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RESUMO

LORENZETTI, Elis. Analise molecular de cepas incomuns de rotavirus suino grupo A.
2014. 126 f. Tese (Doutorado em Ciéncia Animal, Area de Concentragdo: Sanidade Animal) -
Universidade Estadual de Londrina, Londrina. 2014.

RESUMO

A diarreia neonatal ¢ um dos principais problemas sanitarios que acomete leitdes em todo o
mundo. Em sistemas intensivos de produgdo o rotavirus suino grupo A (RVA) ¢ uma das
principais etiologias de diarreia em leitdes lactentes e recém-desmamados. A caracterizagao
dos genotipos das cepas de RVA detectadas em surtos de diarreia ¢ de grande importancia
para a identificagdo de novos genotipos virais, para a analise da diversidade genética,
identificacdo de eventos de ressortimento e transmissdo interespécies. O objetivo deste estudo
foi realizar analises filogenéticas em trés cepas de RVA identificadas em fezes diarreicas de
leitdes. As duas cepas virais do primeiro estudo (BRA381 e BRA382) foram selecionadas
durante um estudo retrospectivo de genotipagem realizado em amostras fecais diarreicas
positivas para o0 RVA pela técnica de eletroforese em gel de poliacrilamida, por apresentarem
resultados negativos em testes de genotipagem utilizando primers genotipo-especifico para os
principais prototipos de RVA de origem humana e animal (bovino e suino). A cepa viral do
segundo estudo (BRAS843) foi selecionada para a analise de todos os genes por ser uma cepa
G4P[6] diferente do prototipo suino, a cepa Gottfried. No primeiro estudo os produtos da RT-
PCR dos genes VP7 (G) e VP4 (P) foram sequenciados ¢ a analise filogenética possibilitou a
identificagdo do genotipo G26P[13] e G26P[X] nas cepas BRA381 e BRA382,
respectivamente. G26 ¢ um genotipo raro que, até entdo, somente havia sido identificado em
cepas de RVA suino da Asia (Japio e China) e, possivelmente, em uma cepa de origem
humana da Tailandia. O genotipo P[13] ¢ o terceiro genotipo mais comum em RVA suino,
porém a associacdo G26P[13] ainda ndo havia sido descrita em cepas de RVA em todo o
mundo. No segundo estudo, a andlise dos 11 genes de uma cepa (BRA843) de RVA suino
G4-IX P[6]-If, anteriormente caracterizada como distinta do prototipo G4P[6] (Gottfried) de
origem suina, revelou estreita relacdo com cepas de RVA detectadas em suinos e também com
cepas detectadas em humanos e animais provenientes de ressortimento com cepas suinas.
Estas caracteristicas sugerem que a cepa BRA843 seja de origem suina. A constelagdo de
genotipos (G4-P[6]-15-R1-C1-M1-A8-C1-T7-E1-H1) identificada nesta cepa brasileira de
RVA suino tem estrutura Wa-like com genotipos comumente detectados em cepas de RVA de
origem suina. O genotipo T7 € um genotipo raro que foi primeiramente descrito na cepa de
RVA UK (protétipo) de origem bovina. Posteriormente, o genotipo T7 foi relatado em cepas
de RVA de humanos provenientes de ressortimento com cepas suinas e bovinas.
Recentemente, o genotipo T7 foi também identificado em cepas de RVA suino reforgando a
origem suina deste genotipo. No Brasil, este ¢ o primeiro estudo com andlise de todos os
genes de uma cepa suina de RVA G4P[6], bem como a primeira descricdo de uma cepa
G4P[6] suina detectada em um hospedeiro suino carreando o genotipo T7. Os dois estudos
revelaram a complexidade de genotipos de RVA circulantes em rebanhos suinos brasileiros,
bem como a importancia da analise de todos os genes para a compreensdo dos mecanismos de
evolucdo das cepas de rotavirus e o papel dos suinos como reservatérios de uma constelagao
de genotipos de RVA passiveis de infectar tanto animais quanto humanos.

Palavras-chave: Suino. Diarreia. Rotavirus grupo A. Genotipos. Genoma.



ABSTRACT

LORENZETTI, Elis. Molecular analysis of uncommon porcine group A rotavirus strains.
2014. 126p. Thesis (Doctor’s Degree in Animal Science) - Universidade Estadual de
Londrina, Londrina. 2014.

ABSTRACT

Neonatal diarrhea is a major health problem that affects piglets worldwide. In intensive pig
production systems, the porcine group A rotavirus (RVA) is one of the main causes of
diarrhea in suckling and recently weaned piglets. The characterization of genotypes of the
RVA strains detected in diarrhea outbreaks is important for the identification of new
genotypes, for the analysis of genetic diversity, identification of reassortment and interspecies
transmission events. The aim of this study was to perform the phylogenetic analysis of three
RVA strains identified in diarrheic fecal samples of piglets. The two strains from the first
study (BRA381 and BRA382) were selected during a retrospective genotyping study
performed in RVA-positive diarrheic fecal samples by polyacrylamide gel electrophoresis
technique, by negative results in genotyping assays using genotype-specific primers for the
main RVA prototypes of human and animal origin (bovine and porcine). The strain from the
second study (BRA843) was chosen for analysis of the all genes for being a G4P[6] strain
different to porcine prototype, the Gottfried strain. In the first study, the RT-PCR products of
the VP7 (G) and VP4 (P) genes were sequenced and the phylogenetic analysis allow the
identification of the genotype G26P[13] and G26P[X] in the BRA381 and BRA382 strains,
respectively. G26 is a rare genotype, which until then, had only been identified in porcine
RVA strains from Asia (Japan and China) and, probably, in a human origin strain from
Thailand. P[13] is the third most common genotype in porcine RVA, but the combination
G26P[13] had not still been reported in RVA strains worldwide. In the second study, the
analysis of the all genes of a G4-IX P[6]-If porcine RVA strain (BRA843), previously
characterized as distinct from the G4P[6] porcine prototype (Gottfried), revealed close
relationship with RVA strains detected in pigs and also with porcine-like human and porcine-
like animal RVA strains. These characteristics suggest that BRA843 strain is a porcine strain.
The genotype constellation (G4-P[6]-I5-R1-C1-M1-A8-C1-T7-E1-H1) identified in this
Brazilian porcine RVA field strain has the Wa-like structure with genotypes commonly
detected in porcine RVA strains. T7 is a rare genotype that was first described in the UK
RVA strain (prototype) of bovine origin. Afterwards, the T7 genotype was identified in
human RVA strains derived from reassortment with porcine and bovine RVA strains.
Recently, the T7 genotype was also identified in porcine RVA strains reinforcing the porcine
origin of this genotype. In Brazil, this is the first study where all genes of a porcine G4P[6]
RVA strain were analyzed, as well as, the first description of G4P[6] porcine RVA strain
detected in a pig host bearing the T7 genotype. The two studies reveals the complexity of
RVA genotypes circulating in Brazilian pig herds, as well as, the importance of analyzing all
genes for understanding the mechanisms of evolution of the RVA strains and the role of pigs
as reservoirs of a RVA genotype constellation able to infect both animals and humans.

Keywords: Pig. Diarrhea. Group A rotavirus. Genotypes. Genome.
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1. REVISAO DE LITERATURA

1.1 INTRODUCAO

No Brasil, a suinocultura tem contribuido consideravelmente com o0s numeros
favoraveis que o agronegdcio tem proporcionado, a cada ano, a economia do pais. A cadeia
produtiva do suino é importante fonte geradora de impostos, divisas e empregos (diretos e
indiretos) nas areas rural e urbana (ABIPECS, 2014). Atualmente, no Brasil, existe
aproximadamente 2,41 milhdes de matrizes suinas alojadas, que sao responsaveis pela
producdo de 41,3 milhdes de suinos para o abate. Embora o tipo de criacdo seja
essencialmente intensivo (industrial), o nimero de animais em criacfes de subsisténcia ainda
é consideravel (ABIPECS, 2014).

Com o aumento da produtividade, prolificidade e manejo intensivo dos rebanhos, os
animais estdo cada vez mais suscetiveis as doencas, principalmente os leitdes nas primeiras
semanas de vida. Por outro lado, também assume importancia a avaliacdo de risco da
exposicdo de seres humanos a patdégenos para 0S quais 0S Suinos possam atuar comc
reservatorios. Ha a necessidade do constante monitoramento das caracteristicas
epidemiolégicas das infec¢des e das caracteristicas antigénicas e moleculares desses agente
etiolégicos. Estudos direcionados nesse sentido tém gerado, simultaneamente, informacdes
com impacto tanto em sanidade animal quanto em saulde publica (ALFIERI et al., 2007;
ALFIERI; ALFIERI; BARRY, 2010; ALFIERI; LORENZETTI; ALFIERI, 2012).

Diversas doencas podem acometer 0s suinos, porém as infeccdes entéricas ocasionam
consideraveis prejuizos econdmicos para a suinocultura. Em 1993 Paul e Lyoo ja abordavam
que independentemente dos niveis de tecnificagdo da criacdo, as diarreias neonatais
representam importante problema sanitario em rebanhos suinicolas de todo o mundo. Devido
as altas taxas de morbidade e mortalidade, os prejuizos determinados pelos episédios de
diarreia podem comprometer a exploracdo econdmica dos suinos.

Em leitdes, a diarreia neonatal determina alteragbes consideraveis nas taxas de
conversao alimentar e de ganho de peso, ocasionando desuniformidade das leitegadas ao
desmame com consequentes problemas de manejo. Os gastos adicionais com manejo,
imunoprofilaxia e tratamento de animais doentes, bem como as eventuais mortes de animais,
contribuem para o aumento no custo de producao (SILVA et al., 1998).

A sindrome diarreia ocorre tanto em animais lactentes quanto recém-desmamados,
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comprometendo a saude dos leitdes nas fases de maternidade e creche. A falha na protecac
passiva, principalmente em leitdes provenientes de matrizes primiparas e o sistema
imunologico imaturo do recém-nascido, representam as principais causas da maior
suscetibilidade dos animais lactentes as infeccbes entéricas (ALFIERI et al.,, 1999a;
KATSUDA et al., 2006). Devido as alteracbes alimentares e de ordem social, as duas
primeiras semanas poOs-desmame também sdo consideradas periodos criticos para o
desenvolvimento de episodios de diarreia (KATSUDA et al., 2006).

A diarreia neonatal em suinos é considerada uma sindrome multifatorial e
multietiol6gica. Fatores nutricionais e fisiologicos, manejo, alteracées ambientais, imunidade
do hospedeiro e agentes infecciosos podem estar envolvidos, tanto no desenvolvimento
quanto na intensidade de diarreia. Na etiologia das infec¢cdes entéricas incluem-se
protozoarios (Criptosporidiunspp, Isospora suisEimeria sp.), bactériasHscherichia coli
enterotoxigénicaSalmonella spp.Clostridium perfringengipo C, Clostridium difficilg e
virus (rotavirus, coronavirus, calicivirus) (ALFIERI et al., 1994, 1999a; KATSUDA et al.,
2006; BARRY; ALFIERI; ALFIERI, 2008; LINARES et al., 2009; ALFIERI; ALFIERI;
BARRY, 2010; MEDICI et al., 2011; ALFIERI; LORENZETTI; ALFIERI, 2012).

Na dependéncia da faixa etaria e/ou categoria animal, existem diferentes virus
entéricos que podem ocasionar infec¢cdes sintomaticas e/ou assintomaticas nos suinos. As
particulas virais produzidas no final do ciclo infeccioso contaminam o ambiente e os animais
infectados, apresentam excrecao prolongada e altos titulos virais, (ESTES, 2001) fato que
facilita a disseminacéo, sendo considerados fontes de infeccdo para outras faixas etarias de
suinos e, em algumas situacdes, até mesmo para os seres humanos.

Do ponto de vista da sanidade animal, os virus entéricos, tanto em infec¢des singulares
quanto associados com outros micro-organismos patogénicos, aumentam as taxas de
morbidade e de mortalidade dos rebanhos e afetam diretamente a rentabilidade dos sistemas
de producdo. Animais com sinais clinicos de diarreia e também aqueles com infec¢des
subclinicas apresentam menor produtividade, como reducédo no ganho de peso e aumento na
taxa de conversdo alimentar, resultando na desuniformidade dos lotes o que constitui um dos
principais problemas de manejo nos rebanhos comerciais (SILVA et al., 1998; ALFIERI et
al., 2007; LINARES et al., 2009; MEDICI et al., 2011). Adicionalmente, custos indiretos
como a assisténcia aos animais doentes e compra de medicamentos, além da predisposicac
desses animais a outras infec¢des, incluindo outros sistemas organicos que ndo o
gastrointestinal, contribuem com o aumento nos custos de producdo. Em termos de saude

publica, a deteccdo e, principalmente, a caracterizacdo molecular precoce dos patdgenos
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circulantes nos rebanhos é de extrema importancia, em funcdo de que na dependéncia das
caracteristicas da populacdo e do patdégeno envolvido, algumas doencas podem ser fatais pare
os seres humanos (PARASHAR et al., 2003).

1.2 ROTAVIRUS

Dentre os episodios diarreicos de etiologia viral destacam-se 0s ocasionados pelo
Rotavirus que € um género da famillReoviridae O virion, desprovido de envelope
lipoprotéico, tem aproximadamente 70-90 nm de didmetro e é constituido por 11 segmentos
de RNA de fita dupla (dsRNA), circundado por trés camadas proteicas concéntricas de
simetria icosaédrica, que formam as camadas externa, intermediaria e interna do capsideo
(ESTES; KAPIKIAN, 2007).

Cada segmento gendmico do rotavirus codifica uma proteina viral, exceto o segmento
onze, que codifica duas proteinas, totalizando seis proteinas estruturais, denominadas VP
(viral protein), e seis proteinas nao-estruturais, denominadas tNS®Psifuctural protein).

Na camada interna do capsideo, também denominaciaeleu ndcleo viral, estdo dispostas

as proteinas VP1, VP3 e VP2, sendo que as duas primeiras estdo intimamente associadas ac
genoma viral. A camada intermediaria é formada pela proteina VP6 e a camada externa é
constituida pelas proteinas VP4 e VP7, que sao responsaveis por aumentar a infectividade
viral. A clivagem enziméatica da proteina VP4 origina dois pequenos polipeptideos
denominados VP5* e VP8*. As proteinas nao-estruturais do rotavirus sdo denominadas
NSP1-NSP5/6 e estdo presentes em particulas virais maduras (Figura 1) (PATTON, 1995;
ESTES; KAPIKIAN, 2007). O quadro 1 apresenta algumas caracteristicas importantes de
todas as proteinas do rotavirus grupo A (RVA).

A proteina estrutural VP6, que forma a camada intermediaria do capsideo, é a proteina
mais abundante do virion. De acordo com as caracteristicas antigénicas e moleculares desta
proteina, os rotavirus sdo classificados em oito grupos / espécies (A-H) distintas, sendo que
cada grupo apresenta o0 seu proprio antigeno comum (ESTES; KAPIKIAN, 2007
MATTHIINSSENS et al., 2012). Dos oito grupos de rotavirus, os grupos A, B, C e H ja
foram descritos em humanos e em outros animais sendo considerados de importancia
epidemiolégica para seres humanos e animais (ALFIERI et al., 1999b; RAHMAN et al.,
2007; SANTOS et al., 2008; STEYER et al., 2008; MEDICI et al., 2010). Os outros grupos D,

E, F e G de rotavirus apenas foram detectados em animais (PEDLEY et al., 1986; DEVITT,;
REYNOLDS, 1993; OTTO et al., 2012). Entretanto, a maioria das cepas virais identificadas
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Figura 1 - Eletroforese em gel de poliacrilamida do genoma do rotavirus, RNA fita dupla,
segmentado (A) e as proteinas codificadas por cada segmento gendémico (B). Particula de

rotavirus representada esquematicamente (C); particula de rotavirus e sua estrutura

determinada por eletromicroscopia associada ao processamento de imagem por computador

(D).

T 0T NSPA
i » NEPS

e

g NSPE

Fonte: ESTES, M. K. Rotaviruses and their replication. In: KNIPE, D. M.; HOWLEY, P. M. (Ed) Fields
Virology. 4" ed. Philadelphia: Lippincott & Wilkins, 2001 (adaptado).

em seres humanos e animais com diarreia pertencem ao RVA (ALFIERI et al., 2006;
SANTOS et al., 2008; LINARES et al., 2009; LORENZETTI et al., 2011; MEDICI et al.,
2011).
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Quadro 1 — Caracteristicas gerais dpsoteinas codificadas pelos segmentos gendmicos do rotavirus e a porcentagem de identidade de
nucleotideo (nt) para cada gene (valor de corte).

Gené” Tamanho (pb) Proteina Massa Localizacao Func¢des/Processo bioldgico Genotipos1i)® % nt (ponto
Molec. (Da) de corte)
1 3.302 VP1 125.005 Nucleocapsideo RNA polimerase dependente de RNA R (9) 83
2 2.690 VP2 102.431 Nucleocapsideo Unido ao RNA/Formacao do nucleocapsideo C(9 84
3 2.591 VP3 98.120 Nucleocapsideo Guanililtransferase/Metiltransferase/Proteina Basica M (8) 81
4 2.362 VP4 86.782 Capsideo externo Proteina de unido a célula/Interage com VP6 P (37) 80 (895
Produto da clivagem de Infectividade viral aumenta apés clivagem pela
VP52 60.000 VP4 tripsina formando VP5 e VP8
Produto da clivagem de

vpPg? 28.000 VP4 VP5 permeabiliza membranas

5 1.611 NSP1 58.654 Proteina ndo estrutural Associa-se com citoesqueleto/Interage com fator 3 A (18) 79
regulatério de IFN
6 1.356 VP6 48.160 Capsideo intermediario Proteina estrutural do capsideo I (17) 85
intermediario/Antigeno de subgrupo
7 1.105 NSP3 34.600 Proteina ndo estrutural Envolvida na regulacdo da tradugéo T (12) 85
8 1.059 NSP2 34.700 Proteina ndo estrutural Acumula-se em viroplasmas/Atividade N (10) 85
NTPase/Liga NSP5 e VP1
9 1.062 VP7 7.368 Capsideo externo Glicoproteina estrutural do capsideo G (27) 80 (89§
externo/Antigenos neutralizantes G-tipo
10 751 NSP4 20.290 Proteina ndo estrutural Enterotoxina/Receptor para particula com duplo  E (15) 85
capsideo no RE
11 667 NSP5 21.725 Proteina ndo estrutural Possivel cinase autocatalitica /Interage com VP2, H (11) 91
NSP2 e NSP6
NSP6 11.012 Proteina ndo estrutural Produto da ORF2 do gene 11/Interage com
NSP5/Localizada em viroplasmas

(1) Segmentos numerados com base na migragdo do genoma da cepa SA11 em gel de poliacrilamida.

(2) Produtos da clivagem de VP4.

(@) Valor de corte baseado na identidade de aminoacido.

(b) n, nimero de genotipos.
Fonte: adaptado de ESTES, M. K. Rotaviruses and their replication. In: KNIPE, D. M.; HOWLEY, P. M. (Ed) Fields Vir§lagy. RBhiladelphia: Lippincott & Wilkins, 2001;
MATTHIINSSENS et al., 2008a (com modifica¢gfes); MATTHIINSSENS et al., 2011; GUO et al., 2012; PAPP et al., 2012; TROJNAR et al., 2013; JERE et al., 2014.
Nota: Outras espécies dentro do género podem ter proteinas com diferencas significativas de tamanho
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1.3 ROTAVIRUS GRUPO A (RVA)

Com base na diversidade antigénica das proteinas estruturais VP7 e VP4, localizadas
na camada externa do capsideo, ou dos segmentos gendmicos que as codificam, é possivel ¢
caracterizagao das cepas do RVA em sorotipos ou genotipos, respectivamente. Com isso, de
acordo com as caracteristicas antigénicas da glicoproteina VP7 e da proteina VP4, protease
sensivel, o0 RVA ¢é classificado por um sistema binario em G e P tipos, respectivamente
(KAPIKIAN; HOSHINO; CHANOCK, 2001).

