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Abstract : Porcine epidemic diarrhea virus (PEDV), a porcine enteropathogenic coronavirus, causes lethal watery diarrhea
in piglets, resulting in large economic losses because of high mortality. In November 2013, PEDV reemerged in Korea,
and these outbreaks have since continuously occurred. In the present study, we determined the full-length nucleocapsid
(N) gene sequences of three Korean PEDV field isolates collected in 2014-2015. Sequence and phylogenetic analysis
of N genes revealed that recent prevalent Korean PEDV isolates were very closely related to the US PEDV isolates
in 2013. Interestingly, the phylogenetic tree based on the nucleotide sequencing of the PEDV N gene was similar to
the tree topology of the PEDV complete genomes. Therefore, our data provide a better understanding of the genetic
diversity and contribute to the accurate diagnosis and development of vaccines against PEDV.

Keywords : Korean isolates, N gene, nucleocapsid, porcine epidemic diarrhea virus, phylogenetic analysis

M £ Aol AA wEA EEEEA AR7A] FE L Ak 53]

AFAGE 2014 397, oF 106d Tl PEDV7E oA &

A FAAPHAL Blo] 2 2 (porcine epidemic diarrhea st vl F2 HARRE 8] Fesvid & s F
virus [PEDV])= SA4Is ¢4 Aol g8 dovle 3 ATt [16].

Wog 53] 2k=olA ulg- w2 XAE-S YERZ] sl PEDV+= Coronaviridae familyZ 2F 28 kb2] positive-sense,

A AARCZE ZAAA &Ho] Addsltt [3, 24]. PEDVE single stranded RNA genomeS 7HA|W, 4719 222 Tl
19710 F=tollA HzZ BAFoH, o]F Wyl X2 A (glycosylated spike [S], 150-220 kDa; membrane [M],
313 S5 3} ofrjo} A XA FEZTOA] o] HIE 20-30 kDa; envelope [E], 7 kDa; nucleocapsid [N], 58 kDa)
2 AT 1, 17, 21]. FHeAE 19923 A A o] F I+ 370e] w]FzA el o A (replicase la, replicase 1b,
201097FA] wid Azhst A S48 doA i (12, ORF3)Z FAHe] 9t} [7, 9. 2% PEDV Sgze 7t

15, 23]. 2010201139 =NA T4 9 (foot-and-mouth A 2700l 79 A2 FHH dgete 8% &S st
disease)?] EH o2 PEDV A Wik F43] ZA3IA 71 B AF7F AP AR Q] wlolo] Hlxrt

gF, 2013 Fukel ohA] E¥E PEDVE I8 =] 2 A o =T [26]. WFE N ©@EES WP e R blojgs Yt

*Corresponding author
Tel: +82-33-250-8671, Fax: +82-33-259-5625
E-mail: twhahn@kangwon.ac.kr

23



24 W - e -

o] RNAS} A%E o A,
2o PEDV 74 Z7]o Agst

o} [20]. 3 N ©haf o] Ae FAAA7]

(epitope)y= Al2E wi7)Ad S
&S I dEAG [5, 25 2HO=
FAAE 7R gk Ate vl¢

B o] felaer MAIS Alele] §A91 5448 H
oL A SHATH
Mz o

AlEe xF

20140014 20159714 24 B AT EsTelA Alzke
T A S Boln Hxle RS e R 4 Y
HEHAIEE AFHEAT 7 AlEe AR ETE Hrtet] 4
SHAl dEst F 15,000 x g(Centrifuge 5424 R; Eppendorf,

Germany)® 1027F 4lLelsiict. A5-evt

Hsted ol

#2~9] RNAE FE3192oH, ddA THash

GEIES

(reverse transcription-polymerase chain reaction [RT-PCR])=

o]g3le] PEDV N fxizte] So]#2l
7E AFE ERlskT [7].

RT-PCR % DNA cloning
PEDVe| N 845 S5F387] 918 Viral

primer2 PEDV]

Gene-spin

3

DNA/RNA Extraction Kit(iNtRON Biotechnology, Korea)
£ o]&3te] AxAR] ARERol wlet Hlo]H 9] RNAE F
£35S h cDNAC] L2 iScript ¢cDNA Synthesis Kit
(Bio-Rad Laboratories, USA)E ©]&3R o, —20°Cel| H

* Eq-ii_ * QXH

=

B

o

et & Ao A3t TE PCR ¥H&-2 ¢DNA template
0.1-0.5pg, 5x GoTaq Reaction Buffer 10puL, 25mM
MgCl, 4pL, 10mM dNTP Mix 2puL, 10 pM upstream
primer 2 pL, GoTaq
DNA Polymerase(Promega, USA) 1 uLoll
o ZF 50uL7t HEE EFSHATE Primer= PEDV
CVI7759 HFHAARE 7|WeFE  N-F-54(5°-TGCGG
TTCTCACAGATAGTG-3’)¢} N-R1407(5’-AAGTCGCTAG
AAAAACACTCAGT AAT-3)S A|Zlsle] AMS-319ATE PCR
S2712 95°C 587+ 13], 95°C 30%, 60°C 30%, 72°C
20%7F 303], 72°C 1027F 13] whgsisich. 242 3%
PCR 4F=-2 HiYield Gel/PCR DNA Mini Kit(RBC
Bioscience, Taiwan)E ©|&3le A g ¥ TA Cloning
Vector(RBC Bioscience)oll A3t  Escherichia coli DH50
competent cell(Novagen, USA) W= cloningS AAISIA
2t 50 pg/mL  ampicillin, 100 mM  isopropyl B-D-
thiogalactopyranoside(Duchefa Biochemie, The Netherlands)
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Table 1. The recent Korean porcine epidemic diarrhea virus (PEDV) isolates and reference strains used in this study

