the RNA probe to form 

a gold particle RNA probe (5'-gold particles-anti-FAM-6-FAM-ssRNA-Biotin-3'). If the sample to be 

tested contains the ASFV target gene, the CRISPR/LwCas13a system will cut off the ssRNA probe 

and separate the FAM gold particles from biotin. Thus, the FAM gold particles are able to cross the 

streptavidin coated C-line, continue to migrate forward, and will be captured by secondary antibody 

on the test line (T), presenting a positive gold line (Figure 1). On the contrary, the ssRNA report probe 

in the negative sample reaction is not cleaved and will be completely captured by C-line streptavidin 

(Figure 1). 
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Our experimental results demonstrated that the gold particle signals appeared on the T-line of 

the lateral flow strip only when LwCas13a, crRNA, target RNA, and gold particle probes are all 

present (Figure 4A). The detection results of LwCas13a-LFS were completely consistent with those of 

blue light, ultraviolet light, and fluorescence signals. (Figure 4B-C). Further, we optimized the 

concentrations of biotin probes (0.1-1.2 nM) and the results showed that the 0.1 nM probe could 

effectively display positive gold particle bands on the T line of the colloidal gold test strip (Figure 

4D). 

 

Figure 4. Establishment of CRISPR/LwCas13a-LFS method. A, The assembly of CRISPR/LwCas13a-

LFS reaction system. 1, with LwCas13a, crRNA1, T-RNA, and gold particle RNA probes all present; 

2, lack of crRNA1; 3, lack of LwCas13a; 4, lack of LwCas13a and crRNA1; 5, lack of LwCas13a, crRNA1 

and target RNA; NC, lack of target RNA. B, The blue and ultraviolet light signals mediated by crRNA1 

from the CRISPR/LwCas13a reaction. C, The fluorescence signal intensity mediated by crRNA1 from 

the CRISPR/LwCas13a reaction. **P<0.01 versus no target RNA control (NC) (n=3). D, The 

CRISPR/LwCas13a-LFS reaction with different concentrations of biotin RNA probe. NC is a negative 

control without target RNA, and ns is not statistically significant. 

3.6. Sensitivity of RPA-CRISPR/LwCas13a-LFS method 

In order to improve the sensitivity of the CRISPR/LwCas13a-LFS detection method, we designed 

two pairs of RPA primers (Table S1) to amplify the ASFV structural gene D117L before in vitro 

transcription. Based on the specificity of RPA amplified products, the optimal RPA primers would 

be selected for subsequent experiments, and our results suggested that both RPA primers exhibited 

comparable performance in the D117L gene amplification (not shown). 
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Next, the gel recovered PCR products of D117L gene were 10 fold serially diluted, with the 

calculated molecular copy numbers ranging from 2×1011 copies/µL to 2×100 copies/µL. The above 

D117L gene products were subjected for RPA amplification (Figure 5A) and subsequent T7 in vitro 

transcription (Figure 5A). The transcribed RNAs were then used for CRISPR/LwCas13a-LFS 

detection. The results showed that, with the pre-amplification by RPA, the detection limits of 

CRISPR/LwCas13a reaction and CRISPR/LwCas13a-LFS method could both reached to 2×100 

copies/µL (Figure 5B-D). 

 

Figure 5. Sensitivity of RPA-CRISPR/LwCas13a-LFS for detecting D117L gene. A, The RPA products 

of D117L target gene of different concentrations (2×1011 copies/µL to 2×100 copies/µL). B, The in vitro 

transcribed RNA from RPA product was applied to CRSIRP/LwCas13a-LFS detection, with the 

sensitivity of 2 copies/µL. C, The blue and ultraviolet light signals detected from CRISPR/LwCas13a 

reaction by using same target RNA as in B. D, The fluorescence signal intensity detected from 

CRISPR/LwCas13a reaction by using same target RNA as in B. ** P<0.01 versus no target RNA control 

(NC) (n=3). 

3.7. Specificity of CRISPR/LwCas13a-LFS detection method 

In order to verify the specificity of CRISPR/LwCas13a-LFS detection method, DNA or RNA 

samples of seven pig viruses other than ASFV were obtained, including the RNAs from porcine 

reproductive and respiratory syndrome virus (PRRSV), porcine epidemic diarrhea virus (PEDV), 

classical swine fever virus (CSFV), and swine influenza virus (SIV), and the DNAs from porcine 

parvovirus (PPV), porcine pseudorabies virus (PRV), and porcine circovirus type 3 (PCV3). The 

nucleic acid samples of seven pig viruses and ASFV were all confirmed by PCR or RT-PCR (Figure 

6A) using specific PCR primers (Table S1). The D117L-LwCas13a-LFS detection results showed that 

the T lines of all 7 pig viruses were absent of gold particles whereas the T line of ASFV samples 

showed gold particle signals (Figure 6B). Similar results were obtained from CRISPR/LwCas13a 

reaction detection using blue light, ultraviolet, and fluorescence detection (Figure 6C-D). In 

summary, the CRISPR/LwCas13a-LFS method has very high specificity for detection of ASFV. 
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Figure 6. The specificity of CRISPR/LwCas13a-LFS method. A, PCR or RT-PCR were performed to 

confirm the gene fragments of ASFV and 7 other pig viruses. B, Detection of nucleic acids of different 

viruses through CRISPR/LwCas13a-LFS method. C, The blue and ultraviolet light signals from 

CRISPR/LwCas13a reaction detecting nucleic acids of different viruses. D, The fluorescence signal 

intensity from CRISPR/LwCas13a reaction detecting nucleic acids of different viruses. **P<0.01 versus 

no target RNA control (n=3). 

