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Abstract

Acute gastroenteritis is one of the most common diseases in infants and young
children under 5 years of age. In recent years, several viruses related to diarrheal diseases
have been discovered, mostly by advanced genetic molecular techniques. The new virus
species, named “Saffold virus” and “Cosavirus” were recently reported in 2007 and 2008,
respectively, in children suffering from acute gastroenteritis. Thus far, it is not clear whether
Saffold virus and Cosavirus are associated with the diseases, including gastroenteritis in
humans and epidemiological data of both viruses are still limited. With the aim of having an
overview of molecular epidemiology of Saffold virus and Cosavirus in children hospitalized
with acute gastroenteritis in Chiang Mai, Thailand, therefore, the prevalence of Saffold virus
and Cosavirus infections were examined by RT-PCR and the genotypes of these viruses were
identified by nucleotide sequencing and bioinformatics analysis. From a total of 411 fecal
specimens collected, Cosavirus was found in a single specimen (CMH-N199-11) (0.2%), while
Saffold virus was detected in three cases (CMH-S052-10, CMH-N031-11, CMH-N120-11) (0.7%).
Genotype identification by nucleotide sequencing revealed that the Cosavirus CMH-N199-11
strain was most similar to the Cosavirus SH1 Chinese strain and belonged to HCoSV-A6
genotype. For Saffold virus genotype identification, the CMH-N120-11 was identified as SAFV-
1, while other 2 strains of CMH-S052-10 and CMH-N031-11 belonged to SAFV-6. It was
observed that all three Saffold virus strains isolated in this study were most closely related
to the Saffold virus reference strains isolated previously in Pakistan. In addition, the
complete genome sequence analysis demonstrated clearly that the viral genotypic
characterization should be based on the P1 region analysis. Our data demonstrated that
Saffold virus and Cosavirus are the viral agents that associated with acute gastroenteritis in

Thai children, although the low rates of detection were observed. To our knowledge, the



present study is the first report of Cosavirus and Saffold virus genotype 6 in pediatric

patients admitted to hospital with acute gastroenteritis in Thailand.
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Biotechnology Information) 1agdl accession number Ao KJ396940 Fsilsneazidunas

a191u full-genome sequence il
> CMH-N199-11 (HCoSV-A)
Length = 7,317 base pairs
G+C content = 43.87%

A+T content = 56.13%

Nucleotide ~ Number Mol%
A 2001 27.35
C 1652 22.58
G 1558 21.29
T 2106 28.78

> CMH-N199-11
GGCTATGTCAAAGCAATACAGTGTGTGCAAGGCGTACACGCTCAAGGCGGAGACTTAGGCC
TCACAGATTGTGTTTTGTGTTATTGGATGCTGGATGGTCACGTTGGAGACTGCATGTGGC
AGTCTTGAAACGTGTGGTTTGACGTCTATCCATTACGGCAGTGGGTGGAGTACTGCAAAG
ATGTCACCGTGCTTTACACGGTTTTTGAACCCCACACCGGCTGTTTGGCGCTTGCAGGAC
AGCAGGTTTATTTTCTTATGTTCTTTATTTCTAGCCAGCAGGGTTCTATCCTGTTGGGCG
GAGTGATACTCCCGTTCCTTCTTGGACAGATTGCCTCCACGACCTTTGTGGATCTCAAGG
TGATCAAGTCACTGGTGAATAGAGCGAAGGTTGAGGAGACCTGAGGAATTTCCATGTGGC
TTTGCCAGGAGTTGTAGCGATGCTGTGTGTGTGTGCGGATTTCCCCTCATGGCAACATGA
GCCTCACAGGCCGAAAGCCCTGTCCGAAAGGACCCACACAGTGGAGCAACCCCAGCTCCC
TCCTACAAAGCTTTGTGAGAATGAACTCACGTTTATTCTTCTTTATTCTCTATTTACATC
AGGCCCCAAAGATGTCCTGAAGGTACCTTGTGTATCTGGGCATGAGCACCATCAACTACC
CGGACTTGCACTTTGGTGCAGACGCATGTGGTGACCCAGCCCCTCTGCTTCGGCAGAGGG
GCTTTCGCTCGCTCAGCACGAGATCTGATCAGGAGCCCCTCCCAGTGTGCTTTACACCTG
GCGGGGGGTTAAAAATTGCCCAAGGCCTGGCACAATAACCTAGGGGACTAGGTTTACCTT
TTGTTAACAATGTCTGTCATTATGGGTGCAAACAACAGCAAAGAATCAGTGTCCAGCAAT
GGCAACGAGGGAACAATTGTTAATAACTTTTATTCAAACCAGTATTATGCTTCTATTGAT
GCTTCTGCCCAAGGTGTTGGGACCTCTACTACTCCTGAAAACGGCAACGTATCTGGCTTT
CTTGGACTTGCAAGCAGTGCTTTTAATGCTCTCTCTTTTCTCGCCTCCCCGCGAGTAGAG
AACTCAACATATCAGGAAGATAGGATTTTATCGCGCGTAGCAGGCAATACATCTATAAAC
TCTCAAGCTTCAGAAGGGGTTTTGTGTGCTTACGCGCATGAAACCGACGGTTCAGATCCT
ACTTCTTGTGGTGACACCCCCAGCAAAGGAACTGCAGCAACAGATAGAAGTTTCATAGTA
CAACTCCAGCAATGGTCCACAACACAGGCCGCATATGATGCTCAGTGGGTCCGCCTCACA
CAAGAACTGCGGGCGGATAACAAAGGTAATGTGTTTGCAAAAAATCTGAAAACTCACTCA
TATGCAAAGATGGGATTCGAGGTAACACTTCAGGTCAACACCTCTCCGTTCCATTGTGGT
TTGGTTGGACTGTTTCTTGTCCCCGAATTCACCAGATTCGGGCCAGACAACTTGACATGG
CAGGATGTAACAACCCGACTTTCTCTTGTGAACAATACTGCTTTATATGACCCCCAAAAT
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TATGCAGGAGATAGGGCTTTAGACACTGATGGCTCTTTTGATATGGCGGATTTTTCGCCT
GAACAATTCATGCTGTTTCCCCACCAGTTTATAAATCCCAAAGACACTAATATTGCTACT
GTTAGAGTCCCATATGTTAATATAGCCCCTACTAGTGATACCACTGTTCATACAGTTTGG
ACAGCGGTGGTAATGGTGATAGTTCCCCTCTACTATTCATCAGGTGCTTCTCCAACAGTT
AATATGACAATGACTATTACTCCTGTGAATTCAGTGTTTAATGGACTGCGTCATTCGGCG
CAGACCCCTATTCCTACTAGGCCTTTTCACAACTTTAACCAGTTCAACACCACGGTGCCT
CTTCGCACCGAGCCATGCTATGGTATGACTGTGACCCCTCCAGTTGATTACATGCCTCCA
CCAGTTGAAGATCTCATGTCTTTGGCCCAGGTGCCTTGCTTCCTGTCGGTTGCCTTTTCT
GACAATAGTATTAAGGGTTTTCCTTACTTTGCTGTTAGCAATACGGAACAAGGGAGAAAA
TTGTTTTCTAGTGGTGTAGTGTTATCAGATCCCCACTATCAACACACTTTGCTTTCAAAT
TTGGCTCGCTTCTTCTGCAATTATCGCGGAAGCATACAATTTGATTTTGTTGCCGCCACA
ACTGCCCTGACCCGTGGTAAGTTGCTTATAGCTTATTCTCCTCCAGGTGCCAATGAGCCC
GCATCTATTGACCAGGCTATGATGGGGACTTATGCAATTTGGGATCTTGGACTGCAGTCA
ACTTTCAATTTTGTTGTTCCTTTCATATCGGCAACTGACTTTCGCTACAATCAAGTAGCA
ATCGCTTCAGCTTTGAATTCTGATGGATGGCTTACAGTTTGGATGCTTAACCCATTGACT
TACCCACCCAATACACCCCCAACCCAACAGATTGTCATGATGCTTTCTGCAGGTAAGGAC
TTCTCTTTCAGACTTCCAATTTCACCAGGTATAGCACAAGGGATTGGCGAACAAGACCCA
CATGACAATATGGAGTGTGGACAGGTTGATGACAAAGATGCGTCCATGTTCTCCGGACAT
TCTGTTTCTCTCCCCACGCCTCACACACTGTGTTCCTTTTTCTATGACAGATACCGCATG
ATTGGAATTGTGCGTTCAACAAACAGAAATTCACCAAAACTTAAGACACCTCTGGAAGCA
GGCAAAATAATGAATTTGGTCAAATATTTCAAGATTGAATCGGCATATACACCCCAACCA
GAACATGCTATCGGTCTAACTCCAGTACCTAACTTGAATGGAGTTCCCTTGTCCGCTTTC
CTTAATGCCAAATCTACTGCATCCAAGAAAAGGTTAAGACTTGTTAAAGGAGACTTTCAG
TTGAATTATTGCTGTCCTTTTACTTATGCTAAGTTTGATCTTGAATTTACAGTGGTGCCC
CCTGCTAGCTTTGCATCTGATTATATAGTTCACTGGTATCCTCCAGGTGCCCCTATTGAT
ACTGCTGAGATCATGTTTGGAATGAATGCTACTGACACTGAGTTTCAAGACAATGGAGAA
AACATGAGTTCAGCTCAACTCTCATATAACCCTACTTTTTACGCCAGAGGACCTACTAAA
GTCTGTGCAGTAGTACCTTTTTGTTTACCTACTTCTCTATTGCCTCTTTATTTTGATGGT
TATCCAGACTATGCAAAAACTCCTGGCTTGTATGGGACTTCTCCAGCTTCTACCTTTGGT
ACTATTTTTGTTGAATCAGACACAGAAGCACGCTTCCATGTTTACATCAGGTACAAAAAT
TTCAAGGGTTACCTACCTAGACCACTAATTAGAACAACACACATACCCTTGGCAAGTCGC
AACAGAAGACAGGTGGCGGGTAGTGTGCTTACTAGAGAGATTACTAGGGAAGAACGAGAA
GTTGCCAGGCAACTCCTCCTTATTTCAGGTGATATTGAGTCCAACCCAGGTCCTGCATTT
AATCCAGAATACACTGTACATGGCCCAGTAACAGATTTGATTCAATTGGCTAGAAAACCA
GAAACAGTTGATAATGTAAACAGACTTCTGACTACTCTTAACACCCTTATGGCTAAATGG
AACAACCTTAAAGAGACTGTTACAGATGCTGTGTTTCTTAGAGACATGGTGTGTCTTCTT
GTAAAACTTACCTCTTTACTCTACCTGGTTCACGGACAAGGACCAGGTGCTTACTTTGCT
GCTGCTTCTATATTGATGGCTGATGGGATATCTTTCTTTGATTGGTATGAAAAGATTAAA
ATCTTCATGGCAAGAAAACTCAGAGTTTCCCCCCCTTTCTTTCCCAGTGCCCAGGGACCA
GATCTTAGAGATTTTGTGACTTTCTTCAACGCTGCGCGTGGAGCGCAGTGGATGATTGAT
TCTCTTAAATCCCTCATATCTTGGATTAAACAGTGGCTTGAACTTGAGGAAGAAAATGAA
GCAGTACAACTTGAAAAGATGTTAATTGAATCTCCCAGACACTGCAAGGCAATAAATGAT
TACAACAGAGGTGACTCTTTCCAACGACCGACTAACTCTTTTGAATTCATGGACAGACTT
GTGGAATGTGCTACTAAACTCGGGAGGGTTCAAATTGCAACATACTTTAGAAATTTCACC
ACAGCCGATTCTGATACTAGCAGACCAGAGCCGGTGGTGCTTGTTCTGCGCGGGAAACCA
GGCGCAGGCAAATCAGCTGCAGCTACTGTCATCGCTGCTGCAGTCTCCAAATTGTTAGTA
GGAAGTCAATCAGTTTATACACTTTCTCCAGATACAGAACACATGGATGGATATCATGGT
CAATTTGTGACCTTGATGGATGACCTTGGACAAAACCCAGACGGTGAAGACTTCAGATGT
TTCTGTCAAATGGTTTCATGTGCTCAGTACCGCCCCGCCATGGCTGATCTTAAAGACAAG
GGAATCCTGTTTACTTCTAGACTTTTGATTGCTACCACCAATTTACCAGACTTCAATCCC



