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Genetic analysis of norovirueses in Busan

Kwang Il Kim, Ji Woong Jin and Hyun Do JeongT

Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, South Korea619-705, Korea

For detection of noroviruses (NVs), we compared various PCR primer sets based on reverse transcription nested
PCR (RT-nested PCR) in the water samples from Dong brook in Busan, South Korea. We designed various new
primer sets based on the most conserved sequences of the capsid protein gene that react with diverse NVs found
in Korea. Designed primer sets (KGIF/KGIR and KG2F/KG2R, named as PNK) for the respective genogroups of
NVs, genogroup I and II (GI and GII), were applied to detect NVs in the water samples from Dong brook
concentrated with ultracentrifugation. In the application to the water samples, proportion of GI (76.47%) and GII
(70.59%) in water samples of Dong brook in RT-nested PCR with the primer sets of this study. However, no
significant differences of the proportion of the positive samples were not found between RT-nested PCRs with reported
and newly designed primer sets. From the nucleotide sequencing, GI and GII of NVs present in Dong brook were
appeared to be the members of 1/2/4/5/9/10 genotypes, and 3/4/5/11/13 genotypes respectively. Appeared genotype
4 of GII known as an one of main genotype found in patients of many Asian countries warned us to consider the

risks of norovirus in aquatic environments in southern part of Korea.

Key words : Norovirus, Water, RT-nested PCR, Genogroup, Genotype
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9J5}o] RNA dependent RNA polymerase (RdRp) &
Z3sle] 6709] AR EejEl= nonstructural
polyprotein- encoding$tc} (Belliot et al., 2003). ORF2
2} ORF3-2 60kDa 2] major capsid proteins (VP1) 2}
20kDa 2] minor capsid proteins (VP2) & encoding3tch
VPl T2 P (protruding, P13} P2) €} S (shell)
o] 52 7o} 75 FElo] Qe P ErRLe A
g ARSI AE) HEA G
oojz}o] HEkS- 4=sstr) P2 sub-domain H}o|
o) RS il SEAe] TR B o)
A G 2polE YERlT: Z12]al VP2+= VP12 2hey}
oFA Aol T’J_Q_ﬁ} . WakA] capsid protein2 HEo|
2:9) shell FHE AT Byt opeh M 484
AARE 7 }7\]_12 1] viral phenotype T serotype
£ AAsitta &4 Qo (Bertolotti-Ciarlet ef al.,
2003; Chakravarty et al., 2005; Jang et al., 1990, 1993).
wamjolzat S 9 WelsEo R Ul
c}oFst wlo| A2 RNA-dependent RNA polymerase
(RdRp) &} capsid protein VP12] A& w=} =27
57H4 genogroup G [ -GV 2 BEE&|m, Ao A A
ZF2 GG, GIV7} A&=t} (Ando et al., 2000;
Katayama et al., 2002).
ezafo|g| o] HEhe AAtEn] A (EM), |
o218 u| 7 (Immune electron Microscopy), fAH
A=A (ELISA), RT-PCR (Reverse transcription-Polymerase
Chain Reaction), PCRS o]-&3t ®FH So] ik
(Kageyama et al., 2003; Nishida et al., 2003).
Ft gl AE HE517] 9fsl RT-PCR 9
QPORS 5 FAESH o] Qiblel %
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HOoF o]8Eal QoL (Kageyama et al., 2004,
Richards et al., 2004), A% E= 3 Fof 24
Hloleispo] Snfegolm AR Uhol EAeke ke
=216] PCR inhibitor 2 2-8-5}0] §-AR} S2Z-2- Hl5|)
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5F7) ke s, lm2Hjol2 0] 7|4 d e Hol7} 4]
5] Be zhpolP o] HEof| ofo] itk wt
2hA FHT AF T HelERe] 55 B 5 PCR
inhibitor 2] A|7| ®Ho| thFsIAl A=Al Qe A
oltk. 53|, i+ % =o M viral RNAS S5
5=317] $J3lA] polyethlene glycol (PEG) = o]t
X174, antibody capture, Heat release, immunomagnetic
555
o] thefdt ’rEo] A Ut (Abbaszadegan et al.,
1993; Atmar et al., 1995; Katayama et al., 2002; Lewis
and Jaykus et al., 1996; Metcalf ef al., 1988; Mullendore
et al., 2001; Park and Go, 2006).
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=9 299 volFL 55 % RNA &
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Coulter Optima™ L-100XP BioSafe Centrifuge System, RT-nested PCR
USA) £ AR83}0] 200,000 x g2 1A]17F3087H4Col) 2dfoldA G [ IHT 9] variantE E01sH7] {Jsh
A alEe|sto] e AASL, 500ul] Het A] RNA dependent RNA polymerase (RdRp) 2} capsid
Z202 pelletS HESIFTE 0] RNA 52 protein 1A} K9] 2! capsid protein gene S ZHE] A2k

