
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00253-022-11999-8

METHODS AND PROTOCOLS

Non‑nucleic acid extraction and ultra‑sensitive detection of African 
swine fever virus via CRISPR/Cas12a

Gaihua Cao1 · Yifan Xiong1 · Fuping Nie2 · Xiaolong Chen1 · Lan Peng3 · Yingguo Li2 · Mei Yang1 · Danqun Huo1,4   · 
Changjun Hou1

Received: 31 March 2022 / Revised: 19 May 2022 / Accepted: 26 May 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract 
Early diagnosis of the African swine fever virus (ASFV) is the main preventive measure for ASFV. Here, we developed a 
fluorescent biosensor and lateral flow assay (LFA) strip based on direct PCR combined with CRISPR/Cas12a system for 
ASF. Direct PCR can simultaneously split samples and efficiently amplify without sacrificing sensitivity, which eliminated 
the steps of nucleic acid extraction. Furthermore, by the CRISPR/Cas12a, the biosensor addressed false positives caused 
by non-specific amplification and had high sensitivity with the actual limit of detection (LOD) of 7.6×10−4 ng·μL−1 (4 
copies·μL−1). In addition, the strategy was built on the lateral flow assay (LFA) strip to achieve visual and portable detection 
for point-of-care testing. Moreover, the biosensor by a fluorometer and LFA strip showed a high accuracy to rival qPCR in 
actual sample detection. Therefore, the biosensor is an ultra-sensitive and specific tool that can replace traditional methods.

Key points
• No nucleic acid extraction, direct PCR-simplified steps, and reduced time and cost
• CRISPR/Cas12a solved the false positives caused by nonspecific amplification
• The combination of the LFA strip and biosensor is more convenient for POC detection

Keywords  African swine fever · Direct PCR · CRISPR/Cas12a · Lateral flow assay (LFA) strip · Non-nucleic acid 
extraction

Introduction

African swine fever (ASF), an infectious disease caused 
by the African swine fever virus (ASFV), causes high 
fever, hemorrhaging, pulmonary edema, and severe 

lymphoid tissue necrosis with a 100% fatality rate (Yoon 
et al. 2021; Zhai et al. 2019). Moreover, ASFV has strong 
environmental stability and there are many ways of 
transmission, such as feed dust, transportation, and soft 
ticks (Khanal et al. 2021; Yoo et al. 2021). In addition, 
due to no commercially available vaccine or treatment 
method at present, all the pigs will be slaughtered once 
the ASFV is found on the farm. As a consequence, the 
spread of ASFV brings huge economic losses to the farm, 
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which demands a rapid and early diagnosis method of 
ASFV. The detection methods are mainly divided into 
two categories: immunological assay (Zhang et al. 2021) 
and nucleic acid detection. For example, Chen built 
AlphaLISA (amplified luminescent proximity homog-
enous assay-linked immunosorbent assay) method using 
two monoclonal antibodies M-5 and M-6 to specifi-
cally identify ASFV P72 with a detection limit of 0.78 
ng·mL−1 (Chen et al. 2021b). Chen established a time-
resolved fluorescence immunoassay (TRFIA) method to 
detect P30 recombinant antigen based on double anti-
bodies sandwich mechanism with the detection limit of 
0.015 ng·mL−1 (Chen et al. 2021a). But there are some 
drawbacks to antibody testing, such as during early 
infection they are so low that it is difficult to detect. Fur-
thermore, a study showed that the antibody-based lateral 
flow assay is not suitable for detecting infection in wild 
boar carcasses, as proteins are susceptible to denatura-
tion in frozen and thawed samples (Deutschmann et al. 
2021). By contrast, the nucleic acid detection is timely 
and accurate, for example, polymerase chain reaction 
(PCR) (Bisimwa et al. 2021; Liu et al. 2021), quantita-
tive real-time polymerase chain reaction (qPCR) (Chen 
et al. 2021c; Chen et al. 2021d; Trinh et al. 2021), drop-
let digital PCR (ddPCR) (Jia et al. 2020), loop-mediated 
isothermal amplification (LAMP) (Wang et al. 2021a; 
Yang et al. 2021a; Zhu et al. 2020), and recombinase 
polymerase amplification (RPA) (Ren et al. 2021; Wang 
et al. 2021b; Zhang et al. 2020a). Among them, qPCR 
is the gold standard due to its accuracy and sensitiv-
ity, but its equipment and reagents are more expensive 
and require professional personnel to operate, limiting 
its popularization in resource-poor areas. Moreover, 
the gray area where the Ct value is between 35 and 40 
is difficult to distinguish between negative and posi-
tive (Chen et  al. 2021d). LAMP and RPA have good 
amplification ability, but they are vulnerable to cause 
aerosol pollution, which is difficult to eliminate and 
easy to cause false positives, while PCR has shown sig-
nificant stability in detection. However, all of the above 
methods require nucleic acid extraction and purifica-
tion and they have high requirements on the purity of 
the DNA template. In general, the lost of nucleic acid 
during the extraction and purification process as well 
as the presence of residual reagents could affect the 
activity of the amplification enzyme. Although various 
DNA extraction kits, magnetic beads extraction kits, and 
one-step extraction kits (Cho et al. 2007) are developed 
to simplify the steps, these extraction approaches are 
still time-consuming, tedious, and laborious, especially 
for large samples. And magnetic beads extraction needs 
a specialized instrument. Moreover, it is inevitable to 
lose DNA in the extraction process, which increases the 

