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Abstract

Human Aichivirus (Aichivirus A; AiV-A) is a positive-sense single-strand RNA non-enveloped

virus that has been detected worldwide in various water environments including sewage, river, surface, and
ground over the past decade. To develop a method with excellent sensitivity and specificity for AiV-A diagnosis
from water environments such as groundwater, a combination capable of reverse transcription (RT)-nested
polymerase chain reaction (PCR) was developed based on existing reported and newly designed primers. A
selective method was applied to evaluate domestic drinking groundwater samples. Thus, a procedure was
devised to select and subsequently identify RT-nested PCR primer sets that can successfully detect and identify
AiV-A from groundwater samples. The findings will contribute to developing a better monitoring system to
detect AiV-A contamination in water environments such as groundwater.
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(Yamashita et al., 2001; Reuter et al., 2009; Prevost et al.,
2015). Bergallo et al. (2017)°] W2 H, -3 SA} x}o)| 4
AiV-AQ] AEEL 47 oF 0.5~0.9%, otA] o} of a7}
oF 492 BIEQY, o]AL kZnlo]gA, Zold-u}o]
¥ 5 THE ABUIN 204 A vholel e wla) Altha
o2 Bt o]t} (Kitajima and Gerba, 2015). 124
AEAEe ohdet AAZ7HA Yehte A AAA
W4 W9, Weo] ot Gfok =el W BRANAN 4
4R THE B 2 % ol
So] Uehts Aiv-A S48 H2
R %— ﬂmﬂ*i w37} olof ol whet
I len, SofA

}1‘\1
m:lmm:l

o AR 253 -
o WUAe 54 oe FESE BAAENY /6ol
Mg . 53] B4 F wzufolg s 5 2y vt
o]8 A RUYE|H-2 conventional polymerase chain reaction
(C-PCR) 7]HF RNA H}o]# 2 9] A9 IZHAL-PCR (reverse
transcription-PCR; RT-PCR), Aold|=H}o]& A 5 DNA
Hlo]g A 9] H2 PCR, A& W=7 583 % nested
PCR 59 HH{o] AL QO (NIER, 2016), A® 7t
fufolg A F dH HYA = real-time quantitative PCR
(QPCR)= 7 &= Qo 22 I 55 THLe=E
real-time qPCR, 5235-Z1H3-H (loop mediated isothermal
amplification), ZFAt] F7]14E £ (next generation
sequencing) $¢] 71 E 719a A 71%0] AT
2 1B 7E "¥hH, C-PCR 7|49 RT-PCR ¥ nested PCR
o qHiA od A7 o] HEow AR Wt
W3, A8 AAY 5 Al Sadtel, 4 AR
o] e T AF7HAIE ] B-&H Ut (Pallen, 2014;
Mohammad et al., 2020). C-PCR 7]¥+2] RT-PCR £+ RT-
nested PCRS o|-&3F AiV-A HAPHL 7|& 22 o31x
of ) W v glovt, 2t el tha AF WS
Solo] Bat v, BAoRe B8R 5 A7 Ul
3} Ar3to|ct. E3] thofst 9 W A ERo| £33 I
NES B4 A 948 A% UFE U Sojs} 27
G0, me mUes A&z B8 A A g 484,
= gunele) Ay B2 A8 Al A5
3H7, A% At A-84 (point-of-care diagnostics) 50| 1
2{=jolof Fek. whetA 1 ATIAL olT 4TS Lol
4 FARES st st T 24 AIV-A 2
YEHS flsf Ae wie AT 2 Br71skth
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1. 71 M8 H M=2 =2o|H =g M|z}

AiV-AE Eo|F o2 HE317] ¢33 RT-PCR Y nested

PCR Zztojmjo] 2q2 7|Ed B d =g& s}
o] Aeisle}. T3 AiV-AQ] Thokdt 22 AEE 24 9)
S Aolg} dAtEE N2 Zalo|nE dREe] 9

3Q

AM8-31= Primer3 T2 33} single letter codes 283
o] AA AT (Rozen and Skaletsky, 2000; Yamashita et
al., 2000; Oh et al., 2006; Saikruang et al., 2014; Yip et al.,
2014). 712 Zefolule] Meln N2e Zefoln] A o)
71&-2 annealing <=5 55°CE2 4AsHA AA317] Hst
o] Oligo Calculator version 3.272 dimer, self annealing,
potential hairpin formation 5& Z-&3}9 HAsII ot
(NIER, 2016).

