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Abstract
Background Transmissible gastroenteritis (TGE) is a highly contagious intestinal disease caused by transmissible 
gastroenteritis virus (TGEV). The primary techniques for identifying TGEV involve enzyme-linked immunosorbent 
assay (ELISA), polymerase chain reaction (PCR), and fluorescent quantitative PCR (qPCR). However, these approaches 
are complex, demanding specialized tools and significant time. Therefore, a precise, swift, and effective differential 
diagnosis method is crucial for TGEV prevention. In recent years, clustered regularly interspaced short palindromic 
repeats (CRISPR) and Cas-associated proteins have become popular for their high specificity, unique cleavage activity, 
and ease of detection. CRISPR-Cas12a, a novel RNA-guided nucleic acid endonuclease, is emerging as a powerful 
molecular scissor.

Results In this study, we designed three pairs of crRNA targeting the N gene of TGEV. Following the selection of the 
most appropriate crRNA, we established the loop-mediated isothermal (LAMP) amplification method with a sensitivity 
of 102 copies/µL. And based on this, we established the CRISPR-Cas12a fluorescence assay with a sensitivity of 100 
copies/µL. Furthermore, we established a CRISPR/Cas12a lateral-flow dipstick assay with a sensitivity of 102 copies/µL. 
Importantly, none of these methods exhibited cross-reactivity with other related viruses, enabling quicker and more 
straightforward observation of experimental results.

Conclusions We have successfully developed a CRISPR-Cas12a fluorescence assay and a CRISPR/Cas12a lateral-flow 
dipstick assay for clinical TGEV detection. Overall, we created a portable, quick, and sensitive TGEV assay with strong 
specificity utilizing the CRISPR-Cas12a system.

Keywords LAMP, CRISPR-Cas12a, TGEV, Detection

Rapid and visual detection of transmissible 
gastroenteritis virus using a CRISPR/Cas12a 
system combined with loop-mediated 
isothermal amplification
Haiyang Wang1,2†, Zhao Qi1,2†, Jiale Wang1,2, Zhenjie He1,2, Liting Lu1,2, Zhe Chen1,2, Ying Shao1,2, Guijun Wang1,2, 
Zhenyu Wang1,2, Jian Tu1,2 and Xiangjun Song1,2,3*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-025-04711-1&domain=pdf&date_stamp=2025-3-31


Page 2 of 10Wang et al. BMC Veterinary Research          (2025) 21:234 

Background
TGE is a highly contagious intestinal disease caused by 
TGEV [1]. This virus induces acute gastrointestinal symp-
toms in swine globally, and the current TGEV outbreak 
presents a considerable threat to the swine industry in 
China and worldwide due to the added risk of cross-spe-
cies transmission [2]. TGEV was initially documented in 
the United States in 1946 and has since been detected in 
Europe, Asia, Africa, and South America [3]. It is a coro-
navirus with a positive-stranded RNA genome of about 
28.5 kb [4]. Three open reading frames (ORF1, ORF3, and 
ORF7) mainly encode the translation of nonstructural 
proteins, whereas structural proteins mainly include: 
spike (S or E2), small membrane (sM or E), membrane 
(M or E1), and nucleocapsid (N) proteins [5–7]. N pro-
teins are phosphorylated acidic proteins encoded by the 
N gene that, together with M proteins, form the internal 
core of the virus [8]. TGEV can infect swine of all ages 
and breeds, with younger swine having shorter incuba-
tion periods and faster outbreaks [9]. Piglets infected 
with TGEV within 2 weeks mainly show symptoms such 
as depression, watery diarrhea, severe vomiting and usu-
ally die within 1 week [10].

Therefore, there is a pressing requirement to create 
straightforward yet efficient TGEV tests. Swift and pre-
cise identification of TGEV is crucial for disease preven-
tion and management [11]. Presently, key techniques for 
detecting TGEV comprise electron microscopy, indirect 
immunofluorescence, ELISA, PCR, and qPCR [12, 13]. 
ELISA is a time-intensive approach for TGEV detection, 
known for its low sensitivity and susceptibility to false 
positives [14, 15]. Furthermore, LAMP and RT-PCR are 
viable for TGEV identification due to their high sensi-
tivity; however, they mandate specialized facilities, are 
unwieldy, and are unsuitable for application in swine 
farms [16, 17]. In recent years, CRISPR and Cas-asso-
ciated proteins have gained popularity due to their high 
specificity, unique cleavage activity, and easy detection 
[18]. Their application has made them an ideal tool for 
next-generation pathogen diagnostics and gene editing 
[19]. CRISPR-Cas12a, a novel RNA-guided nucleic acid 
endonuclease, is emerging as a potent molecular scis-
sor with potential for genome editing [20]. The integra-
tion of the CRISPR-Cas platform with lateral-flow system 
enables rapid, sensitive, highly specific, cost-effective, 
and reliable pathogen diagnosis [21].