Por meio da andlise molecular das sequéncias dos genes VP7 e VP4, foram descritos,
até o momento, 27 G genotipos e 37 P genotipos em cepas de RVA identificadas em seres
humanos e em varias espécies de animais, incluindo mamiferos e aves (MATTHIINSSENS et
al., 2011; TROJNAR et al., 2013). Essa diversidade de genotipos demonstra a extensa
variabilidade antigénica e molecular desse grupo de rotavirus necessitando, assim, de estudos
mais detalhados para as outras proteinas que compdem o genoma viral.

As caracteristicas antigénicas (sorotipos) e moleculares (genotipos) das cepas de
rotavirus sdo importantes para definir a extensdo da diversidade dos virus circulantes em um
determinado periodo de tempo e regido geografica. Além disso, comparagfes das cepas de
RVA de origem humana e animal podem gerar conhecimentos adicionais sobre a evolugéo
deste virus entre as espécies animais (RACZ et al., 2000; MARTELLA et al., 2006a; PARK
et al., 2011; DEGIUSEPPE et al., 2013). Por meio de estudos moleculares, a genotipagem foi
considerada a forma mais facil e eficaz para a definicdo dos sorotipos/genotipos do RVA,
principalmente por apresentar boa correlacdo com a especificidade antigénica, utilizar
reagentes sintéticos universais, possibilitar a analise de grande numero de amostras
simultaneamente, além de demonstrar boa sensibilidade e especificidade (GOUVEA et al.,
1990; WINIARCZYK et al., 2002). Na década de 90, pesquisadores de diferentes grupos
selecionaram oligonucleotideos iniciadorpaniers para detectar G e P tipos em amostras
de RVA provenientes de humanos e animais pel#iplexnested-PCR (GENTSCH et al.,

1992; DAS et al., 1994; GOUVEA et al., 1994a, 1994b).

Em algumas situacdes observa-se dificuldade, ou mesmo impossibilidade, em
identificar os genotipos de RVA pela genotipagem por RT-PCR destacando-se entre elas: i) a
diversidade de genotipos G e P de RVA descritos em diferentes espécies animais nao
contemplados pelgeimersutilizados; ii) 0 acimulo de muta¢des pontuais no sitio de ligacao
dos primers dos genes VP7 e VP4, iii)) a ocorréncia de infec¢cdes mistas; iv) as variacdes

génicas decorrentes de mutagdes, recombinacfes e rearranjos genéticos; e v) a presenca d
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inibidores da RT-PCR nas amostras de fezes. Estes fatores fazem com que a técnica de
genotipagem por RT-PCR com a utilizagao pteners especificos deva ser acompanhada

pelo sequenciamento e analise de nucleotideos (nt) e/ou da sequéncia deduzida dos residuo:s
de aminoacidos (aa) do produto da RT-PCR dos genes VP4 e VP7 obtidos pomeos
consensuais. Alguns estudos utilizam a clonagem como uma técnica adicional em casos, por
exemplo, de infec¢cdo mista (MASCARENHAS et al., 2007).

Considerando a complexidade dos sistemas utilizados para a classificacéo das cepas de
RVA identificadas em infeccdes em seres humanos e animais, atualmente, um novo sistema
de classificagdo para o rotavirus foi proposto e vem sendo adotado, ampliando o sistema
binario de classificacdo. A proposta baseia-se no sequenciamento e caracterizacdo do genoma
completo (11 proteinas, estruturais e nao-estruturais) da cepa viral em estudo e esta sendo
considerada a alternativa mais viavel para a classificacdo de novas cepas virais
(MATTHIINSSENS et al., 2008a). Essa estratégia é interessante, principalmente devido a
grande diversidade antigénica observada em cepas de RVA provenientes de diferentes
espécies de hospedeiros e também devido a possibilidade da ocorréncia de ressortimentos
(MATTHIINSSENS et al.,, 2008a; TSUGAWA; HOSHINO, 2008; MUKHERJEE et al.,
2009, 2011; GHOSH et al., 2012a, 2012b; DONG et al., 2013).

Este novo sistema de classificacdo recomenda o sequenciamento completo ou parcial
(mais de 50% do tamanho total do gene, e pelo menos, 500 pares de bases) de todos os 11
segmentos gendmicos do virus. Quando for utilizado o sequenciamento parcial, a identidade
entre a cepa viral estudada e as cepas pertencentes a um determinado genotipo deve ser a
menos 2% superior ao ponto de corte apropriado para o determinado gene. Este sistema
permite melhor analise da diversidade genética, replicacdo, viruléncia, restricdo a
determinados hospedeiros, identificacdo de eventos de ressortimento e transmisséo
interespécies, além de proporcionar maior compreensao sobre as estratégias de evolucéo dos
rotavirus do grupo A (MATTHIINSSENS et al., 2008a).

Este sistema de classificagdo permite a identificacdo de genotipos distintos; a
avaliacdo da transmisséo interespécie; a compreensao dos eventos de rearranjos geneéticos
além de possibilitar a determinagcéo do gene que revela a origem comum entre cepas virais de
origem humana e animal. A semelhanca de G e P genotipos, foi proposta uma nomenclatura
que considera as funcbes das proteinas virais, que inclui os genb(ipasrmediate capsid
shell — VP6);R (RNA-dependent RNA polymeras¥R1); C (Core shell protein — VP2M
(Methyltransferase — VP3)A (Interferon Antagonist- NSP1);N (NTPase— NSP2);T
(Translation enhancer NSP3);E (Enterotoxin -NSP4);H (pHosphoprotein — NSP5/NSP6)
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(Matthijnssens et al., 2008a, 2008b). Portanto, a nova proposta de classificacdo é baseada na
andlise dos genotipos Gx-P[x]-IX-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, que representam
respectivamente os genes VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6,
sendo que a letra x indica 0 numero do genotipo (MATTHIINSSENS et al., 2008a, 2008b). O
quadro 1 e a tabela 1 apresentam o numero de genotipos identificados, até o momento,
considerando essa nova proposta de classificacédo do RVA.

De acordo com este sistema de classificacdo, até o presente momento foram descritos
171 (VP6), 9R (VP1), 9C (VP2), 8M (VP3), 18A (NSP1), 10N (NSP2), 12T (NSP3), 15E
(NSP4) e 11H (NSP5/6) genotipos de rotavirus grupo A utilizando como ponte de corte 85,
83, 84, 81, 79, 85, 85, 85 e 91% de identidade de nucleotideos para cada gene,
respectivamente (Tabela 1) (MATTHIINSSENS et al., 2011; GUO et al., 2012; PAPP et al.,
2012; TROJNAR et al., 2013; JERE et al., 2014).

Tabela 1 Porcentagem de identidade de nucleotideo para cada gene (ponto de corte) que define
0S genotipos para 0s 11 segmentos génicos do rotavirus do grupo A.
Produto génico Ponto de Genotipo (n) Descricdo do produto génico
corte (%)

VP7 80 (89§ G (27) Glycosylated
VP4 80 (89} P (37) Protease sensitive
VP6 85 1 (17) Intermediate capsid
Shell
VP1 83 R (9) RNA-dependent RNA
Polymerase
VP2 84 C (9) Core shell protein
VP3 81 M (8) Methyltransferase
NSP1 79 A (18) Interferon Antagonist
NSP2 85 N (10) NTPase
NSP3 85 T (12) Translation enhancer
NSP4 85 E (15) Enterotoxin
NSP5 91 H (11) pHosphoprotein

4 Ponto de corte baseado na porcentagem de aminoacido.

®Numero de genotipos

Fonte: adaptado de MATTHIINSSENS et al., 2008a, 2008b, 2011; GUO et al., 2012; PAPP et al., 2012;
TROJNAR et al., 2013; JERE et al., 2014. A letra que gerou a denominagdo do genotipo encontra-se destacada
em negrito.

Esse novo sistema de classificacdo tem proporcionado varios avangos nos estudos com
rotavirus destacando-se: i) aumento consideravel nos conhecimentos acumulados em relacao
as caracteristicas antigénicas e moleculares das cepas virais isoladas de humanos e animais; ii
aumento no numero de isolados com sequéncia genémica completa disponiveis em bases

publicas de dados. Devido a inexisténcia de regras para nominar as cepas ja descritas de
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rotavirus grupo A e com o desenvolvimento de fontes especificas para recuperar e analisar as
sequéncias disponiveis, um novo sistema padrdo para a nomenclatura das cepas virais
identificadas também foi proposto. O nome dos isolados deve conter o grupo ou a espécie de
rotavirus / espécie de origem / local (pais) da identificacdo / nome comum do isolado / ano de
identificacdo / G e P tipo. Os grupos de rotavirus sdo denominados como: RVA, RVB, RVC,
RVD, RVE, RVF, RVG, RVH, ou ainda RVX, quando o grupo nao foi identificado
(MATTHIINSSENS et al., 2011) (Tabela 2).

A espécie de origem contém dois componentes, sendo que o primeiro refere-se a
espécie animal em que o isolado foi detectado, sempre considerando o vernaculo inglés
(human, pig, cow, dog, cat, rhesus, simian, horse, rabbit, mouse, goat, sheep, guanaco, bat,
turkey, chicken, pheasant, sugar glider or ojh&e as amostras forem obtidas do ambiente
(esgoto, solo, rio, lago, oceano ou similar) deve ser utilizada a palavra ‘&rmwropment
As amostras vacinais devem ser seguidas da paldacxing, ja as cepas virais geradas em
laboratério e que sofreram grandes modificagbes devem utilizar “LabStr”. Se a espécie for
desconhecida usa-se “X”. O segundo componente pode ser ild“type para cepas de
campo ou selvagens, “-tctigsue-culture-adapted) para cepas virais adaptadas em cultivo
celular e ainda “-lab” l&boratory-generated or -engineered) para cepas que sofreram
pequenas alteracdes em laboratério (MATTHIINSSENS et al., 2011) (Tabela 2).

O pais de identificacdo deve ser apresentado de forma abreviada contendo apenas trés
letras. Se o nome do pais for desconhecido, deve-se utilizar “XXX”. O nome da cepa é dado
pelos pesquisadores e este pode conter informacdes clinicas/geograficas relevantes ou
mutacOes especificas, mas nao deve exceder 15 caracteres. Com relacdo ao ano de
identificacdo deve-se usar o formato “yyyy”, mas se este for desconhecido deve-se usar
“XXXX”. Para o0 G tipo usa-se a forma Gx, sendo que x € o nimero do genotipo/sorotipo
estabelecido. Se o genotipo G for desconhecido deve-se usar GX. Ja com relagdo ao P tipo
deve-se usar a forma Py[z], onde y refere-se ao sorotipo e [z] ao genotipo. Se o sorotipo P for
desconhecido deve-se usar P[z], porém se o genotipo P for desconhecido deve-se usar Py[X]
ou P[X] (MATTHIINSSENS et al., 2011) (Tabela 2).
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Tabela 2 - Exemplos de cepas utilizando a nova nomenclatura do rotavirus grupo A.

RVA/Pig-wt/BRA/BRA843/2007/G4P|[6]
RVA/Human-tc/lUSA/Wa/1974/G1P1A[8]
RVA/Pig-wt/THA/CMP034/2000/G2P[27]
RVA/Cow-lab/GBR/PP-1/1976/G3P[7]
RVA/Env/CHE/River-Swiss/1998/G3P[X]
RVA/Labstr/USA/RRV-E4/1996/G3P[20]
RVA/Vaccine/USA/Rotarix-R1X4414/1988/G1P1A[8]
RVA/Mouse-tc/USA/ETD_822/XXXX/G16P[16]
RVA/Pheasant-wt/HUN/Pheal4246/2008/G23P[?]

Fonte: Adaptado de Matthijnssens et al. (2011).

1.4 ROTAVIRUS SUINO GRUPO A

Dentre os varios genotipos G e P de RVA descritos, os genotipos G mais
frequentemente identificados em infec¢des entéricas em suinos sdo G3, G4, G5 e Gl11,
associados com P[6] e P[7], que s&o considerados 0s genotipos P mais comuns nessa espéci
animal (NAGESHA; HOLMES, 1988; RUIZ et al., 1988; CIARLET et al., 1994; GOUVEA
et al., 1994a; WINIARCZYK et al., 2002; BARREIROS et al., 2003; PAPP et al., 2013b). As
combina¢cBes mais frequentes de G e P tipos em cepas de RVA suino sdo: G5P[7] (OSU);
G4P[6] Gottfried); G11P[7] (YM) e G3P[7] (CRWS8). Outros genotipos G e P como G1, G2,
G6, G8, G9, G10, G12, G26, P[1], P[5], P[8], P[11], P[13], P[13]/P[22], P[19], P[23], P[26],
P[27], P[32] e P[34] também ja foram descritos em cepas de RVA provenientes de suinos
(HUANG et al., 1993; BURKE et al., 1994; MARTELLA et al., 2006b, 2007; KHAMRIN et
al., 2007; STEYER et al., 2007; COLLINS et al., 2010a; MATTHIINSSENS et al., 2011;
OKITSU et al., 2013).

O genotipo G26 foi detectado pela primeira vez em um leitdo com cinco dias de idade
com diarreia em Miyazaki no Japao (cepa TJ4-1) (MIYAZAKI et al., 2011). Posteriormente,
este genotipo foi detectado em um leitdo em Hebei Lulong na China (cepa Z650, nimero de
acesso no GenBank: KC292205) (LI, 2013, dados néo publicados). Até o presente momento,
0 genotipo G26 foi detectado somente em leitdes de paises Asiaticos. Adicionalmente, o
genotipo G26 foi detectado em combinacdo com o genotipo P[7] (MIYAZAKI et al., 2011)
gue é considerado o genotipo P mais frequente em leitdes (MIYAZAKI et al., 2012; PAPP et
al., 2013b).

A cepa de rotavirus humano grupo A 57vp7W foi identificada na Tailandia e foi
classificada como G3P[19], entretanto, esta cepa apresenta alta identidade de nucleotideos

(94%) com as cepas de rotavirus suino grupo A que pertencem ao genotipo G26
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(THEAMBOONLERS et al., 2008). Miyazaki et al. (2011) sugeriram que a cepa 57vp7W
pode ser considerada um ressortimento suino-humano ou uma cepa suina e,
consequentemente, que o genotipo G26, anteriormente detectado somente em suinos, pode
também ser detectado em humanos.

O genotipo P[13] é considerado o terceiro genotipo P mais prevalente em leitdes
(espécie-especifico) (PAPP et al.,, 2013b) e tem sido identificado em combinacdo com os
genotipos G2, G3, G4, G5, G6, G9 e G11 (GHOSH et al., 2007; COLLINS et al., 2010b;
MIYAZAKI et al., 2012; PAPP et al.,, 2013b; SAIKRUANG et al., 2013). Em rebanhos
suinos brasileiros o genotipo P[13] j& foi detectado em associacdo com os genotipos G3 e G9
(TONIETTI et al., 2013). O genotipo P[13] ja foi detectado na Europa (COLLINS et al.,
2010b), na Asia (GHOSH et al., 2007; CHAN-IT et al., 2008; SAIKRUANG et al., 2013), na
Oceania (HUANG et al., 1993), na América do Norte (AMIMO et al., 2013), e na América do
Sul (TONIETTI et al., 2013). Este genotipo também ja foi detectado em javalis no Japéo
(OKADERA et al., 2013).

Os rotavirus sédo considerados espécie-especificos, entretanto, infec¢coes heterdlogas
sao relatadas com certa frequéncia. As infec¢des heterdlogas sao originadas quando uma cepe
de rotavirus, caracteristica de um determinado hospedeiro, infecta outra espécie animal. Desse
modo, seres humanos também estdo suscetiveis a infeccdo caso 0s suinos se infectem con
uma cepa que seja adaptada para ambas as espécies de hospedeiros. Assim como ocorre pal
0S outros animais contactantes de um animal excretando o virus, o elevado numero de
particulas virais eliminado nas fezes'?1® 10* /grama de fezes) para o ambiente também
aumenta a probabilidade de infeccéo de seres humanos (ALFIERI et al., 2007).

Alguns genotipos G1, G2, G9, G12 e P[6] (cepas NKJ-e P[8], normalmente
encontrados em humanos, assim como os encontrados em bovinos (G6, G8, G10, P[1], P[5] e
P[11]) também tém sido descritos em suinos (CIARLET; LIPRANDI, 1994; GOUVEA et al.,
1994a, 1994b; PONGSUWANNA et al., 1996; SANTOS et al., 1999; MARTELLA et al.,
2001, 2005, 2006a; GHOSH et al., 2006). Considerando a ocorréncia de infecgcbes
heterdlogas, os suinos podem ser considerados reservatérios de cepas de RVA para os
humanos e, até mesmo, para outras espécies animais, se estes forem infectados com uma cep
gue seja bem adaptada nas duas espécies (PARK et al., 2011; GHOSH et al., 2012a, 2012b;
DONG et al., 2013; GUO et al., 2013).

Os animais podem atuar como reservatorios do RVA para a infeccdo de seres
humanos. Como o0 genoma do virus € segmentado, pode ocorrer o ressontjogeéta,troca

entre 0os segmentos gendmicos de cepas virais distintas quando estas infectam a mesma célula
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originando diferentes genotipos. Este mecanismo favorece a evolucéo viral, além da possivel
adaptacao a outros hospedeiros, inclusive o homem (ALFIERI et al., 1996; PALOMBO,
2002; MARTELLA et al., 2010; MAESTRI et al., 2012; DONG et al., 2013).

Com base na comparacdo das sequéncias e na analise filogenética, as trés cepas
protétipos pertencentes ao sorotipo P2 (M37-P2A[6]; Gottfried-P2B[6]; e AU19-P2C[6]), tém
sido consideradas geneticamente como trés linhagens distintas do genotipo P[6], nomeadas
como linhagens |, Il e lll, respectivamente (NAKAGOMI et al., 1999; MARTELLA et al.,
2006a). Posteriormente, duas novas linhagens P[6], geneticamente distintas das linhagens
anteriormente descritas, foram identificadas em cepas de RVA descritas em humanos na
Hungria, sendo nomeadas como linhagens IV e V, e sdo representadas pelas cepas virais
BP1198/98-likee BP720/93-likerespectivamente (BANYAI et al., 2004). As linhagens das
cepas P[6] dos RVA ainda podem ser classificadas em sublinhagens, sendo que até o
momento a linhagem | apresenta seis sublinhagens (la-If) e a linhagem V apresenta duas
sublinhagens (Va-Vb) (MARTELLA et al., 2006a; MASCARENHAS et al., 2007; STUPKA
et al., 2009). O genotipo G4 tem sido classificado em 10 linhagens diferentes (I-X) (DONG et
al., 2013), sendo que algumas delas sdo compostas por cepas humanas e suinas. As linhagen

I e VII sdo divididas em sublinhagens.

1.5 RELACAO ENTRE ROTAVIRUS GRUPO A DE ORIGEM HUMANA E SUINA

A ocorréncia de infec¢des heterdlogas entre humanos e animais, caracterizando o
carater zoondético da rotavirose, tem sido descrita com relativa frequéncia (MARTELLA et al.,
2010). Atualmente, diversos estudos suportam ou reforcam a hipotese de que ha uma
interacdo dinamica entre cepas de RVA identificadas em seres humanos e em animais, e que
ressortimentopodem resultar na introducéo de genes em rotavirus humanos. Evidéncias para
ressortimento genético entre cepas de RVA de origem humana ou animal tém sido obtidas,
particularmente com as espécies bovina e suina (MARTELLA et al., 2008; STEYER et al.,
2008; MAESTRI et al., 2012; DONG et al., 2013; PAPP et al., 2013a).

Uma cepa de RVA, isolada de uma crianca chinesa de 18 meses de idade, apresentou
padrdo eletroforético semelhante a cepa Wa de rotavirus humano grupo A (LI et al., 2008).
Por meio de analises filogenéticas dos genes VP7 e VP4, esta cepa viral foi classificada como
G5P[6] e agrupou na arvore filogenética juntamente com cepas virais suinas. A proteina
NSP4 desta cepa viral demonstrou ser de origem humana. Com isso, 0s autores propuseram a

ocorréncia de interacdo entre rotavirus de origem humana e animal, e sugeriram que 0
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ressortimento poderia resultar na introducédo estavel e na expansao bem sucedida de genes de
origem suina em rotavirus humano grupo A (LI et al., 2008).