2. 78 #A, AT

Eolx= Aol AHE AiV-A F3 42 National
Center for Biotechnology Information (NCBI)o[|A] A&
3= NC_001918.1 3CD (6,038~8,011 [1,974 base pair;
bp]) +-AAHEE uf=Z ZA (Seoul, South Korea)©l| 2] &3}
plasmid FEHE FARE FA5IYT) B E0]F HI-g AL
o] g3 F1 upolg|A F HAHDNA, RNA EE cDNA
[virvell, Spain]; Hepatitisvirus-A, Sapovirus, Parechovirus
A, enteric Adenovirus 41, Rotavirus A, Enterovirus-71,
Coxakievirus-A6, Coxakievirus-B1, Coxakievirus-B5,
Poliovirus, Echovirus 5 X Echovirus 11)3} linear & €] <]
AR} (Astrovirus [JN887820; 3,800~6,685] & Hepa-
titisvirus-E [FJ763142.1; 5,293~6,460)E 33l
RNA FEHZ 435 vlo]gA == ReverTra Ace-a-"
(TOYOBO, Osaka, Japan)& A3l cDNAZ 43S
=2

3. Z2jo|n Mg, PCR HIS =M U =7

2 AFoA EolF
PCR Zg}o|n x3HE o] §sto], 5o|= Y H|So|x=
At A& WA= E4E £ dE IgE 24
2 plasmid FEHZ FAE AiV-A 3CD FAA} 1ng uL™'S
LA (1022 A3t 108 BAR 107747 ST F,
107 (1 pg uL™H5E 10° (10ag uL 7)o =2 349 3
<= 12} PCR ¥Hg-o] ARESHETH 13 PCRE AA| A&
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N
I
o
N
I
o
pads
o
fru
¥
2,
i



192 HiZM - 2425 - O|AIE - 0|ZIF - RA0t

2% total RNAE HH2-A]7]+= RT-PCR
o)A gt Zetojn] A, FE 1 E 9 Solk E4
A F39] H$ F4dE DNAE AMSHER 13 PCR
2 22} PCR 8Hg B % AccuPower” HotStart PCR PreMix
(Bioneer, Daejeon, Korea)E AH&-5t% T} 12 PCR ¥H-5- &
A/JE DNAS} H|Eo] ¥hgo] gl= Zapo|m 23S 4
Webgar, e zetolw 29| 13 PCR W39
AHEL 1/1002.2 3]43te] 23} PCR (nested PCR)
o] FP o2 AESHAT 12+¢} 24} PCRY| ¥HE =
25uM 5= 9 PCR Zeto|H (B3 2 s 4
uL, BdEH5 17 L2 kito]l H7iskdeh a8l ¢
DNA%} 12} PCR F-&4HE 1 pLE Z+2}He] PCR ¥Hg-o
83t F 20uLE ¥H3SHgiTh 12k} 22} PCR ¥HE- &
2 95°ColA 5% Bt 27] HAGAE A3 £, 95°C
oA 4527t B4, 55°ColA 187 27, 72°ColA 1+
7t AAshe DAE 353 HHEstglow, HF AAAA S
72°Co| A 587 Z13g3t3ict.