In this study, CRISPR-Cas12a fluorescence assay and 
CRISPR/Cas12a lateral-flow dipstick assay were devel-
oped using LAMP amplification for the conserved N 
gene of TGEV. The former achieved sensitivity, accu-
racy, and visualization through efficient LAMP ampli-
fication under Cas12a cleavage, but it required specific 
fluorescence equipment to view the results. Based on 
the CRISPR-Cas12a fluorescence assay, in combination 

with lateral-flow dipstick, can address this limitation 
and enable accurate detection of low-concentration tem-
plates without the need for expensive equipment. It offers 
easy operation and results in about 1 h, providing a new 
approach for the prevention and clinical detection of 
TGEV.

Results
Evaluation of the optimal crRNA
The ranscription-purified crRNA was utilized in the 
CRISPR-Cas12a fluorescence assay established in this 
research, and the products were assessed under UV 
light after the reaction was completed. The three sets of 
crRNA exhibited distinct green fluorescence under UV 
light (Fig.  1A), which were quantified through fluores-
cence PCR and numerically analyzed using GraphPad 
Prism 8 software. The first pair of crRNAs demonstrated 
the highest fluorescence signal values, with clearer results 
visible to the naked eye (Fig. 1B). Consequently, this set 
was chosen for subsequent experiments.

Establishment of the LAMP system and assessment of its 
sensitivity
Six pairs of primers were designed for LAMP detection 
at both ends of the PAM site, split into two groups. Lane 
1 was indistinct, while the amplification effects of lanes 
2 and 3 were similar (Fig. 2A). Lanes 1 and 3 proved less 
effective than lane 2 (Fig. 2B). Gel electrophoresis exami-
nation of the amplified products indicated a sensitivity 
of 102 copies/µL (Fig. 3). Despite the LAMP assay’s high 
sensitivity of 102 copies/µL, its experimental procedures 
are laborious and demand costly equipment.

Establishment and optimization of the TGEV detection 
method by the CRISPR-Cas12a fluorescence assay
Stronger green fluorescence under UV light indicated 
higher measured fluorescence values and improved 
detection efficiency. At a reaction temperature of 37  °C, 
fluorescence values stabilized after 30  min (Fig.  4A). 
Thus, we determined 30 min as the ideal reaction time. 
Analysis of fluorescence values during this period 
revealed the optimal signal at 39 °C (Fig. 4B). Considering 
the fluorescence signal intensity, subsequent experiments 
were conducted with an optimal detection condition of 
30 min of amplification at 39 °C.

Sensitivity assessment of the CRISPR-Cas12a fluorescence 
assay
With a 10-fold dilution of the recombinant plasmid pCI-
neo-N as the detection template, amplified via LAMP, 
and ddH2O as the negative control, we observed a grad-
ual decrease in fluorescence value with increasing dilu-
tion. The sensitivity of the CRISPR-Cas12a fluorescence 
assay was determined to be 100 copies/µL (Fig. 5A, B).
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Fig. 2 LAMP primer screening. (A) Marker: Marker; from TGEV-J1 to TGEV-J3 are LAMP primer set I; from TGEV-J1-NC to TGEV-J3-NC are negative control 
with ddH2O (B) Marker: Marker; from TGEV-W1 to TGEV-W3 are LAMP primer set II; from TGEV-W1-NC to TGEV-W3-NC are negative control with ddH2O

 

Fig. 1 Results of crRNA screening. (A) Visual inspection under UV light. (B) The values were read by fluorescent quantitative PCR and then analyzed 
numerically by GraphPad Prism 8
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Specificity assessment of CRISPR-Cas12a fluorescence 
assay
LAMP-amplified pCI-neo-N was employed as a template 
under the optimal CRISPR-Cas12a amplification con-
ditions. Only the TGEV group displayed green fluores-
cence, demonstrating that the TGEV detection through 
the CRISPR-Cas12a fluorescence assay did not show 
cross-reactivity with PCV2, PCV3, PPV, PCLV, PRRSV 
and PEDV (Fig. 6A, B).