QIAmp viral RNA mini kit (Qiagen Hilden, Germany) o] B 1% degenerated primerS ARSI cDNAES
& ARSI HelH RNAE AE 2712] 20Ce]l  gJ89Act (Anderson et al., 2001; Kim ef al., 2005).
A Eshgle A% cDNAS AR5t RdRp gene™} capsid protein
gene2- target © 2 Sl=, B 1% primer & 2 o120
A A3t degenerated primers (PKN primer set) £ ©]-8-

5}o] RT-nested PCRS =3§35}%it} (Table 1).

Table 1. Primers used in this study

Primer Sequence (5' to 3')" Amplicon size (bp) Reference

Norovirus Gengroup I

COGIR CTTAGACGCCATCATCATTYAC Kageyama et al. (2003)
Mon432 TGGACICGYGGICCYAAYCA
213 Anderson et al. (2001)
Mon434 GAAACGCATCCARCGGAACAT
GI-FIM CTGCCCGAATTYGTAAATGATGAT
GI-F2 ATGATGATGGCGTCTAAGGACGC 313 Kim et al. (2005)
GI-RIM CCAACCCARCCATTRTACATYTG
KGIF CCRGAGGTTAATAMWGCTGAACC i
196 This study
KGIR GWGGGCCYAATTGCAAATC
Norovirus Genogroup 11
COG2R TCGACGCCAYCYYCAYYCACA Kageyama et al. (2003)
Mon431 TGGACIAGRGGICCYAAYCA
213 Anderson et al. (2001)
Mon434 GGAYCTCATCCAYCTGAACAT
GII-F3M TTGTGAATGAAGATGGCGTCGART
GII-FIM GGGAGGGCGATCGCAATCT 310 Kim et al. (2005)
GII-RIM CCRCCIGCATRICCRTTRTACAT
KG2F CAACAATGAGGTTATGGCTYTKG
131 This study
KG2R CTGTGAAYTCTMCASCAGG

*Degenerate positions B:T/G/C, H:A/T/C, L:Inosine, K:G/T, M:A/C, N:A/T/G/C, R:A/G, S:C/G, W:A/T, Y:T/C

PCR tubeo]| reverse transcriptase 0.5, buffer 21l, total volume©] 1017} == Nuclease-free waterS
dNTP 2ul, Z}zFo] specific primer 1ul (GI-RIM, A71et 5, 42°Col| A 605, 99 CoflA] 5E7F HRSA| A
COGIR, GII-RIM, COG2R), total RNA 1xg2 €1l t}. of7] A W50 Rl ¢cDNA+= PCROJA] template =
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ARE-515 e} PCR amplication2 Applied Biosystems
2720 Thermal Cyclerg ARSI AL o9} 22 7
o AXF

10X PCR buffer 2pl, 200uM 2] Z+2}+2] dNTP, 1uM
9] sense primer®} UM 2] antisense primer (AR H[O|H
2 genogroup 12 GI-FIM/GI-RIM, Mon432-COGIR.
genogroup 11+ GII-FIM/GII-R1M, Mon431/COG2R),
Taq DNA polymerase (Taqg DNA polymerase, Cosmo,
Korea) ! template 1115 2713+ 3 distilled water =
2% volume©o] 2017} ¥ =E 3ic} PCR S3EL
94°Cof| A 357} pre-denaturationA] 7] 3, 94 Coj|A] 30
% denaturation, 54°CoJ|A] 302 annealing, 72°CofA]
45% extension2] H-2-2- 35cycle =848t & 72°Col A
7E7L post-extension A) 7T Nested PCRS 4=335}7]
]84} First-PCR product 1pl3} 1uM 2] sense primer
2} 1uM&] antisense primer (genogroup -2 GI-F2/
GI-R1M, Mon432/Mon434, KGIF/KGIR. genogroup 11+
GII-F3M/GII-RIM, Mon431/433, KG2F/KG2R) & A}
8310 Slo} FUT Yo Ajsler