Virus strain Country and year Accession number References
CV771 Belgium, 1978 AF353511 [10]
Chinju99 Korea, 1999 AF237764 [14]
DR13/virulent Korea, 1999 JQ023161 [22]

DR 13/attenuated” Korea, 2003 JQ023162 [22]
SM98" Korea, 1998 GU937797 Unpublished
AH2012 China, 2012 KC210145 Unpublished
JS-HZ2012 China, 2012 KC210147 Unpublished
USA/IA1/2013 USA, 2013 KF468753 [6]
USA/IA2/2013 USA, 2013 KF468754 [6]
USA/Iowa/18984/2013 USA, 2013 KF804028 [4]
KNU-1406-1 Korea, 2014 KM403155 [18]
KUIDL-PED-2014-001 Korea, 2014 KJ588064 [2]
KOR/GW2/2015" Korea, 2015 Unpublished The present study
KOR/GW3/20157 Korea, 2015 Unpublished The present study
KOR/JJ85/2015° Korea, 2015 Unpublished The present study

“Korean PEDV vaccine strains. "Korean PEDV isolates sequenced in the present study.
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Fig. 1. Amino acid sequence alignment of the N protein genes between the recent Korean porcine epidemic diarrhea virus (PEDV)
isolates and reference strains. This sequences were aligned using the biological sequence alignment editor (BioEdit 7.2.5) program.

(MEGA) software version 4.0 [27]2 ©]€3}4] neighbor-
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Table 2. Homology of the nucleotide and amino acid sequence of the N protein genes between the reemerging Korean PEDV

isolates and reference strains

USA/ KOR/ KOR/ KOR/
Strain CV777 Chinju99 V?rlﬁllit atgg&;/e 4 SMO8  AH2012 1AL/ 1121812-1 GW2 GW3/ 1185/
2013 2015 2015 2015
cv777 - 9%5 965 977 998 956 960 959 956 958 959
Chinju99 96.8 - 957 971 963 948 952 951 948 949 950
DR13/virulent 957 952 970 964 970 974 973 970 971 972
DR13/attenuated 93 982 984 - 976 965 969 968 965 967 968
SM98 98 966 955 993 - 955 959 958 955 956 957
AH2012 9.6 959 973 984 964 - 995 994 991 992 993
USA/IA1/2013 971 9.1 977 986 968  99.5 - 99 996 998 998
KNU-1406-1 9.8 959 975 986 966 993 998 995 997 998
KOR/GW2/2015 9%.1 952 968 982 959 986  99.1 989 - 994 991
KOR/GW3/2015 9.6 957 973 982 964 994 995 993 986 99.5
KOR/JJ85/2015 971 9.1 977 986 968 995 100 998  99.1 995 -

The percent identity was shown in the upper right (nucleotide) and lower left (amino acid).

100

Korea/KNU-1406-1/2014
O KOR/GW2/2015
) KOR/JJBE/2015

{r KOR/GW3/2015
USA/IA2/2013
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00| |USAVIowa/18984/2013

a3

100
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g2 — China/JS-HZ2012/2012

Korea/DR13-virulent/1999

Korea/DR13-attenuated/2003

\3/777
Korea/SM98/2007

0.005
Fig.

Korea/Chinju99/1999

2. Phylogenetic analyses of the recent PEDV strains (white circles) based on the nucleotide sequences of the N protein.

Multiple-sequencing alignments were performed using Clustal X program and the phylogenetic tree was obtained using the
neighbor-joining method. The numbers at each branch represent bootstrap values greater than 50% of 1,000 replicates. The scale

bars indicate 0.005 nucleotide substitutions per site.
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PEDV N f3z}ke] WHol= el tigh =7] e} N
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TSk ool Hae] b mls EeFe] 719 20124
S=ollA e AH201279F -9~ dAggh Ao] ATt [6].
o]x¥ ol falsk= PEDVE ol EXlE ulo]
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= A3 dAFv= Zleltt [2, 16]. °]= PEDV N
ARpe] BANto 2 gkt AlEe] AeTE F5E T UL
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S AR o A7k g A7 SHA ulg- f-88 Be
2 Ayzhsict,
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#H sk PEDVE N §32F F71X<E= vwsids
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AR} Fg oA 3= PEDV Alole] N 312}
7MLl 0.5-0.9%, otk A Eo] 0.5-1.4% ztelE 1
Ebdl=t ol PEDVZE ol §% ol d=zo=w st
HHA Wol7F dojuka-S AAK wEbA] SufjellA {3
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olgjHlo] 27} FEETHE o &0l ek Z A7, WAl
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#Ale| 2
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