GTTACTATTTCAGATCCTCGCGCCCTTGACAGGCGCATTACCTTCGATATCCACGTTACA
CCAGGCTCTGCTGCAACCAAGAATGGGAAACTCGACTTGGCTGCGGCCCTCAAACCCGAT
GGACCCGGTGAACACCCTTACACTTCTGACTGTCCCATTCTCCACACTACTGGACTTCTT
TTGAAAAACCTCAGAAACAACCAGACTATGAATGTAAAGGACCTTGTTGACCTTA
TCGTGAGAAGAATTAAACATAAGAAAGAAGTAGGAAACATGCTTGACTCTCTAGTTGCCC
AGGGACCTACAATGATTGTTGGCTATACTAAGGATGATGATGGCATTGCGATTGTGGACT
GTCTCGAAGAATGGAACAAGATTAAGGACAAGAAAAAGAAACAGCTTGCTTTGGAAATGG
TTGCCCAGGAGCTTAAAGACAAACATGAAGAACATAAGGGAACAATTAAACTTTTGAAAA
TGTTTGTCACAGGTTTGGGTGTCGTCGCTGCCGTTGCAGGAGCGTACGCCACAATGAAAT
ATTTCACTAAAGACAAACCAGAGGAAACCAAGGAACCAGAGGAAAAGAATGAAGAAAGAG
AAGAGTCCAAAGAAGCTGCTGGTCCGTACAATGGGCCAACAAAGAAAGAAATTAAAACAT
TGAAGCTCAAGGCCCAGAGTCCTCTTATGGATATGGAAAAGAAGATCTCTCAGAATGTTA
TGCCCTTTCAGATTTGGTACAACGGAAAGAAGTATACCCAGTCTTGTTTGGCAATAGGTA
AAAGAGTGATTCTTGTAAACAAACATGCTTTTGAATCAGTGGATAACAAATTCATTGTGA
ATCAGAAAGAATACACACTAGATCAGGTTACAGCTATTTCCCTTGATTGTGGGTCAGGTG
TTACAGATGTGTGTGCTATTTGCTTGCCCCCAGGCCCAGATTTCAAATCAATAAAGAAAC
ACTTCCTACCTTTTAACACTACTATGTTTCCAGGCACCCGCCTGACTATTCTCTCGAATG
ACCACTACCCTATGTCCAGAGAAGGGTCTTTCCTTCGCTTTGAGGATGAAGTTCCCACCA
ACATAGGTCAGATGCCCTTTGTGATGCTTTACAAATCAACCTCTTACTTTGGTATGTGTG
GTTCAGTTGTGTGTAGTAGATTTGTTGATGGAGGAGGAATAATTGGAATGCACTGTGCAG
GTGGAGGCGGAGTCAGTGTTGGAACCCGTTTGACTGCTAGAATGATTGAATCAGTTTTTG
ATTATTTCTACCCACCAGTTGCTCAGGGAATTATTGAAAATACAGAGACAGGACCCCGTG
TGCATGTGCCCAGACAATCCAAATTAAAAAGAACTCATGCCACTTATCCGGCAACGGACA
AGTTTGGCCCAGCTGCACTCTCGCGGTACGATCCGCGTCTTAATGAAGGAGTAGACCTTG
ATACAGTGATCTTTTCAAAACACACCCATAATACTTTGATTGATAAAGAATCCACTTTTA
GGAAAGCTCTTGATATGGCAGCAGAAATTTATGGTGAAAAGTTCAGAGGAAATGATTTCT
CCCCTCTTTCAGTTGAAGATGCAATTCTTGGAGTACCCGGACTCGACCGTTTGGACCCCA
ACACAGCTTCAGGACTTCCTTACACAAAGACCAGAAGACAGATGATTGACTTCAA
CACAGGACAGATTTTGGACGATACTCTTAAGTGTCGACTTGGACAATGGCTTGCTGGACG
ACCTCCTCAGGAAGTACATTACCAGACATTTCTCAAGGATGAAATCAGGCCCATCGAAAA
GGTCAAAGCAGGAAAAACCAGAATAATTGATGTTCCTCCTCTTGATCATGTCATTGCCTT
CAGAATGCTCTTTGGCAAATTCATTGCCCACTACCACTTGAACTTTGGCTTTAAAACAGG
CTCTGCTATTGGTTGTGACCCAGATGTTGCTTGGGCTTCTTTCGGCTTTGAGCTCAGTGG
CTTTCCTTATCTGTATGATTTTGATTACTCAAACTTTGATGCTTCTCACAGCACTTCAAT
CTTTGAAATCTTAGATCAGAAATTCTTTTCTCCAGAATTAGGTTTTGATCCTAGATGCTC
ACTTCTCTTGAAATCCCTTGCAGTTTCAACCCACTGTTATGAGAACAAGAGACTCCAGAT
TGCTGGAGGGCTTCCCTCCGGCACGGCAGGTACCTCAGTACTGAACACCGTGATAAACAA
TATCATTTTTCACGGTGCATTGTATCACACTTACACTAATTTTGAGTGGGATGACATCAG
TATGTTAGCCTACGGCGATGACATTGTTGTTGCCTCCAAATTCGAACTTGACTTGGTTAT
GGTTAAGGCTTTCATGAACCGGATTGGCTACAAGATTACCCCTGCAGACAAAAGTGACGA
ATTCAGACCAAAGTGTATGGATGACATTTGCTTCTTAAAGAGGCGTTTTGTTAAAGTTGC
TGGAGTTTGGGCTCCAGTGATGGAAACTGAAAACCTCGAGGCAATGTTGTCTTGGTACAA
ACCAGGAACTCTTAATGAAAAGCTCCAGAGTGTCTCAAGACTTGCCCATTTCTCAGGACG
TGACGTATATGACCGCCTTTTCAAGCCCTTCATTCGTGATGGGTTTGACGTCACACCTTG
GAAACAGTTACACTTGGAATGGCTTAATAAGTTATCAGCTTAAAGAATTTTGAATTGGCA
TTTCAAATTTATTTTGAATTTGGCTTTTAATTCGTTCTTAATTTGGTTATTTATTGGGTA
TAATCA

12
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a1519t 1 nsSeuiieu full-genome sequence 33%319 CMH-N199-11 iU Cosavirus

species f149

Nucleotide sequence identity (%)

Region* HCoSV-A6 HCoSV-Al HCoSV-A19 HCoSV-A20 HCoSV-E1l HCoSV-F1  HCoSV-D6/E2
SH1 0553 PK6187 NG263 Australia/81 PK5006 NG385
VP4 97.0 97.0 96.0 95.0 80.3 77.9 78.9
VP2 90.2 63.6 66.5 70.4 56.0 65.2 58.3
VP3 89.0 67.3 65.2 68.9 59.7 60.4 62.2
VP1 85.6 59.3 57.7 57.8 46.4 50.7 48.8
2A 82.2 60.0 59.3 60.4 47.7 37.2 42.2
2B 82.9 84.8 81.8 84.5 64.7 66.1 64.4
2C 84.4 85.8 85.8 86.8 69.5 64.7 70.7
3A 82.0 80.8 80.8 88.0 60.1 61.8 59.3
3B 85.9 87.7 84.2 84.2 77.1 75.4 80.7
3C 86.0 87.5 88.5 88.0 60.5 50.1 61.9
3D 91.6 92.6 90.6 92.6 67.8 66.8 67.5
Complete- 87.3 77.2 77.2 78.6 60.6 61.8 61.4
sequence

* Gene mapping Y89 Cosavirus (adapted from http://www.picornaviridae.com)
P1 P2 P3

BWTRVP4vrzVP3VP12A12A2282C BEEEBEBEETUTR

NMTIATIERUIouisy complete coding sequence Tugiuves 11 gene
regions (VP4, VP2, VP3, VP1, 2A, 2B, 2C, 3A, 3B, 3C, 3D) 489 CMH-N199-11 fiu
Cosavirus species 199 WuUi1 CMH-N199-11 $d16U nucleotide TndlAssiu Cosavirus
species A, genotype A6 (HCoSV-A6) aneug SH1 fuenldfoumiianusemaiu Tnedl
mnuwiloufuresddu  nucleotide egiidesar 87.3  TuvazdiflewSeuifieuiu
Cosavirus species A uitiu genotype 3u nuidanumiioutuvesdidu nucleotide

sequence anAvINBgNSeYar 77.2 f9 78.6 WATWUIIANUMABUYBIAIAU nucleotide
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¥

eanailoiouiudely species suq ﬁawuagjﬁiaaaz 60.6 89 61.8 FamansSauiiiey
13U nucleotide Alda1nit full-eenome sequence Taedudunanis typing ludosduin
CMH-N199-11 dadruunlailu Cosavirus lu species A, genotype 6 (HCOSV-A6)  uay
dlavhnsiieudiouddiu nucleotide Tudnuas senome luusias region 910 VP4
3D Wud @1¢U nucleotide ludiuwes VP4 fimnu conserve andign waz d1dy

nucleotide Tuduwas VP1 way 2A fanuunn1eiulusening Cosavirus 69 species

M (M1519%1 1)

sUAH 1 N13ANE1AITAININTVRS Cosavirus CMH-N199-11 Wisuiiuiiu Cosavirus dn8wug
auq lag (A) wanen153AszsiludIuvas complete coding sequence waz (B) wamens

Ans1ziludauvas VP1 capsid region

(A)

FJ438903.6344 HCOSV-A2 ===
FJ438902.0553. HCOSV-A1
FJ438904.6572.HCoSV-A3

® CMH-N199-11 HCoSV-A
GU968209.SH1.HCoSV-A
JN867759.PK6187.HCoSV-A19

] JNB67756.NG263.HCOSV-A20  —-emememcmmmmmemececcd
JIN867758.PK5006.HCOSV-F1  —cocmmmmmememcmea HCoSV-F
FJ438907.2263.HCoSV-B1 HCoSV-B
P FJ555055.Australia/81.HCOSV-E1  ----------ememnee HCoSV-E
100 FJ438908.5004. HCOSV-D1  -------=---- HCoSV-D
10 JNB67757.NG385.HCOSV-E/D  ----nmemememememcaes HCoSV-E/D
EF165067.Saffold virus

0.1



(B)
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JN867790.TN06-S231.HCOSV-A6
100 _|_— GU968209.SH1.HCoSV-A

100 L @ CMH-N199-11
95 L JQ811822.NP8-2.HCoSV-A6

JN867771.NG6.HCoSV-A5
98 I— JQ811821.NP8-1.HCoSV-A24

JN867776.NG18.HCoSV-A8

o7 JN867768.NP11.HCoSV-A7
_84| JQ811831.NG213-2.HCoSV-A23

JQ811825.NG295-1.HCoSV-A22

m ———————— IN867772.NG11.HCOSV-A10

97 JN867765.NP7.HCoSV-A9
410‘": FJ438904.6572.HCoSV-A3
l— JN867756.NG263.HCoSV-A20
JQ811826.NG295-2.HCoSV-A21
100 JN867759.PK6187.HCoSV-A19

JN867775.NG15.HCoSV-A18
JN867764.NP6.HCoSV-A13

100

L F438902.0553.HCOSV-A1
o JNB67760.NP1.HCOSV-AT1
JN867774.NG14.HCoSV-A12
JINB67787.TNO6-E34.HCOSV-A17
FJ438903.6344.HCOSV-A2
100 JQ811829.NG376.HCOSV-A14
— | JN867767.NP10.HCoSV-A16

JN867780.NG23.HCoSV-A15

FJ438907.2263.HCoSV-B1

0.1

NANSANEIITARILINITYDY Cosavirus CMH-N199-11 1Seulisuiu Cosavirus @1y

[y

Wugdue e Phylogenetic analysis 108ns3tAsIevia1fu  nucleotide lugiuves

complete coding sequence Fauanslunin A uandlifiuin Cosavirus CMH-N199-11 7

(%
[ [

wenliannnsfnulumsalidangusinduidoninsgiuiiu  Cosavirus species A wazdl

Auduusngdniu Cosavirus anemug SH1 Auenldneuniiianusswaiuuinian

o U a € 0o . 1 .4! o v .
dmsunN1TIATIERaInU  nucleotide Tudiuves VP1 @emivuanisasi capsid

¢ v o

protein veasiudolisa wavilu region Nlealdlunsiwsziifiedndiuun genotype vos
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walungull  wudndleyimsiwsiend  Cosavirus  CMH-N199-11  Wigufiuigeunsgu

1%
[

genotype Al D1 A24 wuln W@ellwunlaainnisAnuiluassiiinuduiuslnadaiu

Cosavirus genotype A6 @eiius SH1, TN06-5231, uay NP8-2 dsliinansatunsinge

Ineld complete coding sequence ALEAIIUATN A U191

lagasy wafleannn1sngiam Cosavirus tudnwiiinudn  Lifavliatinuladnsin
AUt luANTILeIN1599919291  INUANITIATIZRANEN WAL INIRUINTINTBIRILTE
1 dgll all Aa o v a U dgll = a = a ¥
nwuingenuenlalulssmalneidaunsindifesiugennululssinalu Jufinve
duflvgiudn  Cosavirus  MnuludsemalnewazUseimaluunsdsunianiadiauinis
Sufuanneu lngwenuenlaaunsadnduunaglu species A, genotype 6 (HCOSV-A6) @
wansnsnwenweneniatuitiedive Fmuinlu Cosavirus species € 91891UMs

Auny Cosavirus lupsalitialdusneuusnuein1snsaany Cosavirus Tugthewdniifiennis

993715e3lulsenelneg

2) N13A393%1 Saffold virus
N13AF7aM Saffold virus Tufegnudniiieinisgaanszirsludmiadedna
ndoEagaaseiivhmsfinudieduy 411 dreghs msaany Saffold virus o 3
9E9 (strains CMH-5052-10, CMH-NO031-11, CMH-N120-11) Aawduieeag 0.7 Iﬂ*&l‘ﬁﬂ 3
fregrsldinluAnunderiiovhnig identify genotype fensiiasedt partial sequence w84
VP1 gene e?iawujwﬁaguj 1 fve9ie CMH-N120-11 1Ju Saffold virus genotype 1 (SAFV-1)

(%
Y v YAy

dwdn 2 Megfe CMH-S052-10 uay CMH-N032-11 «Ju SAFV-6  dsugidedaden
Fauny w8 SAFV-1 uaz SAFV-6 eg1sas 1 fsgevhmsiienesiiiudalnenisine

full-eenome sequence analysis



N151A51294 full-genome sequence

Funuvas Saffold virus SAFV-1 wae SAFV-6 fildvhnisiasieidan
294 full-genome sequence il

> CMH-N120-11 (SAFV-1)

Length = 7,833 base pairs

G+C content = 43.10%

A+T content = 56.90%

Nucleotide ~ Number Mol%
A 2249 28.71
C 1794 22.90
G 1582 20.20
T 2208 28.19

> CMH-N120-11
CTAATCAGAGGAAAGTCAGCATTTTCCGGCCCAGGCTAAGAGAAACATATAAGTTAGATT
TGATCTAAATCCCTTGACGAATTCGAAACGAGATGTTCTCCCTCCCTTGCCGCTTGTTCA
CACCCATTTATCTAATTCGGCCTTCCGTAACAAGCCCCTCGGTGAAAGAACCTCTCTCTT
TTCGACGTGGTTGGAATTAACATCATTTCCGACGAAAGTGCTATCATGCCTCCCCGATTA
TGTAATGTTTTCTGCCCTGCTGGGCGGAACATTCTCGGGTTGAGAAACCTTGATCTCTTT
CCTTTGGAACCTTGGTTCCCCCGGTCTAAGCCGCTTGGAATATGACAGGGTTATTTTCTT
TATCTTATTTCTACTTTCACGGGTTCTATCCGTGAAAAGGGTACGTGTTGCCCCTTCCTT
CTCCGGAGAATTCACACGGCGGTCTTTCCGTCTCTCGACAAGTGTGAATGCAACATGCCG
GAAACGGTGAAGAAAGCAGTTTTCTGCGGAAGTCTAGAATGCGCATCGAAACAGCTGTAG
CGACCTCACAGTAGCAGCGGACTCCCCTCTTGGCGACAAGAGCCTCTGCGGCCAAAAGCC
CCGTGGATAAGATCCACTGCTGTGAGCGGTGCAACCCCAGCACCCTGATTCGATGAACAT
TCTTTACGGAACCAGAGGATGGCTTTCTTAAGCCCTCCGGTAGAGAAGCCAAGAATGTCC
TGAAGGTACCCCGCGTGCGGGATCTGATCAGGAGACCAATTGACTGTGCTCTACACCGTC
ACTTTGGTTTAAAAACTGTCACAGCTTCTCCAAACCAAGTGGTCTTGGTTTTCTAATTTT
ATTGACTGGCAATATGGCGTGCAAACACGGATACCCGTTTTTGTGCCCTCTTTGTACTGC
CATTGACATCTCTTCGGATGGATCTTTTGCTCTTCTATATGATGGCGAATGGTATCCAAC
TGATCTCCTGACTGTTGACTTGGACGACGATGTGTTTCATCCCCTGGATTCTATCATGGA
ATGGACTGATCTACCATTGATTCAAGATGTGTTGATGGAACCACAAGGCAACTCCAATTC
TTCAGACAAAAACAATTCACAATCTTCTGGGAATGAAGGTGTCATTATCAACAATTATTA
CTCCAACCAATACCAGAATTCAATTGACCTTTCCGCCAATGCCAACGGTGTAGGCAAGGA
AAATTCTAAGCCACAAGGTCAATTAATGAATATTCTTGGAAGCGCGGCTGACGCCTTCAA
AAACATTGCCCCGCTTCTCATGGACCAAGACACTGAAGAAATGACCAACCTTTCTGACAG
AGTGTCATCAGACACTGCAGGCAATACGGCCACAAACACTCAGTCTACAGTGGGTCGTTT
GTTTGCATTTGGCTCGAGACACAAGGGAAAACACCCAGCGTCTTGTGCGGACACCGCCAC