PCR & ZE AMHES (5xTAE buffer (40mM
Tris-acetate, ImM EDTA) & 7| F5S 95t &=l
o 3hod, 0.5¢g'l EBr (Ethidium Bromide) ©] 7}
%] 2% agarose gel (SeaKem® LE Agarose, CAMBREX
Bio Science Rockland, Inc., USA) A}ollA A7] H&3t
3 UV #HZ7] (Seoulin Scientific Co., Ltd., Korea) &
ol-g-sto] A7| G5 olM HEF= band 2] ZolE

zksto] l-2Hpo| g genogroupe EHI5HIL

Cloning

PCR AF=-2 GeneAll® Ecpin™ Gel SV (GeneAll
Biotechnology, Korea) & ARE-51e] AI5}31L, 44
%] DNA= pGEM®-T Easy Vector System [ (Promega,

USA) & A3} ligationS A|Z] &, competent cell

o
NS

=

ol

(E.coli DH5a-T1) 1001lE A7}slo] d-2ofA] 30&27¢
B2 A)7] 21, 42°Col| 4] 4027F heat-shock A] Tk B}
2 g9 2~3E7F 1S 3 SOC (Tryptone 20 g/L,
Yeast extract 24g/L, NaCl,, 250mM KCI 10mg/L, 10ml
of a sterile solution of 1M MgCl,, 20ml filter sterile
IM glucose/L) vj#] 2501l #7}star, 37°C, 90&7F
ek v A

ufjoFol-S- Ampicillin 50¢g/ml 3} X-gal (5-Bromo-4-
chloro-3-indolyl-(3-D-galactopyranoside, Sigma, USA) 40
wgmlo] 271= LB (Luria-Bertani, Difco, USA) Tk}
Alof] =xdsied, 37CelA] 24AIE 2t viekAIFCE T}
Tl Slto] Zl2fo] SAsHE A Helskn o,
2 e RS AEistod Ampicillin 50xgmlo]
71l LB brotho]] 45 %, 37 CollA] 24 A7t uijeFso,
GeneAlI® Plasmid SV Mini kit (GeneAll Biotechnology,

Korea) & o|-§3}o] plasmidE 2|3}t

E2)% plasmid Z5-E Big Dye Terminator Cycle
DNA Sequencing Kit (ABI PRISM PE Applied
Biosystems, Foster City, CA, USA) = ARE3}o] A19]
H 714 €S grale) Capsid protein geneol] T3t
7} mHpo|E A0 genogroupl]  H7IA G
MACAW program (Version 2.0.5, National Center for
Biotechnology Informattion, National Institutes of
Health, Bethesda, MD, USA) & AR&5lo] HwsFSch

L 2 AtollA] Eegt le2rlol2] A genogroup
I 3} genogroup 112] capsid protein partial gene2- Megad
program (Version 4.0 R2., Based on CHAPM, USA)
= ARE3E Al ARst Als TAgshE o=

HlaL, BAsiect



EAX|Y L2H10|2HA

M

)

% primere] A%
wezulolel 7% A Malal primers AP

Sfeo] wznlolels opy FANRE oz
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L2HI A HEE
s

FESgO0] W] 95L B 52

protein gene-S

S Splatict (Fig. 1)

A

®

©

Fig. 1. Gel electrophoresis of amplicons generated by
RT-nested PCR for the detection of norovirus genogroup

I (Lane 1-3) and II (Lane 4-6) with different primer
sets for samples of Dong brook. (A), Reported primer set
for RdRp gene; (B), Reported primer set for capsid protein
gene; (C), PKN primer set for capsid protein gene in this
study. M, 100bp DNA ladder.
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RdRp geneS A= Anderson et al. (2001) ©]
B33} primerE 0] 839 W) 213 bpQ] G [, I &
22} BRIk 4= U121, capsid protein genes- T
kel 7]%—011 R primer set (Kim et al, 2005) =