difficulty of detection. Therefore, it is of great signifi-
cance to develop a detection method without nucleic 
acid extraction for ASFV assay.

Another barrier in the detection is specificity. The 
amplification products are usually detected by fluorescent 
dyes, such as SYBR green I (Zhang et al. 2020a) or gel 
electrophoresis. While gel electrophoresis has low sensi-
tivity leading to false negatives, the specificity of the flu-
orescent dye is affected by nonspecific amplification and 
primer dimers, which are prone to false positives. Hence, 
it is vital to improve the sensitivity and specificity of the 
ASFV assay. Recently, clustered regularly interspaced 
short palindromic repeats/CRISPR-associated (CRISPR/
Cas) systems have opened the door to new biotechnologi-
cal applications, such as genome editing (Hubner et al. 
2018) and detection (Fu et al. 2021; Lin et al. 2021). Par-
ticularly, Cas12a has both cis and trans-cleavage activ-
ity, which has become the basis of the new diagnostic 
platform (Chen et al. 2018), which provides a convenient, 
sensitive, and specific method for nucleic acid detection. 
To be specific, the Cas12a specifically combines a DNA 
by recognizing the protospacer adjacent motif (PAM) site 
and complementarity to the CRISPR RNA (crRNA). By 
specifically identifying the targets, Cas12a improves the 
specificity of detection. After combining the DNA tar-
gets, the cis-cleavage activity of the Cas12a is triggered 
to shear the targets. Besides, Cas12a shows a nonspecific 
endonuclease activity (trans-cleavage activity) against 
the surrounding single stranded DNA (ssDNA), such as 
fluorophore-labeled ssDNA reporters (Yan et al. 2019). 
The trans-cleavage activity is the important mechanism 
of CRISPR/Cas12a for signal amplification. For exam-
ple, based on DNA endonuclease-targeted CRISPR trans 
reporter (DETECTR) method combined with RPA, Ma 
developed a method for ASFV detection with a detection 
limit as low as 8 copies (Li et al. 2020a). Kim developed 
a high-throughput instrument coupled with the Cas12a 
system to identify ASFV with detection limits as low as 1 
pM (Gao et al. 2020). The above exhibited that CRISPR/
Cas12a system is a highly promising candidate for detect-
ing applications.

Here, we used direct PCR combined with CRISPR/
Cas12a system for detecting ASFV without nucleic acid 
extraction. The method without nucleic acid extraction 
realized the direct detection of blood and tissue from pigs, 
which greatly saved manpower and material resources. In 
addition, CRISPR/Cas12a system was employed for spe-
cific recognition of amplified products, which improved the 
specificity and sensitivity of the biosensor. Furthermore, 
we developed two signal output modes, fluorescence with 
high sensitivity and lateral flow assay (LFA) strips for 
intuitive and portable detection. Direct detection of actual 
samples without nucleic acid extraction steps and CRISPR/
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Cas12a system has a huge market and potential in practical 
applications.

