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Abstract
In this study, a speci�c and simple method based on the dual priming oligonucleotide (DPO) system was
developed to simultaneously detect transmissible gastroenteritis virus (TGEV), porcine epidemic diarrhea
virus (PEDV), porcine rotavirus A (PRV-A), porcine delta coronavirus (PDCoV), and swine acute diarrhea
syndrome coronavirus (SADS-CoV), associated with the major enteric RNA viruses in pigs. The multiplex
RT-PCR method based on the DPO system simpli�ed the primer design and did not require optimization of
the annealing temperature. Speci�city analysis revealed that the method could speci�cally detect TGEV,
PEDV, PRV-A, PDCoV, and SADS-CoV without any cross-ampli�cation of other circulating swine viruses.
The limit of detection of the method was as low as 103–104 copies/μL plasmid of each virus. The
method also had good repeatability, and obvious results were seen in three repeat experiments with an
interval of 45 days. This optimized multiplex RT-PCR method was used to evaluate 181 clinical swine
samples that were collected from four provinces of China between September 2016 and August 2018.
The results showed that the positive detection rates of PEDV, PDCoV, SADS-CoV, PRV-A, and TGEV were
30.94% (56/181), 17.67% (32/181), 11.6% (21/181), 9.39% (17/181), and 0.55% (1/181), respectively.
Mixed infection of two or more viruses was also common. The DPO system-based multiplex RT-PCR
could be a useful tool for detecting enteric virus infections. This method has the advantages of easy
operation, low cost, high detection e�ciency, and short running time for early diagnosis in clinical cases.

Key Points
1. Swine enteric viruses that cause diarrhea caused enormous losses.

2. Rapid, sample and e�cient detection methods are critical for diagnosis.

3. Mixed infection of enteric viruses is common in the pig industry.

Introdution
Diarrhea, especially viral diarrhea, seriously endangers the pig industry throughout the world; it is
characterized by acute diarrhea, dehydration, and high mortality in the early stage of suckling piglets, and
it results in severe economic losses in the global pig industry (Zhang et al., 2016). Transmissible
gastroenteritis virus (TGEV), porcine epidemic diarrhea virus (PEDV), and porcine rotavirus A (PRV-A) are
currently the most signi�cant pathogens that cause diarrhea in piglets (Ding et al., 2020). In recent years,
some coronaviruses have emerged or reemerged in the pig industry. Variant strains of PEDV were
discovered in China in 2010, with a 100% death rate for piglets younger than 1 week old (Li et al., 2012).
Porcine deltacoronavirus (PDCoV) was �rst detected in pig feces in Hong Kong in 2012 (Woo et al., 2012);
subsequently, this virus spread, causing severe diarrhea and/or vomiting and atrophy in pigs in the United
States (Li et al. 2014). In 2017, a novel swine enteric alphacoronavirus (SeACoV)—causing acute
vomiting, watery diarrhea, and high mortality of newborn-piglets—was �rstly reported in China (Gong et
al., 2017; Pan et al., 2017). It was also named the porcine enteric alphacoronavirus (PEAV) (Xu et al.,
2019) or the swine acute diarrhea syndrome coronavirus (SADS-CoV) (Zhou et al., 2018). For the sake of
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consistency, the term SADS-CoV is used to refer to this newly-emerging virus in current research (Yang et
al., 2019).

These �ve swine enteric viruses cause similar clinical symptoms, and it is common for swine to be
infected with two or more pathogens at the same time (Zhou et al., 2019), which makes clinical diagnosis
di�cult. Some detection methods, such as virus isolation and indirect immuno�uorescence assay, are
applied to detect viruses, but those methods are time-consuming and costly (Ding et al., 2020). Although
polymerase chain reaction (PCR) is widely used in virus detection, as it is suitable for detecting large-
scale samples, its disadvantages include di�culty in optimizing reaction conditions and weak speci�city
in the multiplex PCR reaction (Zhang et al., 2019; Zhou et al., 2019).