Establishment and optimization of the CRISPR/Cas12a 
lateral-flow dipstick assay
To enhance the convenience and speed of TGEV detec-
tion, we developed the CRISPR/Cas12a lateral-flow 
dipstick assay, building upon the CRISPR-Cas12a fluores-
cence assay. To prevent false positives in the dipstick test 
from probe concentration issues, we varied probe con-
centrations for fine-tuning. Through visual inspection, 
we confirmed the elimination of false positives at a final 
probe concentration of 150 nM (Fig. 7). To balance cost-
effectiveness and crRNA cleavage efficiency, we deter-
mined 30 nM as the optimal probe concentration for the 
assay (Fig. 7).

Sensitivity and specificity assessment of the CRISPR/
Cas12a lateral-flow dipstick assay
The CRISPR/Cas12a lateral-flow dipstick assay achieved 
a minimum detection limit of 102 copies/µL through 
LAMP amplification of the recombinant plasmid pCI-
neo-N, with ddH2O serving as a negative control (Fig. 8). 
There was no cross-reactivity observed when LAMP-
amplified pCI-neo-N was simultaneously tested as a tem-
plate with PCV2, PCV3, PPV, PCLV, PRRSV and PEDV 
(Fig. 9).

Performance of the CRISPR/Cas12a fluorescence and 
lateral-flow dipstick assay for testing TGEV clinical samples
13 samples were tested using the established CRISPR-
Cas12a fluorescence assay, CRISPR/Cas12a lateral-flow 
dipstick assay, and RT-PCR assay. 13 clinical samples 
showed positive results for CRISPR-Cas12a fluores-
cence assay (Fig.  10A, B) and lateral-flow dipstick assay 
(Fig.  11A), with a 100% concordance rate with RT-PCR 
data (Fig.  11B). These findings suggest that both the 
CRISPR-Cas12a fluorescence assay and the CRISPR/

Fig. 4 Optimization of reaction time and temperature in the CRISPR-Cas12a fluorescence assay. (A) From left to right, the reaction times were 40 min, 
35 min, 30 min, 25 min, 20 min, 15 min, and 10 min; NC: negative control of RNase-free ddH2O. (B) From left to right, the reaction temperatures were 43 
℃, 41 ℃, 39 ℃, 37 ℃, 35 ℃, 33 ℃, and 31 ℃; NC: negative control of RNase-free ddH2O

 

Fig. 3 TGEV LAMP sensitivity test results. M: Marker; 106 to 100 indicate 
tests with varying concentrations of pCI-neo-N recombinant plasmid; NC: 
negative control with ddH2O
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Fig. 8 CRISPR-Cas12a lateral-flow dipstick sensitivity test results. 106 to 100 
indicate tests with varying concentrations of pCI-neo-N recombinant plas-
mid as a template; NC: negative control of RNase-free ddH2O

 

Fig. 7 CRISPR-Cas12a lateral-flow dipstick probe concentration optimiza-
tion results. 500 nM to 30 nM indicate tests with varying concentrations 
of the probe

 

Fig. 6 CRISPR-Cas12a fluorescence assay specificity test results. (A) From 1 to 8 are the experimental groups of TGEV, PCV2, PCV3, PCLV, PRRSV, PPV and 
PEDV respectively. (B) Determine the endpoint fluorescence intensity for specificity

 

Fig. 5 Sensitivity of the CRISPR-Cas12a fluorescence assay. (A) Sensitivity assessment using various concentrations of pCI-neo-N. (B) End-point fluores-
cence intensity to determine sensitivity
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Cas12a lateral-flow dipstick assay developed in this study 
are suitable for clinical tests and other applications.

Discussion
TGEV is a coronavirus that incites severe diarrhea, vom-
iting, and dehydration in swine, leading to significant 
mortality rates in piglets under 2 weeks old, causing 

economic setbacks in the swine industry [22]. It lingers in 
swine for extended durations, primarily replicating in the 
respiratory and intestinal tracts, resulting in issues such 
as villous atrophy. Afflicted swine can harbor the virus, 
which disperses through feces for approximately 4 weeks 
[23]. Early identification of TGEV is crucial for curtailing 
its transmission. However, current detection methods are 
laborious and time-intensive, necessitating specialized 
laboratory settings. Hence, there’s a necessity for an assay 
that is highly visible, straightforward, swift, sensitive, and 
user-friendly.