Em seres humanos, o genotipo G3 de RVA geralmente esta associado ao genotipo
P[8]. Uma combinacdo incomum de rotavirus grupo A genotipo G3P[6] foi descrita na ltalia
(MARTELLA et al., 2008). A analise da sequéncia de aa desta cepa viral revelou a presenca
de VP6 e NSP4 de origem humana e de VP4 (VP8*) de origem suina. Essa associacao
evidencia a ocorréncia de infeccdo heterdloga que pode ser de origem suina ou por um
ressortimento natural suino-humano (MARTELLA et al., 2008).

Na Eslovénia, a analise molecular dos genes VP4, VP7, VP6 e NSP4 de uma cepa de
rotavirus humano grupo A demonstrou que esta cepa viral apresentou maior identidade de nt e
aa com as cepas virais de rotavirus suino grupo A. Steyer et al. (2008) propuseram que esta
cepa de rotavirus humano grupo A possa ser o resultado da transmissao zoonotica do rotavirus
de um suino para o ser humano.

Na India, a analise do genoma completo de uma cepa de rotavirus grupo A G9P[6]
revelou a presenca de genes provenientes de cepas de RVA humano (VP6 e NSP4) e suino
(VP4 (VP8*), VP1-3, VP7, NSP1-3, NSP5). Os autores sugeriram que esta cepa de rotavirus
humano grupo A tenha sido transmitida como um virus completo do suino para o ser humano
e evoluido com o tempo, ou que esta cepa tenha sofrido varios eventos de ressortimento
envolvendo cepas humanas Vike-e suinas P[6]-1d (MUKHERJEE et al., 2009).

Mascarenhas et al. (2007) detectaram em um neonato da cidade de Belém/PA, Brasil,
uma cepa de RVA com genes de origem humana e animal (MASCARENHAS et al., 2007). A
analise das sequéncias dos genes VP7 e VP6 da cepa NB-150 demonstrou origem humana. O
gene VP7 apresentou 96,9 - 100% de identidade em aa com o genotipo G1 e 97,1 - 100% com
0 genotipo G4, e quanto a andlise do gene VP6, exibiu 95,1 - 97,5% de identidade de aa com
cepas humanas. Por outro lado, os genes VP4 (VP8*) e NSP4 exibiram 95% e 93,7 - 96% de
identidade de aa, respectivamente, com as cepas de RVA suino. A cepa agrupou-se na
linhagem P[6]-1 com 95% de identidade de aa com a sublinhagem Ib suina, entretanto, deu
origem a um novo ramo na arvore filogenética e, consequentemente, a uma nova
sublinhagem, denominada de P[6]-le (MASCARENHAS et al., 2007), sustentando a hipotese
de transmisséo interespécie envolvendo humanos e suinos. Maestri et al. (2012) realizaram a
andlise do genoma completo (exceto gene NSP2) desta cepa e observaram a presenca de
outros trés genes com maior identidade com cepas de rotavirus suino grupo A que com cepas

humanas.
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Na Argentina, foram descritas duas cepas contendo o genotipo G4P[6] e a andlise do
gene VP4 (VP8*) revelou que as cepas virais apresentavam 92,8% e 96,7% de identidade de
nt e aa com as cepas de rotavirus suino grupo A pertencentes ao P[6]-Ib. Os genes VP7 e
NSP4 também apresentaram maior identidade com cepas de rotavirus suino grupo A. A
analise da arvore filogenética possibilitou observar que as cepas pertenciam a linhagem P[6]-
I, porém em um ramo distinto, originando a sublinhagem P[6]-If (STUPKA et al., 2009). A
analise do genoma completo demonstrou que as duas cepas apresentavam 10 genes de origer
suina, entretanto, as duas cepas agruparam em grupos filogenéticos diferentes em 5 dos 11
genes analisados, sugerindo a presenca de dois eventos de transmissdo interespécie
independentes (DEGIUSEPPE et al., 2013).

A analise do genoma completo de duas cepas G9P[19], que foram detectadas em
hospedeiros humanos, apresentaram a maioria dos genes, sendo 10 genes na cepa Mc345 e
na cepa Mc323, com maior identidade com cepas de rotavirus suino grupo A. Estas cepas tem
estrutura genética do RVA suino e, provavelmente, sejam de origem suina (GHOSH et al.,
2012b). Outras cepas G9P[19] detectadas em humanos também demonstraram evidéncias de
origem suina (VARGHESE et al., 2004; MUKHERJEE et al., 2011).

A anadlise do genoma completo tem sido conduzida em cepas de rotavirus grupo A de
varias espécies animais, como por exemplo, humano (DONG et al., 2013; DO et al., 2014;
THEAMBOONLERS et al., 2014), suino (KIM et al., 2012; MARTEL-PARADIS et al.,
2013; OKITSU et al., 2013), bovino (PARK et al., 2011), equino (GHOSH et al., 2012a), aves
(TROJINAR et al., 2013), simio, ovino, coelho (MATTHIINSSENS et al., 2008a, 2008b),
canino, felino (MARTELLA et al., 2010) e panda (GUO et al., 2013).

O novo sistema de classificacdo das cepas de rotavirus grupo A revelou a presenca de
trés constelacdes de genotipos (genogrupos) para rotavirus humano grupo A, sendo duas
grandes e uma pequena. As cepas de rotavirus humano grupo A Wa-like (genogrupo 1) e DS-
1-like (genogrupo 2) tem uma origem comum com cepas suinas e bovinas, respectivamente. O
genogrupo 3 (pequeno), chamado de AU-1-like, acredita-se diferentemente, que tenha sido
originado de cepas de rotavirus de felinos/caninos (MATTHIINSSENS et al., 2008a). As
cepas Wa-like, DS-1-like e AU-1-like apresentam as seguintes constelacées de genotipos: G1-
P[8]-11-R1-C1-M1-A1-N1-T1-E1-H1, G2-P[4]-12-R2-C2-M2-A2-N2-T2-E2-H2 e G3-P[9]-
I13-R3-C3-M3-A3-N3-T3-E3-H3, respectivamente (Tabela 3).

A maioria dos genes detectados em cepas de rotavirus suino grupo A apresentam o0s
genotipos presentes nas cepas Wa-like. As cepas GStiffied e YM apresentam as
seguintes configuracdes de genotipos: G5-P[7]-I15-R1-C1-M1-A1-N1-T1-E1-H1, G4-P[6]-11-
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R1-C1-M1-A8-N1-T1-E1-H1 e G11-P[7]-I5-R1-C1-M1-A8-N1-T1-E1-H1, respectivamente
(MATTHIINSSENS et al., 2010) (Tabela 3). Os genotipos 15 (gene VP6) e A8 (NSP1) sao
somente descritos em cepas de RVA de suinos e em cepas de RVA humanas ou animais
provenientes de transmisséao interespécie ou ressortimento (MATTHIINSSENS et al., 2010;
GHOSH et al., 2012a; PAPP et al., 2013a). Estudos que analisaram o genoma completo de
cepas de RVA detectadas em hospedeiros humanos (MUKHERJEE et al., 2009, 2011;
GHOSH et al., 2012b; MAESTRI et al., 2012; DEGIUSEPPE et al., 2013; DONG et al.,
2013; PAPP et al., 2013a; ZELLER et al., 2012; DO et al., 2014), e de outras espécies de
animais (PARK et al., 2011; GHOSH et al., 2012a; GUO et al., 2013), relatam a presenca de
alguns ou da maioria dos genes de origem suina.

Alguns estudos analisaram o genoma completo de cepas de RVA humano G4P[6],
demonstrando a presenca de genes de origem suina (MUKHERJEE et al., 2011; MAESTRI et
al., 2012; DEGIUSEPPE et al., 2013; DONG et al., 2013; PAPP et al., 2013a). Papp et al.
(2013a) analisaram o genoma completo de oito cepas de RVA humano G4P[6] provenientes
de criancas da Hungria com a constelacédo de genotipos G4-P[6]-11/15-R1-C1-M1-A1/A8-N1-
T1/T7-E1-H1, concluindo que estas cepas provavelmente foram originadas por meio de
eventos de transmissao zoonotica independentes. Dong et al. (2013) detectaram a presenca
dos genotipos G4-P[6]-11-R1-C1-M1-A8-N1-T1-E1-H1, sendo que 9 dos 11 genes foram
mais relatados em cepas de RVA de origem suina (Tabela 3).
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Tabela 3 - Constelacdo gendmica de cepas de rotavirus grupo A humano e suino. Os
genotipos sao representados pela cor verde (genotipo suino/humano), vermelho (genotipo
bovino/humano), azul (genotipo tipico suino) e amarelo (genotipos G4 e P[6]). Genes

parcialmente sequenciados estao em italico.

Cepa VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSPS Referéncia
RVA/Human-tc/USA/Wa/1974 G1 P[8] 11 R1 C1 M1 Al N1 T1 El H1 Matthijnssens et al. (2008a)
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] G4 P[6] 11 R1 C1 M1 Al N1 T1 El H1 Matthijnssens et al. (2008a)
RVA/Human-wt/HUN/BP1227/2002/G4P[6] G4 P[6] 11 R1 c1 M1 Al N1 T1 El H1 Papp et al. (2013a)
RVA/Pig-tc/USA/Gottfried/1983/G4P2BP[6] G4 P[6] 11 R1 C1 M1 N1 El H1 Matthijnssens et al. (2010)
RVA/Pig-wt/BRA/BRA843/2007/G4P[6] G4 P[6] . R1 C1 M1 N1 E1 H1 Presente estudo
RVA/Human-wt/HUN/BP1547/2005/G4P[6] G4 P[6] R1 C1 M1 N1 El H1 Papp et al. (2013a)
RVA/Human-wt/HUN/BP271/2000/G4P[6] G4 P[6] 11 R1 c1 M1 N1 El H1 Papp et al. (2013a)
RVA/Human-wt/ARG/Arg4605/2006/G4P[6] G4 P[6] 11 R1 C1 M1 N1 El H1 Degiuseppe et al. (2013)
RVA/Human-wt/ARGArg4671/2006/G4P[6] G4 P[6] 11 R1 c1 M1 N1 El H1 Degiuseppe et al. (2013)
RVA/Human-wt/BRA/HSP180/1999/G4P[6] G4 P[6] 11 R1 C1 M1 N1 El H1 Maestri et al. (2012)
RVA/Human-wt/HUN/BP1490/1994/G4P[6] G4 P[6] 11 R1 c1 M1 Al N1 El H1 Papp et al. (2013a)
RVA/Human-tc/CHN/R479/2004/G4P[6] G4 P[6] - R1 C1 M1 N1 El H1 Wang et al. (2010)
RVA/Human-wt/CHN/GX78/2010/G4P[6] G4 P[6] 11 R1 c1 M1 N1 T1 El H1 Dong et al. (2013)
RVA/Human-wt/IND/mani-362/2007/G4P[6] G4 R1 C1 M1 N1 T1 El H1 Mukherjee et al. (2011)
RVA/Pig-tc/USA/OSU/1977/G5P9[7] R1 c1 M1 N1 T1 El H1 Matthijnssens et al. (2010)

RVA/Pig-tc/MEX/YM/1983/G11P9[7] R1 c1 M1 N1 E1 H1 Matthijnssens et al. (2010)

RVA/Human-tc/USA/DS-1/1976/G2P[4] Matthijnssens et al. (2008a)

Apesar do suino ser considerado como potencial reservatorio para o rotavirus humano
e animal e, com isso, contribuir com a sua diversidade antigénica e genética, ainda sao poucos
0s genomas completos de RVA de origem suina disponiveis em bases publicas de dados
(MATTHIINSSENS et al., 2008a, 2008b, 2010; KIM et al., 2012; MARTEL-PARADIS et
al., 2013; OKITSU et al., 2013). Primeiramente foram caracterizados os genomas completos
das cepas de rotavirus suino grupo A G5P[7] (cepa OSU), G11P[7] (cepa YM), G4P[6] (cepa
Gottfried), G3P[7] (cepa Al131) e G11P[7] (cepa A253) (MATTHIINSSENS et al., 2008a,
2010). Recentemente, outras cepas com diferentes genotipos G e P foram submetidas a
caracterizacdo do genoma completo, como por exemplo, a cepa G12P[7] na india (GHOSH et
al., 2010), as cepas G9P[23] e G9P[7] na Coréia do Sul (KIM et al., 2012), as cepas G3P[23],
G3P[13] e G9P[23] na Tailandia (OKITSU et al., 2013) e as cepas G2P[6]/P[7], G2P[34],
G9P[7]/P[13] e G11P[13] no Canada (MARTEL-PARADIS et al., 2013). Todas estas cepas
descritas de hospedeiros suinos apresentam genes com maior identidade com cepas de
rotavirus suino grupo A.

A analise do genoma completo de uma cepa de RVA é muito importante para

determinar a origem da cepa viral e a possibilidade de eventos de transmissao interespécie,
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bem como adicionar informacdes sobre a evolucdo deste virus tdo complexo. Por outro lado,
Kim et al. (2012) sugeriram que para estudar a possivel origem suina de cepas de RVA
humanas é necessario ter mais atencdo com relacdo aos genes que codificam as proteina:
VP4, VP6, VP7 e NSP1, jA que cepas de rotavirus suino e humano provenientes de

transmissao interespécie, apresentam genotipos tipicos de suinos nestes genes.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

» Caracterizacdo molecular de cepas de rotavirus suino grupo A identificadas em leitdes

com diarreia em rebanhos suinos brasileiros.

2.2 OBJETIVOS ESPECIFICOS

e Determinar, por meio de sequenciamento dos produtos da RT-PCR, os genotipos G
(gene VP7) e P (gene VP4) em duas cepas (BRA381 e BRA382) de RVA suino
selecionadas por apresentarem resultados negativos em testes de genotipagem
utilizando primers genotipo-especifico para os principais protétipos de RVA de

origem humana e animal (bovino e suino);

» Caracterizar todos 0s genes da cepa BRA843 de RVA suino genotipo G4-IX P[6]-If
identificada em estudos anteriores como distinta do protétipo suino G4P[6] (cepa
Gottfried);

* Realizar analises filogenéticas para a definicdo dos genotipos R (VP1), C (VP2), M
(VP3), I (VP6), A (NSP1), N (NSP2), T (NSP3), E (NSP4) e H (NSP5/6) presentes na
cepa brasileira BRA843 de RVA suino;

» Estudar as relagbes filogenéticas dos genotipos R, C, M, I, A, N, T, E e H
identificados na cepa BRA843 e comparar com cepas virais de origem humana e suina

identificadas em todo o mundo e disponiveis em bases publicas de dados.
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SHORT COMMUNICATION

First detection of an uncommon genotype combination (G26P[13]) of porcine group A

rotavirus

Abstract
Porcine group A rotavirus (RVA) is the main viral cause of neonatal diarrhea in piglets
worldwide. The most common combinations of G and P genotypes in RVA strains in piglets
are G5P[7] (OSU strain), G4P[6] (Gottfried strain), G3P[7] (CRWS8 strain), and G11P[7] (YM
strain). However, several other combinations of G and P genotypes have been detected in
piglets. This report describes the identification of the G26 genotype in wild-type porcine RVA
strains from Brazil and its combination with the P[13] genotype. Two diarrheic fecal samples
(BRA381 and BRA382) that were RVA-positive by polyacrylamide gel electrophoresis
(PAGE) were submitted for RT-PCR analyses of the VP7 (G genotype) and VP4 (VP8* - P
genotype) genes. The RT-PCR products were submitted for nucleotide (nt) sequence analysis
to identify the G and P genotypes. The VP7 gene of both porcine RVA field strains displayed
high nt identity (94.6% to 94.7%) with the G26 porcine strains. The VP4 (VP8*) gene of one
strain exhibited 83.5% to 96.3% nt identity with the P[13] porcine strains, and another porcine
RVA strain carried an untypeable P genotype. Based on the sequence analysis of the VP7 and
VP4 (VP8*) genes, the two porcine field strains (BRA381 and BRA382) belong to the
genotypes G26P[13] and G26P[X], respectively. This is the first description of the porcine
G26 genotype in diarrheic piglets outside Asia and is also the first detection of the uncommon
combination G26P[13] genotype in porcine RVA strains.

Keywords: piglet, diarrhea, RVA, G26 genotype.
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1. Introduction

Group A rotavirus (RVA) is one of the major causes of severe diarrhea in young
children and animals (Estes and Kapikian, 2007). Rotaviruses are memberdRotatieus
genus, which belongs to tlieoviridaefamily, and their genome consists of 11 segments of
double-stranded RNA (dsRNA) enclosed in a triple-layered capsid. The segments encode six
structural (VP1-VP4 and VP6-VP7) and six non-structural proteins (NSP1-NSP5/6) (Estes
and Kapikian, 2007).

The two outer capsid proteins, VP7 and VP4, independently elicit neutralizing
antibodies and are used to classify the rotavirus into G (glycoprotein) and P (protease-
sensitive) types, respectively (Estes and Kapikian, 2007). Thus far, 27 G genotypes and 37 P
genotypes have been described in RVA strains identified in humans and animals
(Matthijnssens et al., 2011; Trojnar et al., 2013).

Rotaviruses G3, G4, G5, and G11 are the most common G genotypes identified in pigs
and are usually associated with P[6] and P[7] genotypes (Winiarczyk et al., 2002; Barreiros et
al., 2003; Lorenzetti et al., 2011; Papp et al., 2013). The four main combinations of G and P
genotypes in porcine RVA strains are G5P[7] (OSU strain), G4P[6] (Gottfried strain),
G11P[7] (YM strain), and G3P[7] (CRWS8 strain) (Winiarczyk et al., 2002; Barreiros et al.,
2003; Papp et al., 2013).

In addition, other G and P genotypes, such as G1, G2, G6, G8, G9, G10, G12, G26,
P[1], P[2], P[3], P[4], P[5], P[8], P[9], P[11], P[13], P[19], P[22], P[23], P[26], P[27], P[32],
and P[34] have been identified in pigs (Matthijnssens et al., 2011; Miyazaki et al., 2011; Papp
et al., 2013). Interspecies transmission and genetic reassortment between human and animal
rotaviruses have been frequently described, and pigs are considered as important reservoir for

the genetic and antigenic diversity of human RVA strains (Martella et al., 2010).
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The porcine G26 genotype was recently described in a five-day-old piglet with
diarrhea in the Miyazaki prefecture, Japan (TJ4-1 strain; accession number: AB605258)
(Miyazaki et al., 2011), and also in a pig from Hebei Lulong, China (Z650 strain; accession
number: KC292205) (Li, 2013, unpublished data). Thus far, the G26 genotype of porcine
RVA was only detected in piglets from Asia.

The porcine P[13] genotype has been identified in combination with several G
genotypes worldwide, such as G2, G3, G4, G5, G6, G9, and G11 (Ghosh et al., 2007; Collins
et al., 2010; Miyazaki et al., 2012; Papp et al.,, 2013; Saikruang et al., 2013). The P[13]
genotype has also been detected in piglets from Brazilian pig herds in combination with the
G3 and G9 genotypes of porcine RVA strains (Tonietti et al., 2013).

This report describes the uncommon association of the G26 genotype with the P[13]

genotype in diarrheic piglets from Brazil.

2. Materials and methods

2.1 Fecal samples

During a retrospective genotyping study (Lorenzetti et al., manuscript in preparation)
of fecal samples previously characterized as RVA-positive by polyacrylamide gel
electrophoresis (PAGE) (4-2-3-2 pattern), two diarrheic fecal samples (BRA381 and
BRA382) collected in July 2012 from suckling (14-28 days old) piglets from a pig farm
located in the state of Rio Grande do Sul, Southern Brazil were selected. This pig herd had a
complete cycle with 1,800 sows, good nutritional and health management practices, including
the all-in/all-out system, and a RVA vaccination program was not used as a prophylactic

measure against neonatal diarrhea.
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2.2 dsRNA extraction and RT-PCR assay

The nucleic acid extraction of fecal samples was performed using a combination of
phenol/chloroform/isoamyl alcohol (25:24:1) and silica/guanidinium isothiocyanate nucleic
acid extraction methods (Alfieri et al., 2006). The VP7 (G genotype) and VP4 (VP8* - P
genotype) genes were amplified using a RT-PCR assay with consensus primers that amplified
1,062 bp (Gouvea et al., 1990) and 876 bp (Gentsch et al., 1992) products, respectively. The
RT-PCR products were analyzed by electrophoresis on a 1.5% agarose gel, which was stained

with ethidium bromide and visualized under UV light.