To solve these problems, a novel technology—dual priming oligonucleotide (DPO)—was developed. The
DPO contains two separate priming regions joined by a polydeoxyinosine linker that assumes a bubble-
like structure and is not involved in priming (Chun et al., 2007). The polydeoxyinosine linker confers the
distinct annealing properties of the two priming regions. This structure makes the annealing temperature
of primers insensitive, eliminating the need to optimize the annealing temperature of primers (Chun et al.,
2007). The two priming regions are a longer 5’-segment that initiates stable priming and a shorter 3’-
segment that determines target-speci�c extension (Chun et al., 2007). The advantage of DPO-based PCR
reaction is the effective prevention of the ampli�cation of non-speci�c templates. DPO technology has
been applied to multiplex PCR and SNP-genotyping PCR of viruses or bacteria and has demonstrated the
advantages of high sensitivity and speci�city (Fan et al. 2017; Kim et al. 2008; Ma et al., 2015; Xu et al.,
2015). Of the available PCR methods based on a DPO system to detect swine enteric viruses, none of
them can differentiate these �ve viruses in one test.

In this study, we developed a DPO system-based multiplex RT-PCR assay for the differential detection of
TGEV, PEDV, PRV-A, PDCoV, and SADS-CoV in the same reaction vial. This method simpli�ed the primer
design and had high sensitivity and speci�city. Additionally, 181 swine intestinal samples taken in 2016–
2018 in South China were analyzed. The results provided a detailed condition of mixed diarrhea
infections; this will help formulate effective strategies to prevent diarrhea in piglets.

Material And Methods
Viruses and clinical specimens

TGEV, PEDV, PDCoV, and SADS-CoV were previously isolated and identi�ed by our laboratory and
preserved at −80℃ (GenBank accession number: DQ811788, AF353511, KY363867, MG605090). The
VP7 of PRV-A (pig/China/NMTL/2008 G9P[23] strain, Accession number: JF781163) was synthesized by
Beijing Qingke Biotechnology. A total of 181 swine intestinal samples were collected from commercial
pigs with symptoms of diarrhea in the Guangdong, Guangxi, Jiangxi, and Fujian provinces in China
between April 2016 and November 2018.

Primer design
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The whole genome of �ve enteric viruses retrieved from GenBank were aligned using Megalign software
(DNAStar V7.0, Madison, WI, USA). Based on the well-conserved region of the whole genome sequence, a
set of �ve speci�c DPO primers (Table 1) targeting the N gene of TGEV, PEDV, PDCoV, and SADS-CoV, as
well as the VP7 gene of PRV-A, was designed. The information concerning the primers is shown in Table
1. The primers were calibrated to the �nal concentration of 10 μM and stored at −20℃.

RNA extraction, reverse transcription, and construction of recombinant plasmids for standard

Viral RNA samples were extracted using Trizol reagent (Axygen, China), according to the manufacturer’s
instructions. RNA was eluted into RNAse-free ddH2O and stored at −80 °C until use. In this study, reverse
transcription reactions of extracted RNA were performed with a PrimeScript™ 1st Strand cDNA Synthesis
Kit (TaKaRa, Dalian, China).

The target fragment was obtained with normal primer and cloned into a pMD19-T vector (Takara, Dalian,
China). The recombinant vector was transformed into DH5α Escherichia coli cells and shaken overnight
at 37℃; the cells were then puri�ed with plasmid Mini Kit2 (Omega BioTek, USA), according to the
manufacturer’s recommendations (Takara, Dalian, China). The positive recombinant plasmids were
con�rmed through sequencing analysis (Takara, Dalian, China). The recombinant plasmid concentrations
were measured with UV spectrophotometry (NanoDrop one) and converted into copy numbers. The
plasmid DNA was stored at −80℃ until further use.

The reaction of the DPO system-based multiplex RT-PCR

Before the DPO system-based multiplex RT-PCR was established, a single RT-PCR of the DPO system-
based assay for �ve viruses was established. The 50 μL consisted of the following: 25μL of 2×Accurate
Taq Master Mix, 22 μL RNase free water, and 1μL of DPO system set (10 μM) for each 1 μL of plasmid
DNA template. The PCR condition was as follows: 94°C for 30 s, followed by 35 cycles of 10 s at 98°C, 30
s at 55°C, 40 s at 72°C, and with a �nal extension at 72°C for 2 min. Amplified products were analyzed
with 1.5% agarose gel electrophoresis.

