
GUILI LI et al: A STUDY ON GENETIC VARIATIONS OF ORF3 OF PORCINE EPIDEMIC DIARRHEA VIRUS … 

DOI 10.5013/IJSSST.a.17.48.04                                    4.1                 ISSN: 1473-804x online, 1473-8031 print 

A Study on Genetic Variations of Orf3 of Porcine Epidemic Diarrhea Virus Isolated 
from Different Regions in Sichuan China in 2013/14 

Guili Li 1, Yin Wang 1, Xueping Yao 1, Ling Hu 1, Lirui Li 2 

 Bo Wang 1, Ranyang Ren 1, Zexiao Yang 1 

 

1. College of Veterinary Medicine, Sichuan Agricultural University, Yaan 625014, China; 
2. Chengdu Provincial Center for Animal Disease Prevention and Control, Chengdu 610041, China 

 

Abstract — Positive samples had been detected by RT-PCR, which were stored at the laboratory from Suining, by Pengshan et al in 
Sichuan province from 2013 to 2014. Pairs of premiers were designed to amplify and clone the ORF3 gene and the products had 
been sequenced. The results were compared with other PEDV ORF3 sequences which had been uploaded in the Genbank and 47 
sequences included all of the above. Sequence analysis results showed that the homology compared the samples with the others 
were 89.5%-99.7%, especially high in 2013-2014. But it had more differences in CV777 which was caused by vaccine virus. The 
analysis of the PEDV ORF3 gene sequences provided more reference to the update of the vaccine. 
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Ι. INTRODUCTION 
 
Porcine epidemic diarrhea (PED) which is caused by 

porcine epidemic diarrhea virus (PEDV) is characterized by 
watery diarrhea, vomiting and dehydrating especially high 
deadly in piglet. The disease is prevalent in all over the 
world particularly in Europe and Asia [1]. Recently, the 
PEDV is the most serious virus in diarrhea in China, and the 
infecting rate is above the Rotavirus （ ARV ）  and 
Transmissible gastroenteritis virus(TGEV) obviously which 
are both caused the diarrhea in porcine[2][3]. 

PEDV which is belongs to Coronaviridae family, 
Coronavirinae subfamily, Alphacoronavirus genus, is an 
enveloped single-stranded RNA virus whose genome is 
about 28033nt in all. The genome is comprised of 7 open 
reading fame(ORF) at least, and encode four structural 
proteins (spike [S], envelope [E], membrane [M], and 
nucleocapsid [N]) and three non-structural ORFs (replicase 
polyproteins 1a and 1a/b, and ORF3). ORF3 is a 
non-structural genome which is located in 116-784 
nucleotides in genome and encode about 223-224 aminos 
that relate to the virulence of the virus [4]. At least 3 
variable regions in ORF3 including a short deletion 
which is found in different isolate strain. Although the 
variation of the ORF3 is closely related to the virulence 
was not ensured yet, the ORF3 gene has been suggested as 
an important determinant for PEDV biological properties. 4 
typical PEDV positive samples were cloned and sequenced 
which were collected by Sichuan Agricultural University 
animal quarantine laboratory in Sichuan province by 
RT-PCR in the study. The results were analysis compared 
with the other 47 genomes published in GenBank in 
different time and area, and we expect that what we have 
done could do a little bit use in PEDV development. 

 
 
 
 
 

Ⅱ.MATERIALS AND METHODS 
 
A. Reagents and Samples 

 
The samples were stored by Sichuan Agricultural 

University animal quarantine laboratory that delivered by 
Sichuan Suining and Pengshan et al. All the positive 
samples were detected by government standard. 

RNAiso Plus, PrimeScriptTMRT reagent kit, pMD 19-T 
Vector were provided by the TaKaRa Biotechnology(Dalian) 
Co. , Ltd. 2×Taq PCR Master Mix, Mini Elute Gel Extration 
Kit and TIANamp Virus DNA/RNA Kit were provided by 
the TIANgen Biotech(Beijing) Co., Ltd. DH5α competent 
cells was stored at Sichuan Agricultural University animal 
quarantine laboratory. 