)

olN

)
N 2ot o o o i f
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4. M= xHF R HY

U Askrol A o] AiV-A HARE A8l A= aqtEgs
AT} nEgeER o8 EE Agke AR RE HAE)
32715 A, 29 2 5 AR YF o AgEE

394, WE, 34, 39 5 RE AUt A4 27 5 A

O:

A AAYE A5, I REAT SHE A 2%

QIAMIEES E38LY 10mL7F 28 € 5= Q=2 35
Hom, 87t 75 NTU odd 7% 5h¢-4 e Ao A
Ag e E AdZstanh =4 30 psi =FELE F 5007
g ol Astert sk W FHsH 2EHE S ¢
UA Bk Ao ES AAS L Hr Hid 3Y

[<)
3} v)d Bog 1 ARER 2o YRS sl ool
stol ol AFAE o|Eahich. HABZ, 437]9]
2 (beef extract, desiccated powder) 4, 5 M @34 &
A, Fi AES 2% B LIAMIES | 0.15 M A
EF &Y, 1M g4F 0.05 M 22to]4l 5& AH8-ste] 8¢
BollA wiolg|2F " 9 FEsAeH, HF w52
20mLZ 3}H2 ™ cryovialo]l 1 mL % 3709} conical tube
of 22 ol Tol —70°C YN Bt
39S W& e Tetd A Al 2017-5000 w2t
+35tAh =N 140 uLEHE total RNAS FE317)

23l QIAamp Viral RNA mini kit (Qiagen, Germany)& At
4 4 vFdo] et £33 RT-PCRS AccuPower”
RT/PCR PreMix (Bioneer, Daejeon, Korea), nested PCR
2 AccuPower® HotStart PCR PreMix (Bioneer, Daejeon,
Korea)& AHE5FTh B4 24 Lehts v Sol 4 ut
22 A 57 98 SL® Non-specific reaction inhibitor
(LSLK, Gyeonggi, Korea) 3 uLE 2 AFoA Zzlo|H
Adrs 98 AREE WS Ao E¥ste] FF 200l
volume2. & WH$-3}4th One-step RT-PCR HHg 24L&
42°COIA 602 Bt AHA ML WYY F, Lefoln]
RS ) AEE W 208 S

ZE PCR FEZAHE2 2.0% agarose gel-x AHE-314] 100
VoA 3587F H7]9%F ¥, Gel documentation system
(Bio-Rad, California, USA)o| A &ols}tt. FAo=
FZAEL ZZ AELS MEGAquick-spin™ Plus Total
Fragment DNA Purification kitE AF&-3}¢] gel purification
(iNtRON Biotechnology, Gyeonggi, Korea)= 33t
&, ut3 24 (Seoul, Korea)oll ABI 3730XL capillary
sequencer (Applied Biosystems, Foster City, CA, USA)E
ARERE A7IAE R4S YF st 2RE SISk ®
3 BAE 97149 7|2 E NCBIOA A|E3H= basic
local alignment search tool (BLAST)Z FAMS &9l &
AsTE 55t HF 548 Th(Kitajima and Gerba,
2015; Kumthip et al., 2020). A5 5 13 AiV-A, B,
CY o}21Z 02 AFE3 human Norovirus GIL.17 G 7] A
92 NCBIZEH 4%5}4 1L, BioEdit version 7.1.3 (Hall,
1999)% AH&ste] o5 A7IA<E A5t MEGA
software version 6.032 ©]83}4] Maximum likelihood
9 Neighbor-joining treeE T+53F9.2™ Z+2He] distance
model2+ Tamura-Nei @ Jukes-CantorES A}&-3}4ch
(Tamura et al., 2013).

1. Zaf0|H M o HE

AiV-Ad] Eo]& o], hairpin 7-=&, dimer ¥ self annea-
ling 59 A7} UehA] ¢a1, 55°C annealing 2= £
g5}= RT-PCR % nested PCRO] AME-E Zzlo|mE At
3 870 @ W3k 5719 PCR Zato|HE zhzh Ak 4 A
ALt (Table 1). AZHel Zefo]o{ & A1-8-5ke] RT-PCR
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Table 1. Information of selected and newly designed primers for the detection of Aichivirus A.