2.3 Sequencing and phylogenetic analysis

The RT-PCR products of the two porcine RVA field strains were purified using the
GFX PCR DNA and Gel Band Purification Kit (GE Healthcare, Little Chalfont,
Buckinghamshire, UK), quantified in a Qubit Fluorometer (Invitrogen Life Technologies,
Eugene, OR, USA) and sequenced in an ABI3500 Genetic Analyzer sequencer using a
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA).
The resulting sequences were submitted to the automated online rotavirus genotyping tool,
RotaC® (Maes et al., 2009). The nucleotide sequences were compared to sequences in

GenBank by the BLAST software (http://blast.ncbi.nim.nih.gov/Blast.cgi). The nucleotide

(nt) identity matrices were constructed by the BioEdit software version 7.1.3.0, and the
phylogenetic trees based on the nt sequences were constructed by the neighbor-joining
method and the Kimura two-parameter model in MEGA software version 5.05. Bootstrapping

was statistically supported with 1,000 replicates.
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2.4 Nucleotide sequence accession numbers
The nucleotide sequences described in the present study were deposited in the

GenBank database under the following accession numbers: XXXX to XXXX.

3. Results

The RT-PCR assay of the RVA VP7 and VP4 (VP8*) genes from the two diarrheic
fecal samples resulted in amplified products of the expected lengths. TheéRata@nated
genotyping tool for group A rotaviruses and the BLAST searches demonstrated that the
BRA381 and BRA382 porcine RVA strains belonged to the G26 genotype, and the BRA381
strain belonged to the P[13] genotype.

Comparative sequence analysis of the VP7 gene and the 27 known G genotypes
revealed that the two wild-type porcine RVA strains from Brazil (BRA381 and BRA382)
presented 94.7% nt sequence identity with the porcine prototype of the G26 genotype (TJ4-1
strain) and 94.6% nt identity with another porcine G26 genotype strain, Z650. The VP7 nt
sequences of the two Brazilian wild-type porcine strains exhibited 100% nt identity with each
other and 60.7% to 79.7% nt identity with other G genotypes strains. In the phylogenetic tree,
the porcine field strains described in this study clustered with the G26 genotype strains
(Figure 1). In the BLAST analysis, both porcine RVA strains herein described exhibited 94%
nt similarity with an uncommon G3P[19] human RVA strain, named 57vp7W.

Comparison of the VP4 (VP8*) gene with the 37 known P genotypes revealed that the
wild-type porcine strain from Brazil (BRA381) showed 84.4% nt identity with the prototype
of the P[13] genotype (HP140 strain), 83.5% to 96.3% nt identity with other representative
strains of the P[13] genotype, 79.4% to 81.2% nt identity with P[13]/P[22] porcine strains,
and 44.7% to 76.9% nt identity with other P genotypes strains. The BRA381 strain exhibited

elevated nt identity (96.3%) with the PGRV19 porcine strain from Brazil. In the phylogenetic
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tree, the Brazilian wild-type porcine strain grouped in the same branch as two Japanese
porcine strains (FGP36 and pig9-112d) and one Brazilian porcine strain (PGRV19) within the
P[13] genotype cluster (Figure 2). The P genotype of the other porcine field strain described

(BRA382) remained untypeable.

4. Discussion

The two wild-type porcine RVA strains from Brazil described in the present study
exhibited high nt identity and clustered with the prototype G26 genotype (TJ4-1 strain -
AB605258) in the phylogenetic tree (Miyazaki et al., 2011). This porcine genotype was
recently identified in a five-day-old diarrheic piglet in the Miyazaki prefecture, Japan
(Miyazaki et al., 2011), and later was detected in a pig from Hebei Lulong, China (Z650 strain
- KC292205) (Li, 2013, unpublished data). These findings might represent the first
description of the G26 genotype in piglets within the America. This genotype was only
described in piglets from Asia (Miyazaki et al., 2011).

In this study, the G26 genotype was identified in two diarrheic fecal samples from 14
to 28 day-old piglets. Miyazaki et al. (2011) identified this genotype in a diarrheic fecal
sample from a five-day-old piglet. Furthermore, this genotype has only been detected in non-
vaccinated suckling piglets with diarrhea.

Pigs are regarded as a potential reservoir for the genetic and antigenic diversity of
human RVA strains. Interspecies transmission and genetic reassortment involving human and
animal rotaviruses are continuously found, and these events can contribute to human rotavirus
diversification (Martella et al., 2010). The 57vp7W human RVA strain identified in Thailand
belongs to an uncommon G and P combination G3P[19], however it is more similar to the
G26 genotype porcine RVA strains (Theamboonlers et al.,, 2008; Miyazaki et al.,, 2011).

Miyazaki et al. (2011) suggested that the human strain 57vp7W may be considered a porcine-
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human reassortment or a porcine strain and that the G26 genotype can be found in human
hosts. The human RVA strain (57vp7W) presented 94% nt similarity with the Brazilian
porcine strains reported in this study.

The G26 genotype was first detected in combination with the porcine P[7] genotype
(Miyazaki et al., 2011), which is the most prevalent P genotype found in piglets (Miyazaki et
al., 2012; Papp et al.,, 2013). In this study, one G26 porcine strain was identified in
combination with the porcine P[13] genotype (BRA381 strain); this is the third most
prevalent P genotype in piglets (Papp et al., 2013). The BRA382 strain was positive for RVA
(P genotype) by RT-PCR, but the nt sequence could not be established despite several
attempts.

The P[13] genotype is commonly identified among pigs (restricted host) worldwide
and has not been identified from other animal hosts or humans (Ghosh et al., 2007; Collins et
al., 2010; Miyazaki et al., 2012; Amimo et al., 2013). This porcine P genotype has been
detected with the G genotypes G2, G3, G4, G5, G6, G9, and G11 (Papp et al., 2013) and has
already been identified in Europe (Collins et al., 2010), Asia (Ghosh et al., 2007; Chan-it et
al., 2008; Saikruang et al., 2013), Oceania (Huang et al., 1993), at North (Amimo et al.,
2013), and South America (Tonietti et al., 2013). P[13] RVAs have been found in domestic
pigs but have also been identified in a wild boar with the G9 genotype in Japan (Okadera et
al., 2013). In Brazil, the P[13] genotype strains have been described in combination with the
G3 and G9 genotypes (Tonietti et al., 2013). This is the first description of the G26P[13]
combination in RVA strains worldwide.

The BRA381 strain was detected in a pig farm in the state of Rio Grande do Sul,
Southern Brazil and presented high (96.3%) nt identity with a P[13] strain detected in a fecal

sample from a pig farm in S&o Paulo state, Southeast Brazil (Tonietti et al., 2013). These
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findings show that the P[13] genotype is circulating in these regions of Brazil, both of which
are considered important pork producing regions.

The continuous monitoring and identification of new G and P genotypes or uncommon
combinations of G and P genotypes of the porcine RVA strains provides information relative
to the circulation and diversity of RVA in piglets. This is important for animal and public
health, as piglets are considered as potential reservoir for the diversity of human RVA strains.

This study demonstrates the identification of the G26 genotype circulating in a pig
farm from Brazil, revealing the diversity of G and P genotypes of porcine RVA strains in this
country. To the best of our knowledge, this is the first detection of the G26 genotype in
Brazilian pig herds and outside of the Asian continent. This is also the first report of this

genotype in combination with the P[13] genotype.
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Figure 1. Phylogenetic tree based on the partial nucleotide sequences of the VP7 gene from
the porcine RVA strains described in this study and representative strains of the 27 genotypes
recognized thus far. The tree was constructed using the neighbor-joining method and the
Kimura two-parameter model for nucleotide substitution. The bootstrap values are shown at
the branch nodes (values <50% are not shown). The scale bars at the bottom of the trees
represents nucleotide substitutions per site. Tree for the G26 strains (A). GenBank accession
numbers of the reference strains are indicated between parentheses. The Brazilian porcine

RVA strains are marked with a filled circle.

Figure 2. Phylogenetic tree based on the partial nucleotide sequences of the VP4 (VP8*) gene
from the porcine RVA strains described in this study, representative strains of the 37
genotypes recognized thus far, and representative strains of the P[13] genotype. The tree was
constructed using the neighbor-joining method and the Kimura two-parameter model for
nucleotide substitution. The bootstrap values are shown at the branch nodes (values <50% are
not shown). The scale bars at the bottom of the trees represents nucleotide substitutions per
site. Tree for the P[13] strains (A). GenBank accession numbers of the reference strains are
indicated between parentheses. The Brazilian porcine RVA strain is marked with a filled

circle.
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3.2 Genomic analysis of G4P[6] porcine group A rotavirus

Artigo redigido sob as normas de publicagcdo do periddieterinary Microbiology
disponivel em: http://www.elsevier.com/journals/veterinary-microbiology/0378-1135/guide-
for-authors.
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Genomic analysis of G4P[6] porcine group A rotavirus

Abstract
During a neonatal diarrhea outbreak that occurred in a vaccinated Brazilian pig herd in 2007,
four G4P[6] rotavirus strains distinct to the porcine rotavirus prototype Gottfried strain were
detected. One G4-1X P[6]-If strain (RVA/Pig-wt/BRA/BRA843/2007/G4P][6]) was chosen for
characterization of all genotypes. The phylogenetic analysis of all eleven gene segments
revealed the following genotype constellation: G4-P[6]-I15-R1-C1-M1-A8-C1-T7-E1-H1. This
configuration is different of the porcine G4P[6] prototype (Gottfried strain) in the VP6 (I1)
and NSP3 (T1) genes and is identical of a porcine-like human RVA strain recently described
in a Hungarian children (RVA/Human-wt/HUN/BP1547/2005/G4P[6]). The genes analyzed
revealed that the G4P[6] strain was closely related to porcine strains, porcine-like human
strains, and porcine-like animal strains. NSP3 gene belonged to the T7 genotype, a rare
genotype that has been detected in the bovine UK strain (prototype), in human reassortant
strains, and recently in porcine strains. Our findings reinforce the porcine-origin of the T7
genotype, P[6]-If strains, and of several porcine-like human/animal RVA strains. This is the
first genomic analysis of Brazilian G4P[6] porcine RVA strain and the first G4P[6] strain
isolated of pig hosts bearing a T7 genotype. This study showed the presence of the T7
genotype in a Brazilian pig herd, providing important information about G4P[6] RVA strains,
a genotype combination commonly identified in both humans and pigs, and about the role of
pigs in the RVA evolution.

Keywords: piglets, diarrhea, enteric viruses, RVA, T7 genotype
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1. Introduction

Group A rotaviruses (RVAs) are a common cause of severe gastroenteritis in children
and young animals worldwide (Estes and Kapikian, 2007; Martella et al., 2010). Rotavirus is
a member of th&®eoviridaefamily and has a triple-layered capsid enclosing an 11-segmented
double-stranded RNA (dsRNA) genome. These segments encode six structural (VP1-VP4,
VP6, and VP7) and six non-structural (NSP1-NSP5/6) proteins, such that each genome
segment encodes a single viral protein, except the gene 11 that can encodes two viral proteins
(NSP5 and NSP6) (Estes and Kapikian, 2007).

The outer layer capsid proteins, VP7 (glycoprotein) and VP4 (protease-sensitive),
independently elicit neutralizing antibodies inducing protective immunity, and these genes
traditionally have been used in a binary system of classification of the RVA in G and P
genotypes, respectively (Estes and Kapikian, 2007). Thus far, at least 27 G and 37 P
genotypes have been detected in RVAs from human and several animal hosts (Matthijnssens
et al., 2011; Trojnar et al., 2013).

Recently, a new classification system of RVA, in which all 11 segments are
considered was proposed using the phylogenetic analyses and the nucleotide (nt) cut-off
identity values (Matthijnssens et al., 2008a,b). In this system, the whole genome, based on
genotype configuration of the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5
encoding genes, is described as Gx-Px-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, where x represent
the genotype number. Furthermore, a standardized RV strain nomenclature system has also
been developed where the individual RVA strains are named as follows: RV group/species of
origin/country of identification/common name/year of identification/G- and P-type
(Matthijnssens et al., 2011).

According to this classification, so far 171 (VP6), 9R (VP1), 9C (VP2), 8M (VP3),

18A (NSP1), 10N (NSP2), 12T (NSP3), 15E (NSP4), and 11H (NSP5/6) genotypes of RVAs
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have been described using 85, 83, 84, 81, 79, 85, 85, 85, and 91% of nucleotide identity cut-
off values for each gene segment, respectively (Matthijnssens et al., 2011; Guo et al., 2012;
Papp et al., 2012; Trojnar et al., 2013; Jere et al., 2014).

Porcine RVA is an important pathogen detected in piglets due the significant
economic impact on the pig industry and is considered as potential reservoirs for genetic and
antigenic diversity of human RVA strains (Mukherjee et al., 2011; Ghosh et al., 2012b; Zeller
et al., 2012; Degiuseppe et al., 2013; Dong et al., 2013; Papp et al., 2013a). The most frequent
G and P genotypes identified in piglets are G3, G4, G5, G9, G11, P[6], P[7], P[13], and P[23]
(Winiarczyk et al., 2002; Martella et al., 2010; Kim et al., 2012; Martel-Paradis, et al., 2013;
Okitsu et al., 2013; Papp et al., 2013b).

The G4P[6] genotype was first identified in a RVA strain of porcine origin (Gottfried

strain) isolated from the intestinal content of a suckling diarrheic piglet (@&oal., 1984).
This combination of G and P genotypes has been detected in human strains (Gorziglia et al.,
1988), porcine-like human strains (Wang et al., 2010; Maestri et al., 2012; Degiuseppe et al.,
2013; Dong et al., 2013; Papp et al., 2013a), and porcine strains (Winiarczyk et al., 2002;
Lorenzetti et al., 2011).

Currently, there are complete genome sequences of G4P[6] human strains
(Matthijnssens et al., 2008) and porcine-derived human strains (Wang et al., 2010; Mukherjee
et al., 2011; Maestri et al., 2012; Degiuseppe et al., 2013; Papp et al., 2013a) deposited in
public database. However, there is just one complete genome sequence of G4P[6] porcine
RVA strain (Gottfried), which was identified in one porcine host, that has been deposited and
present the following genotypes G4-P[6]-11-R1-C1-M1-A8-N1-T1-E1-H1 (Matthijnssens et
al., 2010).

G4PJ[6] represents one of the most important combination of G and P genotypes

identified in piglets (Papp et al., 2013b) and have been commonly detected in human hosts.
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The aim of this study was to characterize all eleven genes of one G4-1X P[6]-If genotype
strain, recently detected during a neonatal diarrhea outbreak in a Brazilian vaccinated pig

herd, that is distinct to the porcine prototype G4P[6] (Gottfried strain).

2. Materials and Methods

2.1. RVA strain

In 2007, during a neonatal diarrhea outbreak that occurred in a vaccinated pig herd,
four G4P[6] strains distinct to the porcine rotavirus prototype (Gottfried strain) were
identified (Lorenzetti et al., 2011) (Appendix A and B). Three of these RVA strains presented
a new G4 lineage (IX) and one within the lineage G4-VI. In addition, two strains were of the
P[6]-le genotype and another two presented the P6-If genotype that has been previously
detected in porcine-like human strains (Stupka et al., 2009; Degiuseppe et al., 2013). One G4-
IX P[6]-If strain (RVA/Pig-wt/BRA/BRA843/2007/G4P[6]) was selected for further analyses

of all eleven genes.

2.2. Nucleic acid extraction and RT-PCR assays

Nucleic acid was extracted from 500 pL of 10% (w/v) fecal suspension using a
combination of phenol/chloroform/isoamyl alcohol (25:24:1) and silica/guanidinium
isothiocyanate nucleic acid extraction methods, with modifications (Alfieri et al., 2006). The
nucleic acid was recovered and stored at -20°C. Structural and non-structural genes were
amplified by RT-PCR using the primers described by Lee et al. (2000), Mohan and Atreya
(2001), Varghese et al. (2006), Matthijnssens et al. (2008a) to amplify the VP1 (686 bp), VP2
(686 bp), VP3 (702 bp), VP6 (1,356 bp), NSP1 (1,578 bp), NSP2 (1,057 bp), NSP3 (1,077

bp), NSP4 (725 bp), and NSP5 (596 bp) genes. The RT-PCR products were identified by



66

1.5% agarose gel electrophoresis, stained with ethidium bromide (0.5 pg/mL) and observed

under UV light.

2.3. DNA sequencing and phylogenetic analysis

RT-PCR products from each genome fragment were purified using a GFX PCR DNA
and Gel Band Purification Kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK)
according to the manufacturer’'s instructions. Nucleotide sequences of the genes were
obtained by direct sequencing using the ABI3500 Genetic Analyzer sequencer and a BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA), with the
forward and reverse primers used in the RT-PCR assay. All genes were sequenced at least
twice to confirm the accuracy of the results. Nucleotide sequences of each genome segment
were submitted to RotaC2.0 automated genotyping tool for rotavirus A to determine the
genotypes (Maes et al., 2009). Nucleotide BLAST searches to compare the sequences with
those of other rotavirus strains available in the GenBank database were done by the National

Center for Biotechnology Information (http://blast.ncbi.nim.nih.gov/Blast.cgi.). Phylogenetic

trees with 1,000 replicates were performed by the neighbor-joining method and the Kimura
two-parameter model in MEGA software version 5.05 (Tamura et al., 2011) and the

nucleotide identity matrices were constructed using BioEdit software version 7.1.3.0.

2.4. GenBank accession numbers
The nucleotide sequences of the gene segments obtained in the current study have
been deposited in the GenBank database under the following accession numbers: VP6 (X),

VP1 (X), VP2 (X), VP3 (X), NSP1 (X), NSP2 (X), NSP3 (X), NSP4 (X), and NSP5 (X).
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3. Results

3.1. Genotype constellation of BRA843 G4P[6] porcine RVA strain

The coding regions of the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-
NSP5 genes of Brazilian porcine RVA strain (BRA843) described in this study were
classified as G4-P[6]-15-R1-C1-M1-A8-N1-T7-E1-H1. The genotypic constellation detected
in the BRA843 strain is identical to the porcine-like human strain (RVA/Human-
wt/HUN/BP1547/2005/G4P[6]) originated from an independent event of zoonotic
transmission from a porcine RVA strain to a human (Table 1).

Comparing the BRA843 strain with other six RVA strains showed the same genotype
configuration for 10 out of 11 segments, three porcine-like human strains (RVA/Human-
wt/HUN/BP271/2000/G4P[6], RVA/Human-wt/ARG/Arg4605/2006/G4P[6], and
RVA/Human-wt/BRA/HSP180/1999/G4P[6]) showed a different genotype by the VP6 gene;
one porcine-like human strain (RVA/Human-wt/BEL/BE2001/2009/G9P[6]) by the VP7
gene and another within the NSP1 gene (RVA/Human-tc/CHN/R479/2004/G4P[6]). One
porcine strain (RVA/Pig-wt/CAN/F8-4/2006/G2P[6]/P[7]) was different by the VP7 gene
(Table 1).

Moreover, other porcine strains (Gottfried and RVA/Pig-
wt/THA/CMP45/08/2008/G9P[23]) and porcine-like human strains (RVA/Human-
Wt/HUN/BP1490/1994/G4P[6], RVA/Human-wt/IND/mani-362/2007/G4P[6], RVA/Human-
xX/CHN/LL36755/2003/G5P[6], and RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P][6])
presented nine identical genotypes, while the G4P[6] human strain (ST3) exhibited three

different genotypes (VP6, NSP1, and NSP3 genes) (Table 1).
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3.2. Phylogenetic and sequence analyses of the structural genes (VP1, VP2, VP3, and VP6)

The partial VP1 gene segment of the BRA843 G4P[6] RVA strain shared high nt
identities (84.6 to 96.6%) with strains that belong to the R1 genotype. The Brazilian G4P[6]
porcine strain showed highest nt identities (93 to 96.6%) to porcine derived human strains
(RVA/Human-wt/ARG/Arg4671/2006/G4P[6], RVA/Human-tc/THA/Mc345/1989/G9P[19],
RVA/Human-tc/THA/Mc323/1989/G9P[19], and RVA/Human-
wt/HUN/BP1792/2004/G4P[6]), and to porcine strains (RVA/Pig-
wt/THA/CMP45/08/2008/G9P[23] and RVA/Pig-wt/THA/CMP29/08/2008/G3P[13]). In the
phylogenetic tree, the strain identified in this study clustered with the RVA strains referred
above (Table 2), suggesting that the VP1 gene was not closely related to the typical known
porcine strains (OSU, YM, and Gottfried), in which it was seen nt identities varying from
86.2 to 86.5% (Figure 1A). This gene demonstrated 88% nt identity with human G4P[6]
prototype ST3 strain.