For the DPO system-based multiplex RT-PCR assay, a single PCR assay was �rst established with the
primer sets for TGEV. Then, different concentrations of PEDV, PDCoV, and SADS-CoV primer sets were
added successively to the multiplex reaction system. The optimized primer concentration was directly
applied to the reaction optimization of the subsequent virus. Finally, the PRV-A primer pair was added to
the �nal multiplex PCR assay to optimize the primer concentration. In order to obtain better results for the
multiplex PCR, the primer concentration and annealing temperature were optimized. PCR products were
visualized on a 1.5% agarose gel.

Speci�city of the DPO system-based multiplex RT-PCR

The speci�city of the DPO system-based multiplex RT-PCR was assessed in three steps. First, a single pair
of the DPO primer was used to amplify the mixture of the �ve plasmid templates. Second, the mixture of
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the �ve DPO primers was used to amplify the templates of the �ve plasmid templates. Third, the
speci�city of the DPO system-based multiplex RT-PCR assay was evaluated through testing of the
ampli�ed products of porcine reproductive and respiratory syndrome virus (PRRSV), atypical porcine
pestivirus (APPV), Seneca Valley virus (SVV), porcine circovirus 3 (PCV3), porcine respiratory coronavirus
(PRCV), porcine teschovirus (PTV), and porcine parvovirus (PPV). The nuclease-free water served as a
negative template.

Sensitivity of the DPO system-based multiplex RT-PCR

To analyze the sensitivity of the established DPO system-based multiplex RT-PCR, the standard plasmids
of TGEV, PEDV, PDCoV, SADS-CoV, and PRV-A that were prepared above were diluted in RNAse-free ddH2O.

The initial concentrations of the �ve standard plasmids were 8.88 × 108 copies/μL, 6.84 × 108 copies/μL,
7.47 × 108 copies/μL, 6.12 × 108 copies/μL, and 6.51 × 108 copies/μL, respectively. The plasmid mixtures
from the �ve viruses were used as templates for PCR ampli�cation within the DPO system-based
multiplex reaction system. In addition, the sensitivity of each RT-PCR of the DPO system-based assay for
the �ve viruses was evaluated with diluted plasmids. The plasmid of each virus was added to a single RT-
PCR reaction of the DPO system as a template for ampli�cation.

Reproducibility of the DPO system-based multiplex RT-PCR

To evaluate the stability of the DPO system-based multiplex RT-PCR method and to eliminate the random
error of single experimental results, multiple experiments were carried out on the basis of the optimized
reaction conditions. Three repeated experiments were carried out with an interval of 45 days. Each time,
three batches of plasmids were selected and mixed for DPO system-based multiplex RT-PCR reactions.

Detection in clinical samples

A total of 181 swine intestinal samples were collected from the Guangdong, Guangxi, Jiangxi, and Fujian
provinces in China between September 2016 and August 2018. All samples were diluted threefold with
phosphate-buffered saline (PBS) using a vortex machine and were centrifuged at 4000×g 4℃ for 15 min.
The total RNA of the intestinal samples was extracted and then prepared as cDNA using a reverse
transcription with random primers. Then, all cDNA were measured with the DPO system-based multiplex
RT-PCR assay in this study.

Results
Establishment of the single RT-PCR of the DPO system-based assay

The speci�c ampli�cations of SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A were observed at the expected
sizes of 586, 472, 361, 263, and 123 bp (Fig. 1), respectively. No other miscellaneous bands were
produced, indicating the reliability and the speci�city of the DPO primer sets. The accuracy of the
ampli�ed product was further con�rmed with sequencing analysis.
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Establishment of the DPO system-based multiplex RT-PCR

First, the optimal concentration of DPO primers for TGEV was determined (Fig. 2). Then, under the
optimal working concentration of TGEV DPO primers, different concentrations of PEDV DPO primers were
added in order to determine the best working concentration of PEDV DPO primers (Fig. 2). Thereafter, the
DPO primer concentrations of PDCoV, SADS-CoV, and PRV-A were successively optimized according to
the above methods. Finally, the optimal working concentration of DPO primers for the �ve viruses in the
multiplex RT-PCR was determined (Fig. 2). The best �nal concentration of mixed DPO primers was as
follows: 0.2 μM for TGEV, 0.3 μM for PEDV, 0.2 μM for PDCoV, 0.4 μM for SADS-CoV, and 0.4 μM for PRV-
A.

Comparison of annealing temperatures between DPO-based primers and conventional primers

In a comparison of DPO primers with conventional primers, it was found that DPO primers have a wide
range of effective annealing temperatures (Fig. 3a), with no signi�cant differences in bands, while
conventional primers have the best annealing temperature (Fig. 3b). These results show that DPO primers
were not sensitive to annealing temperature.