Location
Name Sequence (5—3') nglg)th (Accession #: NC001918.1) Reference
Start End

FP1 ACACYYCMACYTCMCGYCARTA 22 6,261 6,282 This study

FP2 RTACAAGGAYATGCGGCG 18 6,280 6,297 This study

FP3 ACTGGNMTACTGGTYTCT 18 6,323 6,340 This study

FP4 GACTTYCCMGGCTTNGTCGTBTG 23 6,398 6,420 This study

FP5 GACTTCCCCGGAGTYGTCGTCT 22 6,398 6,419 This study

FP6 ACACTCCCACCTCCCGCCAGTA 22 6,261 6,282 Yamashita et al., 2000
FP7 GCCAGTACAAGGACATGCGG 20 6,276 6,295 Yip et al., 2014

FP8 GACTTCCCCGGAGTCGTCGTCT 22 6,437 6,459 Saikruang et al., 2014
RP1 GACATCCGGTTGAYGTTGAC 20 6,644 6,663 This study

RP2 AGGATGGGGTGGATRGGGGCAGAG 24 6,550 6,573 Oh et al., 2006

RP3 CGGTTGACGTTGACGCCAGG 20 6,638 6,657 Yip et al., 2014

RP4 GACATCCGGTTGACGTTGAC 20 6,644 6,663 Saikruang et al., 2014
RP5 GGAAGAGCTGGGTGTCAAGA 20 6,760 6,779 Yamashita et al., 2000

Table 2. Combination of RT- and nested PCR primer sets for the detection of Aichivirus A.

Division PCR type Primer combination Product size (bp)
RT-PCR primer set #1 RT-PCR FP1+RP1 403
RT-PCR primer set #2 RT-PCR FP6 +RP5 519
Nested PCR primer set #1-1 Nested PCR FP2+RP1 384
Nested PCR primer set #1-2 Nested PCR FP3 +RPI 341
Nested PCR primer set #1-3 Nested PCR FP4 +RP1 266
Nested PCR primer set #1-4 Nested PCR FP5 + RP1 266
Nested PCR primer set #1-5 Nested PCR FP6+RP2 313
Nested PCR primer set #2-1 Nested PCR FP7+RP3 382
Nested PCR primer set #2-2 Nested PCR FP8 +RP4 266

zato|r 23 271¢} nested PCRE Zato|w 23 774
ZyZ} 34131tk (Table 2).

€
=
=

2. RT-PCR %! nested PCR Zz}0|H At

RT-PCR Zto|m o] 23t #13} #29] QIAEE F4517]
218 107 (1 pg uL™)F-E 107 (10ag uL™H9] =2 3|4
g 38 FAAS uhgo] ARgstgth 1 AT #1373 #20]
ko] 403 bpe} 519 bp= Z+2Zk AJAHE 27]9] FE AHE
of A5 o AalFslon, F 2F nE 10™747] 2]
A% IHES A (Fig. 1A). 1 F F 2¢9] Zatoln
2 1459 1 Hpo|YAE o] gl Bo|=E AAY

oh 1 A3 BE F3 vpo]H A FoA §hgo] dojuz|
Aonoz AiV-Aof| EolFolgt 3t #13 #29] =
= RT-PCR Zzto|w 2 AHst¢ich(Fig. 1B).

