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Genetic sequence and phylogenetic analysis of spike genes of
Porcine epidemic diarrhea virus (PEDV) in Chung-Nam area
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Porcine epidemic diarrhea virus (PEDV) causes an acute and lethal watery diarrhea in piglets that is
great economic losses to the swine country worldwide. The spike (S) glycoprotein is an important deter-
minant for PEDV biological properties. In the present study, we determined the full-length S gene se-
quences of five Chung-nam PEDV field isolates collected in 2016. The S gene was amplified by
RT-PCR, purificated, sequenced, analyzed and then compared with published sequences of other PEDV
strains. 5 field strains share 98.5% ~99.9% homologies with each other at the nucleotide sequence level
and 96.7%~99.9% homologies with each other at the amino acids sequence level. Most field strains
have nucleotide insertions, deletions and mutation regions, and show lower homologies (93.1~93.8%)
with classical and vaccine strains, however higher homologies (99.1% ~99.5%) with US PEDV isolates
in 2013. By phylogenetic tree analysis based on nucleotide sequence, five PEDV field isolates were
clustered into Genogroup 2b but differ genetically from the vaccine strains (SM-98 and DR-13).
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Table 1. General information on PED outbreak farms

Breeding scale Damage situation™

Strain (pigs) Vaccine type (pies)
CNHS1 3,000 Killed Vaccine 50
CNHS2 7,000 Killed Vaccine 30
CNHS3 3,300 Killed Vaccine 150
CNHS4 3,000 Killed Vaccine 50
CNBR6 4,200 Killed Vaccine 380

*Damage situation: The number of outbreaks of clinical signs
(vomiting, watery diarrhea and death) in the sucking piglets.
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Fig. 1. Schematic representation of the gene coding for the S protein.
The positions of the oligonuceotide primers used for PCR amplifica-
tion are indicated by arrow heads. Four DNA fragments amplified by
RT-PCR are sequenced.
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Table 2, List of primers utilized in this study

Primers Nucleotide sequence, 5°—3° Purpose Primer Location  Length (bp)* Samples
PEDVSI-F  CCATTAGTGATGTTGTGTTAG Sequencing 20,535~20,555 1,031
PEDVSI-R  GCACAGCAGCTCCATT Sequencing 21,565~21,550
PEDVS2-F  CCACATACCAGAAGGTTTTAG Sequencing 21,372~21,392 1,146
PEDVS2-R  CCAGTAATCAACTCACCCTT Sequencing 22,517~22,498
PEDVS3-F  CCCTGAGTTTGGTAGTGG Sequencing 22,466 ~22,463 1,154 CNHS3, CNBR6
PEDVS3-R  CATCCGTCTGTAGAGCAAG Sequencing 23,599 ~23,581
PEDVS3-F'  TGGTCATAGTGGTGCCAACC Sequencing 22,163~22,182 1,419 CNHS1, CNHS2, CNHS4
PEDVS3-R'  TTGCGCTGTAGAACATCCGT Sequencing 23,581 ~23,562
PEDVS4-F  CTCATCGGTGGTATGGTGCT Sequencing 23,497~23,516 1,355
PEDVS4-R  AGCAGACTTTGAGACATCTTTGAC Sequencing 24,851 ~24,828

*Length of PCR products. TDesigned based on the sequences of GeneBank data (JN599150).

4he o] gsto] thE A Hs%lem, phylogenetic tree
= MEGA version 6 (Tamura %, 2013)2 ©]-&3}]
neighbor-joining (NJ) method= 1,0003] 9] bootstrap-=
Akl AeE AAskAen, 24 A A
A2 GeneBankol| F7i%E Atm & H| a5}t Table 3).

2 1
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CNHS3, CNHS4, CNBR6) S FA7} 714 gS B4
3t A3t 4,161 bp Zolo] H7IAL} 1,3867]<] ofn]
LAt R Qe dtElo] Qlith A7IAFat ofu|iAb
A A% 21 BEYSt Q7MY e

5~99.9%, ofu]iAt AFEAL 96.7~99.9%2 L}E}
ol F= 1A2 (7]
99.1~99.5%, o}u]iAk

b flo

93.1~93.7%, OFT)w=ARS 91.2~93.0%2] W Ax|A]S
wHalr) 7]& FUol|A Ha]wl KNU-1305, KNU-1409-1
o] 97| Qa} ofu| i ARS. 247} 99.0~99.4%, 97.5~
99.3%2] =& AHEAS Hth(Table 4). S G2
N-terminal regiong CV7771} SM-98F5 7|&C & H|
WS A3} 47]9] oAl 4FQI(56~59% 91A]),
4719 A&(115~118%1 9JA)), 1719] A4(1409H <]
A)), 2712] Ai(160~1611H $12)0] A5 HFig. 2).