3.8. RPA-CRISPR/LwCas13a-LFS detection of clinical samples 

Using the established RPA-LwCas13a-LFS method, we conducted preliminary detection of 

ASFV in 33 clinical samples. The results showed that out of 33 clinical samples, 12 were strongly 

positive (No.1-12), 6 were weakly positive (No.13-18), and 15 were negative (No.19-33) (Figure 7). In 

order to validate the reliability of the test strip for detecting ASFV, the gold standard quantitative 

PCR (qPCR) recommended by the World Organization for Animal Health (WOAH) was used for 

verification detection. The results showed that the RPA-LwCas13a-LFS detection results were 

completely consistent with the qPCR detection results (Table 1). This result further confirmed the 

reliability of the RPA-LwCas13a-LFS method for detecting clinical ASFV. 

Table 1. Comparison between RPA-LwCas13a-LFS and qPCR detections of clinical samples. 

Sample type Samples numbers 
Detection results (positive / negative) 

RPA-LwCas13a-LFS qPCR 

Heart 3 2/3 2/3 

Liver 3 2/3 2/3 

Spleen 3 2/3 2/3 

Lung 3 3/3 3/3 

Kidney 3 2/3 2/3 

Intestinum tenue 3 2/3 2/3 

Lymph node 3 1/3 1/3 

Oral swab 2 0/2 0/2 

Blood 5 2/5 2/5 

Serum 5 2/5 2/5 

Total 33 18/33 18/33 

Positive ratios  54.5 % 54.5 % 
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Figure 7. RPA-CRISPR/LwCas13a-LFS detection of 33 clinical samples. 33 clinical samples were 

detected by RPA-LwCas13a-LFS for ASFV, with strong positive (Nos. 1-12), weak positive (Nos. 13-

18), and negative (Nos. 19-33). 

4. Discussion 

This study provides a rapid, low-cost and visual CRISPR/LwCas13a-LFS nucleic acid test for 

ASFV detection by selecting the conserved structural gene D117L of ASFV as the detection target 

[9,12]. Currently, most of the CRISPR/Cas12 system reported in the literatures for detecting ASFV 

utilized target structural protein p72 gene B646L, except one report using ASFV pp220 gene or DNA 

Pol gene as detection targets [25]. Further, only three articles have reported the Cas13a system for 

detecting ASFV, which all targeted the p72/B646L gene [20,22,23]. We recently established 

CRISPR/LbCas12a detection and RPA-Cas12a-LFS detection of ASFV by targeting the structural gene 

D117L gene [26]. As a conserved ASFV structural gene, D117L not only has multiple PAM sequences 

(TTTN) recognized by LbCas12a, but also has several PFS sequences recognized by LwCas13a. 

Therefore, the designed crRNAs based on PFS in this study were able to mediated Cas13a reaction 

specifically and effectively (Figure 2). 

Even though a single crRNA and a single targeted gene is sufficient for detection of ASFV, ASFV 

is subjected to high mutation in the field [1,2]. In order to avoid the missed detection due to the target 

ASFV gene mutation, multiple crRNAs targeting different ASFV genes (such as both p17 and p72 

structural genes and others) could be considered for multiplex detection [23]. 

By combining with RPA pre-amplification, the D117L-CRISPR/LwCas13a reaction and the 

corresponding LFS detection were able to detect target gene as low as 2 copies/ µL (Figure 5). 

Importantly, the RPA-Cas13a-LFS was able to differentiate strongly positive and weakly positive ASF 

clinical samples (Figure 7). The positive detection results vary depending on the efficiency of crRNA 

mediated Cas13a cleavage. In strongly positive samples, the cutting efficiency of Cas13a is high, and 

the ssDNA probe is completely cut, leading to a high intense gold band at the T line, but no band at 

the C line. In weakly positive samples, the ssDNA probe is not completely cleaved by Cas13a, with 

only a faint gold band at T line and most gold band at C line. The D117L-CRISPR/LwCas13a-LFS 

detection results from 33 clinical samples including 12 strongly positive (Nos 1-12) and 6 weakly 

positive (Nos 13-18) samples were completely consistent with those by WOAH recommended gold 

standard TaqMan qPCR [27]., further confirming reliability of the LwCas13a-LFS detection (Figure 

7). 
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In order to effectively monitor and manage virus transmission of ASFV, in addition to sensitivity 

and specificity, an ideal molecular detection method that meets the following standards is urgently 

needed [28,29]: (1) fast, providing diagnostic information before ASF occurs; (2) simple, allowing 

unskilled personnel to use; (3) field applicable, which is very important for on-site ASFV testing. Our 

D117L-CRISPR/LwCas13a-LFS detection method is sensitive, specific, fast and simple, but the field 

applicability has still room to be improved, where the nucleic acids extraction and RPA need to be 

performed separately. In the follow-up research, it is necessary to solve the problem by using nucleic 

acid extraction free reagents and converging RPA and CRISPR/Cas13 reaction to achieve "sample 

results" detection of ASFV nucleic acid [30]. 

In summary, the CRISPR/Cas13a bio-sensing system as an innovative technology has a 

significant impact on detection and diagnostic capabilities in many fields [31–33]. The RPA-

CRISPR/Cas13a-LFS method for ASFV detection we developed is fast, simple, sensitive, specific and 

has potential for field application. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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