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Genetic characterization of s1 domain of porcine epidemic diarrhea 
viruses spike proteins isolated in Korea
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Porcine epidemic diarrhea (PED) is an acute contagious diarrhea disease 
caused by porcine epidemic diarrhea virus (PEDV) in pigs (1). Since 

PEDV was first reported in South Korea in 1992 (2), it has been circulating 
so far, and exhibited significant genetic diversity (3). For 2 decades, PEDV 
was reported in several European countries; Hungary, France, Canada, Italy, 
and Switzerland (1).

The genome of PEDV consists of a single stranded RNA with positive 
polarity. It is approximately 30,000 nucleotides in length and contains a cap 
structure at the 51 end and a poly (A) tail at the 31 end. In the order from 51 
to 31, the genome of PEDV contains the genes for the spike (S) protein, an 
open reading frame (ORF3), the small membrane protein (sM), M protein, 
and nucleocapsid (N) protein (4).

Especially, glycoprotein of S gene on the viral surface plays a significant role 
in induction of neutralizing antibodies which bind to specific receptors and 
induce cell membrane fusion (5-7). It was divided into two domains, S1 and 
S2; the former is responsible for binding to the host–specific receptor, while 
the latter appears to be involved in the direct fusion process between viral 
and cellular membranes (7,8). Although vaccines (DR13, SM98 strains) have 
been developed and used in commercial swine farms for the prevention of 
the disease, it has been reported that recently isolated strains in South Korea 
and those in the United States had S1 gene variant region and were closely 
related to each other; therefore, the efficacy of vaccines is now doubtful 
(9,10). Recently, it became a more important pathogen because the virus 
occurred endemics in Asia and became more acute and severe form (1,10). 
Besides, it has severely attacked the United States in April 2013, and led to 
significant economic losses in the pig industry even the U.S.A. has adopted 
the way of import restriction (11-13). These strains detected in the United 
States showed significant similarity to a China strain, AH2012, showing 
99.5% identity (14,15). Until now, Ohio and new US strains were reported 
to show genetic diversity causing clinical symptoms (16). Based on sero-
prevalence from the samples collected in 2012-2013, most of PEDV in South 
Korea showed infection patterns in sucling and weaned piglets similar with 
those of PEDV in North America. However, it became infect in all ages of 
pigs and highly increasing events after the report of outbreak in North Korea 
after 2014 (17).

In this study, we will report some field the isolates (J3142, BM1 and BM3) 
of the emerging PEDVs and their genetic relationships with other strains. 

Between 56 PED positive samples, three (J3142; KP995064, BM1; KP861982, 
and BM3; KP995065) strains were used for this research, which were isolated 
among 56 PED positive samples. 411 reference sequences (Supplement Table 
S1) including S gene of PEDV strains were collected from the GenBank 
database which contain currently detected strains in the United States and 
Asia. Acquired nucleotide sequences in this study and reference sequences 
were aligned using the CLUSTAL W. The construction of phylogenetic tree 
was performed using a maximum likelihood with bootstrap replicates 1000 
by Fasttree (18). Also, it was conducted to analysis both N-terminal domain 
(NTD) (1-494aa) and C-terminal domain (CTD) (495–697 aa) of the S1 
gene region (19) which is playing as important binding receptor with above 
references sequences. Percentage identities of the aligned complete and NTD 
of S spike protein were shown in the upper and lower triangles, respectively. 

In phylogenetic analysis, S gene complete sequences (BM1, BM3) detected in 
this study was put together with PEDVs in the United States, which belongs 

Figure 1) J3142 and BM strains (BM1, BM3) were closely related with reference 
strains of China and North America respectively
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ABSTRACT

We analyzed spike gene of the three PEDV isolated during 2014 to 2015 
in our lab (Strain J3142, BM1, and BM3). In phylogenetic study, 3 strains 

belong to gene subgroup G2a, and between three strains, BM1 and BM3 
have higher similarity with the strains from North America. On the other 
hand, J3142 was more closely related to China strain and has some variation 
in the S1 region (1,938- 2,077nt) compared to BM strains. Especially from 
the data, analyzing N-terminal domain and C-terminal domain, N-terminal 
domain showed little homology to strains from USA and China.
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Figure 2) Nucleotide similarities of NTD (N-terminal domain) of S gene, BM1, BM3, and J3142 showed the same branch pattern in the complete S tree

Figure 3) J3142 strain had highly variant regions at 1,938~2,077 nt (aligned; 2,000~2,139 nt), compared to BM1 and BM3 strains in this study