 
B. Primers 

 
A pairs of primers were designed according to the 

published PEDV ORF3 sequence in GenBank. And both of 
the primers were prepared by the TaKaRa Biotechnology 
(Dalian) Co., Ltd.  

TABLE Ι. PRIMERS 

Primer name          Sequences             Product size
（bp）    
ORF3 P1     TCCACGTGCAGTGATGTT         687      
ORF3 P2   TCATTCACTAATTGTAGCAT 

 
 
C.RNA extraction and RT-PCR 

 
The intestinal tract or faeces of the infected porcine 

were cut into pieces and diluted 5 times by sterilized PBS. 
And then the samples were frozen and thawed for 3 times to 
obtain the sample liquids. Next, the samples were 
centrifuged by 8000r/min for 5min and the supernates were 
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used to extract the RNA according to the TIANamp Virus 
DNA/RNA Kit. The products were stored at -20 . 

2μL RNA were used to inverse into cDNA according to 
the PrimeScriptTMRT reagent kit. The procedure was 37  
15min and 85  5s. After that, 20μL reaction system was 
built for PEDV RT-PCR with 10µL 2×Taq PCR MasterMix, 
1.5μL primers (ORF3 P1/P2), 2μL cDNA templates and 
5μL ddH2O. The procedure was 94  for 4min, followed by 
35 cycles at 94 for 45s, 55 for 45s, 72  for 1min, and 
72 for 10min. 5μL of PCR products were analyzed in a 
1.0% agarose in TAE Buffer gel containing 0.5 mg/mL 
GreenView through electrophoresis, which was then 
photographed under a UV imaging system (Bio-Rad). 

 
D. Clone and sequence 

 
The correct brands of the objective genome were 

retrieved by Mini Elute Gel Extration Kit and the products 
were connected to vector pMD19-T for over a night in 16 . 
Next, the connected products were translated into DH5α 
competent cells to be amplified. After the recombinant 
plasmids were identified by PCRs(using ORF3 P1/P2 and 
pMD-19-T P1/P2 as primers, respectively), the recombinant 
cells were send to be sequenced. 

 
 

E. Sequence Analysis And Evolutionary Tree Analysis 
 
MegAlign was applied to comparing the 4 objective 

fragments with the other 47 ORF3 sequences published in 
GenBank yet in various time and districts. Lastly, the 
phylogenetic tree was established to analysis the evolution 
of the gene of the ORF3. 

 

Ⅲ. RESULTS 
 
A. RT-PCR  

 
The specific primers were used to amplify the genome 

of ORF3, and the results were fit with the expectations of 
687bp (Fig.1). 

 

 
Figure.1 RT-PCR result M: DNA Marker DL2000 

1-4: Sichuan different area PEDVs 5: Negative control  

B. Recombinant plasmids identify results 
 
The RT-PCR products were recovered to connect to 

vector pMD19-T, and then transformed to DH5α competent 
cell. Products were identified by PCRs(RF3 P1/P2 and 
pMD-19-T P1/P2 ) and the results showed that the 
pMD19-T P1/P2 were more 156 bp than ORF3 P1/P2 and 
the results were proved to be no difference with the 
expecting(Fig.2 and Fig.3). 

 
Figure.2 pMD19-T P1/P2 PCR result M:DNA Marker DL2000 

1-4: Sichuan different area PEDVs. 
 

 
Figure.3 ORF3 P1/P2 PCR result M:DNA Marker DL2000 1-4:Sichuan 

different area PEDVs. 
 

 
C. Sequencing result 

 
The recombinant plasmids sequencing result were 

contrasted with the other ORF3 gene in http:// 
www.ncbi.nlm.nih.gov/. It showed that what we 
recombinant were exactly matched with the ORF3 nucleic 
acid. 