Material and methods

Reagents and instrumentations

The nucleic acid sequences used in this study were 
ordered by Sangon Biotech (Shanghai, China) and 
shown in Table S1. QIAamp DNA Mini Kit was pur-
chased from QIAGEN, Germany. Blood and Tissue 
Super Direct TM PCR kit (UNG)-EDTA was offered by 
FOREGEN, China. DL2000 DNA Marker and 2×Pre-
mix Ex Taq (Probe qPCR) with UNG were purchased 
from TaKaRa. LbCas12a (Cpf 1) was bought from 
New England Biotechnology Co., Ltd (Beijing, China). 
CRISPR-based lateral flow assay strips were purchased 
from Wobo Biological Co., Ltd, China. The nucleic acid 
of the lumpy skin disease virus wild strain (LSDV, NI 
2490) was donated by Dr. Emmanuel Albina, France. 
Goat pox virus vaccine strain (GTPV, CVCC AV41) and 
sheep pox virus vaccine strain (SPPV, CVCC AV42) 
were bought from the China Veterinary Drug Adminis-
tration. The nucleic acids of bluetongue virus (BTV) and 
Peste des Petits Ruminants Virus (PPRV) were gifted by 
Dr. Ai from Kunming Customs Technology Center. The 
negative blood samples of the pig as control (NC) and 
the nucleic acids of Classical swine fever virus (CSFV) 
were provided by Chongqing Customs Technology 
Center. Fluorescence thermostatic amplifier GS8 was 
offered by GenDx Co., Ltd, China. ABI Pro Flex TM PCR 
Amplifier and ABI 7500 Fast fluorescence quantitative 
PCR instrument were purchased from Life Technology 
TM, USA. The electrophoresis apparatus was bought 
from Biometra GmbH, Germany.

Sample preparation

For serum or whole blood samples, they can be directly 
added to the PCR system without disposing. For tissue 
samples, 10-mg tissue was added to the EP tube con-
taining 100 μL AL buffer and 4 μL Foregene protease, 
which was incubated at 65 °C for 10–30 min and 95 °C 
for 5 min. The EP tube was stored at 4 ℃ for subsequent 
testing, from which 2 μL of liquid was used for direct 
PCR.

The qPCR was used to verify results by extracting 
nucleic acids from serum, whole blood, and tissue accord-
ing to the QIAamp DNA Mini Kit instructions (Section 
S1).

Detection by direct PCR‑CRISPR/Cas12a

The genome of African swine fever is large double-
stranded DNA, 150–170 kb, encoding more than 120 pro-
teins (Quembo et al. 2018). Primers were designed based 
on the conserved sequence of B646L encoding P72 protein 
for accurately detecting ASFV as shown in Fig. S1. The 
system of PCR consists of 10 μL of 2×PCR Easy TM Mix 
(UNG), 250 nM forward primer, 250 nM reverse primer, 
and 2 μL blood sample or 2 μL treatment liquid of the 
tissue sample. The PCR procedure was set as 37 °C for 5 
min, 94 °C for 5 min, followed by 35 cycles of 94 °C for 
10 s, 55 °C for 20 s, 72 °C for 30 s, and extending with 72 
°C for 5 min.

CRISPR/Cas12a was applied to specifically detect PCR 
products  in  Scheme  1. The reaction system contained 
1×NEB 2.1 buffer, 100 nM LbCas12a, 100 nM crRNA, 
500 nM DNA reporters, and 4 μL products. Then, it was 
put into the fluorescence thermostatic amplifier GS8 and 
set at 37 °C for 30 min. And it was observed in the gel 
imager after incubating at 37 °C for 30 min.