17
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TGACAAAGTGCTCGCTGCGGAGAGATACTACACTCTCAAATTGGTTACTTGGACTATGAC
ACAAAAACCTTTTGACCACGTTCGCATACCTCTTCCACACGTGCTAGCAGGCAAACAGGG
TGGTGTTTTCGGGTCTACTCTCCGGAGACACTATCTTTGCAAATGCGGGTGGCGCATACA
GGTTCAGTGCAATGCTTCTCAATTTCATGCAGGCTCTTTGTTAGTGTTCATGGCCCCAGA
ATTTGACACTTCTTCATATTCTGCAACCAAAGATCCCACCGGAGAAGAGCCCTTCAAGGT
TGACACCACGTGGCAGACAGGTCCTCTTCGTGGTCACTCCTACGAAGACAAATCCACTCA
AACCCTTCGACCATTGGCACTTAACCATCAGAACCATTGGCAATGGACAGTTTACCCTCA
TCAAATTTTGAATTTGAGAACGAACACAACATGTGATCTGGAGGTACCATATGTAAATAT
TTGCCCAACTTCATCTTGGACGCAGCATGCAAATTGGACCATCGTGGTGGCCGTCCTTTC
TCCTTTACAGTACACTACAGGCTCGGCCACAGAAGTGGACATTACTCTATCAATACAACC
AGTGAAACCAGTGTTCAATGGTTTAAGACATTCAGTTTTAGAAGCAGACAGTCCAATACC
AGTAACTGTTAGGGAGCATGCAGGCACCTTCTTTTCTACTACCCCAGATAATACTGTTCC
AGTCTACGGAAAAACCGTAGCAACACCATCTGATTACATGTGTGGAGAATTTACAGACCT
GTTGTCATTGTGCAAAATTCCAACTTTCCTTGGTAATGTCTCTTCAACACAAAGGCTTCC
TTACTTTTCAGCAACAAACACAGTTCCGACTAACGCTTTAGTGACATATCAGGTCTCTCT
GTCATGTTCTTGCATGGCCAATTCTATGCTGGCATCAGTTGCTAGGAATTTCAATCAATA
CAGGGGTTCCTTAAATTACTTGTTTGTTTTCACAGGTAGCGCCATGACAAAAGGAAAATT
CCTTATTTCCTACACACCACCTGGTGCAGGGAAACCAACAACTAGAGACCAAGCTATGCA
AGCTACTTATGCCATTTGGGATTTAGGATTAAACTCTAGTTATAATTTCACTGTTCCTTT
CATCTCTCCAACACATTACAGACAAACTTCTTACACAACTCCATCTATTACTTCTGTAGA
TGGGTGGCTTTCTGTTTGGCAACTCACGCCTCTTACTTACCCTGTAGGCTGTCCTTCTAA
TTCTGACATCCTCACACTCGTGTCGGGTGGGGATGACTTCACTCTAAGGATGCCGATTTC
TCCAACCAAGTACACCCCGCAAGGTGTGGACAATGCTGAGAAGGGAAAGGTCTCAGACGA
CAACGCATCAGCTGACTTTGTTGCTGTTCCGATCCAACTTCCCGAAAACCAAACTGAAGT
TTCTTTCTTTTATGACAGAGCAGTTCTTGCTTCGGCTTTGGCAGTGGGAACAAACCAGGG
CTTGAACAATTCCTTCTCTTTGGAATCTGCTTCGGGAGTTATGAACAACATTCTTTTGAC
ACCATTACCCAGTGACAGGCTCAAAGAAAACGAGTTCGGTTTAGACGAACAACACAGATG
GTTGAGTTTCCAATCAGCAACTAGTTCAACTCCCCCTTATAGAACCAAACAAGACTGGAA
TTTCTTGATGTTCTCTCCTTTCACTTACTACAAGTGTGATCTGGAAGTGACCCTTTCTCT
CAACTCAGGAAATGCAGCTGGGGCTGTAGTTAGGTACGTACCTAGCGGTGCTCCGGTAGA
CATAACAACCCAAACAATGCCTTTCACTCCTTCTCTTGCGGACACTCGAGACCCACACAT
GTGGTTGGTAGGTGCTGGATCTACAAACCAAATTTCCTTTGTACTGCCCTACACCTCCCC
ATTATCTGTCCTGCCCGCTGTGTGGTTTAACGGGTTCTCTGACTTTTCCAATACTTCACG
CTTTGGCGTTGCTCCAACCTCAGACTTTGGAAGATTATTTGTTCAGGGATCTGATAGATT
TTCCGTGCATTTCAGGTACAAGAAAATGCGAGTCTTTTGTCCAAGACCCACAGTTTTCTT
TCCTTGGCCTTCCGAGTCTGTTTCAAAAATTCATGCCAACACACCAGTCCAAATCTTGGA
ACTTCAAGACCCTATTTCAATGTATAGAGTAGATCTTTTCATAAACTTTTCAGATGAAAT
CATTCAGTTCACTTACAAAGTTCACGGTAGAACAGTTTGCCAATATGAAATCCCTGGCTT
TGGTCTATCTCGCTCTGGACGTCTTCTTGTGTGCATGGGCGAGAAGCCCTGCCAACTCCC
CATTTCCACTCCCAAGTGTTTCTACCACATCGTTTTCACCGGTTCCAGAAATTCTTTTGG
TGTGTCCATTTACAAAGCAAGGTACAGACCTTGGAAACAGCCTCTTCATGATGAACTTTA
CGACTATGGTTTCTCCACTTTCACTGACTTCTTCAAAGCTGTTAGGGACTATCATGCCTC
TTATTATAAGCAAAGACTTCAGCATGATATTGAAACAAACCCAGGACCCGTCCAGTCGGT
TTTTCAGTTGCAAGGTGGGGTGCTAACTAAATCCCAAGCACCCATGTCGGGATTACAGAG
TATGTTACTGAGAGCAATTGGGATTGAAGCTGATTGTACAGAGTTCACCAGAGCAGTTAA
TTTGATCACAGACTTGTGCAACACCTGGGAGAGCGCTAAAACAACACTGTCTTCTCCCGA
ATTCTGGACCAAAATGGTGATGAGAATTGTCAAAATGGTCGCTGCTTCAGTTCTTTATCT
ACACAATCCAGATTTGACCACCACTGTTTGTTTATCTTTGATGGCCGGAATTGACATTCT
CACTAACGACAGTGTTTTTAACTGGTTGTCCTCCAAACTTTCTAAATTTTTCCACACTCC
CGCCCCCCCCATTGTCCCACTTCTCCAACAACAGTCTCCTATTAGGGAAGCAAATGACAA
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TTTCAACTTGGCTAAAAACATAGAATGGGCAATAAAAACAATAAAAAGAATAGTTGAATG
GATTACTTCATGGTTCAAACAAGAAGAGACTAGTCCTCAGGCTAAACTAGACAAAATGTT
AGAAGACTTTCCAGAACACTGTGCCTCCATTCTAGCTATGAGAAATGGGAGAAAAGCATA
CACTGATTGTACTGGTGCATTTAAGTACTTCGAACAACTTTACAATTTGGCAGTACAATG
TAAAAGAATACCACTAGCTACTTTGTGTGAAAAATTTAAGAACAAACACGACCATGCTGT
GGCCAGGCCAGAACCTGTGGTTGTTGTGTTGCGAGGAAATGCTGGACAAGGAAAATCCGT
GACCAGTCAAATCATCGCTCAAGCGGTTTCCAAACTTTCATTTGGCCGTCAATCAGTTTA
CTCTCTTCCACCAGATTCTGATTATTTGGATGGTTATGAGAATCAATACTCAGTGATCAT
GGATGATTTAGGACAAAATCCTGACGGAGAAGATTTTAAAGTGTTCTGTCAAATGGTTTC
AAGCACAAATTTTCTTCCAAATATGGCCCACTTGGAAAAGAAAGGAACCCCTTTTACTTC
AAACTTCATAATAGCAACAACCAACCTTCCCAAGTTTCGACCCGTCACCGTAGCTCACTA
CCCAGCTGTTGATAGAAGAATCACCTTTGATCTGACCGTTGAGGCAGGAAATGAATGTGT
TACTCACAATGGAATGTTGAATGTAGAGAAGGCTTTTGAAGAAATTCCAGGAAAACCACA
ATTGGATTGTTTCAACACTGATTGCAGACTACTCCATAAGAGAGGGGTGCGGTTTGTATG
TAACCGCACAAAGAATGTCTACAACCTTCAACAAGTAGTAAAAATGGTGAAGAACACCAT
TGATAACAAGGTGGAAAATCTAAAGAAAATGAATACATTGGTTGCCCAATCACCTGGTAA
TGACATGGACTATGTGTTGACTTGCCTGAGACAAACAAATGCTGCATTACAAGATCAAAT
TGATGAACTCCAAGAGGCCTTTAATCAGGCTCAAGAAAGACAGAATTTCCTATCAGATTG
GCTTAAAGTTTCTGCAATTGTTTTCGCATCTATTGCTTCTTTGTCTGCAGTTTGTAAATT
GGTTTCCAGATTCAAAAATTTGGTGTGTCCGGCTCCTGTCCAAATACAATTATCCGAAGG
AGAACAAGCTGCTTACTCTGGAGGCAAGAAAGGAGAGAAGCAAACACTCCAGGTTTTGGA
CGTACAAGGTGGAGGAAAGATCGTAGCCCAGGCTGGGAACCCGGTCATGGACTATGAGGT
GAATATCGCTAAGAACATGGTCACCCCTATTACTTTCTTTTATGCAGACAAGGCACAAGT
CACACAATCCTGCTTGTTGGTCAAAGGGCACCTTTTTGTGGTCAATAGACATGTGGCTGA
AACTGACTGGTGCGCTTTTGAACTCAAAGGCACACGGCATGAGAGAGATTCGGTACAGAT
GAGATCAGTGAATAAATCTGGGATGGAAGTTGATTTGACTTTTGTGAAAGTTATTAAAGG
ACCTCTTTTCAAAGACAATTCCAAGAAATTTTGTTCCAAGAATGATGACTTTCCGGCTAG
AAATGAAACTGTGACAGGGATTATGAATACTGGAGTACCCTTCGTCTTCACTGGAAAATT
CTTGATTGGTAATCAACCGGTTAACACAACCACTGGTGCATGTTTCAATCATTGCATACA
CTATAGAGCCACAACACATCGAGGCTGGTGTGGGTCAGCTCTCATTTGTCATGTCAACGG
GAAAAAGGCTGTGTACGCAATGCACTCGGCTGGTGGAGGAGGCATAGCTGCCGCTACTAT
AATCACTCAGGAAATGATTGAAGCTGCTGAAAAGGCCTTAGATTGTCTAACTCCTCAAGG
TGCTATAGTTGAAATAGGCATTGACACAGTTGTGCATGTTCCAAGGAAAACCAAATTACG
TAGAACAGTGGCACATCCTTGCTTCCAACCTAAGTTTGAACCTGCTGTCCTCTCACGTTA
CGACCCCAGGACCACAAAGGATGTAGACCAGGTTGCTTTTTCTAAGCACACTACTAATTT
GGAAGAACTTCCATCTGTTTTCTCCATGGTTGCAAAAGAGTATGCTAACAGAGTGTTCAC
AACAATAGGTAAAGAAAATCAAATTTTGACCCCAGAACAAGCTATTTTAGGGCTGCCAGG
TATGGATCCAATGGAAAAGGACACTTCGCCTGGTTTGCCTTATACTCAACAAGGCCTAAA
AAGAGCTCAGTTGGTAAATTTTGAGCAAGGCACTATGACACAAAACCTAAAAGAAGCACA
TACTAAATTAACTGTAGGAAATTATGAAGACATTTTGTACCAAAGTTTTTTGAAAGACGA
AATTAGGCCTATAGAGAAAATTCATGAAGCGAAGACTAGAATCGTAGACGTCCCCCCTTT
TCATCACTGTATCTGGGGACGTCAACTGTTAGGGCGCTTTGCATCTAGATTTCAAACTAA
CCCTGGATTGGATTTAGGCTCAGCAATTGGTACTGACCCTGACACAGATTGGACTGCTTT
TGCCTTTCAACTCTTACAATACAAATATGTCTACGATGTAGATTATTCTAACTTTGATGC
TTCACATTCCACTGCAATGTTTGAAATTTTGATTGAGAACTTCTTTACGGTTGAAAATGG
ATTTGATGAAAGAATAGGAGACTACCTAAGATCCCTTGCAGTCTCCCGACACGCTTTTGA
AGAGAGAAGAGTTCTAGTTAAGGGTGGCCTCCCGTCAGGGTGCGCCGCCACGAGCATGTT
AAACACTATTATAAACAATATAGTAATTAGAGCAGCATTGCATTTAACATATTCAAATTT
TGAATTTGATGACATCAAAGTTCTGTCTTATGGTGATGATTTACTCATCGCCACAAATTA
CCAAATCAATTTTAATCTTGTCAAACAAAGATTAGCACCCTTCAATTACAAGATTACACC



TGCTAACAAGACTGTTGAATTTCCTGAAATTTCTAATCTTTATGAGGTTACCTTTTTAAA
GAGAAAATTTGTCAGACACAATTCTTGTTTATTTAAGCCTCAAATGGACACAGAAAATTT
GAAAGCAATGGTTAGCTACTGTAGACCAGGTACGTTAAAGGAAAAGCTCAACTCTATTGC
ACTGCTGGCGGTGCACTCAGGGAAGAGTGTCTACGATGAAATTTTCGACCCTTTTCGTCG
TATCGGAATAATAGTTCCAGAACATAGTACCATGCTCTATAGATGGCTCAATCTATTTAG
ATGAACATCCTCTCGATCGGATCGCAACGTGTTACCCAAGAATCCACTTGGGTGTACGCG
GCCGTTCTGACGTTGGAATTCTGTAGATGAAAG