 
D. Homology results and evolutionary tree 

 
All of the four detective PEDV ORF3 sequences were 

compared with the other 47 PEDV ORF3 genes including 
China and abroad published in NCBI already and the results 
showed that the homology of the 4 genes were 89.5%-99.7% 
with others. Especially, the homology was reached up to 
98%-100% contrast with America ORF3 gene in 2013-2014, 
and the changing regular was similar. Also, high homology 
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was showed in comparing with Korea ORF3 genes that 
reached to 95%-99.7%. In China, 4 detective ORF3 genes 
isolated in Sichuan province were also similar with other 
area whose homology wrere 95%-99.7% in 2001-2014 and 
98%-99.7% in 2013-2014. As we could see in evolutionary 
tree, popular PEDV ORF3 genes in 2013-2014 were similar 
with other PEDV ORF3 genes in China in recent years, but 
the difference were bigger in former years particularly 
comparing with the CV777 lowed to 88.5% which was the 
vaccine strain in China now. The evolutionary tree was 
demonstrated in Fig.4.and the genes signed * were detected 
genes in this study. 
   

 
Figure.4 Evolutionary tree 

 
 
E. ORF3 heritable variation analysis 

 
The 4 PEDV strains sequencing results showed that the 

ORF3 genes were made of 675nt in this study and the 
regular of variation that compared with other 47 ORF3 
genes were similar and only few basic groups mutated. In 
this study, SCMM were mutated in 162, 439,460 locations, 
SC pengshan were mutated in 162,359,420,547 locations. 
SCsuining1were mutated in 239,339,501,537 locations. 
SCsuining2 were mutated in 303,405,501,537,558 locations. 
As we could see in the evolutionary tree, all the ORF3 
genes could classified 3 groups, and what we analyzed in 

the study all ranked in G3, which indicated that the regular 
of ORF3 heritable variation were similar with America and 
Korea PEDV ORF3. What we could see in the Fig.4 is that 
G2group obtained CV777vs China, DB1865 and 
DR13Korea and G1group obtained CV777 China vaccine 
strain and Br187 and LZC China in 2006. 

 

IV. CONCLUSION AND DISCUSSION 

What we used positive PEDV tissues in the experiment 
were all stored at Sichuan agricultural university animal 
quarantine laboratory which were collected in Sichuan 
province in 2013-2014, and the target ORF3 genes were 
cloned and sequenced. After that, 4 genomes were analyzed 
with other 47 ORF3 genes in order to study the variation of 
the PEDV ORF3 genome. According to the other 
reports[5][6], the popularity of the diarrhea in piglet was 
begun at 2006 in China, and reached to serious step in 
2010,which caused great financial losses. And, PEDV was 
still the main virus in swine diarrhea disease at present in 
China. Particularly, the virus was detected in healthy piglet 
according to the report which indicated that it is significant 
to study and control PEDV nowadays [7].  

In order to study the variation of PEDV in Sichuan 
province China, 4 PEDV ORF3 gene were chose to cloned 
and sequenced and analyzed by comparing with other 47 
ORF3 genes in GenBank by DNAStar. The results showed 
that Sichuan strains has the same heritable variation regular 
and high homology with other areas especially in Korea in 
2013-2014 .On the basis of previous study[8],Chinese 
PEDV’s homology were close to Korea but far homology to 
Europe strains in 2010-2012. 

As with previous report [9] that the PEDV ORF3 genes 
could divide into three groups, a similar conclusion had 
been gained which could see in Fig.4. Chinese Sichuan 
PEDV ORF3, Chinese other strains in recent years, Korea 
strains and America strains are all exist in G3 and Chinese 
strains are closer to Korea strains. What the Fig.4 indicated 
another message was that Chinese PEDV ORF3 genes in 
recent years were evolved to an independent branch, which 
could bring a new problem in PEDV control. 

Zheng fengmei [10] had cloned PEDV S gene and M 
gene and the results also showed that the two genes of the 
PEDV’ homology were also similar with other areas 
although it is far from CV777 which is the vaccine strains 
in China especially in S gene. In conclusion, PEDV genome 
was in a quick change state and evolution trend. There were 
clear differences between Chinese popular PEDV strains 
and Chinese vaccine strains from the analysis of the ORF3 
gene and it needs further research whether the variation 
level could cause a new subgroup. All of these above bring 
new challenge to PEDV prevention and control in China. To 
be concluded, the research of the PEDV gene sequence 
analysis plays an important role in PEDV prevention and 
control. 
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