The partial VP2 sequence of the BRA843 strain exhibited 85.9 to 94% nt identity with
the strains (porcine strains, human strains, and animal/human strains which are fully or largely
of porcine origin) that belongs to the C1 genotype. In the phylogenetic tree, this strain
clustered with a Japanese porcine-like human strain (RVA/Human-wt/JPN/Ryukyu-
1120/2011/G5P[6] - 92.3% nt identity) detected in a 4-year-old diarrheic child with
encephalopathy (Figure 1B). The BRA843 strain exhibited highest (94%) nt identity with two
porcine strains (OSU and RVA/Pig-tc/KOR/K71/2006/G5P9[7]), and with one porcine
derived bovine strain (RVA/Cow-tc/KOR/K5/2006/G5P9[7]) (Table 2). The BRA843 strain
showed 92.3% nt identity with human strains (M37, DC1476, and DC1208), and 85.9% and
89.7% with the human and porcine G4P[6] prototypes, respectively.

Sequence analysis of the partial segment VP3 classified the BRA843 strain as M1

genotype with 86.7 to 94.4% nt identity with porcine strains, human strains, and
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human/animal strains with porcine origin. The Brazilian G4P[6] strain showed highest nt
identity (94 to 94.4%) with two porcine strains (OSU and K71) and one porcine origin cow
strain (K5) (Table 2). The BRA843 strain exhibited 90.3 and 90.7% nt identity with the
human and porcine G4P[6] prototypes, respectively, and moreover formed a different branch
in the phylogenetic tree (Figure 1C).

The near full length nt sequence of the VP6 gene of the Brazilian porcine G4P[6]
strain showed high identities (86.9 to 94%) with reference strains (porcine and porcine-like
human/animal strains) of the 15 genotype. This strain clustered together with the porcine
strains (CMP54, CMP67, PRG9235, PRG921, and PRG942) and porcine-like human strains
(BP1547 and Ryukyu-1120) with 92.3 to 94% nt identity, but in a different branch (Figure 1D
and Table 2). The G4P[6] strain described in this study exhibited 82.6 and 82.7% nt identity
with the porcine (Gottfried strain) and human (ST3 strain) G4P[6] prototypes that belong to

the I1 genotype.

3.3. Phylogenetic and sequence analyses of the non-structural genes (NSP1, NSP2, NSP3,
NSP4, and NSP5)

The NSP1 sequence of the BRA843 strain was found to belong to the A8 genotype (82
to 94% nt identity), which included porcine, porcine-human reassortant strains, and a porcine-
like equine strain H1. Phylogenetic analysis revealed that the Brazilian G4P[6] porcine strain
grouped with two Argentinean porcine-like human strains (RVA/Human-
Wt/ARG/Arg4605/2006/G4P[6] and RVA/Human-wt/ARG/Arg4671/2006/G4P[6]) with 94%
and 90.9% nt identity, respectively (Figure 1E and Table 2). The BRA843 G4P[6] strain
showed 91.2% nt identity with the G4P[6] prototype porcine strain Gottfried that located in

other cluster.
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The NSP2 nt sequence of the BRA843 strain showed high (86.6 to 96.4%) identity
with genotype N1 strains belonging to a wide range of host species. The Brazilian porcine
G4P[6] was clustered with a porcine origin equine strain H1 (96.4%), porcine human
reassortant strain 1AL28 (95.3%), porcine strain SWRV5 (94.5%), and porcine-like human
strain Ryukyu-1120 (94%), but was distant to the OSU, YM, and Gottfried (87.1 to 88.1 nt
identity) porcine strains and G4P[6] human strain ST3 (87.3% nt identity) (Figure 1F and
Table 2).

Analysis of NSP3 sequence demonstrated that the BRA843 strain clustered with the
T7 genotype (87 to 95% nt identity), being most closely related to the T7 prototype bovine
UK strain (RVA/Cow-tc/GBR/UK/1973/G6P7[5]) at 95% (Figure 1G and Table 2). The
porcine strains (Gottfried, OSU, and YM) belong to a different genotype (T1) together with
the human G4P[6] prototype (ST3 strain), whose nt identity with BRA843 ranged from 82.2
to 83.6%.

The NSP4 gene segment of the BRA843 strain shared high nt identities (86.2 to
96.5%) with representative strains of the E1 genotype. The G4P[6] porcine strain of this study
revealed highest nt identity (94.8 to 96.5%) and grouped with two porcine human reassortant
strains from Brazil (RVA/Human-wt/BRA/HSE005/1998/G4P[6] and RVA/Human-
wt/BRA/COD424/1991/G4P[6]), and with one porcine strain from Venezuela (RVA/Pig-
tc/VEN/A34/1985/G5P[23]) (Figure 1H and Table 2).

Sequence analysis of NSP5 gene revealed that the G4P[6] strain from Brazil clustered
into the H1 genotype (92.8 to 99% nt identity) and was closely related with one porcine-like
human strain (RVA/Human-wt/ARG/Arg4671/2006/G4P[6]), one Brazilian porcine human
reassortant strain (RVA/Human-wt/BRA/HSP180/1999/G4P][6]), and one Brazilian porcine

strain (RVA/Pig-wt/BRA/SWRV1/2012/GXP[X]) whose nt identity ranged from 98.1 to
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99%. The BRA843 strain is located in a different branch of Gottfried strain (Figure 11 and

Table 2).

4. Discussion

G4 and P[6] are genotypes commonly detected in human and porcine RVA strains
worldwide (Martella et al., 2010; Gomez et al., 2013; Heylen et al., 2013; Papp et al.,
2013a,b; laniro et al., 2014). In humans, the G4 genotype is more frequently detected in
association with P[8] genotype (laniro et al., 2014). On the other hand, this genotype is more
frequently detected with P[6] genotype in pigs (Winiarczyk et al., 2002; Lorenzetti et al.,
2011; Papp et al., 2013b). The porcine G4 and P[6] genotypes have been recognized as the
third and the second most prevalent G and P genotypes in pigs, respectively (Papp et al.,
2013b).

G4 and/or P[6] human RVA strains which are fully or largely of porcine origin have
been continuously identified in children worldwide (Mukherjee et al., 2009; Wang et al.,
2010; Mukherjee et al., 2011; Maestri et al., 2012; Mladenova et al., 2012; Zeller et al., 2012;
Degiuseppe et al., 2013; Dong et al., 2013; Komoto et al., 2013; Papp et al., 2013a; Do et al.,
2014). However, there are few studies with the G4P[6] genotype combination (Wang et al.,
2010; Mukherjee et al., 2011; Maestri et al., 2012; Degiuseppe et al., 2013; Dong et al., 2013;
Papp et al., 2013a).

This study determined all the genes of one G4P[6] porcine RVA strain (BRA843)
identified in a piglet with neonatal diarrhea in a vaccinated pig herd from Brazil that was
different to the G4P[6] porcine prototype (Gottfried strain). The Brazilian G4P[6] strain
identified in this study presented the genotype constellation G4-P[6]-15-R1-C1-M1-A8-N1-
T7-E1-H1. There is only one G4P[6] full-length genome sequence isolated of pig host

(Gottfried strain) available in public database (Matthijnssens et al., 2010), on the other hand,
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there are several porcine-like human G4P[6] strains (Wang et al., 2010; Mukherjee et al.,
2011; Maestri et al., 2012; Degiuseppe et al., 2013; Dong et al., 2013; Papp et al., 2013a).
Recently, the genome analyses of one porcine-like rotavirus strain detected in a Hungarian
child (RVA/Human-wt/HUN/BP1547/2005/G4P[6]) demonstrated the same genotype
constellation described in BRA843 porcine strain (Papp et al., 2013a). When compared with
the Gottfried strain (G4P[6] porcine prototype), the porcine RVA strain described in this
study exhibited different genotypes by the VP6 (I) and NSP3 (T) genes (Matthijnssens et al.,
2010).

The VP7 gene showed higher nt (88.3%) identity and was more related with the G4
sublineage Ib (human strains), but could not be classified into any of the G4 lineages, forming
a new G4 lineage (IX) and the VP4 gene was closely related and exhibited high nt identity
with the P[6] sublineage If (Lorenzetti et al., 2011), that had already been detected in two
Argentinean children with acute diarrhea (Stupka et al., 2009). The full genomic analysis of
human Argentinean G4P[6] strains confirmed the porcine origin in 10 out of 11 genes
analyzed and suggested two independent interspecies transmission events (Degiuseppe et al.,
2013).

The phylogenetic analyses and nt identity of VP1, VP2, VP3, VP6, NSP1, NSP2,
NSP4, and NSP5 genes revealed that the Brazilian G4-1X P[6]-If porcine RVA strain was
closely related to porcine, porcine-like human, and porcine-like animal strains. Our findings
reinforce the porcine origin of the P[6]-If previously detected in humans (Degiuseppe et al.,
2013) and that the evolution of P[6] genotype between humans and piglets is highly
intermingled (Martella et al., 2006). The P[6] genotype distinct to the porcine Gottfried strain
as described in this study is more frequently detected in Brazilian pig herds that the P[6]

Gottfried genotype (Lorenzetti et al., unpublished data).
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Based on the new classification system, it has been proposed that Wa-like human
strains and porcine strains can be of a common origin (Matthijnssens et al., 2008a). The
genome backbone identified in the BRA843 strain is similar to those of the prototype porcine
strains (OSU, Gottfried, and YM) and was also shared by Wa-like human RVA strains. Most
of the genes analyzed herein showed that BRA843 is closely related to porcine strains and to
animal/human strains of complete or partial porcine origin, reinforcing the porcine origin of
these strains.

NSP3 gene of the BRA843 strain revealed 95% nt identity with reference strain of the
T7 genotype (bovine UK strain). T7 is a rare genotype that has also been detected in porcine-
human reassortment (Wang et al., 2010), bovine-human reassortment (Mukherjee et al.,
2011), porcine-like human (Maestri et al., 2012; Zeller et al., 2012; Degiuseppe et al., 2013;
Papp et al., 2013a), and recently, in porcine RVA strains (Martel-Paradis et al., 2013; Okitsu
et al., 2013). Martel-Paradis et al. (2013) analyzed three Canadian porcine strains with this
genotype and proposed that the T7 genotype can be a porcine NSP3 allele. However, Papp et
al. (2013a) suggested that the bovine UK strain could be a bovine-porcine reassortant strain.
Okitsu et al. (2013) also detected the T7 genotype in one G9P[23] Thailand porcine strain.
Our study also supports the porcine origin of this genotype. Papp et al. (2013a) speculated
that some genes that belong to common human RVA genotypes and that were detected in the
Hungarian porcine-like human G4P[6] strains also could have a porcine origin, for example
the 11 genotype (VP6 gene), that is a genotype commonly detected in human strains and also
have been identified only in the porcine Gottfried strain.

Pigs are regarded as important reservoir for the genetic and antigenic diversity found
in human and animal rotaviruses (Martella et al., 2010). In addition to the pig, RVA strains of
porcine origin have been detected in human (Ghosh et al., 2012b; Zeller et al., 2012; Dong et

al., 2013), cow (Park et al., 2011), horse (Ghosh et al., 2012a), and panda (Guo et al., 2013)
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hosts. Full genomic analysis of animal and human strains are important to determine the
actual origin of one strain, gene reassortment and interspecies transmission events, and the
rotavirus evolutionary relationships (Matthijnssens et al.,, 2008a,b). There are complete
genome porcine-like human/animal strains that showed genes with porcine origin (Maestri et
al., 2012; Ghosh et al., 2012a,b; Zeller et al., 2012; Komoto et al., 2013; Papp et al., 2013a;
Park et al., 2011, 2013). Alternatively, Kim et al. (2012) suggested more attention with the
VP4, VP6, VP7, and NSP1 genes to study the possible porcine origin of novel RVA strains,
since most of porcine and porcine-like human/animal RVA strains revealed typical porcine
genotypes in these genes.

The number of whole genome sequences of human RVA strains is increasing, but
although pigs are important for the understanding of RVA evolution, there are still few
complete genome sequences of porcine strains available (Matthijnssens et al., 2008a, 2010;
Kim et al., 2012; Martel-Paradis et al., 2012; Okitsu et al., 2013). More complete genome data
of porcine strains are necessary to understand the rotavirus evolution and the dynamic

interaction with human and other animal strains.

5. Conclusion

There are no studies of the complete genome sequences of porcine RVA strains from
Brazil. The genomic analysis of one Brazilian G4-1X P[6]-If porcine strain different to the
G4P[6] porcine prototype (Gottfried strain) supports the porcine origin of the P[6]-If lineage.
These findings enhance the information relative to the role of pigs as reservoirs of G4P[6]
genotype for the diversity of human RVA strains and increase the number of porcine
sequences available in public database. In addition, the results from this study describe the

first G4P[6] porcine strain detected in a pig host bearing a T7 genotype, and presence of this
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genotype in Brazilian pig herds, and reinforce that the genome analysis is important to

understand the diversity and evolution mechanisms of the rotavirus strains.
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Figure 1. Phylogenetic analyses based on the nucleotide sequences of structural proteins (A)
VP1, (B) VP2, (C) VP3, and (D) VP6 and nonstructural proteins (E) NSP1, (F) NSP2, (G)
NSP3, (H) NSP4, and (I) NSP5 of encoding genes of the BRA843 porcine RVA strain with
representative human and animal RVA strains. The trees were constructed using the neighbor-
joining method, Kimura two-parameter model with 1,000 bootstrap replicates (values >70%
are shown). The scale bars at the bottom of the trees represents nucleotide substitutions per
site. The Brazilian porcine RVA strain described in this study is indicated by filled circle. An
outgroup sequence (RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]) of each gene was included.

GenBank accession numbers of reference strains are indicated between parentheses.
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% RVA/Pig-wt/ THA/ICMP29108/2008/G3P[L3] (AB779626)
% L RVAJPigC/KORIPRGY2LI2006/GIP[23] (JF796713)
% RVA/Human-c/CHNIR47912004/G4P[6] (GU189552)
8 —|jRVAIHuman-wt/CHN/GX78/2010/G4P[6] (KF447851)
RVA/Panda-wi/CHN/CH-L/2008/GLP[7] (HQ641294)
% RVA/Human-wt/HUN/BP271/2000/G4P[6] (KF835897)
RVA/Human-w/HUN/BP1490/1994/G4P 6] (KF835901)
RVA/Human-c/BRAVIAL28/1992/GP[8] (EF583030)
RVA/HUman-c/USAWa/1974/G1P1ALS] (X14942)
" _|:RVA/Human-wt/BGD/Dhaka6/2001/G11P[25] (GU199519)
0 RVA/Human-c/GBRIST3/1975/G4P2A[6] (EF583046)
———— RVAIPigc/VENIA253/1988/G11P9T] (EF560622) ]Cz
100! RVAJPig-tc/VEN/A13L/1988/G3P9[7] (EF560619)
RVA/Pigeor-c/JPNIPO-13/1983/G18P[17] (AB009630) Jos
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100 — RVA/Pig-tc/VEN/A131/1988/G3P9[7] (EF560620)
[ RVA/Pig-tc/VEN/A253/1988/G11P9[7] (EF560623)
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73

_|:RVA/Pig—wt/CAN/F8—4/2006/GZP[6]/P[7] (IN974802)
% RVA/Pig-wt/ CAN/AB82/2006/G2P[34] (IN974803)
100 — RVA/Human-w/HUN/BP 1547/2005/G4P[6] (KF835910)

% 4|

a7

99

100[ RVA/Human-wt/BRA/HST327/1999/G4P[6] (JQ715653)

‘E RVA/Pig-wi/ THA/CMP29/08/2008/G3P[13] (AB779630)
R

RVA/Pig-xx/KOR/K71/2006/GXP[X] (JX971582)
RVA/Cow-xx/KOR/K5/2004/GXP[X] (3X971571)
L RVA/Pig-tc/USA/OSUI1977/G5PY[7] (AY277921)

@ RVA/Pig-wt/BRA/BRAB43/2007/G4P[6]
RVA/Horse-tc/GBR/H-1/1975/G5P9[7] (JQ309140)
RVA/Pig-tc/MEX'YM/1983/G11P9[7] (AY300922)
RVA/Pig-wi/ THA/CMP45/08/2008/GIP[23] (AB779632)
RVA/Human-wt/BEL/BE2001/2009/G9P[6] (JQ993323)
RVA/Human-wt/HUN/BP 1490/1994/G4P{6] (KF835909)
RVA/Human-wt/ARG/Arg4605/2006/GAP[6] (KC412046)
RVA/Human-wt/ECU/EC2184/200X/G11P[6] (GQ149093)

RVA/Pig-wt/CAN/F7-4/2006/G9P[7)/P[13] (IN974801)

g

RVA/Human-wi/HUN/BP271/2000/GA4P[6] (KF835905)
RVA/Pig-tc/KOR/PRG9121/2006/GIP[7] (JF796736)
RVA/Pig-tc/USA/Gottfried/1975/G4P2B[6] (GU199488) ML

RVA/Human-tc/USA/Wa/1974/G1P1A[8] (AY267335)
RVA/Human-wt/BGD/Matlab13/2003/G12P[6] (DQ146673)
RVA/Human-tc/BRA/IAL28/1992/G5P[8] (EF583031)
RVA/Human-tc/GBR/ST3/1975/GAP2A[6] (AY277919)
RVA/Human-wt/USA/DC1208/1980/G4P[8] (HM773856)
RVA/Human-wt/IND/mcs-10-07/2007/G9P[6] (EU760695)
RVA/Human-wt/BGD/Dhakal2/2003/G12P[6] (DQ146662)
RVA/Human-tc/E1911/2009/G1P[8] (JQ087447)
RVA/Human-tc/CHN/R588/2005/G1P[8] (JQU87436)
RVA/Human-wt/BEL/B3458/2003/GOP[8] (DQ870503)
RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741651)
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VA/Human-tc/ THA/Mc345/1989/GOP[19] (IN104621)
RVA/Pig-wt/IND/RU172/2002/G12P[7] (GU199193)
RVA/Pig-tc/KOR/PRG21/2006/GOP[23] (JF796714)

RVA/Human-tc/CHN/R479/2004/G4P[6] (GU189553)
a’_ERVA/Panda-wt/CHN/CH-l/2009/G1P[7] (HQ641295)

RVA/Pig-wt/ CHN/TM-a/2009/G3P[8] (3X290177) 1
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73, RVA/Pig-wt/THA/CMP40/08/2008/G3P[23] (AB779620)
100{ RVA/Pig-wt/ THA/CMP48/08/2008/G3P[23] (HQ268859)
RVA/Pig-wt/ THA/CMP29/08/2008/G3P[13] (AB779620)
—E RVA/Pig-wt/THA/CMP57/02/2002/GXP[X| (EU372767)
100 RVA/Pig-wt/THA/CMP83/02/2002/GXP[X] (EU372795)
RVA/Pig-wt/ THA/CMP68/02/2002/G3P[19] (EU372771)
. 700 | RVA/Pig-wt/ THA/CMP40/02/2002/G3P[19] (EU372765)
93! RVA/Pig-wt/THA/CMP34/01/2001/G3P[19] (EU372754)
RVA/Human-wt/BEL/BE2001/2009/G9P[6] (JQ993320)
RVA/Pig-wt/CAN/ABS2-B/2006/G2P[34] (JN974814)
-|:RVA/Pig—wt/CAN/CE—M—05—0053/Canada/2005/G4P[6] (GU183251)
@ RVA/Pig-wi/BRA/BRABA3/2007/G4P[6]

— RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741653)
RVA/Human-wt/HUN/PB1547/2005/G4P[6] (KF835926)