> CMH-N031-11 (SAFV-6)
Length = 7,717 base pairs
G+C content = 42.93%

A+T content = 57.07%

Nucleotide ~ Number Mol%
A 2288 29.65
C 1758 22.78
G 1555 20.15
T 2116 27.42

>CMH-N031-11

CTAATCAGAGGAAAGTCAGCATTTTCCGGCCCAGGCTAAGAG
AAACATATAAGTTAGATTTGATTTCAATCCCTTGACGAAATCGGGATGAGAAGTTCTCCC
TCCCTTGCCGCTTGTTCACACCCTCTCCTTGTAATTCGGCCCTTGTGACAAGCCCCTTG
GTGAAAGAACCTCTCTCTTCCTGACGTGGTTGGAATTAACATCATTTCCGACGAAAGTGC
TATCATGCCTCCCCGATTATGTGGTGTTTTCTGCCCTGCTGGGCGGAGCATTCTCGGGTT
GAGAAATCTTGACTCTTTTCTTTTGGAACCTTGGTTCCCCCGGTCTAAGCCGCTTGGAAT
ATGACAGGGTTATCTTCTATTTCTAATTTCTACTTTCATGGGTTCTATCCATGAAAAGGG
TATGTGTTGCCCCTTCCTTCTTTGGAGAATTCACACGGCGGTCTTTCCGTCTCTCGAAAA
GTGTGAATGCAACATGCCGGAAACGGTGAAGAAAACAGTTGTCTGTGGAAGTCTAGAGTG
CGCATCGAAACAGCTGTAGCGACCTCACAGTAGCAGCGGAATCCCCTCTTGGCGACAAGA
GCCTCTGCGGCCAAAAGCCCCGTGGATAAGATCCACTGCTGTGAGCGGTGCAGCCCCAGC
ACCCTGGTTCGATGATCACTCTTTACTGAACCAGAGAATGGTTTTCTTAAGCCCTCCGGT
AGAGAAGCCAAGAATGTCCTGAAGGTACCCCGCGTGCGGGATCTGATCAGGAGACCAAAT
GAGAGTGCTCTACACTGTCACTTTGGTTTAAAAACTGTCACAGCTTCTCCAAACCAAGTG
GTCTTGGTTTTCTAATTTTGTTAAATGGCAGTATGGCGTGCAAACACGGATACCCGTTTT
TGTGCCCTCTTTGTACGGCCATTGAAACCACTCCCGACGGTTCGTTTGCTTTGCTGTTCG
ATAATGAATGGTACCCAACTGATCTCCTAACCACGGACTTGGATGACGATGTATTTTATC
CCCAAGATTGTTTAATGGACTGGACAGATCTACCATTAATTCACGATATAGTAATGGAAC
CACAAGGAAATTCAAACTCTTCAGACAAAAACAATTCACAGTCTTCAGGCAATGAAGGCG
TGATTATCAACAATTACTACTCTAACCAATATCAAAATTCAATAGACCTTTCTGCTAACG
CCAATGGTGTCGGCAAAGAAAACTCCAAACCACAAGGTCAACTGATGAACATTCTCGGCA
GCGCAGCCGATGCTTTCAAAAACATTGCCCCTCTTCTTATGGATCAAGACACTGAAGAAA
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TGACCAACCTTTCAGACAGGGTTGCCTCTGATACAGCTGGCAATACGGCTACAAACACTC
AATCAACTGTAGGCCGTTTGTTTGGATACGCGATGAGGCATAAAGGAAAACACCCTACTT
CTTGCGCTGACAAAGCGACTGACAAGGTGTTGGCTGCTGAAAGATATTACACTCTGAAAC
TAGCAACTTGGACACCTACACGTAAAGCTTTTGATCACATCAGAGTACCATTTCCCCACA
TTCTTTCCGGCGAGGATGGTGGTGTGTTCGGAGCGACTCTCAGGAGACACTATCTGTGTA
AGTGTGGCTGGAGAATTCAAGTACAGTGCAATGCTTCCCAGTTCCATGCTGGTTCACTAC
TCGTATTCATGGCCCCAGAATTTGACACTTCTCCCTATGAGTCAGAAGGAGAACCGGATA
GAAATAAGGTTTTCTCCATGGACACTGATTGGCAACAAGGTGCGAAATGTTTACGTGGGC
ATTCCTTTGAATCAAGGACTTCCCAAGAGATGAGACCACTTTCTCTAAACCACCAAAATT
TCTGGCAGTGGACTGTGTACCCCCATCAGATTTTGAATTTGAGAACAAACACCACCTGTG
ACCTGGAAGTACCTTATGTGAACATTTGCCCAACATCCTCTTGGACGCAACACGCAAATT
GGACGCTGGTCATAGCCGTTCTGACACCCTTACAATGCCCGTCAGGATCAGCGACCAATG
TGGAAATCACTGCTTCTATACAACCAGTGAAGCCAGTATTTAACGGACTGAGACACGCAG
TAATGGAACCCAACAGCCCCTTTCCTGTAACGGTCCGCGAACATGCTGGCACATTTTATT
CAACCACACCTGACACTACAGTTCCCGTATATGGGAAGACAATCTCCACACCTGCAGACT
ATATGTGTGGTGAGTTCACCGATCTATTGTCTCTGTGCAAAATACCAACTTTTGTGGGAA
ATAAATCTGATACTGATTGGAATCCGTTCTTTTCTTCCACTAATACAGTAAAAGAAACAG
AAGCGCTTGTTACTTACCAAGTCACTCTCTCTTCCACAAACCTTGCGAACACGATGCTGT
CCGCTGTCGCAAGAAACTTCAACCAGTACAGAGGATCATTGAACTTTTTGTTTGTTTTCA
CTGGCAGTGCAATGGTAAAAGGAAAGTTTCTCATATCTTACACCCCCCCCGGTGCTGACA
AGCCCAAGAACAGAAATCAGGCGATGCAGGCCACTTACGCTATTTGGGACCTTGGACTGA
ATTCTAGTTACAATTTTACTGTGCCTTTTATTTCACCTACACATTTCCGTCAGACCTCCT
ACACCAGTCCTACTATCACCTCGGTGGATGGTTGGATTTCTGTTTGGCAGTTGACACCAC
TGACATATCCCGCTAATACACCTGTCCATTCTGACATTTTAACTCTTGTTTCTGGCGGTG
AGGATTTTACACTTCGAATGCCCATCACTCCCACAAAATACGTTCCTCAAGGTGTGGACA
ATGCTGAAAAAGGAAAAGTTTCTGATGATAATGCTTCTACCGATTTTGTTGCGGAACCAG
TCAAACTACCAGAAAACCAAACTGAGGTTGCTTTCTTCTACGACCGAGCTACTCAAGCTG
CGGTCATTGCACCAAGCCAAAATTTCTCTCAAACGTTCGCCCTTAAAACGGTGGAAACTA
CGATGAATCAAGCTCTTTTGACACCTTTGCCAAACTATAAAGTAAACCAGTCTAAAGAAG
AACTTGTTGAACAATACCGTTGGCTGGAAACAATTGGGACTGACAAACAGCCACCTTTTA
AGACCAAACAGGACTGGAACTTTATTATGTTCTCACCATTCACTTACTACAAATGTGATC
TGGAAGTGACCTTGACGGCGACAGCTAACGAGAGTCAAGGAGCGGTAGTACGCTACACCC
CTTGCGGAGCACCCACTGACCTAACCACGCAGACAATGAGTCTGGTTCCTTCTTTGTCTG
ACACAAGAGACCCACATATGTGGTTCGTGGGACCAGGAACTACAAACCAAACCTCATTCG
TCTTACCTTTCACTTCACCTCTCTCAGTGCTACCGGCCGTGTGGTTCAATGGTTACGCTA
ACTTTAACAATACTTCCAGATATGGTGTTGCCCCAAATGCAGACTTTGGCAGGTTGTTCA
TCCAAGGCAATGGTAATTTTTCTATACACTTTAGATACAAGAAGATGAGAGTTTTCTGCC
CTAGACCAACAGTGTATTTTCCATGGCCAACTGACGCACGAACTACTAAAATACATGCTG
AAAACTTCATCCCCATACTAGAAGTACAAAATCCAGTTTCAATCTATAGAGTTGATTTGT
TTATAAATTTCTCAGATGAAATTATCCAATTCACTTACAAAGTTCATGGTAGAACGGTTT
GCCAATATGAAATTCCCGGTTTCGGCCTGTCTCGTTCTGGGCGCCTTCTTGTCTGCATGG
GCGAGAAACCTTGTCAACTGCCAATTTCTACCCCTAAATGTTTCTACCACATTGTCTTCA
CTGGTTCCAGGAATTCTTTTGGAGTGTCCATATATAAAGCAAGATACAGACCTTGGAAAC
AGCCTCTTCATGATGAACTCAACGACTATGGTTTCTCCACCTTCACTGACTTCTTTAAAG
CTGTTAGAGATTATCACGCTACCTATTACAAACAGAGACTACAACACGACATAGAGACAA
ACCCTGGACCTGTCCAGTCGGTTTTTCAGTTGCAAGGTGGGGTGCTAACCAAATCCCAAG
CACCCATGTCAGGTCTCCAAAGTATGTTATTAAGAGCAATTGGAATTGAAGCTGATTGCA
CAGAATTCACCAGAGCAGTTAATTTGATTACAGATTTGTGCAATACCTGGGAGAGCGCGA
AAACGACACTCTCCTCTCCTGAGTTCTGGACCAAAATGGTGATGAGGATTGTAAAAATGG
TAGCTGCTTCAGTCCTTTACTTACACAACCCAGATTTAACCACTACTGTCTGTTTATCTT
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TGATGGCTGGAATTGACATTCTCACTAACGACAGTGTTTTTAACTGGTTGTCCTCCAAAC
TTTCTAAATTTTTCCACACTCCCGCTCCCCCCACTGTCCCACTTCTCCAACAACAGTCTC
CTATTAGGGAAGCAAATGACAATTTCAACTTGGCCAAAAACATAGAATGGGCAATAAAAA
CAATAAAAAGAATAGTTGAATGGATTACTTCATGGTTCAAACAAGAAGAGACTAGTCCTC
AGGCTAAACTAGACAAAATGTTAGTAGACTTTCCAGAGCACTGTGCCTCCATTTTAGCTA
TGAGAAATGGGAGAAAAGCATACACTGATTGTACTGGTGCATTTAAGTATTTCGAACAAC
TTTATAATTTGGCAGTACAATGTAAAAGAATACCACTAGCCACTTTGTGTGAAAAATTTA
AGAACAAACACGACCATGCTGTGGCCAGGCCAGAACCTGTGGTTGTTGTGCTGCGAGGAA
ATGCTGGACAAGGAAAATCCGTGACCAGTCAAATCATCGCTCAAGCAGTTTCCAAACTTT
CATTTGGCCGTCAATCAGTTTACTCTCTTCCACCAGACTCTGATTATTTGGATGGTTATG
AGAATCAATACTCAGTGATCATGGATGATTTAGGACAAAATCCTGACGGAGAAGATTTTA
AAGTGTTCTGTCAAATGGTTTCAAGCACAAATTTTCTTCCAAATATGGCCCACTTGGAAA
AGAAAGGAACCCCTTTTACTTCAAACTTCATAATAGCAACAACCAACCTTCCCAAGTTTC
GACCCGTCACCGTAGCTCACTACCCAGCTGTTGATAGAAGAATCACCTTTGATCTGACCG
TTGAGGCAGGAGATGAATGTGTCACTCACAATGGAATGTTGGATGTAGAAAAGGCTTTTG
AAGAAATTCCAGGAAAACCACAATTGGATTGTTTCAACACTGATTGTAGACTACTCCATA
AGAGAGGGGTGCGGTTTGTATGTAACCGCACAAAGAATGTCTACAACCTTCAACAGGTAG
TAAAAATGGTGAAGAACACCATTGATAACAAGGTGGAAAATCTAAAGAAAATGAATACAT
TGGTTGCCCAATCACCTGGTAATGACATGGACTATGTATTGACTTGCCTGAGACAAACAA
ATGCTGCATTACAAGATCAAATTGATGAACTCCAAGAGGCCTTTAATCAGGCTCAAGAAA
GACAGAATTTCCTATCAGATTGGCTTAAAGTTTCTGCAATTGTTTTCGCATCTATTGCCT
CTTTGTCTGCAGTTTGTAAATTAGTTTCCAGATTCAAAAATTTGGTGTGTCCGGCTCCTG
TCCAAATACAATTATCCGAAGGAGAACAAGCTGCTTACTCTGGAGGCAAGAAAGGAGAAA
AGCAAACACTCCAGGTTTTGGACGTACAAGGTGGAGGAAAGATCGTAGCCCAGGCTGGGA
ACCCGGTCATGGACTATGAGGTGAATATCGCAAAGAACATGGTCACCCCTATTACTTTCT
TTTATGCAGACAAGGCACAAGTCACACAATCCTGCTTGTTGATCAAAGGGCACCTCCTTG
TGGTCAATAGACATGTGGCTGAAACTGACTGGTGCGCTTTTGAACTCAAAGGCACACGGC
ATGAGAGAGATTCGGTACAGATGAGATCAGTGAATAAATCTGGAATGGAAGTTGATTTGA
CTTTTGTGAAAGTTGTTAAAGGACCTCTGTTCAAAGACAATTCCAAGAAATTTTGTTCCA
AGAATGATGACTTTCCGGCTAGAAATGAAACTGTCACAGGGATTATGAATACTGGAGTAC
CCTTCGTCTTCACTGGAAAATTCTTGATTGGCAATCAACCGGTTAACACAACCACTGGTG
CATGTTTCAATCATTGCATACACTACAGAGCCACAACACATCGAGGCTGGTGTGGGTCAG
CTCTCATTTGCCATGTCAACGGCAAAAAGGCTGTGTACGCAATGCACTCAGCTGGTGGAG
GAGGCATAGCTGCCGCCACTATAATCACTCAGGAAATGATTGGAGCTGCTGAAAAGGCCT
TGGATTGTTTAACTCCTCAAGGTGCTATAGTTGAAATAGGCATTGACACAGTTGTGCATG
TTCCAAGGAAAACCAAATTACGTAGAACAGTGGCACATCCTTGTTTCCAACCTAAGTTTG
AACCTGCTGTCCTCTCACGTTACGACCCCAGAACCACAAAAGATGTAGACCAGGTTGCTT
TTTCTAAGCACACTACTAATTTGGAAGAACTTCCATCTGTTTTCTCCATGGTTGCAAAAG
AGTATGCTAACAGAGTGTTCACAACAATAGGTAAAGAAAATCAAATCTTGACCCCAGAAC
AAGCTATTTTAGGGCTACCAGGTATGGATCCAATGGAAAAGGACACTTCGCCTGGTTTGC
CTTATACTCAACAAGGCCTAAAAAGGGCTCAGTTGGTAAATTTTGAGCAAGGCACTATGA
CACAAAACCTAAAAGAAGCACATACTAAATTAACTGTAGGAAATTATGAAGACATTTTGT
ACCAAAGTTTTTTGAAAGACGAAATTAGGCCTATAGAGAAAATTCATGAAGCGAAGACTA
GAATCGTAGACGTCCCCCCTTTTCATCACTGTATCTGGGGACGTCAACTGTTAGGGCGCT
TTGCATCTAGATTTCAAACTAACCCCGGATTGGATTTAGGCTCAGCAATTGGCACTGATC
CTGACACAGATTGGACTGCTTTTGCCTTTCAACTCTTACAATACAAATATGTCTACGATG
TAGATTATTCTAACTTTGATGCTTCACATTCCACTGCAATGTTTGAAATTTTGGTTGAAA
ACTTCTTTACAGTTGAAAATGGATTTGATGAAAGAATAGGAGACTACCTAAGATCCCTTG
CAGTCTCCCGACACGCCTTTGAAGAGAGAAGAGTTCTAGTTAAGGGTGGCCTCCCGTCAG
GGTGCGCCGCCACGAGCATGTTAAACACTATTATAAACAATATAGTAATTAGAGCAGCAT
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TGCATTTGACATATTCAAATTTTGAATTTGATGACATCAAAGTTCTGTCTTATGGTGATG
ATTTACTCATCGCCACAAATTACCAAATCAATTTTAATCTTGTCAAACAAAGATTAGCAC
CCTTCAATTACAAGATTACACCTGCTAACAAGACTGTTGAATTTCCTGAAATTTCTAATC
TTTATGAGGTTACCTTTTTAAAGAGAAAATTTGTCAGACACAATTCTTGTTTATTTAAGC
CTCAAATGGACACAGAAAATTTGAAAGCAATGGTTAGCTACTGTAGACCAGGTACGTTAA
AGGAAAAGCTCAACTCTATTGCACTGCTGGCGGTGCACTCAGGGAAGAGTGTCTA
CGACGAAATCTTCGACCCGTTTCGCCGTATTGGAATAATAGTTCCAGAACATAGTACCATG