There are numerous techniques to detect TGEV, such 
as real-time reverse transcription loop-mediated iso-
thermal amplification, nanoparticle-associated PCR 
assay, multiplexed real-time RT-qPCR assay with Taq-
Man probes, and multiplexed immunoassay [24]. The 
introduction and advancement of the CRISPR-Cas sys-
tem represent a significant milestone in 21st-century 
molecular biology, unlocking numerous possibilities in 
genetic engineering, genome editing, and beyond [25]. 
Leveraging the CRISPR-Cas system has enabled the cre-
ation of a swift and precise TGEV detection approach. 
Presently, combining the CRISPR-Cas system with PRA, 
ERA, and LAMP allows for the detection of various 

Fig. 11 Results of clinical sample testing by CRISPR-Cas12a lateral-flow dipstick assay and qPCR. (A) Results of the CRISPR/Cas12a lateral-flow dipstick 
assay. (B) Results of the q-PCR

 

Fig. 10 Test results of clinical samples for the CRISPR-Cas12a fluorescence assay. (A) Results of the CRISPR-Cas12a fluorescence assay. (B) End-point fluo-
rescence. From 1 to 13 are 13 clinical samples. NC: negative control of RNase-free ddH2O

 

Fig. 9 CRISPR-Cas12a lateral-flow dipstick specificity test results. From left 
to right, the experimental groups were TGEV, PCV2, PCV3, PCLV, PRRSV, PPV 
and PEDV; NC: negative control of RNase-free ddH2O
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pathogens rapidly, with high sensitivity. For instance, the 
SFTSV detection method employs recombinase poly-
merase amplification and the CRISPR-Cas12a system 
[26]. Furthermore, the integration of reverse transcrip-
tion-enzymatic recombinase amplification (RT-ERA) and 
CRISPR-Cas12a technologies offers a straightforward, 
convenient, and sensitive method for detecting GAstV 
[27]. The fusion of isothermal amplification and CRISPR-
Cas12 DETECTR technology has resulted in a rapid (30–
40 min) technique for identifying SARS-CoV-2 in clinical 
samples [28]. The CRISPR-Cas12a assay stands out due 
to its reduced time and equipment expenses when com-
pared to conventional PCR and LAMP assays [29].

In this study, we identified optimal crRNA and devel-
oped a CRISPR/Cas12a fluorescence assay based on the 
conserved N gene of TGEV using LAMP amplification. 
By fine-tuning the reaction conditions to amplify at 39 °C 
for 30 min, this assay has a minimum detection limit of 
100 copies/µL and shows no cross-reactivity with other 
related viruses. Additionally, we devised a CRISPR/
Cas12a lateral-flow dipstick assay with a probe concen-
tration of 30 nM to prevent false-positive outcomes. This 
assay exhibits a detection sensitivity of 102 copies/µL and, 
like the fluorescence assay, displays no cross-reactivity 
with other similar viruses. These advancements offer 
a more efficient and rapid method for TGEV detection. 
Our validation in 13 clinical samples using the CRISPR-
Cas12a fluorescence assay, lateral-flow dipstick assay, and 
RT-PCR yielded consistent results, affirming the accuracy 
and practicality of the TGEV detection method outlined 
in this study. However, the CRISPR-Cas12a fluorescence 
assay requires specific equipment to observe results, and 
have discrepancies between naked eye observations and 
instrument measurements. In this study, the CRISPR/
Cas12 lateral-flow dipstick assay was not optimized for 
reaction conditions. A fully optimized reaction system 
could theoretically enhance assay sensitivity. Overall, 
the CRISPR/Cas12a assay is highly efficient, fast, and 

sensitive. Combining it with LAMP amplification tech-
nology and lateral-flow dipstick simplifies TGEV detec-
tion equipment, making it more affordable, user-friendly, 
and providing valuable support for TGEV prevention and 
control in swine industry.

Conclusions
In summary, this study successfully established an intui-
tive, rapid, sensitive, highly specific, and easy-to-operate 
method for detecting TGEV.

