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RESUMO

POSSATTI, Flavia. Diversidade dos genes VP6, VP7 e VP4 de cepas de rotavirus
C identificadas em rebanhos suinos brasileiros. 2014. 66 f. Dissertacao
(Mestrado em Ciéncia Animal; Area de Concentracdo: Sanidade Animal) —
Universidade Estadual de Londrina, Londrina. 2014.

RESUMO

O rotavirus C (RVC) suino € uma importante causa de enterite, principalmente em
leitdes lactentes e elevada incidéncia desta infecgcao tem sido demonstrada em
rebanhos suinos brasileiros. Para investigar a diversidade genética do RVC suino
em rebanhos de seis estados das trés principais regides brasileiras produtoras de
suino, os genes VP6, VP7 e VP4 de 15 amostras de fezes diarreicas positivas para
RVC foram amplificados, sequenciados e a filogenia foi analisada em comparagao
com outras sequéncias de RVC disponiveis em bases publicas de dados. A analise
do gene VP6 demonstrou heterogeneidade consideravel entre as 15 amostras, que
apresentaram 83,2-100% de identidade de nucleotideo (nt) entre elas e 82,6-98% de
identidade com outras cepas de RVC suino. Na arvore filogenética as cepas de
campo do RVC suino agruparam em duas linhagens distintas (Porcine | e Porcine Il)
do genotipo suino I1. A analise do gene VP7 revelou que a maioria das amostras (n
= 14) pertence ao genotipo G6 e demonstrou alta identidade de nt entre elas (88,2-
100%). No entanto, a amostra de RVC BRA57/11 ndo apresentou alta similaridade
(74,5-76,7% de identidade de nt) com as demais amostras e agrupou com a cepa
protétipo Cowden, que representa o genotipo G1. Na analise do gene VP4 as 15
amostras de RVC demonstraram grande heterogeneidade genética, com 60,7-100%
de identidade de nt entre elas. Com base em um ponto de corte de 280%, além do
genotipo P[1] representado pela cepa Cowden, outros trés genotipos suinos podem
ser descritos. Sugerimos nomear como genotipo P[4] as cepas sul-coreanas (CUK-5
e CUK-6) anteriormente identificadas e como genotipo P[5] a cepa norte-americana
RV0143/1 recentemente identificada. Na arvore filogenética a amostra brasileira
BRA77/11 agrupou no mesmo ramo das cepas P[4], CUK-5 e CUK-6. A amostra
BRA57/11 agrupou no mesmo ramo da cepa Cowden, mas apresentou menos de
80% de identidade nt (74,4%), representando um possivel novo genotipo,
provisoriamente denominado P[6]. As outras 13 amostras agruparam com a cepa
RV0143/11, com identidade de nt de 83,3-87,3%, indicando que a maioria das cepas
de RVC suino deste estudo pertence ao genotipo provisoriamente denominado P[5].
Esses resultados evidenciam grande diversidade nos genes VP6, VP7 e VP4 de
cepas de campo de RVC suino no Brasil, incluindo a descricdo de um potencial novo
genotipo VP4. Esse estudo contribui com informagdes moleculares para o
estabelecimento de um sistema formal de classificacdo e para obtencdo de
conhecimento sobre a ecologia e evolugédo das cepas de RVC circulantes em todo o
mundo.

Palavras-chave: Leitdes. Diarreia. RVC. Genotipos



ABSTRACT

POSSATTI, Flavia. Diversity of VP6, VP7, and VP4 genes of rotavirus C strains
identified in Brazilian pig herds. 2014. 66 p. Dissertation (Master Degree in Animal
Science) — Universidade Estadual de Londrina, Londrina. 2014.

ABSTRACT

Porcine C rotavirus (RVC) is an important cause of enteritis, mainly in nursing piglets,
and a high incidence of this infection has been demonstrated in Brazilian pig herds.
To investigate the genetic diversity of porcine RVC in herds from six states from three
major Brazilian pig-producing regions, the VP6, VP7, and VP4 genes of 15 RVC-
positive diarrheic fecal samples were amplified, sequenced, and the phylogeny was
analyzed in comparison with other RVC sequences available in public databases.
The VP6 gene analysis demonstrated a considerable heterogeneity between the 15
RVC samples, that showed 83.2 to 100% of nucleotide (nt) identity to each other and
82.6 to 98% nt identity to other porcine RVC strains. In the phylogenetic tree the
Brazilian porcine RVC field strains clustered in two distinct lineages (Porcine | and
Porcine 1l), of the porcine genotype 1. Analysis of the VP7 gene, revealed that most
samples (n = 14) were G6 genotype and shared high nt identity with each other
(88.2-100%). However, the RVC sample BRA57/11 were not closely related (74.5-
76.7% nt identity) with the other samples, and clustered with the prototype Cowden
strain, which represent the G1 genotype. In the VP4 gene analysis the 15 RVC
samples demonstrated a high genetic heterogeneity, with 60.7 to 100% nt identity
with each other. Based on a cutoff value of 80%, three porcine genotypes can be
described besides of Cowden P[1]. We suggest to nominate the previous identified
South Korean strains (CUK-5 and CUK-6) as P[4] genotype and the recently
described North American RV0143/11 strain as P[5] genotype. In the phylogenetic
tree the Brazilian sample BRA77/11 grouped in the same branch of P[4] CUK-5 and
CUK-6 strains. The sample BRA57/11 grouped in the same branch of Cowden strain,
but shared less than 80% of nt identity (74.4%), representing a possible new
genotype, tentatively named P[6]. The others 13 samples grouped together with
RV0143/11 strain, with a nt similarity of 83.3 to 87.3%, indicating that most of porcine
RVC strains from this study were from the putative P[5] genotype. The results show
the occurrence of the wide diversisity in VP6, VP7, and VP4 genes in porcine RVC
Brazilian field strains, including the description of a potencial new VP4 genotype.
This study contributes with molecular information to establishment of a formal
classification system and to obtain information on ecology and evolution of the RVC
strains circulating throughout the world.