A15797 2 nssUFeuiieu full-.eenome sequence 989 SAFV-1 (CMH-N120-11) was SAFV-6

(CMH-N031-11) fiu Saffold virus genotype #14¢|

Reference strains Nucleotide sequence identity
Full-length* P1 P2 P3

CMH-N031-11 ~ CMH-N120-11 ~ CMH-N031-11 =~ CMH-N120-11 = CMH-N031-11  CMH-N120-11 CMH-N031-11 CMH-N120-11

SAFV-1 (AB747248) 83.2 92.6 69.4 93.7 89.5 91.3 91.9 91.6
SAFV-2 (EU376394) 80.5 82.4 67.8 72.3 86.6 87.8 88.0 88.1
SAFV-3 (HQ902242) 80.6 80.7 68.9 69.0 86.8 87.2 87.0 86.8
SAFV-4 (AB747251) 82.7 84.4 68.8 725 88.6 90.3 91.2 91.2
SAFV-5 (FJ463615) 84.6 83.2 75.3 69.5 90.0 91.5 88.3 88.0
SAFV-6 (FJ463617) 88.1 83.9 83.6 69.1 89.0 90.9 91.6 91.4
SAFV-7 (AB747254) 82.3 83.1 69.4 70.1 89.1 90.3 88.9 88.7
SAFV-8 (AB747255) 82.4 83.4 68.8 69.8 89.0 90.6 89.6 89.4
SAFV-9 (AB747256) 82.0 82.6 69.6 69.5 89.0 91.2 88.0 87.7
SAFV-10 (AB747257) 82.2 83.5 67.8 70.0 88.6 91.0 91.5 91.1
SAFV-11 (AB747258) 82.3 82.4 70.0 68.5 88.5 89.0 88.5 88.2

* Gene mapping V84 Saffold virus (adapted from http://www.picornaviridae.com)
P1 P2 P3

SR L v pavP2vP3v el 3AZE 3 CHNEH SRS TR

PnMTIeTeilIsuiisy full-genome sequence Tuwes CMH-NO31-11 uag
CMH-N120-11 iU Saffold virus ®199 Wui1 CMH-N031-11 fiaeu nucleotide TnalAes
ﬁUL%auwmigwuéuaq Saffold virus genotype 6 (SAFV-6) lagilAnAulAiiouvesaIfu
nucleotide E]gjﬁ%aaaz 88.1 TwaueiidlowSousfisufiu Saffold virus genotype 3¢ fie
SAFV-1 99 SAFV-5 uag SAFV-7 83 SAFV-11 wuindanaiudlaunuvesaisu nucleotide
anawneyiieuas 80.5 i 84.6  waziilevhmIiUsuifiey full-genome sequence s
CMH-N120-11 %ud1 18U nucleotide AldfimnulndiAssfuidounsgiuves Saffold

virus genotype 1 (SAFV-1) lagilA1Anuivilauvesatsiu nucleotide ogiisosay 92.6

TurasfidewSoudiouiu Saffold virus genotype 3 fe SAFV-2 §9 SAFV-11 wuindl
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v

ANUWMIBUAUYBIAU nucleotide anawnagTosay 80.7 s 84.4 TwansilSuuliiey
819U nucleotide #lean full-genome sequence TwBuUduUNanis typing laenis
AL partial sequence w8s VP1 gene Tuilosduin CMH-NO31-11 dndhuunladu

SAFV-6 uay CMH-N120-11 Sasuunlaidu SAFV-1 (15198 2)

FMSUNTIATIERANUULDUAUYBIARU nucleotide Tuurag region Ao P1, P2,
way P3 wull Aaumieufuresddiu nucleotide Tudiuwes P1 region Fududud
Suamsadidusiulaseadne (structural protein) vesletu Iinansludnsiuun
genotype finsefunmsinszilagld full.genome sequence luvaiziienAumiliousu
10980 nucleotide 7il§a1n P2 uaz P3 regions Mlanunsarhuniinsizidievsuenyiin
984 genotype 1¢ (A15197 2) Famaitlduandliifiuin nMsdnsiuun genotype woudely
mjm Saffold virus @unsavilalaenisiiasizit full-genome sequence %39 P1 region

(m'iwi?i 2)
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sUami 2 msAnenddmuanisves  Safffold virus CMH-N031-11 uag CMH-N120-11
Wisuiiguiu Saffold virus d1eWugaus) lnefuNuvaudoaINufas genotype azuanslnaldd
Nuaneneny waz (A) LEAINITAATIZITIUEIUYRY complete coding sequence, (B) WaAIN1S

AT IUEINVDY P1 region, (C) WEMINTISAATIZWIUEIUVDY P2 region, waz (D) WEAINTS

Aasziludiuvas Paregion N @ FPREETEETT B e

SAFV1 SAFV2 SAFV3 SAFV4 SAFV5 SAFV6 SAFV7 SAFV8 SAFV9 SAFV10  SAFV11

(A)

100— @ EU376394.UC1.SAFV-2
100 [ © JF813004.Can112051-06.SAFV-2
100] L @EU681176.D/VI2229/2004.SAFV-2
100 ©® GU943518.BCHU79.SAFV-2
® AB747249.Pak-2491.SAFV-2
© AB747251.Pak-3164.SAFV-4
®EF165067.California/81.SAFV-1
100 CMH-N120-11
©® AB747248.Pak-3097.SAFV-1
96 [OJX122401 .GL368.SAFV-1
100 [ ©JX122400.GL352.SAFV-1
96 87l @ JX122402.GL362.SAFV-1
6t ® AB747258.Pak-2338.SAFV-11
94 AB747255.Pak-3486.SAFV-8
® AB747254.Pak-2106.SAFV-7
® AB747256.Pak-2457.SAFV-9
99 AB747257 .Pak-2325.SAFV-10
- 100 ®FJ463617.Pak6572.SAFV-6
100 ® AB747253.Pak-1570.SAFV-6
CMH-N031-11
100 ——— ®FJ463615.Pak5003.SAFV-5
100 ® AB747252.Pak-3290.SAFV-5
100 ® FJ463616.Pak5152.SAFV-5
EU681178.D/VI2273/2004.SAFV-3
100 GU943513.BCH1031.SAFV-3
100 HQ902242.JPN08-404.SAFV-3
AB090161.TRV.outgroup

86

0.05



(8)
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os[ © GU943513 BCH1031.SAFV-3
100ﬂ HQQ02242.JPN08-404.SAFV-3

99

EU681178.D/VI2273/2004.SAFV-3
® AB747258.Pak-2338.SAFV-11

96

100 AB747255.Pak-3486.SAFV-8
® AB747254.Pak-2106.SAFV-7

® AB747256.Pak-2457.SAFV-9

95

100

AB747257.Pak-2325.SAFV-10

85{ ® FJ463615.Pak5003.SAFV-5

99|' ® AB747252.Pak-3290.SAFV-5

98

97

~- ® FJ463616.Pak5152.SAFV-5
—— CMH-NO031-11

9

@

[ ® FJ463617.Pak6572.SAFV-6
92l @ AB747253.Pak-1570.SAFV-6

gs—— @ EU376394.UC1.SAFV-2

® JF813004.Can112051-06.SAFV-2
® EU681176.D/VI2229/2004.SAFV-2

95

—®AB747249.Pak-2491.SAFV-2
® GU943518.BCHU79.SAFV-2

® AB747251.Pak-3164.SAFV-4

96

CMH-N120-11
®AB747248.Pak-3097.SAFV-1
®EF165067.California/81.SAFV-1

99

100] @JX122401.GL368.SAFV-1

99| ®JX122400.GL352.SAFV-1
%l @ Jx122402.GL362.SAFV-1
AB090161.TRV.outgroup

0.5



©

100

93
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@ JX122400.GL352.SAFV-1
100 | @ JX122402.GL362.SAFV-1
® JX122401.GL368.SAFV-1
®AB747249.Pak-2491.SAFV-2
©® AB747254.Pak-2106.SAFV-7

—— ®FJ463615.Pak5003.SAFV-5

® AB747256.Pak-2457.SAFV-9

® AB747252.Pak-3290.SAFV-5

® FJ463616.Pak5152.SAFV-5
CMH-NO031-11

—— CMH-N120-11

AB747257.Pak-2325.SAFV-10
@®AB747248.Pak-3097.SAFV-1
AB747255.Pak-3486.SAFV-8
®AB747251.Pak-3164.SAFV-4

®FJ463617.Pak6572.SAFV-6
® AB747253.Pak-1570.SAFV-6
® AB747258.Pak-2338.SAFV-11

@®EF165067.California/81.SAFV-1

® GU943518.BCHU79.SAFV-2

EU681178.D/VI2273/2004.SAFV-3
® EU681176.D/VI2229/2004.SAFV-2

— © GU943513.BCH1031.SAFV-3

100 » HQ902242.JPN08-404.SAFV-3

[ ®EU376394.UC1.SAFV-2
10l o JF813004.Can112051-06.SAFV-2

AB090161.TRV.outgroup




(D)
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© JX122402.GL362.SAFV-1
100} @ JX122401.GL368.SAFV-1
@ JX122400.GL352.SAFV-1
[ CMH-N031-11
100 — CMH-N120-11
© AB747249.Pak-2491.SAFV-2
100 ©® AB747248.Pak-3097.SAFV-1
—————— © AB747257.Pak-2325.SAFV-10
® FJ463617.Pak6572.SAFV-6
100 © AB747251.Pak-3164.SAFV-4
AB747255.Pak-3486.SAFV-8
® AB747252.Pak-3290.SAFV-5
86 —— ® FJ463616.Pak5152.SAFV-5
—— ® AB747253.Pak-1570.SAFV-6
100 ® AB747254.Pak-2106.SAFV-7
£ ® AB747258.Pak-2338.SAFV-11
— ® AB747256.Pak-2457.SAFV-9
_97|: ® FJ463615.Pak5003.SAFV-5
@ EF165067.California/81.SAFV-1

100 GU943513.BCH1031.SAFV-3
J HQ902242.JPN08-404.SAFV-3

©

® EU681176.D/VI2229/2004.SAFV-2
EU681178.D/VI2273/2004.SAFV-3

&1 ® EU376394.UC1.SAFV-2
100[ ® JF813004.Can112051-06.SAFV-2

®GU943518.BCHU79.SAFV-2

AB090161.TRV.outgroup

NANSANYITAUINITYRY  Saffold  virus CMH-N031-11  way CMH-N120-11
Wisuisuiu Saffold virus awﬁuﬁfmmgmﬁuq P75 Phylogenetic analysis lnan1s
Ansesiandu nucleotide Tudruwes full-length sequence Fauansluguaiwd 2 (A) uand

o

Ty Saffold virus @wnsanvsnausenlaidy 11 genotypes lnandalisadidudunuves
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wiay genotype ¢ form cluster agmeiu  Uawlilogn1sianguues CMH-NO31-11 uax
CMH-N120-11 iuenlainnsfinuluassll  wud1 CMH-NO31-11 Judenianuduius
ATy SAFV-6 @neWug Pak6572 wag Pak-1570 Wiwenlaneuniiiainussmauifaniu

(Blinkova et al., 2009) &w¥U CMH-N120-11 nuindudefidauduiuslnddniu SAFV-

1 aneiiug Pak-3097 nUssinaufanuguiu

d1935U Phylogenetic analysis 1Y1n1531A518% gene Tudiuaes P1, P2, uag P3 WUl k@

MIWATIZHRETU nucleotide tamzludiuaes P1 wihiufilinan1sdnsuun genotype
assfunsiaeilagld full-length sequence o CMH-N031-11 dasuunladu SAFV-6
uay CMH-N120-11 dasuunléifu SAFV-1 (sUnmil 2 (B)) Fauanssannnanisinuily

v 6§

@109 P2 uag P3 regions (sunwi 2 (O) uag (D) Alvinanisdadnuunluidusiusiv

[y

¥1iAT84 genotypes AUYIUNNTNUI SAFV-2 Wag SAFV-3 dnnguegsiuiu Tuvusdi CMH-

v
[

NO31-11 wag CMH-N120-11 fuenldannmsinuluasei e

[y

U nucleotide NlnalABeiy
Tuduwes P2 uaz P3 regions lagnuinailddonnassiuaInsuilouiusesaIfu
nucleotide AuansluA1s1eR 2 919U Fauansliiiuin nIRTILUA genotype VoS

Saffold virus a@snsavilalaenisiasieyt full-genome sequence %39 P1 region iU

Tnwagy wafildainnisamam Saffold virus Tufnwiinudt hiasainuldsni
ﬁau%wﬁﬂwﬁﬂﬁﬁmmsqamszém mﬂwamﬁmwﬁam”ﬂwmzmaﬁuqﬂﬁmmﬁaﬁa
wuindeiuenldlulssmelneiifaunsindimsstudorinululsemeufany  Tneed
wulunsaneluasil Ao CMH-N120-11 1fu SAFV-1 dwdn 2 foghade CMH-S052-10
wag CMH-N032-11 Wi SAFV-6 18 unsAuny Saffold virus iuﬂ%”'aﬁﬁatﬂuswmul,m