Methods
Material sources and nucleic acid extraction
The recombinant plasmid (pCI-neo-N), an eukaryotic 
expression vector for the N gene of TGEV, was gener-
ously provided by another laboratory [30]. Porcine epi-
demic diarrhea virus (PEDV), porcine circovirus type 
2 (PCV2), porcine circovirus type 3 (PCV3), porcine 
circovirus-like virus (PCLV), porcine reproductive and 
respiratory syndrome virus (PRRSV), and porcine polio-
virus (PPV) were maintained in our lab [31]. 13 clinical 
samples were obtained from fecal matter of swine farms 
suspected of TGEV infection in Anhui Province and 
were identified as positive by RT-PCR. Viral nucleic acids 
were extracted using the TIANamp viral DNA/RNA kit 
(TIANGEN, Beijing, China). Viral nucleic acids were 
eluted in 25 µl of nuclease-free water and stored at -20 °C 
until needed. The viral RNA nucleic acids were reverse 
transcribed with a reverse transcription kit (Yeasen, 
Shanghai, China). Plasmids were extracted with the Plas-
mid Extraction Kit (TIANGEN, Beijing, China) following 
the manufacturer’s instructions.

Design of crRNA sequence, primers and probes
The conserved N gene of TGEV was chosen as the detec-
tion target. Three different PAM sites of 5´-TTTN on 
the N gene were identified for the CRISPR-Cas12a sys-
tem detection target. Three sets of crRNA were designed 
based on the gene sequences of the corresponding PAM 
sites using the Cpf1 primer design website ( h t t p  : / /  b i o i  n 
f  o l a  b . m  i a m i  o h  . e d  u / C  R I S P  R -  D T /  i n t  e r f a  c e  / C p f 1 _ m a i n . p h 
p) (Table  1). Six pairs of LAMP primers (Table  2) were 
designed at either end of the PAM sites using the LAMP 
PrimerExplorer design software. Tsingke (Nanjing, 
China) designed the crRNA, primers and probes. For the 
conserved N gene of TGEV, a highly conserved region 
of the target gene sequence was chosen, leading to the 
design of five sets of qPCR primers using Prime Premier 
5.0 (Table 3). General Biosystems (Anhui, China) synthe-
sized the primers.

Primer screening and sensitivity detection for LAMP
Six pairs of artificial LAMP primers were evaluated fol-
lowing the guidelines of the LAMP Kit from Sangon 

Table 1 crRNA sequences and probe of TGEV
Primer Name Primer Sequence (5΄-3΄)
TGEV-crRNA-1 GAAATTAATACGACTCACTATAGGGTAATTTC-

TACTAAGTGTAGATCCTGCAGTTCTCTTCCAGGT
TGEV-crRNA-1 ACCTGGAAGAGAACTGCAGGATCTACACTTAG-

TAGAAATTACCCTATAGTGAGTCGTATTAATTTC
TGEV-crRNA-2 GAAATTAATACGACTCACTATAGGGTAATTTC-

TACTAAGTGTAGATTTCATGGCACCATCCTTGGC
TGEV-crRNA-2 GCCAAGGATGGTGCCATGAAATCTACACTTAG-

TAGAAATTACCCTATAGTGAGTCGTATTAATTTC
TGEV-crRNA-3 GAAATTAATACGACTCACTATAGGGTAATTTC-

TACTAAGTGTAGATGGTACAAAGTCTCTCGGACA
TGEV-crRNA-3 TGTCCGAGAGACTTTGTACCATCTACACTTAG-

TAGAAATTACCCT ATAGTGAGTVGTATTAATTTC
ssDNA reporter-F 6-FAM-TTTTTT-BHQ1
ssDNA reporter-L 6-FAM-TTTTTTTATTTTTTT-Biotin

http://bioinfolab.miamioh.edu/CRISPR-DT/interface/Cpf1_main.php
http://bioinfolab.miamioh.edu/CRISPR-DT/interface/Cpf1_main.php
http://bioinfolab.miamioh.edu/CRISPR-DT/interface/Cpf1_main.php
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Biotech (Shanghai, China). The reaction occurred at 65 
℃ for 1  h, followed by enzyme deactivation at 80 ℃. 
Amplification outcomes were assessed via agarose gel 
electrophoresis, identifying the most effective primer 
pair. To decrease the concentration of the recombinant 
plasmid pCI-neo-N, we diluted it by 10-fold serial to 
reach 109-100 copies/µL and then applied the optimized 

LAMP conditions for amplification. Post-reaction, we 
analyzed the amplification outcomes through agarose 
gel electrophoresis to establish the LAMP amplification’s 
minimum detection threshold.