Table 3, The recent Chung-nam porcine epidemic diarrhea virus
(PEDV) isolates and reference strains used in this study

Strain Country and year ~ Accession number
GD-A China, 2012 JX112709
CHGD-01 China, 2011 JN980698
AJ1102 China, 2011 JX188454
LC China, 2012 JX489155
ZICZ4 China, 2011 JX524137
1A2 USA,2013 KF468754
ON-007 Canada, 2014 KM189366
13-019349 USA, 2013 KF267450
1A1 USA, 2013 KF468753
KNU-1305 Korea, 2013 KJ451040
MN USA, 2013 KF468752
KNU-1409-1 Korea, 2013 KJ741221
CH/ZMDZY/11 China, 2011 KC196276
BJ-2011-1 China, 2011 IN825712
JS-HZ2012 China, 2012 KC210147
GD-B China, 2012 JX088695
AH2012 China, 2012 KC210145
DR-13/attenuated™ Korea, 2003 JQ023162
cv777 Belgium, 1978 AF353511
SD-M China, 2012 JX560761
752008 China, 2008 KC109141
DR-13 Korea, 1999 JQ023161
CH-S China, 1986 JN547228
SM-98* Korea, 1998 GU937797
LZC China, <2006 EF185992
KNU-0901 Korea, 2010 GU180144
KNU-0801 Korea, 2009 GU180142
Spk1 Korea, 2005 AF500215
TGEV USA, 2006 DQ811788
cnastt Korea, 2016 This study
CNHS2' Korea, 2016 This study
CNHS3' Korea, 2016 This study
CNHs4' Korea, 2016 This study
CNBR6' Korea, 2016 This study

*Korean PEDV vaccine strains. TChung-nam PEDV isolates sequenced
in this study.
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Fig. 2. Alignment of amino N-terminal 1-234 amino acid of S proteins between the reference strains and 5 Chung-nam strains. The dashes(-) in-
dicate the deleted sequences. Insertion and deletions within PEDV isolates are indicated by boxes (Red box indicate the inserted amino acids com-
pared with CV777 and SM-98. Blue box indicate the deleted amino acids compared with CV777 or SM-98).
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Fig. 3. Phylogenetic analysis ba-
sed on the nucleotide sequence
corresponding to the full-length S
gene of PEDV strains. Putative
similar regions of S gene of other
distantly related coronavirus, trans-
missible gastroenteritis virus (TG-
EV), was also included in this
study. Sequencing alignments were
performed using the Clustal W
program, and the phylogenetic tree
was constructed from the aligned
nucleotide sequences by using the
neighbor-joining method. The boot-
strap values were determined from
1,000 replicates of original data.
The scale bars indicate the number
of 0.02 inferred substitutions per
site.
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PEDV S 9A4e] 4714192 olgstel Fel B s 9Axe] FAX] et Mol ZALSIA neu-
2|59} phylogenetic trees 245+ 23} E Lo A tralizing epitope= B}&Z COE (503~642 aa), SS2

2% 55F 25 genogroup 2b (G2b) A G &35
th. G2+= 279) subgroup (G2a, G2b) 2.2 LA E =1
G2bofl= F o) §-888k= =] Ea]5KNU-1305/2013,
KNU-1409-1/2013)9} w]=+ E2]3(1A2/2013, MN/2013,
13-019349/2013, 1A1/2013), ZHLhch H]ZON-007/2014)
gl = BE3(CH/ZMDZY/1/2011, AH-2012/2012,
JS-HZ2012/2012, BJ-2011-1/2011, GD-B/2012)7} <73}

(752~758 aa), SS6 (768 ~775 aa), 2C10 (1,372~1,378
aa) 915 W40 SM-98529} H|uLF-A]5}3I T COE
domainof| A, &2 553 H5F ¥o]H F9l= 1074
(L—S at 507, A—S at 521, L—H, R at 525, S—G at
527, VI at 531, TS at 553, G—S at 598, A—~E, D
at 609, L—F at 616, 1>V at 639)% 1 355(CNHSI,
CNHS2, CNHS4)ul #o|% Holi 370(D—-N at 546,