Scheme 1   Principle of detecting ASFV by the biosensor. The black 
path represents the gel electrophoresis. The blue path represents the 
biosensor based on the direct PCR combined with CRISPR/Cas12a 
method for blood or tissue samples. The direct PCR reagent com-
pletes both split samples to release the nucleic acid and amplifica-

tion reaction. And then, Cas12a forms a binary complex with the 
crRNA to identify PCR products, which activates the collateral cleav-
age activity to arbitrarily slice the ssDNA reporters, resulting in an 
increase of fluorescence intensity
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LFA strips for detecting ASFV

In order to satisfy the point-of-care test, the LFA strip as 
the most promising tool combined with direct PCR and 
CRISPR/Cas12a system was applied for ASFV assay in 
Scheme 2. The process of direct PCR and CRISPR/Cas12a 
reaction was the same as above. It was noteworthy that the 
DNA reporter was replaced DNA reporter-LFA strip, which 
modified FAM and biotin at both ends. After reaction by 
CRISPR/Cas12a, 80 μL ddH2O was added and the strip was 
inserted into the tube, which was kept at room temperature 
for 2 min. If the target was present, red bands would appear 
on both the test line (T line) and control line (C line) or only 
on the T line. Otherwise, red bands would appear only on 
the C line.

Agarose gel electrophoresis

To further demonstrate the feasibility of the method, gel 
electrophoresis was employed as an auxiliary tool. After 
direct PCR, the amplified product was mixed with 6× load-
ing buffer and added into 2% agarose gel for 120 V for 20 
min. An Azure Biosystems C150 (USA) was applied to 
observe the gel images.

The qPCR for detecting ASFV

The qPCR was employed to verify the results according to 
SN/T 1559-2010. After extracting from the sample, 5 μL 
sample were added into a 2-μL mixture containing 0.4 μM 
SN/T-R primers and SN/T-F primers, 0.2 μM SN/T-probes, 
and 12.5 μL of 2×Premix Ex Taq (Probe qPCR) with UNG. 
It was carried out by ABI 7500 Fast fluorescence quantita-
tive PCR instrument with the procedure of 37 °C for 2 min, 
95 °C for 10 min, and 40 cycles of 95 °C for 10 s and 58 °C 
for 34 s.

Results

The specificity of the method for ASFV assay

As shown in Fig. 1, the LSDV, SPPV, GTPV, CSFV, 
BTV, and RPPV at the same concentration of 7.6 
ng·μL−1, and NC were used as interference for verify-
ing the specificity of the biosensor. The results showed 
that only ASFV had strong fluorescence and the fluo-
rescence intensities of other viruses were the same as 
the control group. Fluorescence brightness and LFA 
strip revealed the same results in Fig.  1(b) and (c), 

Scheme 2   Principle of LFA 
strip based on the biosen-
sor. The DNA reporters bind 
AuNPs on the absorption pad 
through the affinity of FAM and 
anti-FAM antibody. And then, 
the intact DNA reporters are 
captured on the C line through 
biotin binding to the streptavi-
din, leading to a red band on the 
C line, while the DNA reporters 
are cut by Cas12a in the pres-
ence of ASFV. The cracked 
DNA reporters with AuNPs 
are captured by the anti-rabbit 
antibodies on the test line (T 
line) appearing a red band on 
the T line, but only a band will 
emerge on the C line in the 
absence of ASFV

4698 Applied Microbiology and Biotechnology (2022) 106:4695–4704



1 3

indicating that only ASFV was amplified and activated 
the trans-cleavage activity of Cas12a. Furthermore, 2% 
agarose gel electrophoresis was applied for verifying 
specific amplification in Fig. S2. Only ASFV had an 
obvious band at 257 bp, while others had no bands. 
Additionally, the viruses were added to the pig serum 
for exploring the ability of the biosensor in Fig. S6. 
The results showed that ASFV had strong fluorescence 
and others did not. This indicated that the biosensor 
combined direct PCR with CRISPR/Cas12a system has 
strong specificity for ASFV detection.