Optimization of reaction time and temperature in the 
CRISPR-Cas12a fluorescence assay
To develop a CRISPR-Cas12a fluorescence assay for 
detecting TGEV, the N gene sequences of 30 TGEV 
strains were downloaded from GenBank. Afterward, 
Meglign software was utilized to analyze these sequences 
for comparison, and the most conserved regions of the 
N gene sequences were selected as the detection targets. 
The LAMP amplification products were used as tem-
plates, ddH2O was used as negative control. The reaction 
setup included: 2 µL NEB Buffer 2.1, 1 µL RNA inhibitor, 
1 µL target gene, 1 µL crRNA (500 nM), 13 µL RNase-
Free ddH2O, 1 µL probe (250 nM), and 1 µL Cas12a (250 
nM). A gradient from 10 to 40  min was applied, with 
increments every 5  min, and a temperature range of 
31–43 °C, with increments every 2 °C. The reaction took 
place in a water bath, the reaction products were photo-
graphed under a UV lamp to record the results. Subse-
quently, the results underwent fluorescence quantitative 
PCR instrument (Thermo Fisher Scientific, Shanghai, 
China) analysis for determining the optimal reaction 
time.

Sensitivity of the CRISPR-Cas12a fluorescence assay
Recombinant plasmid pCI-neo-N was 10-fold isodiluted 
to 109-100 copies/µL, followed by LAMP amplification 
and cleavage using the optimized CRISPR-Cas12a fluo-
rescence assay. After the reaction, fluorescence intensity 
was visualized under UV light and quantified using a 
fluorescence measurement device to determine the mini-
mum detection limit of the assay.

Optimization of probe concentrations in the CRISPR/
Cas12a lateral-flow dipstick assay
The lateral-flow dipsticks used in the assay were procured 
from Tiosbio (Beijing, China). Probe concentrations were 
fine-tuned to establish the probes’ minimum detection 
threshold. The reaction system comprised various probe 
final concentrations: 1000 nM, 300 nM, 150 nM, 75 
nM, and 30 nM, respectively. To create a 20 µL reaction 
product with RNase-Free ddH2O, 750 nM Cas12a, 1 nM 
crRNA, 2 µL NEB Buffer 2.1, 0.5 µL RNA inhibitor, and 
2 µL LAMP product were employed. Post-reaction, 5 µL 
of the product was taken, brought to 50 µL with RNase-
Free ddH2O, and thoroughly mixed. Utilizing test strips, 
results were determined following the same method as 
our previously established approach [32].

Table 2 Sequence of LAMP primers for the N gene of TGEV
Primer Name Primer sequence(5΄-3΄)
TGEV-J1-F3 CTAAGAATGAAAACAAACACACC
TGEV-J1-B3 TCCTTTGAAGTCCAATAGCT
TGEV-J1-FIP AATTGGCTGAACTGCTTCTAGCGAGAACTGCAGGTA-

AAGGTG
TGEV-J1-BIP GGAGCAGTGCCAAGCATTACCCAAACAGAATGCTAGA-

CAC
TGEV-J2-F3 AACAACAGCAACGCTCTC
TGEV-J2-B3 GGGTAATGCTTGGCACTG
TGEV-J2-FIP CCAGGTGTGTTTGTTTTCATTCTTTAAAGAACGTAGTA-

ACTCTAAGACA
TGEV-J2-BIP TGCAGGTAAAGGTGATGTGAC

AACATTGGCAACGAGGTCAG
TGEV-J3-F3 AGTCACGTTCACACACAA
TGEV-J3-B3 TGTGTCATCAAACACATCTG
TGEV-J3-FIP ACGAGCATAGGCATTAATCTGCACTTGCCAAAGGAT-

GATCC
TGEV-J3-BIP CAGAAGTGGCAAAAGAACAGAGAAAAATGCATCAG-

GTACCACAT
TGEV-W1-F3 TGACAAGATTTTATGGAGCTAGA
TGEV-W1-R3 TGGTATTTGTGTGTGAACGT
TGEV-W1-FIP GTAATGCTTGGCACTGCTCCGCAGTTCAGCCAATTTTGG
TGEV-W1-BIP CTGAATGTGTTCCATCTGTGTCTGACTTCTATCTGGTCGCC
TGEV-W2-F3 GAGCAGTGCCAAGCATTA
TGEV-W2-B3 GGCATTAATCTGCTGAAGG
TGEV-W2-FIP TGAAGTCCAATAGCTTCCAAACAGCCCACAACTGGCT-