Act | Ty WAz /\]-—Q—E]_T’_ %)= DR-137} T—N at 576, GV at 613), 155(CNBR6, CNHS3)7t

SM-98%= Gl Adz FA S35t 9= PEDVY} Holg Hol 77} |7)(L—Q at 505), 27)(T—I at

L

L A Bugsty o s zjolvt 31-%-,% oF 2= glgltk 536, K—N at 567)ITh SS6 regiono A= Halw 53

(Fig. 3). B 27J(P—S at 767, Y—S at 769)F-QJof| 4] ofu| =

A Hol7F B E 9o S22} 2C10 regionofl= o]
o WHole WA oFITHFig. 4).

#SMO8/Korea/1998 QVAFDLDDGF YPISSRNLLS HEQPISHVTL PLFNDHSFVN ITVSAAFGGL SSANLVASDT TINGESSECV DTRQFTITLE| [ 5551
$CUVITI/L9T8/Belginill =™ | ..ecsssees waesesmese e s slenss e o e s e e e e e - [ 551)
FIR/OSH/Z003 0 wmemwesme seesemseves @i =3 Bl.MH [6]-[T)--- cceeeeeeee e 5].| [ 554]
#KNU-1409-1/Korea/2013 F.s ) R ael e S{«H| |G}« }T}:vs waviinnias _svanas 5. [ 554]
#CNHES1/Korea/2016 = = seasiioded sheoidaiites saodsd L e S sl g Je]- [xhess coisainas -]s].] [ 5541
#CNRS2/Korea/20168 = Soisciisaie sSsnsisEs gesees R - & ] s|.|u||c R e SRS e -Is].] [ 554]
#¥CNHS3/Korea/2016 = ... iiiiir tiieiniaan aeaa. . COE s].lH| e .. ........ s].| [ 554]
FENHSAIKOPea /2018 = coccesmmecs asesnse e e s E B kssseamme s AR D) B o] e s of S S -Is].] [ 5541
#CNBR6/Korea/2016 ........c.. . Sevssvnss sssans ];l Shevevese aoas S{. JRIJGIDITE ... ..cuvanane oruann 5. [ 5541
#5M98/Korea/19%98 [ €35]
#CV777/1978/belgium [ €31]
#IR2/USA/2013 [ 634]
#KNU-1409-1/Korea/2013 [ 634]
#CNHS1/Korea/2016 [ €34]
#CNHS2/Korea/2016 [ 634]
#CNHS3/Korea/2016 [ 634]
#CNHS4/Korea/2016 [ 634]
#CNBR6/Korea/2016 [ 634]
#SM%8/Korea/1998 [ 715]
#Cv777/1978/belgium [ 7111
#IA2/USA/2013 [ 714]
#KNU-1409-1/Korea/2013 [ 714]
#CNHS1/Korea/2016 [ 714]
#CNHS2/Korea/2016 [ 714]
#CNHS3/Korea/2016 [ 714]
#CNHS4/Korea/2016 [ 714]
#CNBR6/Korea/2016 [ 714]
#SM98/Korea/1998 [ 795]
#CV777/1978/belgium [ 791]
#IR2/USA/2013 [ 794]
#KNU-1409-1/Korea/2013 [ 794]
#CNHS1/Korea/2016 [ 794]
#CNHS2/Korea/2016 [ 794]
#CNHS3/Korea/2016 [ 794]
#CNHS4/Korea /2016 [ 794]
#CNBR6/Korea/2016 [ 794]
#5MS%8/Korea/1998 [1380]
#CV777/1978/belgium [1383]
#IR2/USA/2013 [1386]
#KNU-1409-1/Korea/2013 [1386]
#CNHS1/Korea/2016 [1386]
#CNHS2/Korea/2016 (1386]
#CNHS3/Korea/2016 [1386]
#CNHS4/Korea/2016 [1386]
#CNBR6/Korea/2016 [1386]

Fig. 4. Comparison of the antigen epitopes of field strains and reference strains. Dots indicate the amino acids are identical to those of reference
strain SM-98. COE is in the blue box, SS2 is in the yellow box, SS6 is in the green box and the against 2C10 is in the red box.
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