100 RVA/Pig-wt/ THA/CMP54/02/2002/G3P[7] (EU372766)
100 { RVA/Pig-wt/THA/CMP67/02/2002/G3P[19] (EU372770)
RVA/Pig-tc/KOR/PRG9235/2006/G9P[23] (JF796705)
RVA/Pig-tc/KOR/PRGY21/2006/GOP[23] (JF796716)
RVA/Pig-tc/KOR/PRG42/2006/GIP[23] (JF796727)
RVA/Pig-wt/ THA/CMP45/2008/G9P[23] (HQ268858)
RVA/Human-tc/THA/Mc323/1989/GOP[19] (IN104614)
RVA/Human-tc/THA/Mc345/1989/GOP[19] (IN104622)
RVA/Pig-wt/ THA/CMP90/01/2001/G4P[6] (EU372792)
RVA/Pig-wi/CAN/F8-4/2006/G2P[6]/P[7] (JN974816)
RVA/Pig-wt/ CAN/F7-4/2006/G9P[7]/P[13] (IN974812)
74 RVA/Pig-wt/CAN/CE-M-06-0022/2006/G4P[6] (GU183246)
RVA/Pig-tc/AUSICRW_8/1987/G3P9[7] (U82971)
S RVA/Cow-tc/KOR/KJ25-1/2004/G8P[7] (HM988972)
— RVA/Pig-tc/MEXYM/1983/G11P9[7] (X69487)
RVA/Pig-tc/VEN/A253/1988/G11P9[7] (AF317122)
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100

100

% RVA/Pig-tc/VEN/A131/1988/G3P9[7] (AF317124)
‘EA/Horse-tc/GBRIH-1/1975/GSP[7] (AF242394)
RVA/Pig-tc/USA/OSU/1977/G5PI[7] (AF317123)
100 — RVA/Human-wt/IND/RMC321/1990/GOP[19] (AF531913)
|_— RVA-Human-wt/IND/mani-97/2006/GOP[19] (HM348744)
100f L RVA/Pig-wt/IND/RU172/2002/G12P[7] (DQ204741)

RVA/Human-tc/CHN/RA79/2004/G4P[6] (DQ873675)
75 RVA/Pig-tc/CHN/NMTL/2008/G9P[23] (JF781162)

100 - RVA/Pig-wt/ THA/CMP034/2000/G2P[27] (DQ534018)
[ RVA/Pig-wt/ THA/CMP39/2000/G3P[19] (EU372751)
7 — RVA/Pig-tc/KOR/PRG9121/2006/GOP[7] (JF796738)

® RVA/Panda-wt/CHN/CH-1/2009/G1P[7] (GU188283)
100 t RVA/Cow-xx/KOR/KV0407/XXXX/G5P[7] (EU873010)

RVA/Pig-xx/CHN/JLO4/XXXX/G5P[7] (AY538664)

100

RVA/Pig-tc/USA/Gottfried/1983/G4P2B[6] (D00326)
o7 RVA/Human-tc/USA/Wa/1974/G1P1A[8] (K02086)
RVA/Human-wt/ARG/Arg4671/2006/GA4P[6] (KC412051) |11

RVA/Pig-wt/THA/CMH127/01/2001/G9P[8] (EU372733)
100 I: RVA/Human-tc/GBR/ST3/1975/G4P2A[6] (EF583048)

RVA/Pig-wt/CAN/CE-M-06-0003/2006/G2P[27] (GU183245)

o {RVA/Pig-wt/CAN/A260-4/2012/GXP[Xj (KF501111) 14
100 RVA/Pig-wt/CAN/AB82-A/2006/G2P[34] (IN974813)

RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17] (D16329)
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100 { RVA/Human-wt/IND/mcs-10-07/2007/GOP[6] (F154080)
RVA/Human-wi/IND/mcs-13-07/2007/GP[6] (FI154083)
RVA/Human-w/IND/mani-253/2007/G4P[4] (HM348717)
RVA/Human-w/IND/mani-362/2007/G4P[6] (HM348719)
RVA/Human-wt/INDimani-97/2006/GOP[19] (HM348716)
RVAIPigHCIUSA/Gottfied/1983/GAP2B[6] (U08431)
RVA/Human-wi/BEL/BE2001/2009/GIP[6] (JQ993324)
RVA/Human-wi/HUN/BP1125/2004/G4P]6] (KF835938)
RVA/Human-wi/HUN/BP271/2000/G4P]6] (KF835937)
RVAIPig-wt/CAN/ABS2/2006/G2P[34] (ING74773)
RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741655)
RVA/Human-wi/ARG/Arg4671/2006/G4P[6] (KC412034)
_|:RVA/HUman-vvt/ARG/Arg4605/2006/G4P[6] (KC412033)
% @ RVA/Pigwi/BRA/BRASA3/2007/G4P]6]
RVA/Human-tc/THA/Mc323/1989/G9P[19] (IN104615)
RVA/Human-c/THA/Mc345/1989/G9P[19] (IN104623)
RVA/Pig-wt/CHNITM-a/2009/G3P[8] (JX290172)
100 — RVA/Pig-wi/CANIF8-4/2006/G2P[6]/P[7] (JNG74T75) "8
I: RVA/Pig-wt/CANIF6-4/2006/GLLP[13] (JNO74774)
_|:R’\/A/Horse-tc/GBR/H-1/1975/GSP9[7] (JQ309141)
RVA/human-wt/CHN/GX78/2010/GAP[6] (KF447856)
100 ; RVA/Pig-c/KOR/PRG9235/2006/GOP[23] (JF796696)
’ RVA/Pig-tc/KORIPRGO42/2006/GIP[23] (JF796718)
RVA/Pig-tc/MEX'YM/1983/G11P9[7] (D38154)
——— RVA/Human-wi/NCA/OL/2010/G4P[6] (IN128985)
" RVA/Pig-c/KORIPRGY21/2006/G9P[23] (JF796707)
100 I RVA/Pig-c/KORIPRGO121/2006/GIP[7] (JF796729)
RVA/Pig-tc/CHNINMTL/2008/G9P[23] (JF781164)

RVA/Human-wi/HUN/BP1547/2005/GAP]6] (KF835942)
ﬂ: RVA/Human-wt/BRA/HSP180/1999/G4P[6] (JQ898158)
RVA/Human-xx/CHN/LL36755/2003/G5P[6] (KC149934)

RVA/Pig-wi/ THA/CMP45/08/2008/G9P[23] (AB779636)
RVA/Pig-wil THA/CMP29/08/2008/G3P[13] (AB779634)
RVA/Pig-wil THA/CMP40/08/2008/G3P[23] (AB779635)
RVA/Pig-wi/ THA/CMP48/08/2008/G3P[23] (AB779637)

8 RVA/Human-wt/IND/RMC321/G9P[19] (AF506292)
100 —|: RVA/Human-tc/CHN/R479/2004/G4P]6] (GU189555)
RVAIPig-wilINDIRU172/2002/G12P[7] (GU199194)
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RVA/Human-c/USA/Wa/1974/GLP1A[8] (L18943)
100 RVA/Human-c/GBRIST3/1975/GAP2A[6] (EF672613)
% RVA/Human-tc/VENIM37/G1P2A[6] (U11491)

0.1

RVAIPig-CIUSAIOSUI1977/G5PY[7] (U08432)
4i1 00 ,__ RVAJPig-cIVENIA131/1988/G3P9[7] (EF990687)
100 L= RVA/Pig-c/VEN/A253/1988/GLLPY[7] (EF9906%5) |

RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17] (AB009633) A4
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92 — RVA-Human-tc/THA/Mc345/1989/GOP[19] (IN104624)
I—— RVA/Pig-wt/THA/CMP40/08/2008/G3P[23] (AB779639)
RVA/Human-wt/ECU/EC2184/200x/G11P[6] (GQ149101)
L RVA/Pig-tc/MEX'YM/1983/G11P9[7] (GU199517)
RVA/Pig-tc/KOR/IPRG921/2006/GIP[23] (JF796708)
RVA/Human-wt/CHN/GX78/2010/G4P[6] (KF447857)
RVA/Human-wt/BEL/BE2001/2009/G9P[6] (JQ993325)
— RVA/Pig-tc/USA/Gottfried/1983/G4P2B6] (GU199489)
RVA/Pig-tc/USA/OSU/1977/G5PY[7] (X06722)
RVA/Cow-tc/KOR/KJ25-1/2004/G8P[7] (FJ206120)
RVA/Panda-wt/CHN/CH-1/2009/G1P[7] (GU188281)
% 88] RvA/Cow-c/KOR/KJ44/2004/G5P[1] (DQ494401)
_I——R\/A/Human-vvl/HUN/BP1547/2005/G4P[6] (KF835950)
RVA/Human-wt/BRA/HSP180/1999/G4P[6] (JQ715663)
RVA/Human-wt/ARG/Arg4605/2006/G4P[6] (KC412035)
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] (EF672615)
RVA/Human-tc/USA/Wa/1974/G1P1A[8] (L04534)
RVA/Pig-wt/CHN/TM-a/2009/G3P[8] (JX290173)
RVA/Human-wt/IND/RMC321/GOP[19] (AF506293)
RVA/Human-wt/BGD/Dhaka6/2001/G11P[25] (EF560709)
RVA/Pig-tc/CHN/NMTL/2008/GOP[23] (JF781165)
7 —L_ RVA/Human-Wt/IND/mcs-13-07/2007/G9P[6] (EU753970)
100 .= RVA/Human-wt/IND/mani-362/2007/G4P[6] (HM348723)
99 RVA/Human-tc/CHN/R479/2004/G4P[6] (GU189556)
—|: RVA/Pig-wt/IND/RU172/2002/G12P[7] (GU199195)
100 [ RVA/Human-wt/RUS/Nov05-394/2005/G4P[6] (KC155672)

100
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RVA/Human-wt/RUS/NovL0-N806/2010/G4P[6] (KC020033)

76 @ RVA/Pig-wi/BRA/BRAB43/2007/GA4P[6]
ERVA/Horse-tc/GBR/H-1/1975/GSP9[7] (JQ309142)

1 RVA/Human-tc/BRA/IAL28/1992/G5P[8] (EF672587)
RVA/Pig-wt/BRA/SWRV5/2012/GXP[X] (KC117144)
RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741656)

100 — RVA/Cat-wt/ITA/BA222/2005/G3P[9] (GU827413)

RVA/Human-wt/BRA/RV10109/2008/G3P[9] (JQ715664)

RVA/Rhesus-tc/USA/TUCH/2002/G3P[24] (FI816614)

76 RVA/Pig-tc/KOR/PRG9121/2006/GIP[7] (JF796730) )
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99
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% RVA/Pig-wi/ CAN/ABB2/2006/G2P[34] (IN974783)
RVA/Human-wt/BRA/HSP 180/1999/GAP[6] (JQ715670)
@ RVA/Pig-wi/BRA/BRAB43/2007/GA4P[6]
RVA/Pig-wi/CAN/F6-4/2006/G11P[13] (IN974784)
RVA/Pig-wi/ THA/CMP45/08/2008/GOP[23] (AB779644)
RVA/Human-wi/HUN/BP1547/2005/G4P[6] (KF835958)
RVA/Human-wt/HUN/BP271/2000/G4P]6] (KF835953)
RVA/Human-wt/HUN/BP1490/1994/G4P6] (KF835957)
RVA/Human-wt/ARG/Arg4605/2006/G4P[6] (KC412037) 17
RVA/Pig-wi/ CANIF8-4/2006/G2P[6]/P[7] (JN974785)
RVA/Human/NCA/OL/2010/G4P[6] (IN129013)
RVA/Cow-tc/GBRIUK/1973/G6P7[5] (K02170)
RVA/Human-xx/IND/mani-265/2007/G10P[6] (HM348726)
RVA/Pig-wt/CHN/TM-a/2009/G3P[8] (JX290174)
0 RVA/Human-tc/CHN/RA79/2004/G4P(6] (GU189557)

7?|_— RVA/Human-xx/CHN/LL36755/2003/G5P[6] (KC149936)
RVA/Human-wt/BEL/BE2001/2009/GOP[6] (JQ993326)

RVA/Human-c/GBR/ST3/1975/G4P2A[6] (EF672614)

RVA/Pig-tc/MEXYM/1983/G11P9[7] (GU199518)

_|——RVA/Pig-tc/USA/Gottfried/1983/G4PZB[6] (X81430)
100 RVA/Pig-c/USAIOSU/1977/GSPI[7] (X81431)
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RVA/Human-wi/BRA/HSEQ05/1998/G4P[6] (DQ525185)
@ RVA/Pig-wi/BRA/BRAS43/2007/G4P[6]
RVA/Human-wi/BRA/COD424/1991/G4P[6] (DQ525184)
RVA/Pig-tc/VENIA34/1985/G5P[23] (AF165219)
RVA/Human-wt/IND/mani-97/2006/GIP[19] (GQ240623)
RVA/Human-wi/IND/RMC321/GIP[19] (AF541921)
RVA/Pig-tc/USA/Gottfried/1975/G4P2B]6] (GU199490)
0 - RVA/Panda-wt/CHN/CH-1/2009/G1P[7] (GU188282)
RVA/Pig-tc/USA/OSU/L977/G5PY[7] (D88831)
5| RVAHorse-tc/GBRIH-L/1975/G5P(7] (AF144800)
" _|_7 RVA/Pig-tc/VENIA131/1988/G3P9[ 7] (AF144798)
% RVA/Pig-tc/VENIA253/1988/G11PY[7] (AF144797)
RVA/Human-wi/ ARG/Arg4605/2006/G4P[6] (KC412039)
RVA/Human-wi/ ARG/Arg4671/2006/G4P[6] (KC412040)
RVA/Cow-tc/KOR/K J44/2004/G5P[1] (DQ494397)
RVA/Cow-tc/KOR/KJ25-1/2004/G6P[7] (F1206109)
RVA/Pig-wt/ITA/221/04-21/2004/GIP[6] (DQ189240)
RVA/Pig-wt/ITA/344-04-1/2004/G5P[27] (DQ823416)
99 L RVA/Pig-wt/ESP/ES51-02/200X/G5P[6] (DQ189233)
81| | ——— RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741658)
RVA/Pig-tc/KORIPRGO121/2006/GOP[7] (JF796732)
RVA/Pig-tc/KOR/PRG21/2006/GOP[23] (JF796710)
RVA/Human-wi/BRA/HSP180/1999/G4P[6] (JQ898160)
RVA/Human-tc/THA/Mc345/1989/GOP[19] (JN104626)
RVA/Pig-wt/ THA/CMP45/08/2008/G9P[23] (HQ268839)
RVA/Pig-wt/ THA/CMP40/08/2008/G3P[23] (HQ268838)
RVA/Human-wi/BEL/BE2001/2009/G9P[6] (JQ993327)
I RVA/Pig-tc/MEX'YM/1983/G11P9[7] (X69485)
RVA/Human-tc/CHN/R479/2004/G4P[6] (GU189558)
RVA/Pig-wt/ CAN/F7-4/2006/G9P[7]/P[13] (JN974789)
RVA/Pig-wt/CAN/F8-4/2006/G2P[6]/P[7] (ING74787)
RVA/Human-wi/RUS/Nov05-101/2005/G4P]6] (GQ465009)
RVA/Pig-wi/ESP/ES51/04/2004/G4P[6] (DQ189235)
RVA/Human-wt/IND/mani-362/2007/G4P[6] (GQ240627)
RVA/Human-wt/CHN/GX78/2010/GA4P[6] (KF447859)
RVA/Human-wi/BGD/Dhaka6/2001/G11P[25] (EF560711)
RVA/Human-wt/IND/mcs-13-07/2007/G9P[6] (EU753968)
RVA/Human-wi/ITA/128/07-34/2006/G3P[6] (EU734177)
RVA/Human-tc/USA/Wa/1974/GLP1A[8] (AF093199)
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] (US9110)
RVA/Pig-wt/IRLI61/07-Ire/2007/G2P[32] (FI492834)
% _|:RVA/Pig-M/THAICMPO34/2000/GZP[27] (DQ534017)  |E9
8 RVA/Pig-wi/CAN/AB82/2006/G2P[34] (JN974788)

RVA/Pigeon-c/JPN/PO-13/1983/G18P[17] (AB009627) |4
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RVA/Pig-wt/CHN/TM-a/2009/G3P[8] (JX290175)
RVA/Human-tc/CHN/R479/2004/GAP[6] (GU189559)
RVA/Human-wt/IND/mani-97/2006/GIP[19] (HM348728)

79

E RVA/Human-wt/HUN/BP 1490/1994/G4P[6] (KF835973)
RVA/Human-wt/HUN/BP 1547/2005/G4P[6] (KF835974)

RVA/Human-tc/BRA/IAL28/1992/G5P[8] (EF672590)
4‘99 ERVA/Human-tc/USA/Wa11974/G1P1A[8] (AF306494)
81

[ 99|“ RVA/Panda-wt/CHN/CH-1/2009/G1P[7] (GU329526)

94

RVA/Human-wi/BEL/BE2001/2009/GOP[6] (JQ993328)
RVA/Pig-wt/CAN/AB82/2006/G2P[34] (IN974790)
RVA/Pig-wt/ THA/CMP29/08/2008/G3P[13] (HQ268842)
89 RVA/Pig-wt/ THA/CMP45/08/2008/GOP[23] (HQ268844)
RVA/Horse-tc/GBR/H-1/1975/G5P9[7] (JQ309144)
|j‘;RVA/Human-wt/BGD/DhakalZ/ZOOS/GlZP[G] (DQ146670)
of RVA/Human-tc/GBRIST3/1975/G4P2A[6] (EF672618)
RVA/Human-wt/BRA/HS T327/1999/G4P[6] (JQ715679)
(. RVA/Human-wi/ECU/EC2184/200X/G11P[6] (GQ149100)
L RVA/Human-wt/HUN/BP271/2000/G4P[6] (KF835969)
L RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6] (AB741659)
L RVA/Pig-tc/USA/Gottried/1975/G4P2B[6] (GU199491)
72 — RVA/Pig-tc/USA/OSU/1977/G5PY[7] (X15519)

RVA/Cow-tc/KOR/KJ44/2004/G5P[1] (DQ494399)
79| RVA/Cow-tc/KOR/KJ25-1/2004/G8P[7] (FI206059)
RVA/Pig-wt/CAN/F8-4/2006/G2P[6]/P[7] (IN974791)
-|—_RVAIPig—thMEXIYM11983IGllP9[7] (X69486)
97 - RVA/Human-wt/IND/mani-362/2007/G4P[6] (HM348731)
RVA/Pig-wt/IND/RU172/2002/G12P[7] (DQ204739)
RVA/Pig-wt/ THA/CMP034/2000/G2P[27] (DQY16134)
RVA/Human-wt/IND/mcs-13-07/2007/GIP[6] (EU753967)
RVA/Pig-tc/KOR/PRGY21/2006/GOP[23] (JF796711)

|:{VAIPig—tclKOR/PRGQlZlIZOOG/GQP[Y] (JF796733)
RVA/Pig-wt/CAN/F7-4/2006/GOP[7]/P[13] (IN974792)
RVA/Human-wi/ARG/Arg4605/2006/GAP[6] (KC412041)
RVA/Human-wi/BRA/HSP180/1999/G4P[6] (JQ715678)
@ RVA/Pig-wi/BRA/BRAB43/2007/G4P[6]
RVA/Human-wi/ARG/Arg4671/2006/GA4P[6] (KC412042)
RVA/Pig-wt/BRA/SWRV1/2012/GXP[X] (KC117147)

RVA/Human-tc/THA/Mc345/1989/GIP[19] (JN872348)
RVA/Pig-wt/IND/HP140/1897/G6P[13] (DQ003299)
RVA/Human-wt/IND/RMC321/GIP[19] (AY033396)

RVA/Human-tc/IND/116E/1985/GOP[11] (FI361211)

RVA/Human-wi/USA/DC1208/1980/G4P[8] (HM773864) i
RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17] (AB009628) 4

0.05

H1
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Table 1. Genotype constellation and genetic relatedness of the 11 gene segments of G4P[6] porcine
RVA strain described in the present study (letters in bold) with other relevant RVA strains from
several species. Genotypes are colored with green (porcine/human genotypes), red (bovine/human
genotypes), blue (typical porcine genotypes), purple (typical bovine genotype), and yellow (G4 and
P[6] genotypes).