YDININTINU SAFV-6 luirenniifionnsgaanseswlulszmelve uenwiloan SAFV-1

09 SAFV-4 MAgds1gULAINDUNTNT
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Uselevunlasu

wenwllennielisansmauiuiinduavndidguedlsnganiszsng AU
Rotavirus, Norovirus, Sapovirus, Astrovirus, Adenovirus, Enterovirus, Parechovirus, Aichi
virus, wag Bocavirus wad Nsanwlussatlanandliiiuin Cosavirus wag Saffold virus f
a I3 o A < dld 1 [ [ QA 1 = ¥ wa 6
dodubiFannulaluaniionnisganrssesludwminidedml Yseindlve  Aeudad@nisel
AMSATIINUILABUTIIAAY  nFeunsaunuhSaisasssiiaiasiwsnlul a.e. 2007

waz 2008 aunsenstslaglu doyan1sAnwiausyuiningt mnuguLsilunisnelse sauds

AaENYMENINTugNIINTRthiFawmEnlddlogog1adnin Joyanldarnnisanuluasail
wANAN LATDLANNATUTTUINING AT il idelmdnlatenndnvagiugums

Wuqmsmaﬂﬁaﬁaﬁawﬁﬂﬁ Tnenuimsinwiiedasuunafinues genotype vaslisa
wiandmsimsinwlaemsiesisinnuaniweddu  nucleotide ludruvadlusiu
Tassaddlnoamzlugiumes P1 region wae fulllength sequence  @awansAnwisna
Cosavirus ez Saffold  virus iuﬂismﬂl‘m‘wudwL%aﬁwmsmmﬁmﬁmmﬂmmsJ‘vm

WugNIIY lagaunsansIanuslinues genotype Muansieiu wasiodiulvgdiduinianig

MWaunnsswiul@enssuiatulsewedus Tuwaunivieide
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Abstract Human cosavirus (HCoSV) is a newly discov-
ered virus of the family Picornaviridae. A total of 411
fecal specimens were collected from children admitted to
hospitals with acute gastroenteritis symptoms in Chiang
Mai, Thailand, in 2010-2011 and screened for HCoSV by
an RT-nested PCR method. HCoSV was found in a single
specimen (CMH-N199-11) collected from a 3-year-old
boy. This represents the first report of HCoSV infection in
a pediatric patient with diarrhea in Thailand. Analysis of
the complete coding sequence revealed that this HCoSV
was most similar to the Chinese HCoSV-A reference strain
SHI1, and belonged to genotype A6. The data imply that
HCoSVs detected in Thailand and China share the same
evolutionary ancestor. Our results emphasize the need for
further research to understand the distribution, genetic
diversity, and association of the HCoSV with acute gas-
troenteritis in humans.

Keywords Cosavirus - Diarrhea - Children - Thailand
Acute gastroenteritis is one of the most common diseases
in children and adults and continues to be a significant
cause of morbidity and mortality worldwide [4]. Recently,
human cosavirus (HCoSV), a new member of the family
Picornaviridae, was originally identified from stool sam-
ples of both healthy children and non-polio acute flaccid
paralysis (AFP) patients in Pakistan and Afghanistan [7].
Subsequently, HCoSVs were also isolated from feces of
diarrhea or non-polio AFP patients in several countries
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worldwide [2, 3, 10, 11, 13]. However, in several molec-
ular epidemiological studies, HCoSVs have also been
detected in stool samples of asymptomatic control subjects
[3, 7, 8, 13]. In addition, contaminations by HCoSVs have
been found in treated and untreated sewage water and in
river water samples [1, 5]. Presumably, the HCoSVs are
transmitted primarily via the fecal-oral route, either by
person-to-person contact or by ingestion of contaminated
food or water.

The genome of HCoSV is a positive-sense, single-
stranded RNA of approximately 7.0 to 7.6 kilobases in
length. The genome consists of four structural viral pro-
teins (VP1-VP4) and seven nonstructural proteins (2A, 2B,
2C, 3A, 3B, 3C, 3D) [6, 7]. HCoS Vs can be divided into at
least 6 genetic groups (A to F), with more than 30 geno-
types [9]. For HCoSV pathogenesis and evolution, while
the viruses are thought to be gastrointestinal pathogens
because they have been found in fecal samples, the viral
replication process and evolutionary mechanism are not yet
understood. Viral genome recombination is thought to be
one of the mechanisms by which HCoSV evolves [9].
Therefore, analysis of full-length genome sequences of
HCoSV may be helpful for investigating the genetic
diversity and evolution of this virus. Here, we report the
detection and genetic characterization of HCoSV in a
pediatric patient with diarrhea in Thailand.

A total of 411 stool specimens were collected from
children under 5 years of age with diarrhea at two hospitals
in Chiang Mai, Thailand. The study period was 2 years,
from January, 2010 to December, 2011. Only pediatric
patients who had a clinical diagnosis of acute gastroen-
teritis with watery stool samples were included in this
study. In addition, the same set of specimens was also
screened for other diarrheal viruses, including group A, B,
and C rotaviruses, adenovirus, norovirus GI and GII,
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Table 1 Comparison of the complete coding region of HCoSV CMH-N199-11 to those of HCoSV-A, HCoSV-E, HCoSV-F, and HCoSV-D/E

Region Nucleotide sequence identity (%)

HCoSV-A HCoSV-Al HCoSV-A19 HCoSV-A20 HCoSV-El HCoSV-F1 HCoSV-D6/E2

SH1 0553 PK6187 NG263 Australia/81 PK5006 NG385
VP4 97.0 97.0 96.0 95.0 80.3 71.9 78.9
VP2 90.2 63.6 66.5 70.4 56.0 65.2 58.3
VP3 89.0 67.3 65.2 68.9 59.7 60.4 62.2
VP1 85.6 59.3 577 57.8 46.4 50.7 48.8
2A 82.2 60.0 59.3 60.4 47.7 37.2 422
2B 82.9 84.8 81.8 84.5 64.7 66.1 64.4
2C 84.4 85.8 85.8 86.8 69.5 64.7 70.7
3A 82.0 80.8 80.8 88.0 60.1 61.8 59.3
3B 85.9 87.7 84.2 84.2 77.1 75.4 80.7
3C 86.0 87.5 88.5 88.0 60.5 59.1 61.9
3D 91.6 92.6 90.6 92.6 67.8 66.8 67.5
Coding sequence 87.3 77.2 77.2 78.6 60.6 61.8 61.4

sapovirus, astrovirus, Aichi virus, human parechovirus and
enterovirus, using RT-multiplex PCR protocols described
previously [12, 15, 16]. The study was conducted with the
approval of the Ethical Committee for Human Rights
Related to Human Experimentation, Faculty of Medicine,
Chiang Mai University (No. 181/2554).

The HCoSV genome was first extracted from the
supernatant of a 10 % fecal suspension using a QIAamp
Viral RNA Mini Kit (QIAGEN, Germany). The presence
of HCoSV was detected by an RT-nested PCR that targeted
and amplified the 5’ untranslated region (UTR) [7].

The amplified PCR product of HCoSV was subjected to
direct sequencing using a BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA).
The sequence was compared with those of reference strains
available in the NCBI GenBank database using the BLAST
server (www.ncbi.nlm.nih.gov/blast). In addition, the
complete coding sequence (VP4, VP2, VP3, VP1, 2A, 2B,
2C, 3A, 3B, 3C, 3D) of the detected HCoSV strain was
determined. cDNA generated by reverse transcription using
random hexamer primers (Takara, Shiga, Japan) was used
as a template for amplification of the complete coding
region of the genome. The accession number of the HCoSV
sequence, available in the GenBank database, is KJ396940.
The complete coding sequence as well as the individual
regions encoding VP4, VP2, VP3, VPI, 2A, 2B, 2C, 3A,
3B, 3C, and 3D were compared with those of HCoSV
reference strains available in the NCBI GenBank database.
Phylogenetic trees of the complete coding sequence and the
VP1 coding region were constructed by the maximum-
likelihood algorithm, using MEGA (v5.20) software [14].

Out of a total of 411 fecal specimens collected, HCoSV,
designated CMH-N199-11, was found in one specimen

@ Springer

(0.2 %) collected from a child admitted to hospital with
diarrhea. HCoSV CMH-N199-11 was collected in
December 2011 from a 3-year-old boy admitted with acute
gastroenteritis at Nakornping Hospital, Chiang Mai prov-
ince, Thailand. At the time of admission, the patient had
low-grade fever, nausea, and vomiting without abdominal
pain. Mild dehydration with watery diarrhea was recorded
and the number of diarrheal episodes per day was up to
three. It was interesting to note that a mixed infection of
HCoSV with group A rotavirus and enterovirus was found
in this patient.

Initially, the HCoSV CMH-N199-11 strain was charac-
terized by analyzing the partial 5 UTR region. This CMH-
N199-11 strain had a highest pairwise nucleotide sequence
identity (98 %) with the HCoSV-A SH1, 5192, 5008, 5046,
and 0553 strains across the partial 5 UTR region. This
HCoSV strain was analyzed further by amplification of the
complete coding sequence and compared with those of
seven complete sequences of HCoSV strains available in
the NCBI GenBank database (Table 1). It was observed
that the polyprotein coding sequence from the VP4 to 3D
region (excluding the 5" and 3’ untranslated sequences) was
6,372 nucleotides long and encoded a potential polyprotein
precursor of 2,123 amino acids. Analysis of the full-length
sequence of CMH-N199-11 showed that it was closely
related to HCoSV-A (SH1, 0553, PK6187, NG263), with
nucleotide sequence identity ranging from 77.2 % to
87.3 %, and it displayed the highest nucleotide sequence
identity to the HCoSV-A Chinese SH1 strain (GU968209),
at 87.3 %. In contrast, comparison with HCoSV-E,
HCoSV-F, HCoSV-D/E revealed sequence identities
ranging only from 60.6 % to 61.8 %. Analysis of each
genome region from VP4 to 3D revealed that the VP4
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Fig. 1 Phylogenetic analysis of the complete coding region (A) and
VP1 (B) of HCoSV CMH-N199-11 and reference strains. Phyloge-
netic trees were generated using the maximum-likelihood algorithm
in MEGA v5.20. Scale bars indicate nucleotide substitutions per site,

coding region was the most conserved among the different
HCoSVs. The nucleotide sequence identity of the VP4 of
CMH-N199-11 to other HCoSV-A isolates ranged from
95.0 % to 97.0 %, while they varied from 77.9 % to

FJ438907.2263.HCoSV-B1

and bootstrap values (>80) are indicated for the corresponding nodes.
The HCoSV strain detected in the present study is presented in
boldface with a black dot symbol

80.3 % when compared with those of HCoSV-E, HCoSV-
F, and HCoSV-D/E. As seen in picornaviruses, the VP1
coding sequence is the most exposed and immunodominant
part of the capsid protein and is the most variable among
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different HCoSVs [9]. In our study, comparison between
the VP1 sequence of CMH-N199-11 and those of other
HCoSV strains (HCoSV-Al, HCoSV-A19, HCoSV-A20,
HCoSV-E, HCoSV-F, HCoSV-D/E) revealed nucleotide
sequence identities ranging from 46.4 % to 59.3 %. It was
found that the VP1 of CMH-N199-11 showed a high level
of nucleotide sequence identity only to the VP1 sequence
of the SH1 reference strain, at 85.6 %.

Eleven full-length sequences of HCoSV were analyzed
together with the CMH-N199-11 strain by nucleotide
multialignment and phylogenetic analysis. The results
confirmed that the HCoSV detected in this study belonged
to the species Cosavirus A and formed an exclusive
monophyletic branch with the HCoSV-A SHI strain
(Fig. 1A). Based on VP1 analysis, the species Cosavirus A
includes at least 24 genotypes [9]. In order to identify the
genotype of the HCoSV detected in this study, the VP1 of
CMH-N199-11 was compared with those of the established
HCoSV-Al to A24 reference strains. It was observed that
the nucleotide sequence of CMH-N199-11 shared the
highest level of identity with the HCoSV-A6 genotype
strain TN06-S231 (JN867790), at 89.9 %, followed by the
SHI1 strain at 87.5 %. However, when compared with the
remaining genotypes, the nucleotide sequence identities
ranged from 57.4 % to 69.2 %. In addition, a phylogenetic
tree was constructed on the basis of the VP1 nucleotide
sequences of CMH-N199-11 and HCoSV-A1 to HCoSV-
A24 (Fig. 1B). This analysis clearly showed that the CMH-
N199-11 strain is located in a separate branch together with
the TN06-S231and SH1 HCoSV reference strains. There-
fore, our results indicate that CMH-N199-11 together with
the SH1 strain belong to the HCoSV-A6 genotype.

The present study reports the prevalence and character-
istics of HCoSV for the first time in a pediatric patient
admitted to hospital with diarrhea in the Chiang Mai area of
northern Thailand. This report also describes the genetic
background of HCoSV detected in the country. The low rate
of detection of HCoSV in this studied population suggests
that HCoSV is an uncommon cause of acute gastroenteritis
in hospitalized patients in Chiang Mai, Thailand. The
HCoSV strain CMH-N199-11 was isolated from the spo-
radic case of a 3-year-old boy admitted to hospital with
acute gastroenteritis in December 2011. In addition to acute
gastroenteritis, this pediatric patient presented with clinical
symptoms of vomiting and fever. From a literature search,
the only other initial report of HCoSV in Thailand was
carried out in 2008 [10]. In that study, a single case of
HCoSV infection was found in an adult patient with diar-
rhea, while the specimens collected from children admitted
to the same hospital with diarrhea were all negative for
HCoSV. Analysis of the nucleotide sequence of the 5" UTR
revealed that this virus was HCoSV-D, whereas the HCoSV
found in the present study belonged to HCoSV-A. Since the

@ Springer

detection rate of HCoSV in our study was relatively low and
the virus was found in a coinfection with other diarrheal
viruses including group A rotavirus and enterovirus, this
findings raise concern about an etiologic role of HCoSV in
gastroenteritis. Further study using a quantitative RT-PCR
method to monitor the viral load of each virus and to
evaluate viral shedding in follow-up stool samples may be
necessary. Although HCoSV may not act as the major
causative agent of diarrhea, the question whether or not this
virus might be a co-factor for other viral agents or may
require helper viruses to establish disease in human remains
unclear. In order to clarify this point, further extensive
epidemiological surveillance with larger numbers of clini-
cal specimens and screening for other types of viruses is
necessary. The study may provide a better understanding of
the distribution, genetic diversity, and association of viral
agents with acute gastroenteritis in humans.