1831 7% 313 bp] G I, 311 bpo] GII HZAMES:
32t SRIsigich e 8 el A
et@] PKN primer set (KGIF/KGIR, KG2F/KG2R) &
Ae5le w, G 13} G o)A Z¥zF 196bp <F 131bp
o] ZEAMRS SISl (Fig. 1),

RT-nested PCRO] 5-EARE2] #7]%95 A4
RdRp gene-S target O 2 Sl= primer& AR 749
band7} At 02 AL band7} ER1E ) S capsid
target © 2 3= primerE ARE-E 79
15} hand 2 TS 2 9loirk Ao v}
ofe] 0] AES S weh B AT b
ol 8 AR Sols02 wufle

o

]

6& primer

w2

protein geneS-

A+ capsid protein geneS- target O =
Sh= primer set& ARESIITE ESL SUS AlRE
t5tod reported primer set@f & &1l 4] A2kt PKN
primer setE ARE-SFO] PCR AAISEAL LRt 4]
HES A2 HWEFES u, GI2 50% (3/6) 2+
83.3% (5/6), 1231 GI12= 50% (3/6) 2} 83.3% (5/6)
o] 4 vles 27 Ut (Fig 2). dypao=
FYsE A RE A2 PKN primer setE AMEE
- reported primer setE ARSSH= o] HIal ==H}

2j220] BENE} o i 2 o 4 itk

o,

o
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Genogroup I
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|.|—|

Genogroup I1

Reported pimer set

- IR

PKN primer set

Fig. 2. Detection of ¢cDNA of GI (GI-R1M) and GII (GII-R1M) noroviruses using RT-nested PCR
in samples of Dong brook. Nested PCR with different primer sets: (A) GI-FIM/GI-RIM,
GI-F2/GI-RIM (B) GII-FIM/GII-RIM, GII-F3M/GII-RIM (C) GI-FIM/GI-RIM, KGI1F/ KGIR
(D) GII-FIM/GII-R1IM, KG2F/KG2R

49 299 kzHto|g29 HE
20064 1295E] 2009 78 Afo] EHARE T
AFO = reported primer set@} PKN primer set2- ©]-8-5}
6] RT-nested PCRS- =33t A3} =Znlo]yA G
7} GIE BT A3 2 9olth (Table 2). AZE
wanfo]@a] op4 M-S HwE] B Ak 20074
8 A=A reported primer set& AMSFES 739
Gl& H=g 4 %o PKNS AMESISe 7
A&+ ek ZLE]J— 2008 113} 12 /\1

Al

of| A= reported primer setE AMEE F-G 1 & AE
k4= QIAAITE PKN primer setS ARE-sto] HET
= QI AA|A el oA )82 reported primer set
oA wzElolE]A G 1L 7647% (13/17), G =
64.70% (11/17) 2 YERES ™, PKN primer setE AR
39S AL wauto]HA G I o] 7647% (13/17), G
1= 70.59% (12/17) 2 vehdh w-gzufolg]A G I
7} M7} 7o) ZAeHe Hl&-L 2H2Eo] primer seto]
o8l A} 52.94% (9/17), 58.82% (10/17) & LreRsd).

Table 2. Detection of NVs with different primer sets in water samples of Dong brook

Sample Reported primers? PKN®

Time (month/year) GI GII GI GII
12/2006 ++ ++ -+ ++
03/2007 + - ++ -
06/2007 - + - -
08/2007 ++ + - +
11/2007 + + + +
12/2007 + + ++ ++
01/2008 -+ ++ + +
02/2008 + ++ + +
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04/2008 - - - +
06/2008 + - + -
09/2008 + - - -
11/2008 - - + +
12/2008 - ++

01/2009 + + ++ +
02/2009 -+ ++ ++ ++
03/2009 ++ ++ -+ ++
07/2009 + - + -

Total (13/17) (11/17) (13/17) (12/17)

* First PCR primer set: GI-FIM and GI-RIM for GI/GII-FIM and GII-RIM for GII; NestedPCR primer set: GI-F2 and

GI-RIM for GI/GII-F3M and GII-RIM for GII

b First PCR primer set: GI-FIM and GI-RIM for GI/GII-FIM and GII-RIM for GII; Nested PCR primer set (Dedigned
primer set): KGIF and KGIR for GI/KG2F and KG2R for GII

L-zHjo]y A0 ©¢f HlE-2 G [ o] GIIof vlg]
AEE = v)8o] E9kom, St £29] primer setS
ARESE 749 sampleo]] @ ¥% -2Hlo|HAS HE
5] ok A oL F F72] primer setE

WA ARG Al HE0] 7Hs .