RT-PCR Zg}o| #]9] ZZ A2L A1L3}9] nested
PCRO| 7}53t Zato|n] 23 570 (#1-1, #1-2, #1-3, #1-4
2 #1-5)9} RT-PCR Zato]n] #2 ZE AME 0] ALg0] 7}
53t nested PCR 23 27l (#2-1 & #2-2)8 FA3SA
1/1002 34 % RT-PCR $E AES 77 ALg-sto] A
< FYP3igith I 2 #19] FF 4SS 0|8 nested
PCRE RE ZFoA RIAE 9 Sole AYoA HIE
o] ¥h-g-& Hols FE AHEo| FRIE it (Fig. 2A). et
A, RT-PCR #1 & AME2 A}23}:= nested PCR Z&}o|

OE
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(A) Candidate primer set No. 1 for RT-PCR (B)
M-3 -4 5 6

7 -8 N

0.5 kb— 0.5 kb—

Candidate primer set No. 2 for RT-PCR
M -3 4 5 6 -7 -8 N

0.5 kb—

Candidate primer set No. 1 for RT-PCR
M Astv HAV HEV SaV PeV eAdV RVA EnV71 CoxA6 CoxB1 CoxB5 PV EchVS EchV11

Candidate primer set No. 2 for RT-PCR
M Astv HAV HEV SaV PeV eAdV RVA EnV71 CoxA6 CoxB1 CoxB5 PV EchV5 EchV1i

Fig. 1. Sensitivity and specificity test of candidate RT-PCR primer sets for detection of Aichi virus. (A) Results of sensitivity test using 10-
fold serial diluted template. (B) Results of specificity test using reference viruses. M, 100 bp Ladder marker (Enzynomics, Korea); =3~ -8,
10-fold serially diluted template from 1 ng pL_l AiV plasmid; N, negative control; AstV, Astrovirus; HAV, Hepatitisvirus A; HEV, Hepatitis-
virus E; SaV, Sapovirus; PeV, Parechovirus; eAdV, enteric Adenovirus 41; RVA, Rotavirus; EnV71, Enterovirus 71; CoxA6, Coxsackie A6;
CoxB1, Coxsackie B1; CoxBS5, Coxsackie B5; PV, Poliovirus; EchV5, Echovirus 5; EchV11, Echovirus 11.

o 292 BF A sttt 3hAF RT-PCR #29F 29-
nested PCRQ] 7% 17]9] Zato]m 23 #2-2, 266 bp)oll
A 3 wpel g A 3} v Eo| uhgo] glom, 107744 1l
=g Hel 23S AU 5= AAth(Fig. 2B).

3. 28 xlaks AM=E 018t HAIY HE

=& Aske AR 32709 HF sEYoRRE 259
total RNAE AFg-3}o] A9tE RT-nested PCR Zgto|H %
g #2-28 AF39th 1 Ak, RT-PCR oA ¥4 ti=
TE 233 BE A BT 225 R 49rod nested PCR
oA FF AR AT = ASiTh(Fig. 3A, B).

HEo] ¥l3-S Holk A&E 270 (13 23%)7} BQlE
A, FHo= FAHHE ARE F 303, 5 2 16¥)7t
1= Atk (Fig. 3B). kAT <} =4 A8 5 27 A&
G HE 16%)9] B = A2 FEvt B4 oot 4714

A& JYstA] ot whebA, 179 FA 24 Al
72,2709 v Eo] whg A8 9 FHARTY FE AES
Aoy f7] A dE A (Sanger sequencing)S S HFFH o
2 71N LELS sttt O A vjEo] HILS HQl 2

7H] A|&& RT- ¥ nested PCR primer2 @7| A gE40]
A gol 342 WA 5 ATk sARE 59 A2 9
8% nested PCRO] aF Zeto|wo] o3 |74 E&
24T = Ut B4 E A7IAE2 F 249bpE NCBI
BLAST Z3} Aichivirus isolate 1149 (JN584164.1) 5 7
708 £3} Max Score 394, Query Cover 88, Per. Identity
99.09%2 el Aichivirus AZ 3 2 4 Atk vbx
90 2 Phylogenetic analysis AI}= Aichivirus AZ &3
4 Hlon, 2F AR F8AFL Genogroup AR S
A= Ak (Fig. 4).