The complete coding sequence and phylogenetic ana-
lysis of the HCoSV isolate detected in this study showed it
to be highly similar to the HCoSV Chinese SH1 strain [3].
These viruses shared the complete coding sequence at a
high level (87.3 %), and both of them belonged to HCoSV-
A6. The data imply that HCoSVs isolated in Thailand and
China share the same evolutionary ancestor. As revealed by
analysis of complete coding sequences, VP4 was highly
similar among the different HCoSVs, while the VP1 region
showed the highest level of nucleotide sequence diver-
gence. Therefore, our data support the report of Kap-
usinszky et al. [9] that VP1 is particularly suitable for
distinguishing genotypes of HCoSV.

Since the detection rate of HCoSV in stool specimens
was relatively low, and because the study was not per-
formed in healthy individuals, the association of this viral
agent with diarrhea in humans is still unclear. In addition,
to obtain further information on HCoSV infections, sero-
prevalence studies may help to estimate the anti-HCoSV
antibody prevalence in human populations. In summary,
this study presents the detection rate and genetic back-
ground information on an HCoSV strain in a pediatric
patient with acute gastroenteritis in Thailand.
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Diarrheal virus infections in pediatric patients with
acute diarrhea, Chiang Mai, Thailand

_ Chaimongkol et al., Clin Lab. 2012;58:117-23.
Unknown / Novel viruses ?
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Cosavirus derived from common stool-associated picornavirus

» Human cosavirus (HCoSV), a new member in Picornaviridae
family, was originally identified from stool samples of both
healthy children and non-polio acute flaccid paralysis patients

In Pakistan and Afghanistan.

(Kapoor et al., Proc Natl Acad Sci U S A. 2008, 105:20482-7)
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Human Cosavirus (HCoSV)

lcosahedral symmetry, ~20-30 nm in diameter

http://www.expasy.org/viralzone/all_by_species/97.html

Genome : positive-sense,

single-stranded RNA ~ 7.0-7.6 kilobases in length

Genome structure

Capsid (Structural protein) (Nontructural protein)

[ERUTR Y P4)ve2vP3vP12A12A2262CHRSESERNSTUTR

6 species (HCoSV-Ato HCoSV-F)
= HCoSV-A: 24 genotypes (VP1 sequence)
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Detections of HCoSV

» A stool sample from a 64-year-old woman collected in Scotland was positive for
HCoSV by RT-PCR [Kapoor et al., 2008].

» Areport from the United States / Japan demonstrated that HCoSVs were also

detected in untreated sewage samples [Blinkova et al., 2009 / Haramota et al., 2014].

* |n China, HCoSV was reported from healthy (1.6%) and diarrheic children (3.2%)
[Dai et al., 2010].

* |n Chiang Mai, Thailand, a single case of HCoSV was reported from adult patient

with diarrhea (0.6%) [Khamrin et al., 2012].

To detect and characterize HCoSV in children admitted to hospitals with diarrhea

in Chiang Mai, Thailand
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»Specimen collection

Children admitted to 2 hospitals in Chiang Mai, Thailand
(Maharaj Nakorn Chiang Mai / Nakornping hospitals)

No. : 411 stool samples
Symptom . Diarrhea
Col. date : Jan 2010 — Dec 2011

> RT-nested PCR : HCoSV

(Kapoor et al Proc Natl Acad Sci U S A. 2008, 105:20482-7)

5' UTR\VP4vP2vP3\vP1RA1)2A22BR CEASEIBEASE BRI UTR
/T

DKV-N5U-F1 DKV-N5U-R2

441 bp

DKv-isu-Fz DKV-iSU-RS
316 bp
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»Human Cosavirus detection : 1/411 (0.2%)

CMH-N199-11  3-year-old boy admitted with acute gastroenteritis at

Nakornping Hospital, December 2011.

Clinical symptoms Low-grade fever, nausea, vomiting,

mild dehydration, diarrheal episodes = 3/day

»CMH-N199-11 :

Complete genome seguence analysis

Capsid (Structural protein) (Nontructural protein)

[BRNR VP 4vr2VP3

VP12A12A2262CEASESEED3" UTR

| 6,372 nt/ 2,123 aa |
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NCBI accession number : KJ396940

http://www.ncbi.nlm.nih.gov/nuccore/613487339?report=genbank

& NCBI  Resources ¥ How To (¥ Sign in to NCB
Nucleotide Nucleotide || | search |
Limits Advanced Help
Display Settings: (] GenBank Send:
Change region shown -

Human cosavirus A strain CMH-N199-11 polyprotein gene, complete cds
GenBank: KJ396940.1

FASTA Graphics Customize view v
Go to:
Analyze this sequence =
LOCUS KJ396940 7317 kp RNA linear VEL 23-RPR-2014 Run BLAST
DEFINITION Human cosavirus A strain CMH-H1855-11 pclyprotein gene, complete
cds. Pick Primers
RCCESSION  KJ396340 Highlight Sequence Features
VERSION KJ396940.1 GI:6134B7339 -
KEYWORDS Find in this Sequence
SCOURCE Human cosavirus A
CRGANISM Human cosavirus A
Viruses; ssRNL positive-strand viruses, no DNL stage: Related information =
Picornavirales; Picornaviridae; Cosavirus. Protein

REFERENCE 1 (kbases 1 to 7317)
AUTHORS ¥hamrin,P. and Maneekarn,HN.
TITLE Detection and genetic characterization of cosavirus in a pediatric Taxgngmy

patient with diarrhea
JOURNAL Unpuklished

RefSeq Genome for Species

REFERENCE 2 (bases 1 toc T317) - -
AUTHCRS Fhamrin,P. and Maneekarn,N. Recent actlwty
TITLE Direct Submizsion Tum Off Clear
JOURNAL Submitted (31-JAN-2014) Department of Microbiology, Faculty of E Human cosavirus A strain CMH-M199-11
Medicine, Chiang Mai University, 110 Intawarorose, Sriphocm, Muang, polyprotein gene, complete cds Nucleatide
Chiang Mai 50200, Thailand
Phthonerodes scotarcha voucher CCDB-
COMMENT ##Lhssemblv-Data-START#4# E RS . .
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Phylogenetic analysis of complete coding sequence

VP4vr2VP3VP 12A12AZ2262CERSEEEEN

100

86

~~
-
-~
-~
-~
~~
~
-~
~
~~
~~
~
~

FJ438903.6344.HCoSV-A2
92 FJ438902.0553.HCoSV-A1
FJ438904.6572.HCoSV-A3

— ®CMH-N199-11
19— GU968209.SH1.HCoSV-A (China)

)

87.3% }

— JN867759.PK6187.HCoSV-A19

JN867756.NG263.HCoSV-A20

JN867758.PK5006.HCoSV-F1

84

FJ438907.2263.HCoSV-B1

100

FJ555055.Australia/81.HCoSV-E1
FJ438908.5004.HCoSV-D1

100 JN867757.NG385.HCoSV-E/D
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EF165067.Saffold virus

HCoSV-A

HCoSV-F
HCoSV-B

HCoSV-D
HCoSV-E/D




S e 1 S T e N T I
Phylogenetic analysis of VP1 sequence for HCoSV-A genotyping

VP4vr2VP3VP 12A12AZ2262CERSEEEEN

-
-
-
-
-
-
-

Q867790.TN06-8231 .HCoSV-A6
100
100

GU968209.SH1.HCoSV-A6 _ 0
— @CMH-N199-11 87-89%
k JQ811822.NP8-2.HCoSV-A6

JN867771.NG6.HCoSV-A5
% | JQ811821.NP8-1.HCoSV-A24
JN867776.NG18.HCoSV-A8
97 JN867768.NP11.HCoSV-A7
84 JQ811831.NG213-2.HCoSV-A23
JQ811825.NG295-1.HCoSV-A22
100 JN867772.NG11.HCoSV-A10
7| [ JN867765.NP7.HCoSV-A9
100 L F J438904.6572.HCOSV-A3
JN867756.NG263.HCoSV-A20
JQ811826.NG295-2.HCoSV-A21
100 JN867759.PK6187.HCoSV-A19 — 57-69%
JN867775.NG15.HCoSV-A18
100 JN867764.NP6.HCoSV-A13
| FJ438902.0553.HCoSV-A1
L 99 JN867760.NP1.HCoSV-A11
| JN867774.NG14.HCoSV-A12
JN867787.TN06-E34.HCoSV-A17
—

-
-
-
-
-
-
-
-
-
-
-
-

95

FJ438903.6344.HCoSV-A2
JQ811829.NG376.HCoSV-A14
JN867767.NP10.HCoSV-A16
JN867780.NG23.HCoSV-A15 —
Page = 10 FJ438907.2263.HCoSV-B1

100

0.1



Conclusions

= HCoSV was found in a single specimen collected from a 3-year-old boy

with acute gastroenteritis.

= Analysis of complete genome sequence revealed that this HCoSV strain

was HCoSV-A6 and most closely related to the Chinese HCoSV strain.

» This study is the first report of HCoSV infection in children with diarrhea in
Thailand.

= Qur results emphasize the need for further research to understand the
distribution, genetic diversity, and viral pathogenicity of HCoSV in

humans.
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Nucleotide

Human cosavirus A strain CMH-N199-11 polyprotein gene, complete cds - Nucleotide - NCBI

Display Settings:  GenBank

Human cosavirus A strain CMH-N199-11 polyprotein gene, complete cds

GenBank: KJ396940.1
FASTA  Graphics

Go to:

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED
REFERENCE
AUTHORS
TITLE
JOURNAL

COMMENT

FEATURES
source

KJ396940 7317 bp RNA linear VRL 23-SEP-2014
Human cosavirus A strain CMH-N199-11 polyprotein gene, complete
cds.

KJ396940

KJ396940.1 GI:613487339

Human cosavirus A

Human cosavirus A

Viruses; ssRNA viruses; ssRNA positive-strand viruses, no DNA
stage; Picornavirales; Picornaviridae; Cosavirus.

1 (bases 1 to 7317)

Khamrin,P. and Maneekarn,N.

Detection and genetic characterization of cosavirus in a pediatric
patient with diarrhea

Arch. Virol. 159 (9), 2485-2489 (2014)

24788846

2 (bases 1 to 7317)

Khamrin,P. and Maneekarn,N.

Direct Submission

Submitted (31-JAN-2014) Department of Microbiology, Faculty of
Medicine, Chiang Mai University, 110 Intawarorose, Sriphoom, Muang,
Chiang Mai 50200, Thailand

##Assembly-Data-START##

Sequencing Technology :: Sanger dideoxy sequencing
#i#tAssembly-Data-END##

Location/Qualifiers

1..7317

/organism="Human cosavirus A"

/mol_type="genomic RNA"

/strain="CMH-N199-11"

/host="Homo sapiens"

/db_xref="taxon:586419"

/country="Thailand"

/collection_date="Dec-2011"

863..7234

/codon_start=1

/product="polyprotein"

/protein_id="AHX26969.1"

/db_xref="GI:613487340"
/translation="MGANNSKESVSSNGNEGTIVNNFYSNQYYASIDASAQGVGTSTT
PENGNVSGFLGLASSAFNALSFLASPRVENSTYQEDRILSRVAGNTSINSQASEGVLC
AYAHETDGSDPTSCGDTPSKGTAATDRSFIVQLQQWSTTQAAYDAQWVRLTQELRADN
KGNVFAKNLKTHSYAKMGFEVTLQVNTSPFHCGLVGLFLVPEFTRFGPDNLTWQDVTT
RLSLVNNTALYDPQNYAGDRALDTDGSFDMADFSPEQFMLFPHQFINPKDTNIATVRV
PYVNIAPTSDTTVHTVWTAVVMVIVPLYYSSGASPTVNMTMTITPVNSVFNGLRHSAQ
TPIPTRPFHNFNQFNTTVPLRTEPCYGMTVTPPVDYMPPPVEDLMSLAQVPCFLSVAF
SDNSIKGFPYFAVSNTEQGRKLFSSGVVLSDPHYQHTLLSNLARFFCNYRGSIQFDFV
AATTALTRGKLLIAYSPPGANEPASIDQAMMGTYAIWDLGLQSTFNFVVPFISATDFR
YNQVAIASALNSDGWLTVWMLNPLTYPPNTPPTQQIVMMLSAGKDFSFRLPISPGIAQ
GIGEQDPHDNMECGQVDDKDASMFSGHSVSLPTPHTLCSFFYDRYRMIGIVRSTNRNS
PKLKTPLEAGKIMNLVKYFKIESAYTPQPEHAIGLTPVPNLNGVPLSAFLNAKSTASK
KRLRLVKGDFQLNYCCPFTYAKFDLEFTVVPPASFASDYIVHWYPPGAPIDTAEIMFG
MNATDTEFQDNGENMSSAQLSYNPTFYARGPTKVCAVVPFCLPTSLLPLYFDGYPDYA
KTPGLYGTSPASTFGTIFVESDTEARFHVYIRYKNFKGYLPRPLIRTTHIPLASRNRR
QVAGSVLTREITREEREVARQLLLISGDIESNPGPAFNPEYTVHGPVTDLIQLARKPE
TVDNVNRLLTTLNTLMAKWNNLKETVTDAVFLRDMVCLLVKLTSLLYLVHGQGPGAYF
AAASILMADGISFFDWYEKIKIFMARKLRVSPPFFPSAQGPDLRDFVTFFNAARGAQW
MIDSLKSLISWIKQWLELEEENEAVQLEKMLIESPRHCKAINDYNRGDSFQRPTNSFE
FMDRLVECATKLGRVQIATYFRNFTTADSDTSRPEPVVLVLRGKPGAGKSAAATVIAA
AVSKLLVGSQSVYTLSPDTEHMDGYHGQFVTLMDDLGQNPDGEDFRCFCQMVSCAQYR
PAMADLKDKGILFTSRLLIATTNLPDFNPVTISDPRALDRRITFDIHVTPGSAATKNG
KLDLAAALKPDGPGEHPYTSDCPILHTTGLLLKNLRNNQTMNVKDLVDLIVRRIKHKK
EVGNMLDSLVAQGPTMIVGYTKDDDGIAIVDCLEEWNKIKDKKKKQLALEMVAQELKD
KHEEHKGTIKLLKMFVTGLGVVAAVAGAYATMKYFTKDKPEETKEPEEKNEEREESKE
AAGPYNGPTKKEIKTLKLKAQSPLMDMEKKISQNVMPFQIWYNGKKYTQSCLAIGKRV
ILVNKHAFESVDNKFIVNQKEYTLDQVTAISLDCGSGVTDVCAICLPPGPDFKSIKKH
FLPFNTTMFPGTRLTILSNDHYPMSREGSFLRFEDEVPTNIGQMPFVMLYKSTSYFGM
CGSVVCSRFVDGGGIIGMHCAGGGGVSVGTRLTARMIESVFDYFYPPVAQGIIENTET
GPRVHVPRQSKLKRTHATYPATDKFGPAALSRYDPRLNEGVDLDTVIFSKHTHNTLID
KESTFRKALDMAAEIYGEKFRGNDFSPLSVEDAILGVPGLDRLDPNTASGLPYTKTRR
QMIDFNTGQILDDTLKCRLGQWLAGRPPQEVHYQTFLKDEIRPIEKVKAGKTRIIDVP
PLDHVIAFRMLFGKFIAHYHLNFGFKTGSAIGCDPDVAWASFGFELSGFPYLYDFDYS
NFDASHSTSIFEILDQKFFSPELGFDPRCSLLLKSLAVSTHCYENKRLQIAGGLPSGT
AGTSVLNTVINNIIFHGALYHTYTNFEWDDISMLAYGDDIVVASKFELDLVMVKAFMN