L 2ufo|H AL AELIAAE BHA

PCRo|| ARGl prlmer—J Zfolof oJ3f HEEE =
Enjolg 0] variant B|i5H] S5, ERe
primer set (reported primer set and PKN primer set)

2 Algote] W2E waoldA G2} GIIY
capsid protein gene sequence?} GenBank o] 54 =] o]
QJ= 15719 reference norovirus G I sequence 2} 177}]
9] reference norovirus G II-2 B E-A5}¢ick 3t

S 2A5H= =EHlo] A gene}t B]wE] 5]

Lee and Kim (2008) oA H11% w=2H}o|Z 2 gene
£ reference gene © 2 MEGA4 program& ARE-5}1o
AE PATHOR W W B4 Stk
Reported primer setE ARE-510] AEE L2 H}o]
S48 A WS o BaR AT el
A2GI2GIN,GIR,G1/M4,GL/5 GLN GIN0
O F 6£79] genotype 0.2 EHFE|QI, -gZHlo]
A GlI=GB, G4, G5, GIN1, GI/139] 52
9] genotype 0% EFE|QIc} (Fig. 3). Z12]1L PKN
primer set= ARSI HEH =Z2HO|HAES AlF
sl o g BAMst Ayl -gHlolygA Gl LG
In, Gln, Gla, GLA, GI/I10 o2 5870
genotype © 2 ERE|Q11, =Zuto|g A Gllof|A=
GI/4, GII/5, GII/11, GII/132] 4%2] genotype O &
Tt (Fig 4).
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Fig. 3. Phylogenetic tree constructed based on partial sequences of Norovirus genogroup I & II capsid protein gene using
the reported primer set obtained from Dong Brook samples. The tree was plotted using the neighbor-joining (N-J) method.
(A), Norovirus genogroup 1; (B), Norovirus genogroup II
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Fig. 4. Phylogenetic tree constructed based on partial sequences of Norovirus genogroup I & II capsid protein gene using
PKN obtained from Dong Brook samples. The tree was plotted using the neighbor-joining (N-J) method. (A), Norovirus
genogroup 1 ; (B), Norovirus genogroup II.
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L-g2Hjo| 229} ZHS enteric vius+= 42014 L 241
= ol vt A= o] e it m2Hlol2
2ol @ AJslrit sl vile- ' 722 Hiol2is
£ olFAP AL TR A s AHAlY] ee e
517 itk mzntole| e e ARolA =2
2 AP | giee] o] golsh, 2 Foll
LAES AY- W TR EARY ] whol HEA
SHAI7} 910 10 particles?He 2 &= ZFE S 71A]7]
wjio] ke BA7} w)ar et (Kaplikian ef al., 1972).

ool A 2] BN Anat AR
EECEERERERERER TP § 2
2) A2 thZ primer setE ARESF RT-nested PCRS-
AAlslo] wzblolel A ABehT ) AEE w2
ol a0] G4 A4S Hluwskaat shick

2o o9 wRiolgAS ¥25] 9B
Katayama et al. (2002) of 2]l E11% charged
membraneg& AMG-SH= B o] Ee o §EL) E 4
“FoJ| A= membrane ARE-C 2 215} Hlo|#A Q] A
R X TR EER S
2712 ARSIl Soomle] BE wavlole)
239k 1T 2ol Al dy|A e

o|7} FAl5te] T primer2= RE - 2H}o|g

7t AEEA] 7] glizo] & Atollale 2ol

A HAE= m2Hbo| 222} GenBank o] 54 o]
Qe thoFst variantE Wl Ea}o] capsid protein gene
9] Yol A variation 715 target O 2 Sh= A=
degenerated primers set (PKN, KGIF/KGIR,
KG2F/KG2R) € AlRlelo] AME-sI%T] ESt 2 H}
olg|A #HZol A3t primerS AA517] 98f =2
Hpolg 2 P FHARE dVfez eznHtolg
9] RNA-dependent RNA polymerase gene (RdRp) <

$»

>~

M

]