Speci�city of the DPO system-based multiplex RT-PCR

The speci�city of the DPO system-based multiplex RT-PCR was determined by amplifying the mixture of
the SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A template with a single pair of DPO primers. Each pair of
DPO primers produced bands corresponding to the expected size (Fig. 4a), and no other non-speci�c
bands were present. A mixture of the �ve pairs of DPO primers was used to amplify each virus template.
The results of the agarose gel electrophoresis showed DPO system-based multiplex RT-PCR ampli�cation
for each band containing SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A (Fig. 4b). With the DPO system-
based multiplex primers, other common swine viruses—such as PRRSV, APPV, SVV, PCV3, PRCV, PTV, and
PPV virus cDNA—did not produce any bands (Fig. 4c).

Sensitivity of the DPO system-based multiplex RT-PCR

In order to evaluate the sensitivity of the DPO system-based multiplex RT-PCR detection method, the
sensitivity of a single RT-PCR of the DPO system-based assay for each virus was established. For the
single RT-PCR, the limits of SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A were 6.12×104 copies/μL,
8.88×103 copies/μL, 6.84×103 copies/μL, 7.47×103 copies/μL, and 6.51×103 copies/μL (Fig. 5a),
respectively. With the multiplex RT-PCR based on the DPO system, the sensitivities of SADS-CoV, TGEV,
PEDV, PDCoV, and PRV-A were 6.12×104 copies/μL, 8.88×103 copies/μL, 6.84×103 copies/μL, 7.47×103

copies/μL, and 6.51×104 copies/μL (Fig. 5b), respectively.

Reproducibility of the DPO system-based multiplex RT-PCR

To evaluate the reproducibility of the DPO system-based multiplex RT-PCR, three repeat experiments were
conducted with an interval of 45 days (Fig. 6). The experimental results showed that the three samples of
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the different batches have good repeatability; each batch of samples displayed consistent target bands,
which shows that the method is repeatable.

Detection in the clinical samples

To evaluate the DPO system-based multiplex RT-PCR for detecting virus infection in swine, 181 swine
intestinal samples collected from four provinces in South China were assayed as well as con�rmed by an
RT-PCR method. The results showed that SADS-CoV (11.6%, 21/181), PEDV (30.94%, 56/181), PDCoV
(17.67%, 32/181), PRV-A (9.39%, 17/181), and TGEV (0.55%, 1/181) existed in pig herds, and these were
consistent with the single RT-PCR (Table 2). Coinfection of two or more viruses was also common, with
such combinations as SADS-CoV+PEDV, SADS-CoV+PDCoV, PEDV+PDCoV, PEDV+PRV-A, PDCoV+PRV-A,
SADS-CoV+PEDV+PDCoV, SADS-CoV+PEDV+PRV-A, and SADS-CoV+PEDV+PDCoV+PRV-A. PEDV had the
highest positive rate at 30.94% (56/181). TGEV had the lowest positive rate at 0.55% (1/181). The cases
of co-infection of PEDV and PDCoV were more with the rate of 9.39% (17/181) (Supplemental Table S1).

Discussion
Diarrheal virus infection causes diarrhea, high mortality in piglets, and tremendous economic losses for
swine farms worldwide. All swine enteric viruses—including TGEV, PEDV, PRV-A, and new variant strains
PDCoV and SADS-CoV(Bevins et al. 2018; Gong et al. 2017; Pan et al. 2017; Zhang et al. 2015; Zhao et al.
2019)—could seriously endanger the development of the pig industry, especially in terms of newborn
piglets. The symptoms caused by the above mentioned �ve viruses are similar, so it is di�cult to
determine the causative pathogen in clinical diagnosis. Moreover, relatively few studies examine newly-
epidemic diseases. Therefore, a rapid, speci�c, and low-cost detection method is sorely needed for the
surveillance of diarrhea viruses.

In recent years, the methods of conventional RT-PCR, multiplex RT-PCR, and multiplex RT-qPCR targeting
conservative regions were developed (Ding et al., 2020; Huang et al., 2019). The method based on RT-
qPCR has certain shortcomings, such as high cost and high requirements for instruments, and many
laboratories are unable to acquire the relatively expensive qPCR machine. Multiplex RT-PCR can
simultaneously detect multiple pathogenic nucleic acids in one reaction tube, which improves detection
e�ciency; however, in traditional multiple RT-PCR systems, the formation of dimers between multiple
primers and the mismatch of primers and templates affect the sensitivity and the speci�city of the
detection method (Ma et al., 2015).