GAATG
TGEV-W2-BIP AGGAAGATGGCGACCAGATAGAATTGTCCAGTCTTAG-

GATCA
TGEV-W3-F3 AACAACAGCAACGCTCTC
TGEV-W3-B3 GGGTAATGCTTGGCACTG
TGEV-W3-FIP CCAGGTGTGTTTGTTTTCATTCTTTAAAGAACGTAGTA-

ACTCTAAGACA
TGEV-W3-BIP TGCAGGTAAAGGTGATGTGACAACATTGGCAACGAG-

GTCAG

Table 3 N gene qPCR identification primers for TGEV
Primer Name Primer Sequence
TGEV-qPCR-F1 CCATAACCCTCCAGCAAG
TGEV-qPCR -R1 AGCACCACGACTACCAAG
TGEV-qPCR -F2 AGGTAATAGGGACCAACA
TGEVq-PCR-R2 CAGTGCCTAAGTAGTAGAAGA
TGEV-qPCR -R3 TATCTGGTCGCCATCTTC
TGEV-qPCR -F4 CCCCATAACCCTCCAGCAA
TGEV-qPCR -R4 TGGCAACCCAGACAACTCC
TGEV-qPCR -F5 AGCAGTGCCAAGCATTACC
TGEV-qPCR -R5 ATCTGGTCGCCATCTTCCT
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Sensitivity of the CRISPR/Cas12a lateral-flow dipstick assay
The plasmid pCI-neo-N recombinante was isodiluted 
10-fold to 109-100 copies/µL and subjected to LAMP 
amplification. Later, 5 µL of the product was diluted to 
50 µL with ddH2O and loaded into a lateral-flow dip-
sticks. The results were then observed after a few minutes 
to establish the lowest detection limit of the CRISPR/
Cas12a lateral-flow dipsticks assay.

Specificity of CRISPR/Cas12a lateral-flow dipstick assay and 
CRISPR-Cas12a fluorescence assay
pCI-neo-N, PEDV, PCV2, PCV3, PCLV, PRRSV, and 
PPV (amplified through PCR and confirmed positive 
by sequencing with sensitivity falling within the detec-
tion range) were employed as test samples for specific-
ity assessment, ddH2O was used as a negative control. 
Amplification was conducted following the optimized 
CRISPR-Cas12a fluorescence assay, with fluorescence 
intensity inspection under UV light post-reaction. Fluo-
rescence values were measured using fluorescence quan-
tification equipment to ascertain the specificity of the 
CRISPR-Cas12a fluorescence assay. The specificity of 
the CRISPR/Cas12a lateral-flow dipstick assay was also 
validated by evaluating the Colours development on test 
strips.

Evaluation of the CRISPR-Cas12a fluorescence assay and 
lateral-flow dipstick assay using clinical samples
We assessed the effectiveness of the CRISPR-Cas12a 
fluorescence assay and the lateral flow dipstick assay by 
isolating viral nucleic acids from 13 fecal samples. The 
samples were diluted in PBS, washed, and then trans-
ferred to a sterile EP tube followed by centrifugation at 
8500  rpm for 3  min, the supernatant was taken. Sub-
sequently, 200 µL of the supernatant was mixed with 
20 µL of Proteinase K and 200 µL of Carrier RNA, and 
then vortexed for 15 s. After adding 250 µL of anhydrous 
ethanol and leaving the mixture at room temperature for 
5  min, the solution was transferred into an RNase-Free 
column, followed by centrifugation and discarding the 
waste solution. Buffer GD and rinsing solution PW were 
added, and after centrifugation and discarding the waste 
solutions, anhydrous ethanol was added and the process 
was repeated. Lastly, the adsorbent column was moved 
to a clean RNase-Free centrifuge tube, and the viral 
RNA were collected at 12,000 r/min. Clinical samples 
were then tested using the CRISPR-Cas12a fluorescence 
assay, the CRISPR/Cas12a lateral-flow dipstick assay, and 
RT-PCR.
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