The performance of the biosensor for ASFV assay

To verify the sensitivity of the biosensor, different concen-
trations of nucleic acid were detected. As shown in Fig. 2(a), 
the fluorescence intensity increased continuously with the 
increase of concentration from 7.6 ×10−5 ng·μL−1 to 7.6 
ng·μL−1. By fitting the fluorescence intensity at 25 min and 
the logarithm of concentration from 7.6 ×10−4 ng·μL−1 to 
7.6 ng·μL−1, Fig. 2(b) shows a good linear relationship, F 
=1864.67+509.81 Lg C, R2=0.9557. In addition, the fluo-
rescence brightness decreased with the decrease of concen-
tration in Fig. 2(d). It made visual detection by naked eyes 

Fig. 1   The specificity detec-
tion of the biosensor for ASFV 
detection. a shows the fluores-
cence intensity corresponding 
to the nucleic acids of ASFV, 
LSDV, SPPV, GTPV, CSFV, 
BTV, and RPPV at the same 
concentration of 7.6 ng·μL−1, 
NC, and K (K referred to the 
ddH2O as the target). b presents 
the fluorescent brightness of 
different viruses. c displays the 
LFA strip results of the different 
viruses

Fig. 2   The sensitivity detec-
tion of ASFV by the biosen-
sor. a shows the fluorescence 
spectra of the nucleic acids of 
ASFV with the concentration 
from 7.6×10−5 ng·μL−1 to 7.6 
ng·μL−1; b illustrates the linear 
relationship between F and 
logarithm of the concentration 
from 7.6×10−4 ng·μL−1 to 7.6 
ng·μL−1. c shows the sensitivity 
detection for the nucleic acid 
of ASFV by qPCR. d from left 
to right represents fluorescence 
brightness at different concen-
trations from 7.6 ng·μL−1 to 
7.6×10−5 ng·μL−1; e displays 
the LFA strip test for the nucleic 
acid of ASFV with the differ-
ent concentrations from 7.6 
ng·μL−1 to 7.6×10−5 ng·μL−1 
(from left to right)
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possible under excitation of 488 nm ultraviolet light. There-
fore, the actual detection limit by fluorescence detection 
was 7.6 ×10−4 ng·μL−1 (about 4 copies·μL−1 quantified by 
ddPCR in Section S2, Table S3, and Fig. S7). Furthermore, 
the LFA strip was used to test the sensitivity of the biosen-
sor. Figure 2(e) revealed as the concentration decreased from 
7.6 ng·μL−1 to 7.6 ×10−5 ng·μL−1, the T line became weaker 
and weaker. Until the concentration was as low as 7.6 ×10−4 
ng·μL−1, the band on the T line was blurred. Therefore, 
the actual detection limit by the LFA strip was 7.6 ×10−3 
ng·μL−1 (about 40 copies·μL−1). Compared to other meth-
ods (Table S2), the biosensor has excellent performance to 
detect ASFV.

By 2% agarose gel to verify PCR products, it was found 
that the brightness of the bands gradually decreased with the 
decrease of concentration in Fig. S3. And the result of 7.6 
×10−2 ng·μL−1 was similar to the control group, indicating 
that the detection limit of gel electrophoresis was 7.6 ×10−2 
ng·μL−1. In addition, targets at different concentrations 
were detected by qPCR, and it was found that the Ct value 
increased with the decrease of concentration in Fig. 2(c). 
When the concentration was above 7.6 ×10−2 ng·μL−1, the 
Ct value was less than 35 cycles which can be determined 
as positive; but below that, the Ct value was more than 35 
cycles which was hard to judge properties in the actual diag-
nosis. As a result, the biosensor had a high signal-to-noise 
ratio and was more sensitive than gel electrophoresis and 
qPCR.

Detection of ASFV in the blood sample

As shown in Fig. 3(a), the nucleic acids with concentra-
tions of 7.6 ng·μL−1, 7.6×10−1 ng·μL−1, 7.6×10−2 ng·μL−1, 
7.6×10−3 ng·μL−1, and 7.6×10−4 ng·μL−1 were added into 

the whole blood for verifying the performance of the bio-
sensor. Obviously, the fluorescence intensity increased 
with the increase of concentration. Furthermore, the fluo-
rescence brightness was also dimmed as the concentra-
tion decreased in Fig. 3(c). A good linear relationship 
was obtained by linear fitting between the fluorescence 
intensity at 25 min and the logarithms of concentration 
from 7.6×10−4 to 7.6 ng·μL−1 in Fig. 3(b). That was F’ 
= 2071.25 + 420.44 Lg C, R2=0.974. This showed that 
the biosensor had a strong anti-interference ability in 
blood samples assay. Moreover, blood mixed with differ-
ent concentrations of ASFV was amplified by direct PCR 
and detected by agarose gel electrophoresis in Fig. S4. It 
was found that there were obvious bands when the con-
centration was more than 7.6×10−2 ng·μL−1, and the bands 
gradually dimmed with the decrease of concentration. In 
addition, Fig. 3(d) showed the detection limit can be as low 
as 7.6×10−3 ng·μL−1 by the LFA strip.