As a new primer design method, DPO primers have a special structure that makes it di�cult to form a
secondary structure, so primers do not need to be screened in the experiment. Additionally, the structure is
insensitive to the annealing temperature and does not require optimization of the annealing temperature,
which simpli�es the primer design and the experimental steps, improves the detection e�ciency, and
provides new prospects for application of multiple PCR technology. To our knowledge, no previous
method based on the DPO system has been developed to detect and distinguish TGEV, PEDV, PRV-A,
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PDCoV, and SADS-CoV simultaneously in one tube. Thus, we developed the DPO system-based multiplex
RT-PCR for detection and differential diagnosis of �ve diarrhea viruses in pig herds.

The DPO system-based multiplex RT-PCR detection method established in this study can achieve e�cient
ampli�cation of target genes in the annealing temperature range of 40–60℃. Optimization of the
annealing temperature is not necessary, compared to conventional PCR primers. The result of the
experiment can be obtained in a mere three hours. The speci�city of the test was evaluated in three ways.
The results demonstrated that each DPO primer can only detect the target gene itself and cannot detect
non-speci�c fragments; this is consistent with a previous study, which showed that the DPO system
prevents non-speci�c ampli�cation without inhibiting the effective ampli�cation of the target band (Chun
et al., 2007). The sensitivity results showed that the limit of two target genes in the DPO system-based
multiplex RT-PCR was lower than in the single RT-PCR. Competition may occur among primers, templates,
and reagents. In detection in clinical samples, the coincidence rate of the two methods was 100%.

According to this study’s test results, PEDV (30.94%, 56/181) was still the primary cause of swine
diarrhea in South China, which was consistent with previous studies (Sun et al., 2012; Zhou et al., 2018).
Swine viral diarrhea may be caused by one virus but also by a mixture of several viruses. Zhou et al.
reported that coinfections of swine enteric viruses were common in pig farms in China (Zhou et al., 2018).
We con�rmed mixed infections of two or more viruses in clinical practice. Among the mixed infections,
the coinfection rate of PEDV and PDCoV (9.39%, 17/181) was the highest, followed by PEDV and SADS-
CoV (7.18%, 13/181). The current investigation showed that SADS-CoV was only detected in Guangdong,
but not in other areas; previous studies found it to exist in Fujian (Li et al. 2018), so it is necessary to
strengthen the monitoring of SADS-CoV to prevent it from spreading to other areas. Previous studies have
shown that the coronavirus has extensive in vitro host tropism and can infect a variety of cell lines
(Edwards et al. 2020; Luo et al. 2020; Yang et al. 2020; Yang et al. 2019). At the same time, mixed
infections may lead to recombinations between viruses and changes in the virulence of the virus (Akimkin
et al., 2016; Ding et al., 2020). This highlights the importance of identifying multiple co-occurring virus
infections.

In summary, we developed a DPO system-based multiplex RT-PCR with high speci�city and high detection
e�ciency for application in epidemiological studies, laboratory diagnosis, and surveillance of SADS-CoV,
TGEV, PEDV, PDCoV, and PRV-A. Moreover, the established method can be applied to the clinical
differential diagnosis of mixed infections for early diagnosis in clinical cases.
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Table 1 Details of the conventional primers and the DPO primers used in this study
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Virus Gene Type Sequence (5′→3′) Amplicon