DR13 BM1 J3142 BM3 CV777 AH2012 BJ-2012-2 Colorado30 Indiana34 Texas31
DR13 94.5 93.9 94.5 98.3 94.7 94.8 94.6 94.6 94.7
BM1 89.4 98.2 99.9 93.4 99.0 99.2 99.7 99.5 99.7

J3142 89.5 98.4 98.2 92.8 98.5 98.9 98.3 98.1 98.4
BM3 89.4 100 98.4 93.3 99.0 99.2 99.7 99.4 99.7

CV777 98.2 89.2 89.3 89.2 93.6 93.7 93.5 93.4 93.5
AH2012 89.7 98.8 99.1 98.8 89.5 99.5 99.1 98.8 99.2

BJ-2012-2 89.8 98.9 99.0 98.9 89.6 99.2 99.3 99.1 99.3
Colorado30 89.4 99.7 98.4 99.7 89.2 98.8 98.9 99.6 99.8
Indiana34 89.6 99.1 98.0 99.1 89.3 98.3 98.4 99.1 99.6
Texas31 89.6 99.7 98.6 99.7 89.4 99.0 99.0 99.7 99.2

TABLE 1
Nucleotide both Complete and N-terminal domain (NTD) of the S gene between strains in the Korea, China, and United States. 
Percentage identities that complete and NTD of S gene the aligned nucleotide were shown in the upper and lower triangles, 
respectively
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to subgroup 2a, genogroup 2 (99.5~99.7% similarity). Although J3142 strain 
is in the same branch of genogroup 2, it revealed that J3142 was more closely 
related to China root strains (AH2012, BJ2012-2) showing 98.5~98.9% 
identity than strains of the United States (Figure 1, Supplement Figure S1). 

From genetic and phylogenetic analyses of S gene of newly isolates, J3142 and 
BM strains (BM1, BM3) were closely related with reference strains of China 
and North America respectively, however, both were located in a different 
genogroup with currently used vaccine strains (CV777 and DR13). 

Next, in nucleotide similarities of NTD (N-terminal domain) of S gene, BM1, 
BM3, and J3142 showed the same branch pattern in the complete S tree. 
It was suggested that the only N-terminal region of S1 domain would be 
sufficient for revealing genetic relatedness among different PEDV isolates 
(11,20). On the other hand, they had lower similarities with DR13 and 
CV777 (genogroup 1 derived), vaccine strains in Korea, showed 89.5% and 
89.2% identities respectively (Figure 2 and Table 1). Between complete and 
NTD complete S gene sequences, NTD region was more different than 
complete S gene region (Figure 2 and Supplement Figure S2). 

CTD region showed homology of 95.5-97.1% with current circulating 
strains of South Korea, China, and United States (Supplementary Table S2). 
Especially, J3142 strain had highly variant regions at 1,938~2,077 nt (aligned; 
2,000~2,139 nt), compared to BM1 and BM3 strains in this study (Figure 3).

The S1 N-terminal region of PEDVs circulating in Korea was used to construct 
the phylogenetic tree (Figure 2 and Table 1). It was suggested that the only 
N-terminal region of the S1 domain would be sufficient for revealing genetic 
relatedness among different PEDV isolates (11,12,15).

The attenuated PEDV vaccines based on the CV777 or DR13-derived strains 
might be antigenically less related to the newly emergent PEDV strains; thus, 
new vaccines based on current strains are needed (8,21).

In the tree, PEDV isolates in South Korea were highly similar to those 
detected in the USA. This situation similarly occurred in the USA, June, 
2013 (12). Although there was an import restriction on pig or pork products 
from other countries with endemic or epidemic PED, it has shown that 
the strains were closely related to the strain of China, AH2012 (KC210145) 
(22-24). It may suggest that epidemiological and retrospective studies are 
necessary to identify the source of PED in South Korea as well as in the USA.

Until now, many strains of the Unite States, China, and South Korea were 
reported as S gene variant strains. It shows that molecular based analysis is 
important to prevent severe economic loss in swine farms.

In conclusion, after the PED outbreaks in the United States, PED have also 
explosively occurred in South Korea. The current strains in Korea would be 
highly similar to those in the United States, throwing the question about 
epidemiological sources. Although strains of Korea and the United States 
were genetically closely related to each other, prevalence and virulence pattern 
were different, which suggests that other factors such as the environment 
or vaccination would be associated. Therefore, additional epidemiological 
studies should be performed with molecular S gene genetic analysis.
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