1>n
B

1>

Rl

o0
o
ol
|.|—|

target 2 3= primer se t (Anderson et al., 2001)
T} capsid protein gene-S target &= 3}= reported
primers set (Kim et al., 2005) 2} PKN primer set (This
study) @] 5 7}A] primer set& ARE5}o] RT-nested
PCRYHS 53] SZ3519 2 PCR A2 47|

& 9 31 4 U} (g, 1), RARp e S e
O & B primer setS ARSI %1719 A A
o2 FL band7} EH21%|Q} 1 capsid protein gene
target © 2 3= = 7}2] 9] primer setE AME5FS
o F518t band 5 RIS 4= QUSITE (Fig. 1). o=
capsid protein geneS AESH7] Y3l AREE primer
set7} ORF2 5° end®] capsid N/S domainZ highly
wolth upEhA £
A Lof| A= 2 HFo|H A9 capsid protein gene F-9]
£ RT-nested PCRE F3l S35k 4= AAISHSL
t} 183l Y A|&of thal capsid protein geneS
target © 2 o=
A AFsE PKN primer set”} reported primer setof] H]5}od
A7 B9l (Fig. 2). 2702 wzvlole]
0] 4704 Thpy o] £ A=) iz
% nige) o} vehon), mat
L Z2Hpo|# A0 AZof 91oJA] capsid N/S domaing:
target © & S]= primer set”} RdRp geneS: target O =
SR primer seteh HAOR TS Tloel wn}

olFYAZ HET} 4 9kl Rk ThE A3 9]
Ao} U5} (Kojima et al., 2001).

20061 1295 2000 7Y Alolo] WuUE|E At
of| A reported primer setS ARES AL -Frlol#A
G 12 7647% (13/17), GII+= 64.70% (11/17) = JE}

o PKN primer setE AREE 79 L2Hfo| A

G 1 0] 7647% (13/17), GII%= 70.59% (12/17) & Uie}
Stk weznjoles G 13 17} o] Zafeke vig
O Z}7}+9) primer seto]] ThalA] 52.94% (9/17), 58.82%

IOJ

conserved® H Q& ZE35]7|

L=iye)
==

primer set7+2] A
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(10/17) 2 yepglt} (Table 2). S70lM AE%e =
ZHlo|2]A0] &S 70% HEE Lee and Kim (2008)
O] Aol 71 drje] Aol HEwe w2t
o] A0 GFAJHIE: 55.2% T} A Upgith o] g
HAo] FEAHo| vl RHto]2|A0] © ¢

b =2 5 e Yuigittar & 4= itk
mgHfolg A Ao Aglo] A&HoR F
o

4
Ao A2 Qo B3] 0 g B

©] band density7} 7Fg A UEL Zmz2Hto]2| 20
A A7 |19 Ak eI 4= QAT (data
not shown). “L2fu} 54| leZHfo| A7} =
o] &3l Ql=d| (Table 2), ol= = 2004 5 Al
A9 920069 699 QIH, A2, 7] A E =9
20061 5 Zzofl Al AR TS ARaLol|A]
HZ A} BA|glo] A o7 dAsk= ARE
Saks)] 3231 )} (Ho et al., 2007, Kim et al., 2005).

PCR primer ZJolo] o3 A5l w2ufolz A
O] variantE EAE}ILA}, A|RolA] AEE -2Hlo]
2] 2of tisf] H7IA B EAISHaL Al EAYekA e
2 8|3} T) Reported primer setS ARg-51o] 2
oA AT 2Zujold A= G I/, G 12, G1/4,
GI/s, GIM, GI/10,GI/AB, GII/A4, GII/5, GII/L,
Gl/13o=2 E25 % 0™, major genotype> G /4
(512), G1/5 (3/12), G1I/4 (4/8) o2 Bholw]olct
(Fig. 3). Z12JaL PKNS ARSI HEH lmznfol2]
9] genotype> G I/1, G172, G1/4, G1/5, G I/10,
G4, G/, GI/11, GI/130.82 EFE o,
major genotype-2- G 1/4 (5/12), G 1/5 (3/12), G 11/4
(6/11) o]t (Fig. 4). ]2t AN Faff FAt
of shel SO A% lerblo|HAL Tior
genotype 0= EAf5k= Ala & 4 AL, A

capsid protein geneS- target &= 3t = FF2] primer

setS ARESHPCR Ao A A2 SG-ALSH genotype©]
= AL Ho| Fct 18y XE7HR] &AL
A) 9z inlo]2l 0] §414] Blol57} g