TGEV N Ca Fc: GGTGGTTCTTCTACTACTTAGGTACTGGACCTCATG 472

Rd: ACATCACCTTTACCTGCAGTTCTCTTCCAGGTGTG

DPOb F: GGTGGTTCTTCTACTACTTAGGIIIIIeGACCTCATG
R: ACATCACCTTTACCTGCAGTTIIIIICCAGGTGTG

PEDV N C F: GGTGAGCGAATTGAACAACCTTCCAATTGGCATTTC 361
R: GACCCTGGTTATTTCCACGATTCTGTGAATTACCAC

DPO F: GGTGAGCGAATTGAACAACCTTCIIIIIGGCATTTC
R: GACCCTGGTTATTTCCACGATTCTIIIIITTACCAC

PRV-A VP7 C F: CTCCTTTTAATGTATGGTATTGAATATACCACAG 123
R: AAGAAATCTATAAATTATAAAGTCCATCGCACTAG

DPO F: CTCCTTTTAATGTATGGTATTIIIIITACCACAG
R: AAGAAATCTATAAATTATAAAGIIIIICGCACTAG

PDCoV N C F: TCAACGCTAGAGGAAGACCTCAGGAGCGTGGAAGTG 263
R: CATGATGCGAGGATCAGCCATACCCGTCTTCTCAG

DPO F: TCAACGCTAGAGGAAGACCTCAGIIIIITGGAAGTG
R: CATGATGCGAGGATCAGCCATAIIIIICTTCTCAG

SADS-CoV N C F: GACCTGACTGTTGTTGAGGTTACTTCTAGAAGTGC 586
R: TCCTAATTTGACTGGGTTTAGAGTAAGCCGAGACT

DPO F: GACCTGACTGTTGTTGAGGTTAIIIIIAGAAGTGC
R: TCCTAATTTGACTGGGTTTAGAIIIIICCGAGACT

a C means conventional primer
b DPO means dual priming oligonucleotide
C F: forward primers
d R: reverse primers
e I means deoxyinosine
 
Table 2 Clinical application of the conventional RT-PCR and DPO system-based multiplex RT-
PCR detection method
Detection
method

SADS-
CoV

TGEV PEDV PDCoV PRV-A Coincidence rate of
detection method/%

RT-PCR 11.6%
(21/181)

0.55%
(1/181)

30.94%
(56/181)

17.67%
(32/181)

9.39%
(17/181)

100%

DPO RT-
PCR

11.6%
(21/181)

0.55%
(1/181)

30.94%
(56/181)

17.67%
(32/181)

9.39%
(17/181)

 

Figures
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Figure 1

Development of a single DPO RT-PCR assay for detection of SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A.
M, Marker; Lane 1, SADS-CoV; Lane 2, TGEV; Lane 3, PEDV; Lane 4, PDCoV; Lane 5, PRV-A
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Figure 2

Optimization of the DPO system-based multiplex RT-PCR primer concentration. Lanes 1−8 represent the 8
primer concentrations 0.025 μM, 0.05 μM, 0.1 μM, 0.2 μM, 0.3 μM, 0.4 μM, 0.5 μM, and 0.6 μM; lane 9
represents negative control (N)

Figure 3

Annealing temperature optimization comparison between DPO primers and conventional primers. Lanes
1−6 represent 40℃, 44℃, 48℃, 52℃, 56℃, 60℃, for a gradient with 6 temperatures; Lane 7 represents
negative template (N). (a): DPO primer annealing temperature optimization test; (b): Normal annealing
temperature optimization test for primers
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Figure 4

Detection speci�city of SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A by the DPO system-based multiplex
RT-PCR. (a): A single pair of the DPO primer was used to amplify the mixture of the �ve plasmid
templates. (Lanes 1−6: SADS-CoV, TGEV, PEDV, PDCoV, PRV-A, and negative control). (b): The mixture of
the �ve DPO primers was used with each of the �ve plasmid templates individually, for ampli�cation
(Lanes 1−6: SADS-CoV, TGEV, PEDV, PDCoV, PRV-A, and negative control). (c): Detection of the other
diarrhea viruses (Lanes 1−9: positive control (P), PRRSV, APPV, SVV, PCV3, PRCV, PTV, PPV, and negative
template)
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Figure 5

Detection sensitivity of SADS-CoV, TGEV, PEDV, PDCoV, and PRV-A by the DPO system-based multiplex
RT-PCR. (a): Standard plasmids of TGEV, PEDV, PDCoV, SADS-CoV, and PRV-A were diluted tenfold to a
�nal concentration between 108 copies/μL and 101 copies/μL. The cDNAs were ampli�ed with speci�c
DPO primer sets. (b): The standard plasmids of each virus were incorporated after dilution and then
added to a tube containing the DPO primer mixture for PCR ampli�cation

Figure 6

Repeatability experiment of the DPO system-based multiplex RT-PCR. Three repeated experiments were
carried out, with an interval of 45 days. (a): The �rst repetition; (b): The second repetition; (c): The third
repetition
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