Detection of ASFV in the clinical sample

Thirty clinical samples from canned pork, sausage, pre-
served pork, and raw pork were tested by the biosensor. 
Among them, twelve samples were positive, seventeen were 
negative, and one sample was weakly positive which had 
weak fluorescence intensity in Fig. 4(a). Notably, the fluo-
rescent picture and LFA strip showed the same phenom-
ena in Fig. 4(b) and Fig. 4(c). The positive samples had the 
obvious red band on the T line, while the negative samples 
only had the red band on the C line. In addition, qPCR was 
employed for verifying the results. The results showed that 
the Ct value was 100% consistent with the results of the 
biosensor in Fig. S5.

Fig. 3   Blood sample detected by the biosensor. a represents the cor-
responding fluorescence spectra of samples which mixed different 
concentrations nucleic acid of ASFV with pig blood; b illustrates 

the linear relationship between F’ and the logarithm of concentration 
from 7.6×10−4 to 7.6 ng·μL−1. c presents the fluorescence brightness 
and d shows the results of the mixed samples tested by the LFA strip
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Discussion

ASV caused huge economic losses. However, there is no 
commercial vaccine or treatment, so an early and sensitive 
diagnosis is crucial to minimize the damage. At present, in 
nucleic acid detection, extraction of nucleic acid is an impor-
tant step and the premise of detection. Many researchers are 
making efforts to reduce the steps, time, and loss of nucleic 
acid in the extraction process and improve the purity of nucleic 
acids, such as magnetic bead enrichment (Emaus et al. 2020; 
Pearlman et al. 2020; Wolfe et al. 2002). However, this step is 
tedious and time-consuming, especially in the case of a large 
sample size. The extraction process prolongs the detection 
time and increases the cost, which is not conducive to rapid 
detection. Here, we constructed the biosensor based on direct 
PCR and CRISPR/Cas12a for the ASFV assay. Direct PCR 
can complete cleavage and amplification at the same time, and 
samples can be directly amplified without the step of nucleic 
acid extraction, which greatly reduced labor, material costs, 
and time. In addition, CRISPR/Cas12a system has specific cis-
cleavage and trans-cleavage activity with strong signal ampli-
fication capability (Yan et al. 2019). In other words, Cas12a 

recognizes the target by pairing with the crRNA, and Cas12a 
cleaves the target through its cis-cleavage activity. At the 
same time, the target activates its trans-cutting activity, which 
arbitrarily slices nearby ssDNA. This is a new and specific 
method of signal amplification (Wang et al. 2020). Therefore, 
the CRISPR/Cas12a with the high amplification efficiency 
improved sensitivity and specificity, providing a more con-
venient and sensitive method for the detection of ASFV.

Specificity is the basic element of virus detection. 
Some methods used RPA, LAMP, or other amplification 
techniques, and modified chemical groups on primers for 
LFA strip detection (James et al. 2010; Miao et al. 2019; 
Xu et al. 2018). This method was simple but not specific 
enough. To be specific, there was non-specific amplifica-
tion in the amplification process. On the other hand, primer 
dimers can cause false positives because primer dimers also 
displayed results on the strip. Similarly, a lot of methods 
using fluorescent dyes for DNA assay also had false posi-
tive results (Dixit et al. 2018; Tsai et al. 2016). Therefore, 
it is necessary to eliminate the influence of these factors 
to improve the specificity. CRISPR/Cas12a can specifically 
identify targets, which avoids the effects of false positives 

Fig. 4   Tissue samples detected by the biosensor. a is the fluorescence spectrum of the samples. b shows the fluorescence brightness of the sam-
ples. c demonstrates that tissue samples were detected by the LFA strip
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generated by nonspecific amplification and primer dimers. 
Therefore, CRISPR/Cas12a has stronger specificity in the 
field of LFA strips.