EAokR -2 BT 4 o] FF AL A

i

2.8 genotype?] &3]
itk A9 SN HEEHIL Q= e2hlole
2 genotype®] 5+ Lee and Kim (2008) ©] X 115t
A7) 7} AjolH AEE genotyperhE £-AF3}
A O} major genotype (G 1/4, G 1/5, GIIM) & 5
2ol A AZE1= major types (GU1, G 1/13, GII/15)
The Hol7k stk o A7) 7 olehek AlzlAel
#jo] W @qigle] 7o) ujioleti ofAXIT)
Gong et al. 2008) ©] A0l FUolA] =2ufo]
YAR QIFF AlFE AL11o] FQ Yol genotype-S
2005e]l G173, 20061} 2007 Holli= G /AR K1
3k Qlck el e G4, QRoH= GIS,
GII/A7} Q. genotype O 2 F3Etial H 1w Tt
(Okada et al., 2005; Phan et al., 2007). 3| Gll/4=
200233k 2003130 A AAZ 22 gk m2u)
o] A9 genotype OS2 LA Tt (Centers for
Disease Control and Prevention, 2002). T3} . <3-Loj|
Al Fel A HEE major type F-oll GI/A7L ©F 50%
£ AL Qlo} AF71A] ofajo} 7ol A AR
e 2H}o] 229 genotyped} AR Q1T 4= 3
Aok TP ER i Sl 250 GI/4 genotype

ZA] SRt Wl 2 Y WYL A oA

Btk & 4= 9l Aoltk
5% ogE wamole 0] AEE 9 ol

%79] RT-nested PCR 2] primer2] H]1of|A] 7]Zo]]
H % primer set 0|2 B AGLA A Sl
= 2ol 2 AE9] capsid protein gene F-95 ThARS.
2 E2A A2l primerS ARESlo] - Zrlo]E A

of 7E9) BolgS woit
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FAk 0] SN RS o2 AAIE 2UE
g 43}, A&% =28}o]2]A2] major genotype
G 1/4, GI/5, GII/4 o2 A 5 Z]=12] major types2]
(GU1, G 113, GLI/15) Th= Zdolghe el 4= Ql3l
on, ofxjo} ZH2oH B BAIS
G II/47} major genotype O 2 ZA|5}aL §lo]
2lad] et SRS AluekA stk

me
o
N

=

i)
rir

=
©

o OfF
I =

B &TLo) A= RT-nested PCRE S=3ato] Al
o] 3} 5 Aol EASh= zHlelHAE A
S0t SHAT 710l HAlE|ofRl km2HfolE
9] capsid protein®] G7|AGL vt} L 2Hlo]
2 genogrowp 1,11 (G 1,11) 2 7237] 9Jgt Ajze
degenerated primer sets (PNK, KGIF/KGIR and
KG2FKGIR) £ Al&Fstion, =3t 54 Al&s
2uEAE7E ol 55§ = S0 EAch=
e 2Hpol 2 A0 HES AlEslt) =02
£ AE517] $fell PCR primer: ¥]ut A} 2 I
of| A A &3t capsid protein gene-Sr target 0.2 Sh=
primer set7} 7]&0] H11E]0] Q&= primer setX®C}
Y A=l et AERIETL 9=psSint SH
ZAsl= w2Hlo|g|Al] 0 £Fo G 1aGII7}
247k 7647% (13/17), 70.59% (12/17) 2 Lpehdeh
T} 7)) LA primer2} 2 Aol A AR
primerS ARESHIS W A=E AdRlEol Apo|7t
) ek

12w waolas Y
AsH 24 Ay, oM HEE G 1Y B
1/2/4/5/9/10] genotypeo] GII©] Z-<- 3/4/5/11/139]
genotype 02 HREIGIT], 2] B Ao 7EH
major type % GII4] 79, F2 ofalo} ZtolA

il
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°
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o
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|.|—|

W AIE Y271l Q= major genotype O ATHA
tezrpolgj o] gt 9JA/dE AlatstA sigick =
ok ofgiet A= e 7 T SR 5ol HIset
E2rpo] A0 G 1,119) genotype 0.2 2= o] QL
22 QMIstsl Al % olEel A8 e
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