L]

al

B dFolHE BN AiV-AQ 1= EolF3l A
5 AT EAREEE AAE 97 2 et 38
A atpo A BUE st HHE B84 RT-nested
PCRE Z-g3}4th Pham et al. (2007)3} Yamashita et al.
(1998)9] 2119} Zro] AiV-A2] 3CD 4+-A% A gL a7
AgofA 9 HUE P &8 9 F42F 24 55 5171
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(A) Candidate primer set No. 1-1 for nested PCR Candidate primer set No. 1-2 for nested PCR Candidate primer set No. 1-3 for nested PCR Candidate primer set No. 1-4 for nested PCR
M -4 -5 -6 -7 -8 PN N M 4 5 -6 -7 -8 PN N M -4 5 -6 -7 -8 PN N M 4 5 -6 -7 -8 PN N

0.5 kb—
0.5 kb—

i d No. 1-5 fi PCR
Candidate primer set No. 1-5 for nested PC RVA  CoxA6 CoxB5 Echv11

M -4 -5 -6 -7 -8 PN NAstY HAVHEVSaV M PeV eAdV  EnV71  CoxB1 PV EchV5 M

0.5 kb~

(B) Candidate primer set No. 2-1 for nested PCR Pev RVA M CoxB1 PV Echv11
M -4 -5 -6 -7 -8 PN NAstv HAV HEV SaV eAdV  EnV71  CoxA6 CoxBS EchV5

0.5 kb~

@Candidate primer set No. 2-2 for nested PCR
PeV RVA M CoxB1 PV Echv11
M -4 -5 6 -7 -8 PN N AstV HAV HEV SaV eAdV EnV71 CoxA6 CoxBS EchV5

0.5 kb—~

Fig. 2. Results of sensitivity and/or specificity test of candidate nested PCR primer sets for detection of Aichi virus using RT-PCR products
from 10™ to 10 and/or references of candidate primer set 1 or set 2. M, 100 bp Ladder marker (Enzynomics, Korea); -3~ -8, 10-fold
serially diluted template from 1 ng pL_l AiV plasmid; PN, RT-PCR negative control; N, negative control; AstV, Astrovirus; HAV, Hepatitis-
virus A; HEV, Hepatitisvirus E; SaV, Sapovirus; PeV, Parechovirus; eAdV, enteric Adenovirus 41; RVA, Rotavirus; EnV71, Enterovirus 71;
CoxA6, Coxsackie A6; CoxB1, Coxsackie B1; CoxB5, Coxsackie BS; PV, Poliovirus; EchV5, Echovirus 5; EchV11, Echovirus 11.

of Agtstn, & AT T FiES 22 53 A AiV-A EUEES 93 JF 4 1S AFsoh
A S 98 71 HuE A3 AEA e = E3F oE AZui Q4 kol A HE W (NIER,
Ztolo|S 4851 LAY L ALUAA $ 7 ZU T DIOT FIY REPCR % nesed POR 228 A8}
2F 119 238& Agstglon, Ade zetoln 232wt AR F AREATE Y AROlA o7 HEA A
Saikruang of al. 2014)0] BT 23} 2ok ABA 0 o) dat Bel@L AT
ARRIgE Zetolw 5 oA B8 HH Zetolm= gt AiV-AE S, 7, Al B 9 A skl A HEEHIT Y
7 W A2 E4dt= AiV-A WA E th9 519 ow, v, F9, otXotE ZFste] A AAFLE B
strains= AE&3}7] Y3 letter codeS L3P o} o & 1% 3 glth(Rivadulla and Romalde, 2020). £3] Yo
Qi vl Eold wigol th Lebde] whet A8 W BE AL AA AR 267 F 19704 Aickivirus A7} 15
ZHolA it wastgch Ty ol Aol (oF T3%)EHALH, ZFE AR 607] F 36714 ASt BR
BEyy ol 2FEL T RAES 2E3HY 9 Aichivirus7} & (< 60%)°] =t} (Hansman et al.,
Z:]' EOIX“ O F Rl A|RNA AIV-AE AZFo=R 2008; Kitajima et al., 2011). o] &} Zro] ufo|& A &3 3} 7+
AT 4 A, o]= | Bergallo et al. (2017) A Y RuEE S8 olA AiV-A T A& 4
ANE B S| 4% ol AAES HY A A vlolelze] ot RUEY aAE A, ol
WS A R ATS FH 502 Asipe]  hgsel BA6) A7 4 At BE AP vjelo] Aa