Strain \ 4 VP4 VP6 VP1 VP2  VP3 NSP1 NSP2  NSP3 NSP4  NSP5 Reference
RVA/Human-tc/USA/Wa/1974 Gl P[8] 11 R1 C1 M1 Al N1 T1 El H1 Matthijnssens et al. (2008a)
RVA/Pig-wt/BRA/BRA843/2007/G4P([6] G4 P[6] - R1 c1 M1 N1 - El H1 This study
RVA/Pig-tc/USA/Gottfried/1983/G4P2BP[6] G4 P[6] 11 R1 Cil M1 N1 T1 E1 H1 Matthijnssens et al. (2010)
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] G4 P[6] 11 R1 C1 M1 Al N1 T1 El H1 Matthijnssens et al. (2008a)
RVA/Human-tc/CHN/R479/2004/G4P[6] G4 P[6] R1 Cil M1 Al N1 E1 H1 Wang et al. (2010)
RVA/Human-wt/HUN/BP1547/2005/G4P[6] G4 P[6] R1 C1 M1 N1 El H1 Papp et al. (2013a)
RVA/Human-wt/HUN/BP271/2000/G4P[6] G4 P[6] 11 R1 Cil M1 N1 E1 H1 Papp et al. (2013a)
RVA/Human-wt/ARG/Arg4605/2006/G4P[6] G4 P[6] 11 R1 C1 M1 N1 El H1 Degiuseppe et al. (2013)
RVA/Human-wt/BRA/HSP180/1999/G4P[6] G4 P[6] 11 R1 Cil M1 N1 E1 H1 Maestri et al. (2012)
RVA/Human-wt/HUN/BP1490/1994/G4P[6] G4 P[6] 11 R1 C1 M1 Al N1 El H1 Papp et al. (2013a)
RVA/Human-wt/IND/mani-362/2007/G4P[6] G4 P[6] 11 R1 Cil M1 N1 T1 E1 H1 Mukherjee et al. (2011)
RVA/Human-wt/IND/mani-253/2007/G4P[4] G4 P[4] 11 R1 C1 N1 T1 El H1 Mukherjee et al. (2011)
RVA/Pig-wt/CAN/F8-4/2006/G2P[6]/P[7] G2  P[6]* R1 Cil M1 N1 . E1 H1 Martel-Paradis et al. (2013)
RVA/Human-wt/BEL/BE2001/2009/G9P[6] G9 P[] R1 C1 M1 N1 El H1 Zeller et al. (2012)
RVA/Human-wt/IND/mcs-13-07/2007/G9P[6] G9  Pl6] 11 R1 Cil M1 N1 T1 E1 H1 Mukherjee et al. (2009)
RVA/Human-wt/ECU/EC2184/200X/G11P[6] P[6] 11 R1 C1 M1 Al N1 T1 El H1 Béanyai et al. (2009)
RVA/Human-xx/CHN/LL36755/2003/G5P[6] P[6] 11 R1 Cil M1 N1 - E1 H1 unpublished.
RVA/Human-wt/BGR/BG620/2008/G5P[6] P[6] R1 C1 M1 N1 T1 El H1 Madlenova et al. (2012)
RVA/Human-tc/JPN/AU19/1997/G1P[6] R1 Cil M1 N1 T1 E1 - Do et al. (2014)
RVA/Human-wt/JPN/Ryukyu-1120/2011/G5P[6 R1 C1 M1 N1 T1 El H1 Komoto et al. (2013)
RVA/Pig-wt/CAN/AB82/2006/G2P[34] N1 - E9 H1 Martel-Paradis et al. (2013)
RVA/Pig-wt/IND/RU172/2002/G12P[7] N1 T1 El H1 Ghosh et al. (2010)
RVA/Pig-tc/lUSA/OSU/1977/G5P9[7] N1 T1 El H1 Matthijnssens et al. (2010)
RVA/Pig-tc/MEX/YM/1983/G11P9[7] N1 T1 El H1 Matthijnssens et al. (2010)
RVA/Pig-tc/KOR/PRG921/2006/G9P[23] N1 T1 El H1 Kim et al. (2012)
RVA/Pig-tc/KOR/PRG9121/2006/G9P[7] N1 T1 El H1 Kim et al. (2012)
RVA/Horse-tc/GBR/H-1/1975/G5P[7] N1 T1 El H1 Ghosh et al. (2012a)
RVA/Human-wt/IND/RMC321/G9P[19] N1 T1 El H1 Varghese et al. (2004)
RVA/Panda-wt/CHN/CH-1/2009/G1P[7] N1 T1 El H1 Guo et al. (2013)
RVA/Pig-wt/THA/CMP29/08/2008/G3P[13] N1 T1 El H1 Okitsu et al. (2013)
RVA/Pig-wt/THA/CMP40/08/2008/G3P[23] N1 El H1 Okitsu et al. (2013)
RVA/Pig-wt/THA/CMP45/08/2008/G9P[23] N1 El H1 Okitsu et al. (2013)
RVA/Human-tc/THA/Mc345/1989/G9P[19] N1 T1 El H1 Ghosh et al. (2012b)
RVA/Pig-tc/VEN/A131/1988/G3P9[7] N1 T1 El H1 Matthijnssens et al. (2008a)
RVA/Pig-tc/VEN/A253/1988/G11P9[7] N1 El H1 Matthijnssens et al. (2008a)

RVA/Human-xx/IND/mani-265/2007/G10P[6] Mukherjee et al. (2011)

RVA/Cow-tc/GBR/UK/1973/G6P7[5] H3 Matthijnssens et al. (2008a)

RVA/Cow-tc/KOR/KJ25-1/2004/G8P[7] N1 T1 El H1 Park et al. (2011)
*Two Canadian porcine RVA strains have mixed genotypes. The F8-4 strain (P[6]/P[7]) and AB82 strain (I5/114).
Gene segments that are only partially sequenced are indicated in italic.




Table 2.

Origin  and highest  percentage

identity
wt/BRA/BRA843/2007/G4P[6] group A rotavirus strain based on nucleotide levels.

)

»%0
»%0
»%0

Gene | RVA/Pig-wt/BRA/BRA843/G4P|[6]

VP1 R1 - porcine origin
BRA/Human-wt/ARG/Arg4671/2006/G4P|[6] 96.6
C1 - porcine origin

VP2 RVA/Pig-tc/lUSA/OSU/1975/G5P9[7] 94
RVA/Pig-tc/KOR/K71/2006/G5P9[7] 94
RVA/Cow-tc/KOR/K5/2005/G5P9[7] 949
M1 - porcine origin

VP3 RVA/Pig-tc/KOR/K71/2006/G5P9[7] 94 .4
RVA/Cow-tc/KOR/K5/2005/G5P9[7] 94.4
RVA/Pig-tc/lUSA/OSU/1975/G5P9[7] 94
I5 - porcine origin
RVA/Human-wt/HUN/BP1547/2005/G4P[6] 94

VP6 RVA/Pig-tc/KOR/PRG9235/2006/G9P[23] 93.5
RVA/Pig-tc/KOR/PRG921/2006/G9P[23] 93.5
RVA/Pig-tc/KOR/PRG942/2006/G9P[23] 93.5

NSP1 A8 - porcine origin
RVA/Human-wt/ARG/Arg4605/2006/G4P|[6] 94.1

NSP2 N1 - porcine origin
RVA/Horse-tc/GBR/H-1/1975/G5P9[7] 96.4
T7 - bovine/porcine origin

NSP3 | RVA/Cow-tc/GBR/UK/1973/G6P7[5] 95
RVA/Human-wt/HUN/BP271/2000/G4P[6] 94.6

NSP4 E1 - porcine origin
RVA/Human-wt/BRA/HSE005/1998/G4P[6] 96.5
H1 - porcine origin

NSP5 | RVA/Human-wt/ARG/Arg4671/2006/G4P[6] 99
RVA/Pig-wt/BRA/SWRV1/2012/GXP[X] 98.79

of

Brazilian

96

RVA/Pig-
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4. CONCLUSOES

« Com base nas sequéncias de nucleotideos de duas cepas (BRA381 e BRA382) de

RVA suino foi possivel a descricdo do genotipo G26 no continente Americano;

A cepa BRA381 de RVA suino é constituida por uma combinacdo incomum de
genotipos G e P (G26P[13]) descrita pela primeira vez em cepas de RVA;

e A analise dos 11 genes da cepa brasileira BRA843 de RVA suino genotipo G4-IX
P[6]-If revelou uma constelacdo de genotipos com a estrutuik®Vaa presenca de
genotipos tipicos de cepas de RVA detectadas em suinos (G4-P[6]-15-R1-C1-M1-A8-
C1-T7-E1-H1);

* Em um hospedeiro suino a descricdo do genotipo T7 (gene NSP3), presente na cepa
BRA843 é inédita em uma cepa de RVA G4P[6] portadora de uma constelacdo de

genotipos caracteristicos de cepas de RVA suino;

» Esse é o primeiro estudo realizado no Brasil que descreve e analisa todos os genes

presentes em uma cepa de RVA animal.
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APENDICE A: Arvore filogenética do gene VP4 (VP8*) - Cepa BRA843
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APENDICE B: Arvore filogenética do gene VP7 - Cepa BRA843
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ANEXO A: Lista de reagentes

1. 100 mM dNTP Set 4 x 250 pL; 25 pumol cada (100 mM dAdlution, 100 mM
dCTP Solution, 100 mM dGTRSolution, 100 mM dTTFSolution) (InvitrogeR" Life
Technologies, EUA

2. 10 x PCR-Buffer(200 mM Tris-HCI, pH 8,4, 500 mM KClI)Irfvitrogen™ Life

Technologies, EUA

123 bp DNA Ladde(Invitrogen™ Life Technologies, EUA

2-Mercaptoetanol (§s0s) P.M. 78,13 (Fluk®)

Acetona P.A. (CHCOCH;) P.M. 58,08 (Dinamicy

Acido acético glacial P.A. (C$£0OO0H) P.M. 60,05 (Nucle&)

Acido bérico (HBOs) P.M. 61,83 (Sicaldh

Acido cloridrico (HCI) P.M. 36,46 (Reag®n

Acido etilenodiaminotetraécido sal di-sodico - EDTA P.A;0kGN-OgNap.2H,0)

P.M. 372,24 (Reagéh

10. Acrilamida P.M. 71,08 (Gibco BR1)

11.Agar Noble (Difc®)

12. Agarose [nvitrogen ™ Life Technologies, EUA

13.Agua DEPEC (Dietil pirocarbonatolngitrogen™ Life Technologi€§ EUA)

14. Alcool etilico absoluto (gH,OH) P.M. 46,07 (Nucle&)

15. Alcool isoamilico ((CH)2CHCHCH,OH) P.M. 88,15 (SyntH)

16.Azul de bromofenol (Signfa EUA)

17.Bicarbonato de sédio P.A. (NaHGJP.M. 84,01 (Biote®)

18.BigDye Terminator v3.1 Cycle Sequencingkijtplied Biosystenis EUA)

19. Bis-acrilamida P.M. 154,2 (SigiaEUA)

20.Borohidreto de sédio P.M. 37,83 (Sighh&UA)

21.Brometo de etideo ¢GH-oN3sBr) P.M. 394,3 (Sigma EUA)

22.Cloreto de Calcio Puro (CafIP.M. 110,94 (hvitroger™ Life Technologies, EUA

23.Cloreto de Potassio P.A. (KCI) P.M. 74,56 (Re&gen

24.Cloreto de Sédio P.A. (NaCl) P.M. 58,45 (Redden

25. Cloroférmio P.A. (CHCJ) P.M. 119,38 (Dinamicy

26.Didxido de silica (Sig) P.M. 60,08 (Sigma EUA)

© 0 N o O b~ W
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27.Dodecil Sulfato de Sédio - Lauril Sulfato de Sddio - SDHgNaO,S) P.M. 288,38
(BDH)

28.Fenol (GHsOH) P.M. 94,11 (hvitrogerd™ Life Technologi€y EUA)

29.Fosfato de sédio dibasico anidro ¢N®0,) P.M. 141,96 (Synfh)

30.Fosfato de s6dio monobasico (N&, . 2H,0) P.M. 155,99 (Reag&h

31.Fosfato de sédio dihidratado (P04 . 2HO) P.M 177,99 (Merck)

32.GFX PCR DNA and Gel Band Purification KIGE Healthcare, UK)

33.Glicina P.A. P.M. 75,07 (Nucle3y

34.Glicose GH1,0¢ P.M. 180,16 (Reagé&

35. Hidroxido de Sédio P.A. (NaOH) P.M. 40,004llinckrodt ChemicalS)

36. Hidroximetil amino metano - TRIS 99% P.M. 121,14 (Merck)

37.lIsotiocianato de guanidina P.M. 118,16v{trogen ™ Life Technologies, EUA

38.Metanol, P.A. (CHOH) P.M. 32,04 (Allkimi&)

39. Oligonucleotideo iniciador  pfimer) Con3 (VP4) (forward; 5'-
TGGCTTCGCCATTTTATAGACA -3"; nucleotideo 11-32) GENTSCH et al. (1992)
- 200 pmol (InvitrogefR Life Technologi€l EUA)

40. Oligonucleotideo iniciador  pfimer) Con2 (VP4) (reverse; 5-
ATTTCGGACCATTTATAACC -3’; nucleotideo 868-887) GENTSCH et al. (1992) -
200 pmol (Invitrogef" Life Technologi€y EUA)

41. Oligonucleotideo iniciador  pfimer) Beg9 (VPT) (forward; 5'-
GGCTTTAAAAGAGAGAATTTCCGTCTGG -37; nucleotideo 1-28) GOUVEA et
al. (1990) - 200 pmolivitrogen™ Life TechnologiesEUA®)

42.0Oligonucleotideo iniciador  pfimer) End9 (VP7) (reverse; 5-
GGTCACATCATACAATTCTAATCTAAG -3"; nucleotideo 1062-1036) GOUVEA
et al. (1990) - 200 pmolr{vitrogen™ Life Technologi€y EUA)

43.0ligonucleotideo iniciador pfimer) VP1F (RVA) (VP1) (forward; 5'-
GGCTATTAAAGCTGTACAATGGG -37; nucleotideo 1-23) VARGHESE et al.
(2006) - 200 pmollfvitrogen™ Life Technologi€ EUA)

44.0ligonucleotideo iniciador pfimer) VP1lIR (RVA) (VP1l) (reverse; 5'-
TAATCCTCATGAGAAAACACTGAC -3"; nucleotideo 663-686) VARGHESE et al.
(2006) - 200 pmollfvitrogen™ Life Technologi€l EUA)

45.0Oligonucleotideo iniciador pfimer) VP2F (RVA) (VP2) (forward; 5'-
GGCTATTAAAGGCTCAATGGCG -3; nucleotideo 1-22) VARGHESE et al.
(2006) - 200 pmollfvitrogen™ Life Technologi€l EUA)
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46.0ligonucleotideo iniciador pfimer) VP2IR (RVA) (VP2) (reverse; 5'-
CTTCATCTTGAAATATAGCATCAC -37; nucleotideo 663-686) VARGHESE et al.
(2006) - 200 pmollfvitrogen™ Life Technologi€ EUA)

47.0ligonucleotideo iniciador pfimer) VP3F (RVA) (VP3) (forward 5'-
GGCTATTAAAGCAGTACCAGTAG -3’; nucleotideo 1-23) VARGHESE et al.
(2006) - 200 pmollfvitrogen™ Life Technologi€l EUA)

48.0ligonucleotideo iniciador pfimer) VP3IR (RVA) (VP3) (reverse; 5'-
GTAAACATAGATTCATTACGCGGACC -3’; nucleotideo 677-702) VARGHESE
et al. (2006) - 200 pmolr{vitrogen™ Life Technologi€l EUA)

49. Oligonucleotideo iniciador pfimer) GEN_VP6F (RVA) (VP6) (forward; 5'-
GGCTTTWAAACGAAGTCTTC -3"; nucleotideo 1-20) MATTHIINSSENS et al.
(2008a) - 200 pmolifvitrogen™ Life Technologi€s EUA)

50.0Oligonucleotideo iniciador pfimer) GEN_VP6R (RVA) (VP6) (reverse; 5'-
GGTCACATCCTCTCACT -3’; nucleotideo 1356-1340) MATTHIINSSENS et al.
(2008a) - 200 pmolifvitrogen™ Life Technologi€s EUA)

51.0ligonucleotideo iniciador pfimer) GEN_NSP1F (RVA) (NSP1) (forward; 5°-
GGCTTTTTTTTATGAAAAGTCTTG -3"; nucleotideo 1-23) MATTHIINSSENS et
al. (2008a) - 200 pmolr{vitrogen™ Life Technologi€y EUA)

52.0ligonucleotideo iniciador p(imer) GEN_NSP1R (RVA) (NSP1) (reverse; 5-
GGTCACATTTTATGCTGCC -3’; nucleotideo 1560-1578) MATTHIINSSENS et al.
(2008a) - 200 pmollvitrogen™ Life Technologiel EUA)

53.0ligonucleotideo iniciador pfimer) GEN_NSP2F (RVA) (NSP2) (forward; 5'-
GGCTTTTAAAGCGTCTCAG -3'; nucleotideo 1-19) MATTHIINSSENS et al.
(2008a) - 200 pmollvitrogen™ Life Technologi€l EUA)

54.0ligonucleotideo iniciador pfimer) GEN_NSP2R (RVA) (NSP2) (reverse; 5-
GGTCACATAAGCGCTTTC -3’; nucleotideo 1041-1057) MATTHIINSSENS et al.
(2008a) - 200 pmollvitrogen™ Life Technologi€l EUA)

55. Oligonucleotideo iniciador pfimer) GEN_NSP3F (RVA) (NSP3) (forward; 5°-
GGCTTTTAATGCTTTTCAGTG -3"; nucleotideo 1-21) MATTHIINSSENS et al.
(2008a) - 200 pmollvitrogen™ Life Technologiel EUA)

56. Oligonucleotideo iniciador pfimer) GEN_NSP3R (RVA) (NSP3) (reverse; 5'-
ACATAACGCCCCTATAGC -37; nucleotideo 1056-1073) MATTHIINSSENS et al.
(2008a) - 200 pmollvitrogen™ Life Technologi€l EUA)
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57.0ligonucleotideo iniciador pfimer) 10BEG.16 (RVA) (NSP4) (forward; 5'-
TGTTCCGAGAGAGCGCGTG -37; nucleotideo 16-34) LEE et al. (2000) - 200 pmol
(Invitrogen™ Life Technologi€y EUA)

58.0Oligonucleotideo iniciador pfimer) 10END.722 (RVA) (NSP4) (reverse 5'-
GACCATTCCTTCCATTAAC -3’; nucleotideo 722-740) LEE et al. (2000) - 200
pmol (nvitrogen™ Life Technologi€s EUA)

59. Oligonucleotideo iniciador pfimer) NSP5/NSP6-F (RVA) (NSP5/6) (forward 5°-
GGCTTTAAAAGCGCATAGTGATGT -3"; nucleotideo 22-46) MOHAN e
ATREYA (2001) - 200 pmollavitrogen™ Life Technologi€y EUA)

60. Oligonucleotideo iniciador pfimer) NSP5/NSP6-R (RVA) (NSP5/6) (reverse 5'-
GGTCACAAAACGGGAGTGGGGGAG -37; nucleotideo 618-594) MOHAN e
ATREYA (2001) - 200 pmollavitrogen™ Life Technologi€y EUA)

61.Platinum Taq DNA Polymerase 500 unidades (Invitrddrife Technologies, BRA)

62.Quant-iT ¥ Working Solution Ivitroger" Life TechnologiesEUA)

63. Sacarose, P.A. - sucrose; §8,,011) P.M. 342,31 (Reag&h

64.Superscript TM Il RNase H - Reverse Transcripta90 unidades/p Lr{vitrogen™
Life Technologies, EUA

65. Triton x-100 (J.T.Baké)
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ANEXO B: Solucoes e tampoes

Hidratacao da silica

- 6 g de silica (gbi)

- Adicionar 50 mL de agua bidestilada

- Agitar lentamente e manter em repouso durante 24 h
- Por succao, desprezar 44 mL do sobrenadante

- Ressuspender a silica em 50 mL de agua bidestilada
- Manter em repouso durante 5 h para sedimentar

- Desprezar 44 mL do sobrenadante

- Adicionar 100uL de HCI fumegante para ajustar o pH=2,0.