http://www .ncbi.nlm.nih.gov/nuccore/KJ396940.1
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RIGYKITPADKSDEFRPKCMDDICFLKRRFVKVAGVWAPVMETENLEAMLSWYKPGTL
NEKLQSVSRLAHFSGRDVYDRLFKPFIRDGFDVTPWKQLHLEWLNKLSA™
ORIGIN
1 ggctatgtca aagcaataca gtgtgtgcaa ggcgtacacg ctcaaggcgg agacttaggc
61 ctcacagatt gtgttttgtg ttattggatg ctggatggtc acgttggaga ctgcatgtgg
121 cagtcttgaa acgtgtggtt tgacgtctat ccattacggc agtgggtgga gtactgcaaa
181 gatgtcaccg tgctttacac ggtttttgaa ccccacaccg gectgtttgge gettgecagga
241 cagcaggttt attttcttat gttctttatt tctagccagc agggttctat cctgttggge
301 ggagtgatac tcccgttcct tcttggacag attgcctcca cgacctttgt ggatctcaag
361 gtgatcaagt cactggtgaa tagagcgaag gttgaggaga cctgaggaat ttccatgtgg
421 ctttgccagg agttgtagcg atgctgtgtg tgtgtgecgga tttcccctca tggcaacatg
481 agcctcacag gccgaaagcc ctgtccgaaa ggacccacac agtggagcaa ccccagctcc
541 ctcctacaaa gctttgtgag aatgaactca cgtttattct tctttattct ctatttacat
601 caggccccaa agatgtcctg aaggtacctt gtgtatctgg gcatgagcac catcaactac
661 ccggacttgc actttggtgc agacgcatgt ggtgacccag cccctctget tcggcagagg
721 ggctttcget cgctcagcac gagatctgat caggagcccc tcccagtgtg ctttacacct
781 ggcggggggt taaaaattgc ccaaggcctg gcacaataac ctaggggact aggtttacct
841 tttgttaaca atgtctgtca ttatgggtgc aaacaacagc aaagaatcag tgtccagcaa
901 tggcaacgag ggaacaattg ttaataactt ttattcaaac cagtattatg cttctattga
961 tgcttctgecc caaggtgttg ggacctctac tactcctgaa aacggcaacg tatctggett
1021 tcttggactt gcaagcagtg cttttaatgc tctctctttt ctcgectccc cgegagtaga
1081 gaactcaaca tatcaggaag ataggatttt atcgcgcgta gcaggcaata catctataaa
1141 ctctcaagct tcagaagggg ttttgtgtgec ttacgcgcat gaaaccgacg gttcagatcc
1201 tacttcttgt ggtgacaccc ccagcaaagg aactgcagca acagatagaa gtttcatagt
1261 acaactccag caatggtcca caacacaggc cgcatatgat gctcagtggg tccgcctcac
1321 acaagaactg cgggcggata acaaaggtaa tgtgtttgca aaaaatctga aaactcactc
1381 atatgcaaag atgggattcg aggtaacact tcaggtcaac acctctccgt tccattgtgg
1441 tttggttgga ctgtttcttg tccccgaatt caccagattc gggccagaca acttgacatg
1501 gcaggatgta acaacccgac tttctcttgt gaacaatact gctttatatg acccccaaaa
1561 ttatgcagga gatagggctt tagacactga tggctctttt gatatggcgg atttttcgec
1621 tgaacaattc atgctgtttc cccaccagtt tataaatccc aaagacacta atattgctac
1681 tgttagagtc ccatatgtta atatagcccc tactagtgat accactgttc atacagtttg
1741 gacagcggtg gtaatggtga tagttcccct ctactattca tcaggtgctt ctccaacagt
1801 taatatgaca atgactatta ctcctgtgaa ttcagtgttt aatggactgc gtcattcggc
1861 gcagacccct attcctacta ggccttttca caactttaac cagttcaaca ccacggtgcec
1921 tcttcgcacc gagccatget atggtatgac tgtgacccct ccagttgatt acatgcctcc
1981 accagttgaa gatctcatgt ctttggccca ggtgeccttge ttcctgtcgg ttgecttttc
2041 tgacaatagt attaagggtt ttccttactt tgctgttagc aatacggaac aagggagaaa
2101 attgttttct agtggtgtag tgttatcaga tccccactat caacacactt tgctttcaaa
2161 tttggctcge ttcttctgca attatcgecgg aagcatacaa tttgattttg ttgccgccac
2221 aactgccctg acccgtggta agttgcttat agcttattct cctccaggtg ccaatgagcec
2281 cgcatctatt gaccaggcta tgatggggac ttatgcaatt tgggatcttg gactgcagtc
2341 aactttcaat tttgttgttc ctttcatatc ggcaactgac tttcgctaca atcaagtagc
2401 aatcgcttca gctttgaatt ctgatggatg gcttacagtt tggatgctta acccattgac
2461 ttacccaccc aatacacccc caacccaaca gattgtcatg atgctttctg caggtaagga
2521 cttctctttc agacttccaa tttcaccagg tatagcacaa gggattggcg aacaagaccc
2581 acatgacaat atggagtgtg gacaggttga tgacaaagat gcgtccatgt tctccggaca
2641 ttctgtttct ctccccacge ctcacacact gtgttccttt ttctatgaca gataccgcat
2701 gattggaatt gtgcgttcaa caaacagaaa ttcaccaaaa cttaagacac ctctggaagc
2761 aggcaaaata atgaatttgg tcaaatattt caagattgaa tcggcatata caccccaacc
2821 agaacatgct atcggtctaa ctccagtacc taacttgaat ggagttccct tgtccgettt
2881 ccttaatgcc aaatctactg catccaagaa aaggttaaga cttgttaaag gagactttca
2941 gttgaattat tgctgtcctt ttacttatgc taagtttgat cttgaattta cagtggtgcc
3001 ccctgctage tttgcatctg attatatagt tcactggtat cctccaggtg cccctattga
3061 tactgctgag atcatgtttg gaatgaatgc tactgacact gagtttcaag acaatggaga
3121 aaacatgagt tcagctcaac tctcatataa ccctactttt tacgccagag gacctactaa
3181 agtctgtgca gtagtacctt tttgtttacc tacttctcta ttgectcttt attttgatgg
3241 ttatccagac tatgcaaaaa ctcctggectt gtatgggact tctccagctt ctacctttgg
3301 tactattttt gttgaatcag acacagaagc acgcttccat gtttacatca ggtacaaaaa
3361 tttcaagggt tacctaccta gaccactaat tagaacaaca cacataccct tggcaagtcg
3421 caacagaaga caggtggcgg gtagtgtgct tactagagag attactaggg aagaacgaga
3481 agttgccagg caactcctcc ttatttcagg tgatattgag tccaacccag gtcctgeatt
3541 taatccagaa tacactgtac atggcccagt aacagatttg attcaattgg ctagaaaacc
3601 agaaacagtt gataatgtaa acagacttct gactactctt aacaccctta tggctaaatg
3661 gaacaacctt aaagagactg ttacagatgc tgtgtttctt agagacatgg tgtgtcttct
3721 tgtaaaactt acctctttac tctacctggt tcacggacaa ggaccaggtg cttactttgce
3781 tgctgcttct atattgatgg ctgatgggat atctttcttt gattggtatg aaaagattaa
3841 aatcttcatg gcaagaaaac tcagagtttc cccccctttc tttcccagtg cccagggacc
3901 agatcttaga gattttgtga ctttcttcaa cgctgcgegt ggagcgcagt ggatgattga
3961 ttctcttaaa tccctcatat cttggattaa acagtggctt gaacttgagg aagaaaatga
4021 agcagtacaa cttgaaaaga tgttaattga atctcccaga cactgcaagg caataaatga
4081 ttacaacaga ggtgactctt tccaacgacc gactaactct tttgaattca tggacagact
4141 tgtggaatgt gctactaaac tcgggagggt tcaaattgca acatacttta gaaatttcac
4201 cacagccgat tctgatacta gcagaccaga gccggtggtg cttgttctge gegggaaacc
4261 aggcgcaggc aaatcagctg cagctactgt catcgectget gcagtctcca aattgttagt
4321 aggaagtcaa tcagtttata cactttctcc agatacagaa cacatggatg gatatcatgg
4381 tcaatttgtg accttgatgg atgaccttgg acaaaaccca gacggtgaag acttcagatg
4441 tttctgtcaa atggtttcat gtgctcagta ccgccccgec atggetgatc ttaaagacaa
4501 gggaatcctg tttacttcta gacttttgat tgctaccacc aatttaccag acttcaatcc
4561 cgttactatt tcagatcctc gecgcccttga caggegecatt accttcgata tccacgttac
4621 accaggctct gctgcaacca agaatgggaa actcgacttg gctgcggeccc tcaaacccga
4681 tggacccggt gaacaccctt acacttctga ctgtcccatt ctccacacta ctggacttct
4741 tttgaaaaac ctcagaaaca accagactat gaatgtaaag gaccttgttg accttatcgt
4801 gagaagaatt aaacataaga aagaagtagg aaacatgctt gactctctag ttgcccaggg
4861 acctacaatg attgttggct atactaagga tgatgatggc attgcgattg tggactgtct
4921 cgaagaatgg aacaagatta aggacaagaa aaagaaacag cttgctttgg aaatggttgc
4981 ccaggagctt aaagacaaac atgaagaaca taagggaaca attaaacttt tgaaaatgtt
5041 tgtcacaggt ttgggtgtcg tcgctgccgt tgcaggagcg tacgccacaa tgaaatattt
5101 cactaaagac aaaccagagg aaaccaagga accagaggaa aagaatgaag aaagagaaga

http://www .ncbi.nlm.nih.gov/nuccore/KJ396940.1
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5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
//

gtccaaagaa
gctcaaggcec
ctttcagatt
agtgattctt
gaaagaatac
agatgtgtgt
cctacctttt
ctaccctatg
aggtcagatg
agttgtgtgt
aggcggagtc
tttctaccca
tgtgcccaga
tggcccagcet
agtgatcttt
agctcttgat
tctttcagtt
agcttcagga
gattttggac
ggaagtacat
aggaaaaacc
ctttggcaaa
tggttgtgac
tctgtatgat
cttagatcag
gaaatccctt
gcttccctec
tcacggtgca
ctacggcgat
tttcatgaac
aaagtgtatg
ggctccagtg
tcttaatgaa
tgaccgectt
acacttggaa
tattttgaat

gectgetggtc
cagagtcctc
tggtacaacg
gtaaacaaac
acactagatc
gctatttget
aacactacta
tccagagaag
ccctttgtga
agtagatttg
agtgttggaa
ccagttgctc
caatccaaat
gcactctcge
tcaaaacaca
atggcagcag
gaagatgcaa
cttccttaca
gatactctta
taccagacat
agaataattg
ttcattgccc
ccagatgttg
tttgattact
aaattctttt
gcagtttcaa
ggcacggeag
ttgtatcaca
gacattgttg
cggattggct
gatgacattt
atggaaactg
aagctccaga
ttcaagccct
tggcttaata
ttggctttta

Human cosavirus A strain CMH-N199-11 polyprotein gene, complete cds - Nucleotide - NCBI

cgtacaatgg
ttatggatat
gaaagaagta
atgcttttga
aggttacagc
tgcccccagg
tgtttccagg
ggtctttect
tgctttacaa
ttgatggagg
cccgtttgac
agggaattat
taaaaagaac
ggtacgatcc
cccataatac
aaatttatgg
ttcttggagt
caaagaccag
agtgtcgact
ttctcaagga
atgttcctcc
actaccactt
cttgggcttc
caaactttga
ctccagaatt
cccactgtta
gtacctcagt
cttacactaa
ttgcctccaa
acaagattac
gcttcttaaa
aaaacctcga
gtgtctcaag
tcattcgtga
agttatcagc
attcgttctt

http://www .ncbi.nlm.nih.gov/nuccore/KJ396940.1

gccaacaaag
ggaaaagaag
tacccagtct
atcagtggat
tatttccctt
cccagatttc
cacccgectg
tcgctttgag
atcaacctct
aggaataatt
tgctagaatg
tgaaaataca
tcatgccact
gcgtcttaat
tttgattgat
tgaaaagttc
acccggactc
aagacagatg
tggacaatgg
tgaaatcagg
tcttgatcat
gaactttggc
tttcggettt
tgcttctcac
aggttttgat
tgagaacaag
actgaacacc
ttttgagtgg
attcgaactt
ccctgcagac
gaggegtttt
ggcaatgttg
acttgcccat
tgggtttgac
ttaaagaatt
aatttggtta

aaagaaatta
atctctcaga
tgtttggcaa
aacaaattca
gattgtgggt
aaatcaataa
actattctct
gatgaagttc
tactttggta
ggaatgcact
attgaatcag
gagacaggac
tatccggcaa
gaaggagtag
aaagaatcca
agaggaaatg
gaccgtttgg
attgacttca
cttgctggac
cccatcgaaa
gtcattgect
tttaaaacag
gagctcagtg
agcacttcaa
cctagatgct
agactccaga
gtgataaaca
gatgacatca
gacttggtta
aaaagtgacg
gttaaagttg
tcttggtaca
ttctcaggac
gtcacacctt
ttgaattggc
tttattgggt

aaacattgaa
atgttatgcc
taggtaaaag
ttgtgaatca
caggtgttac
agaaacactt
cgaatgacca
ccaccaacat
tgtgtggttc
gtgcaggtgg
tttttgatta
cccgtgtgea
cggacaagtt
accttgatac
cttttaggaa
atttctcccc
accccaacac
acacaggaca
gacctcctca
aggtcaaagc
tcagaatgct
gctctgctat
gctttcctta
tctttgaaat
cacttctctt
ttgctggagg
atatcatttt
gtatgttagc
tggttaaggc
aattcagacc
ctggagtttg
aaccaggaac
gtgacgtata
ggaaacagtt
atttcaaatt
ataatca

3/3



	Report
	1 ปก
	Final report สกว

	Pattara (TRF-02052014)
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Acknowledgements
	Slide Number 13

	Human cosavirus A