r{n >v

__r;ﬁrmlﬂnr
>
huj

ot
oZi
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B2 - 275 - OlAIR - 0TI - o}

(A) M 1 2 3 45 6 7 8 9 101112 13 14 15 B) ™M 1 23456 78 910 111213

0.5 kb—

M 16 17 18 19 20 21

0.5 kb—

M 31 32 P N

0.5 kb—

0.5 kb—

22 23 24 25 26 27 28 29 30 M 14 15 16 17 18

0.5 kb—

19 20 21 22 23 24 25 26

M 27 28 29 30 31 32 P PN N

0.5 kb—

Fig. 3. Result of groundwater sample tests by using developed RT-nested PCR method in this study. (A) RT-PCR result by using candidate
primer set 2 for RT-PCR. (B) Nested PCR result by using candidate primer set 2-2 for nested PCR. 1~32, number of groundwater samples;
M, 100 bp Ladder marker (Enzynomics, Korea); P, 10 pg uL™" Aichi virus plasmid; PN, RT-PCR negative control; N, negative control.

Achivirus (ABOA0T49.1)
Aichivirus (AB040T49.1)

Aichivirus (AB010145.1)

85'2‘ , Aciius isote VN63303 EFO79161.1)
Achivius isolate Monasir 500/2003/Tunisia (FJ872477.1)
Aichivius isolate Monasii 760/2004/Tunisia (FJ872479.1)
Aichiirus isolate 1149 (JN584164.1)

- Achivirus isolate ABA4/BS (AB034651.1)

0.1

- Sample_5
— Achivirus strain human/Fujian-1021/2008/China (GU459258.1)
o) Aihiius Aisdlale AVI4ARO12T (KC488325.1)
L o _{ Aichiitus AVENURY/A30-PY/05-2011/B (KR8T3079.1)
B892 || Aiiius isolate Chshes (FJ890516.1)
167Aichiw‘rus isdlate Chshcs (FJ890516.1)
Aichivirus 1 isolate QId/2008/268 (JQ792245.1)
Aichivirus isolate Chshc’ (FJ890523.1)
Aihiius Astrain AUS/2008Queensland FSS263 (MG253826.1)

69

Human Norovirus GIL17 (NC_039475.1)

100/100 r Aichivirus B strain U-1 (AB084788.1)
Bovine Kobuvirus strain IL35164 (MN336260.1)

99/99 r Porcine Kobuvirus swine/S-1-HUN/2007/Hungary (EU787450.2)
99/100 — Porcine Kobuvirus strain CMPO6/07-THA (AB624493.2)

g dnoubouars)

Aichivius isolate A1258/87 3CD gene (ABU34649.1) GenogroupA ] AiV-A

j AiV-B

] Aive

Fig. 4. Maximum likelihood (using the Tamura-Nei distance model) tree showing the phylogenetic position of sample #5 (presumed to Aic-
hivirus A) based on a nucleotide sequences from RT-nested PCR product. Closed circle represents that the corresponding branches were also
recovered in the Maximum likelihood and Neighbor-joining (using the Jukes-Cantor distance model) trees. Bootstrap values are less than 50
based on 1,000 replications are shown. Human Norovirus GI1.17 (NC_039475.1) was used as an out group. Bar, 0.1 nucleotide substitutions.
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