- Aliquotar

Solucio L6

- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

-22 mL de EDTA 0,2 M pH 8,0

- 2,6 mL de Triton x-100

Solucao L2
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

Tampao de amostra para eletroforese em gel de agarose
- 0,25 g de azul de bromofenol (0,25%)

- 45 g de sacarose - sucrosext;011) (45%)

- Agua bidestilada g.s.p. 100 mL

Tampao de amostra para eletroforese em gel de poliacrilamida (PAGE)

- 0,2 mL de azul de bromofenol 1%
- 6,0 mL de SDS 10%

- 1 mL de 2-mercaptoetanol

- 2,5 mL de TRIS-HCI 0,5 M



- 6 g de ureia
- Agua bidestilada g.s.p. 20 mL

Tampao de corrida: TBE (TRIS - Acido bérico - EDTA)10x | |
- 107,78 g de TRIS (0,89 M)

- 55,03 g de acido boérico (0,89 M)

- 7,45 g de EDTA (0,02 M)

- Agua bidestilada g.s.p. 1 litro

Tampao de corrida para PAGE

-3 gde TRIS (0,24 M)

- 14,4 g de acido aminoaceético (glicina) (}MHH,COOH) (0,19 M)
- Agua bidestilada g.s.p. 1 litro

Tampio de estabilizacio para o rotavirus (TRIS/Ca™) 10 x - pH 7,2
- 12,12 g de TRIS (0,89 mM)

- 2,2 g de cloreto de calcio (1,5 mM)

- Agua bidestilada autoclavada g.s.p. 1 litro

Fenol/cloroféormio-alcool isoamilico
- 25 mL fenol saturado

- 24 mL cloroférmio

- 1 mL alcool isoamilico

SDS 10%

- 5 g de dodecil sulfato de sddio - Lauril sulfato de sodio - SRFHEENaO,S)

- Agua bidestilada g.s.p. 50 mL

Lower TRIS pH 8,8 para PAGE
- 36,34 g de TRIS (1,5 M)
- Agua bidestilada g.s.p. 200 mL
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Upper TRIS pH 6,8 para PAGE
-12,12 gde TRIS (0,5 M)
- Agua bidestilada g.s.p 200 mL

Solucio Acrilamida / Bisacrilamida
- 0,8 g de bisacrilamida

- 30 g de acrilamida

- Agua bidestilada g.s.p 100 mL

Solucio fixadora para PAGE

- 30 mL de alcool etilico absoluto
- 1,5 mL de &cido acético

- Agua bidestilada g.s.p. 300 mL

Solucio de prata para PAGE
- 0,55 g de nitrato de prata
- Agua bidestilada g.s.p. 300 mL

Solucio reveladora para PAGE

- 9 g de hidroxido de sodio

- 2,5 mL de formaldeido

- 0,06 g de borohidreto de sodio
- Agua bidestilada g.s.p. 300 mL

Solucio stop da coloragio para PAGE
- 15 mL de &cido acético P.A.
- Agua bidestilada g.s.p. 300 mL

Solucio conservadora para PAGE
- 15 mL de alcool etilico P.A.
- Agua bidestilada g.s.p. 300 mL
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Gel inferior (7,5%) da PAGE

-5 mL de Lower TRIS

- 3 mL de acrilamida/bisacrilamida

- 50 uL de TEMED

- 0,56 de mL persulfato de aménio 2%
- 11,44 mL de agua bidestilada

Gel superior (3,5%) da PAGE

- 2,5 mL de Upper TRIS

- 1 mL de acrilamida/bisacrilamida

- 100 pL de TEMED

- 0,60 mL de persulfato de amdnio 2%
- 6,20 mL de agua bidestilada

Gel de agarose 2%

- 1 g de agarose

- 50 mL de tampéo TBE 1x

- 30 pL de brometo de etideo

Diluicdo de dNTP

- solugé&o estoque - concentragdo 100 mM
- solucéo uso - concentracdo 10 mM {d.da solucéo estoque + pdde agua ultrapura

Dilui¢do dos primers

RT-PCR VP1

- Primer VP1Fforward
Concentracao: 14,68 nmol
Data de fabricag&o: Out.2011
14,68 x 1000 = 14680 pmol
14680/ 200 = 73,4 pL de agua ultrapura



- Primer VP1IR reverse
Concentragao: 15,96 nmol
Data de fabricacdo: Out.2011
15,96 x 1000 = 15960 pmol
15960 / 200 = 79,8 pL de agua ultrapura

RT-PCR VP2

- Primer VP2Fforward
Concentragao: 20,28 nmol
Data de fabricacdo: Out.2011
20,28 x 1000 = 20280 pmol
20280/ 200 = 101,4 pL de agua ultrapura

- Primer VP2IR reverse
Concentracéo: 18,79 nmol
Data de fabricag&o: Out.2011
18,79 x 1000 = 18790 pmol
18790/ 200 = 93,95 uL de agua ultrapura

RT-PCR VP3

- Primer VP3Fforward
Concentracéo: 16,66 nmol
Data de fabricacdo: Out.2011
16,66 x 1000 = 16660 pmol
16660 / 200 = 83,3 pL de agua ultrapura

- Primer VP3IR reverse
Concentragao: 15,99 nmol
Data de fabricag&o: Out.2011
15,99 x 1000 = 15990 pmol
15990/ 200 = 79,95 uL de agua ultrapura
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RT-PCR P (VP4) consensual

- Primer Con 3 forward
Concentracéo: 20,46 nmol
Data de fabricacao: Jul.2009
20,46 x 1000 = 20460 pmol
20460/ 200 = 102,3 pL de agua ultrapura

- Primer Con 2 reverse
Concentragao: 27,42 nmol
Data de fabricacdo: Dez.2008
27,42 x 1000 = 27420 pmol
27420/ 200 = 137,10 uL de agua ultrapura

RT-PCR VP6

- Primer GEN_VP6F VP6 forward
Concentragao: 20,84 nmol
Data de fabricacao: Out.2010

20,84 x 1000 = 20840 pmol

20840/ 200 = 104,2 uL de agua ultrapura

- Primer GEN_VP6R reverse
Concentracgéo: 22,31 nmol
Data de fabricacdo: Out.2010
22,31 x 1000 = 22310 pmol
22310/ 200 = 111,55 pL de agua ultrapura

RT-PCR G (VP7) consensual

- Primer Beg9 forward

Concentracéo: 19,28 nmol

Data de fabricacdo: Set.2008
19,28 x 100 = 19280 pmol
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19280/ 200 = 96,4 pL de agua ultrapura

- Primer End 9 reverse
Concentracéo: 22,52 nmol
Data de fabricacao: Set.2008
22,52 x 1000 = 22520 pmol
22520/ 200 =112,6 pL de agua ultrapura

RT-PCR NSP1

- Primer GEN_NSP1F forward
Concentracéo: 18,9 nmol
Data de fabricacao: Out.2010

18,9 x 1000 = 18900 pmol

18900/ 200 = 94,5 pL de agua ultrapura

- Primer GEN_NSPI1R reverse
Concentragao: 19,75 nmol
Data de fabricacao: Out.2010

19,75 x 1000 = 19750 pmol

19750/ 200 = 98,75 uL de agua ultrapura

RT-PCR NSP2

- Primer GEN_NSP2F forward
Concentragao: 22,54 nmol
Data de fabricacao: Out.2010

22,74 x 1000 = 22740 pmol

22740/ 200 = 112,7 pL de agua ultrapura

- Primer GEN_NSP2R reverse

Concentracéo: 21,89 nmol

Data de fabricacdo: Out.2010
21,89 x 1000 = 21890 pmol
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21890/ 200 = 109,45 uL de agua ultrapura

RT-PCR NSP3

- Primer GEN_NSP3F forward
Concentragao: 21,4 nmol
Data de fabricacdo: Out.2010

21,4 x 1000 = 21400 pmol

21400/ 200 = 107 uL de agua ultrapura

- Primer GEN_NSP3R reverse
Concentracéo: 36,22 nmol
Data de fabricagao: Out.2010

36,22 x 1000 = 36220 pmol

36220/ 200 =181,1 uL de agua ultrapura

RT-PCR NSP4

- Primer 10Beg.16 forward
Concentracéo: 20,1 nmol
Data de fabricacdo: Out.2010
20,1 x 1000 = 20100 pmol
20100/ 200 = 100,5 pL de agua ultrapura

- Primer 10End.722 reverse
Concentragao: 20,86 nmol
Data de fabricacao: Out.2010
20,86 x 1000 = 20860 pmol
20860/ 200 = 104,3 pL de agua ultrapura

RT-PCR NSP5/6

- Primer NSP5/6 forward

Concentragao: 20,75 nmol

114



115

Data de fabricacao: Out.2010
20,75 x 1000 = 20750 pmol
20750/ 200 = 103,75 puL de agua ultrapura

- Primer NSP5/6 reverse
Concentragao: 19,94 nmol
Data de fabricacdo: Out.2010
19,94 x 1000 = 19940 pmol
19940/ 200 = 99,7 pL de agua ultrapura

Solucéo estoque: ressuspender em agua ultrapura para obtencéo de solugdo 10x [ ]

Solucdo de uso de todos pemers diluir 1:10 a solucdo estoque em agutmapura

Concentragao final: 20 pmol / pL
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ANEXO C: Protocolo de técnicas

Suspensio fecal - Extracao bruta
- Pesar 1 g do material fecal em balanca de precisao

- Adicionar 9 mL de tamp&o TRIS/Calx (para amostra liquidas estabelecer a proporgdo
1:2)

- Homogeneizar

- Calibrar os tubos

- Centrifugar 2.000 x g / 5 min

- Recolher sobrenadante

- Identificar e estocar em frascos a 4°C

Extracao do RNA: Associacido das técnicas fenol/cloroformio-alcool isoamilico e
silica/isotiocianato de guanidina

- Aliguotar 500uL da suspenséo fecal

- Adicionar 50uL de SDS 10 %

- Homogeneizar em vortex

- Banho-maria 56 °C / 20 min

- Centrifugar 10.000x g/ 30s

- Adicionar 500uL de fenol/cloroférmio-alcool isoamilico (25:24:1)
- Homogeneizar em vortex

- Banho-maria 56 °C / 15 min

- Homogeneizar em vortex

- Centrifugar 10.000 x g / 10 min

- Recolher o sobrenadante em outro microtubo

- Adicionar 500uL da solucéo L6

- Adicionar 25uL de silica hidratada

- Homogeneizar em vortex

- Agitar em temperatura ambiente / 30 min

- Centrifugar 10.000x g/ 30 s

- Desprezar o sobrenadante em solucéo contendo NaOH 10 M
- Adicionar 500uL de solugéo L2

- Homogeneizar em vortex

- Centrifugar 10.000x g/ 30 s

- Desprezar o sobrenadante em solucdo contendo NaOH 10 M
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- Adicionar 500uL de solugéo L2

- Homogeneizar em vortex

- Centrifugar 10.000x g/ 30 s

- Desprezar o sobrenadante em solucéo contendo NaOH 10 M
- Adicionar 500uL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000x g /30 s

- Desprezar sobrenadante em descarte comum
- Adicionar 500uL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000xg/30s

- Desprezar sobrenadante em descarte comum
- Adicionar 100QuL de acetona P.A. gelada

- Homogeneizar em vortex

- Centrifugar 10.000x g/ 30s

- Desprezar sobrenadante em descarte comum

- Secar o sedimento em termo bloco a 60°C (aproximadamente 2 min) ou banho-maria a
56°C (15 min)

- Adicionar 50uL de 4gua DEPC

- Homogeneizar em vortex

- Banho-maria 56°C / 15 min

- Homogeneizar em vortex

- Centrifugar 13.000 x g / 4 min

- Recolher o sobrenadante em microtubo defg00
- Estocar & 4°C ou - 20°C até a utilizagédo
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Quadro 1. Primers consensuais - gene VP4 (P tipo) e VP7 (G tipo)

Primer Posicao / Produto
Genotipo consensual Sequéncia (5’-3") Polaridade pb Referéncia
G Beg9 GGCTTTAAAAGAGAGAATTTCCGTCTGG  1-28  (+) 1062 1)
End 9 GGTCACATCATACAATTCTAATCTAAG 1062-1036 (-) (1)
P Con 3 TGGCTTCGCCATTTTATAGACA 11-32  (+) - 2)
Con2 ATTTCGGACCATTTATAACC 887-868 (-) (2)

(1) GOUVEA et al., 1990, (2) GENTSCH et al., 1992




Quadro 2. Primersutilizados para RT-PCR dos genes VP1-VP3, VP6, NSP1-NSP5/6.
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Gene Primer Sequéncia (5-3) Polaridade Posicao (nt) Produto (pb) Referéncia
VP1 VP1F GGCTATTAAAGCTGTACAATGGG (+) 1-23 686 Varghese et al., 2006
VP1IR TAATCCTCATGAGAAAACACTGAC ) 686-663
VP2 VP2F GGCTATTAAAGGCTCAATGGCG (+) 1-22 686 Varghese et al., 2006
VP2IR CTTCATCTTGAAATATAGCATCAC ) 686-663
VP3 VP3F GGCTATTAAAGCAGTACCAGTAG (+) 1-23 702 Varghese et al., 2006
VP3IR GTAAACATAGATTCATTACGCGGACC ) 702-677
VP6 GEN_VP6F GGCTTTWAAACGAAGTCTTC (+) 1-20 1356 Matthijnssens et al., 2008a
GEN_VP6R GGTCACATCCTCTCACT ) 1356-1340
NSP1 GEN_NSP1F GGCTTTTTTTTATGAAAAGTCTTG (+) 1-23 1578 Matthijnssens et al., 200
GEN_NSP1R GGTCACATTTTATGCTGCC ) 1578-1560
NSP2 GEN_NSP2F GGCTTTTAAAGCGTCTCAG (+) 1-19 1057 Matthijnssens et al., 200
GEN_NSP2R GGTCACATAAGCGCTTTC ) 1057-1041
NSP3 GEN_NSP3F GGCTTTTAATGCTTTTCAGTG (+) 1-21 1077 Matthijnssens et al., 200
GEN_NSP3R ACATAACGCCCCTATAGC ) 1073-1056
NSP4 10BEG.16 TGTTCCGAGAGA GCGCGTG (+) 16 -34 725 Lee et al., 2000
10END.722 GACCATTCCTTCCATTAAC ) 740 -722
NSP5/NSP6  NSP5/6F GGCTTTAAAAGCGCATAGTGATGT (+) 22-46 596 Mohan e Atreya, 2001
NSP5/6R GGTCACAAAACGGGAGTGGGGGAG () 618-594
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* RT-PCR para o rotavirus grupo A

- Mix desnaturacio

Mix Desnaturacédo VP4
con 2 (20 pmol) - L
con 3 (20 pmol) - L
Agua ultrapura - L

Volume final - 5pL

Mix Desnaturacéo VP7
Beg 9 (20 pmol) - L
End 9 (20 pmol) - L
Agua ultrapura - $IL

Volume final - 5uL

Mix Desnaturacao VP1-VP3, VPG,
NSP1-NSP5/6

Primer forward (20 pmol) - 1L

Primer reverse (20 pmol) - AL

Agua ultrapura - L

Volume final - 5uL

- Mix transcri¢do reversa (RT-MIX)
Mix RT-PCR

Tampao 10 x pH 8,4 - 28
MgCl,50 mM - 2,5 [L

dNTP 2,5 mM - 4L
SuperScriptl® 200 U /pL - 0,15pL
Agua ultrapura - 5,8fL

Volume final - 15uL
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- Mix da reacido em cadeia da polimerase (PCR-MIX)
Mix PCR VP4

Tampao 10 x pH 8,4 - 2|8

dNTP 2,5 mM - 4L

Platinum®Taq DNA Polymerase 5/yiL - 0,25uL
Primercon 2 (20 pmol) - L

Primer con 3 (20 pmol) - fiL

Agua ultrapura - 16, 2L
Volume final - 25uL

Mix PCR VP7

Tampao 10 x pH 8,4 - 2}1

dNTP 2,5mM - 4L

Platinum®Taq DNA Polymerase 5/yiL - 0,25uL
PrimerBeg9 (20 pmol) - L

Primer End9 (20 pmol) - L

Agua ultrapura - 16,2(L
Volume final - 25uL

Mix PCR VP1-VP3, VP6, NSP1-NSP5/6
Tampao 10 x pH 8,4 - 2}8

dNTP 2,5 mM - 4L

Platinum®Taq DNA Polymerase 5/yiL - 0,25uL
Primer Forward (20 pmol) - uL

Primer Reverse (20 pmol) -JL
Agua ultrapura - 16,2fL
Volume final - 25uL
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Esquema da RT-PCR

5 uL do Mix desnaturacao
5 uL do RNA extraido

'

97°C /7 min
v

banho gelo / 5 min

adicionar 15uL de RT-MIX

42°C / 30 min

adicionar 25.L de PCR-MIX

v

Ciclos da PCR

v

50 pL de amplicon

Ciclos da PCR
Ciclos VP1, VP2, VP3, VP6, NSP1, VP4 e VP7 NSP4
NSP2, NSP3, NSP5/6
Desnaturacag 94°C / 3 min 94°C /3 min| 94°C /3 min
inicial
Desnaturacad 94°C / 1 min 94°C/30s | 94°C/45s
Anelamento 55°C /1 min 42°C /30 s 49°C /30 s
Extensao 72°C / 2 min 72°C /45s | 72°C /1,5 min
N° de ciclos 30 40 30
térmicos
Extensao final 72°C / 7 min 72°C /7 min| 72°C /10 min
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Eletroforese em gel de agarose 2%

- 1 g de agarose

- 50 mL TEB buffer(Tris 89 mM; &cido boérico 89 mM; EDTA 2 mM) pH 8,4

- 30 uL de brometo de etideo (O / mL)

S&o utilizados 8L do amplicon e 2uL do tampéao de amostra, onde a eletroforese sob
voltagem (100 V) e amperagem (80 A) constantes, perdura por aproximadamente 60

min

Purificacio de produto de PCR excisado do gel

Pesar o fragmento excisado do gel em microtubo de 1,5 mL
Adicionar 10uL do Capture buffetype2 para cada 10 mg de gel
Incubar o tubo a 60°C / 15 min, homogeneizando a cada 3 min
Centrifugar a 16.000 x g / 30s

o~ w0 bh e

Transferir 600uL da amostra com €apture buffertype 2 em um tubo coletor
com coluna

6. Incubar em temperatura ambiente por 1 min

7. Centrifugar a 16.000 x g / 30s

8. Descartar o filtrado e recolocar a coluna no mesmo tubo

9. Adicionar 500uL do Wash buffer type 1 na coluna com tubo coletor
10. Centrifugar a 16.000 x g / 30s

11.Descartar o filtrado e transferir a coluna para um microtubo de 1,5 mL
12. Adicionar 30uL do Elution buffer type 6

13.Incubar a temperatura ambiente por 1 min

14.Centrifugar a 16.000 x g / 1 min

15.Estocar o DNA purificado em - 20°C

Quantificacido de produto de PCR

1. Preparar a soluc&uant-iT ™ Working Solution diluindo o reager@ant-iT " no
Buffer Quant-iT", 1:200. S&0 necessarios 300 desta solucdo por amostra e para 0s
padrées 0 e 100

2. Homogeneizar em vortex
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3. No microtubo das amostras adicionar 98 da solucdoQuant-iT" Working
Solution a 2 1 do DNA purificado

4. No microtubo do padrdo O adicionar 180 da solucdoQuant-iT™ Working
Solution a 10 i do padrao O

5. No microtubo do padrdo 100 adicionar 390 da solucdoQuant-iT ™ Working
Solution a 10 1 do padréao 100

6. Homogeneizar os microtubos em vortex por 2-3 s

7. Incubar os microtubos em temperatura ambiente por 2 min

8. Realizar a leitura usand@ubit™ fluorometer (Invitroged™ Life Technologies,
EUA)

9. Multiplicar pelo fator de diluicdo para determinar a concentragéo correta da amostra
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ANEXO D: Lista de softwares

» Electropherogram quality analysis - Phred e CAP3

(http://asparagin.cenargen.embrapa.br/phph/)

» BLAST The Basic Local Alignment Search Tool

(http://blast.ncbi.nlm.nih.gov/Blast.cgi)

 MEGA package software version 5.05

(http://www.megasoftware.net/mega5/mega5.html)

+ BioEdit software version 7.1.3.0

(http://www.mbio.ncsu.edu/bioedit/bioedit.html)

« RotaCautomated genotyping tool for Group A rotaviruses

(http://rotac.regatools.be)