In the environment or the early stage of infection, the 
level of ASFV is low. This constantly requires sensors or 
detection methods to improve sensitivity. For instance, 
Zhang built a biosensor based RPA combined with SYBR 
Green I to detect ASFV with the LOD of 103 copies (Zhang 
et al. 2020b). Wang used RPA combined with the lateral 
flow strip for portable detection and the LOD was as low 
as 102 copies (Wang et al. 2021c). Although these methods 
were easy to operate, they were not sensitive enough. The 
CRISPR/Cas12a system had greatly improved sensitivity 
due to the trans-cleavage. Such as, Li made use of CRISPR/
Cas12a coupled with RPA for ASFV assay with a LOD as 
low as 8 copies (Li et al. 2020b). And Yang developed a bio-
sensor based on LAMP and CRISPR/Cas12a to detect ASFV 
and the LOD was 7 copies (Yang et al. 2021b). Isothermal 
amplification methods combined with CRISPR/Cas12a are 
better detection methods because of the lower instrument 
cost, but they still require nucleic acid extraction, and they 
are more prone to aerosol contamination which is difficult 
to remove. Based on the direct PCR which had a great tol-
erance to pollution, the biosensor coupled with CRISPR/
Cas12 had a greater advantage in sensitivity with the LOD 
as low as 4 copies·μL−1 of fluorescence and 40 copies·μL−1 
of the LFA strip. This not only provided a more convenient 
signal output mode, but also improved the sensitivity. There-
fore, the biosensor was a more accurate method to detect 
ASFV in the early stage of infection.

In general, the lost of nucleic acid during the extraction 
and purification process as well as the presence of residual 
reagents could affect the activity of the amplification enzyme. 
Ingeniously, the reagent of direct PCR not only digested the 
sample to release the nucleic acid, but also had high amplifi-
cation efficiency. As a result, the biosensor did not lose any 
sensitivity compared to the detection of high-purity nucleic 
acids, indicating that the biosensor based on direct PCR com-
bined with CRISPR/Cas12a had the excellent anti-interfer-
ence capability for ultra-sensitive detecting actual samples. 
For blood sample testing, the fluorescence spectrum had 
some fluctuation in Fig. 3(a) since the whole blood contained 
some trace fluorescent substances, such as endogenous por-
phyrins, tryptophan, reduced nicotinic purine dinucleotides, 
and xanthine adenine dinucleotides. Furthermore, the bio-
sensor took full advantage of the strong signal amplification 
capability of CRISPR/Cas12a, improving sensitivity by two 
orders of magnitude compared with agarose gel electropho-
resis. Hence, it was an accurate and potential tool that can 
replace the gel electrophoresis and qPCR method.

In summary, ASFV has brought huge losses in the 
pig industry. Due to its high transmission, high fatality 
rate, and no good treatment, rapid and accurate detection 

of ASFV becomes a fundamental countermeasure. To 
simplify the procedure and improve the precision of the 
nucleic acid test, we constructed a biosensor-based direct 
PCR combined with CRISPR/Cas12a to detect ASFV. 
Direct PCR did not require complex and time-consuming 
nucleic acid extraction, which can directly detect blood 
and tissue. What is more, the experiment proved that it did 
not lose sensitivity. In addition, CRISPR/Cas12a system 
has both strong specificity and high signal amplification 
capability. By the specific binding of the crRNA to the 
target, the biosensor solved the problem of false positives 
caused by non-specific amplification. And its trans-cleav-
age activity realized the second signal amplification with 
the detection limits of 7.6×10−4 ng·μL−1 (4 copies·μL−1). 
Moreover, the LFA strip achieved visual detection, which 
was portable and suitable for ASFV detection in remote 
areas. The biosensor had good performance in actual sam-
ple detection. Hence, the biosensor-based CRISPR/Cas12a 
combined with direct PCR is a highly sensitive and spe-
cific tool that can be popularized in practical applications.
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