Keywords: Piglets. Diarrhea. RVC. Genotypes
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1 REVISAO DE LITERATURA

1.1 INTRODUCAO

A suinocultura é um segmento consolidado do agronegdcio
brasileiro. No cenario mundial o Brasil representa um importante produtor e
exportador da carne suina, ocupando o quarto lugar no ranking mundial. Segundo a
Associagao Brasileira da Industria Produtora e Exportadora de Carne Suina
(ABIPECS), no ano de 2012, o Brasil produziu aproximadamente, 3,4 milhdes t de
carne suina e exportou para 69 paises o total de 580 mil t. O mercado interno
absorveu a maior parte da producao, sendo considerado a base de sustentacido da
suinocultura brasileira (ABIPECS, 2013).

Para atender a crescente demanda, tanto do mercado interno quanto
do externo, a cadeia produtiva da carne suina tem investido cada vez mais na
modernizagdo do sistema de producédo (ABIPECS, 2013). Entretanto, o manejo
intensivo adotado na produgdo de suinos torna os animais mais susceptiveis a
infecgdes, especialmente nas fases de maternidade e creche, ocasionando reducao
da eficiéncia produtiva do rebanho. Dentre as principais enfermidades que podem
acometer os suinos nas primeiras semanas de vida destaca-se a diarreia (SILVA et
al., 1998; ALFIERI et al., 2012).

Na suinocultura mundial as diarreias neonatais constituem
importante causa de morbidade e mortalidade em leitdes. Episoddios de diarreia tanto
na maternidade quanto no pés-desmame podem resultar em aumento nos custos de
producdo, em consequéncia de gastos adicionais com mao de obra e
medicamentos, além da redugcédo no ganho de peso dos leitdes mais comprometidos,
dificultando a formacado de lotes homogéneos a desmama (ALFIERI; ALFIERI;
BARRY, 2010; SILVA et al., 1998; LINARES et al., 2009; ALFIERI et al., 2012).

Segundo Tagliari e Brito (1998) a primeira semana de vida dos
leitdes € a de maior ocorréncia da doenca e aquela em que ocorre maior reducio do
ganho de peso diario e mortalidade. Nas leitegadas em que 100% dos leitdes
apresentaram gastroenterite exclusivamente na primeira semana, houve redugao em
21% no ganho de peso meédio diario.

A etiologia da diarreia neonatal € multifatorial e multietiologica,

estando envolvidos fatores ambientais, nutricionais, imunoldgicos e diferentes
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classes de agentes etioldgicos, como bactérias, parasitas e virus, além de toxinas
bacterianas (BRITO et al.,, 1995; TAGLIARI; BRITO, 1998; CALDERARO et al.,
2001; KATSUDA et al., 2006; ALFIERI et al., 2012).

O rotavirus (RV) € uma das principais etiologias virais de diarreia em
criangcas e em varias espécies de mamiferos e aves em todo o mundo (ESTES;
KAPIKIAN, 2007, ALFIERI et al., 2012). Em animais de produc¢ao, a infeccdo pelo
RV assume especial importancia devido ao impacto econémico que representa ao
setor produtivo (ALFIERI; ALFIERI; BARRY, 2010).

A infeccdo pelo RV pode ser sintomatica ou assintomatica e a
gravidade da doencga esta relacionada a viruléncia da cepa infectante, carga viral,
além de fatores ambientais e envolvimento de enteropatégenos secundarios (PAUL;
LYOO, 1993). A transmissao do RV ocorre pela via fecal-oral, por meio da ingestao
de agua ou alimentos contaminados com o virus (ESTES; KAPIKIAN, 2007). No
entanto, a transmissao por via aérea também tem sido sugerida (COOK et al., 1990;
CRAWFORD et al.,, 2006). O RV possui tropismo pelos enterdcitos maduros do
intestino delgado (LUNDGREN; SVENSSON, 2001) e a diarreia ocorre por ma
absorcdo devido a lise destas células, diminuicdo da secrecdo de enzimas
digestivas, alteragdo funcional das jungdes celulares, além da producdo da
enterotoxina viral NSP4 (GREENBERG; ESTES, 2009).

Em leitdes, as diarreias ocorrem tanto em animais lactentes quanto
recém-desmamados. As fases de maternidade e creche representam o periodo de
maior desafio a sanidade entérica dos leitdes (KATOULI et al., 1995). A imaturidade
imunoldgica, dificuldade de acesso ao colostro, ou ingestdo de colostro com baixos
titulos de anticorpos rotavirus-especificos sdo os principais fatores que tornam os
animais lactentes susceptiveis (DEWEY et al., 1995; KATSUDA et al., 2006). Na
fase pés-desmame, as alteracdes de ordem social e alimentar constituem fatores de
risco para o aparecimento de diarreia (FITZGERALD et al.,, 1988; ALFIERI et al.,
2012). Nessas fases de producado a frequéncia da infecgao pelo RV pode variar de
4,7% a mais de 80%, sendo que as maiores taxas de morbidade ocorrem nas primo-
infecgbes (YUAN; STEVENSON; SAIF, 2006).

O RV pertence ao género Rotavirus da familia Reoviridae. Os
virions, de aproximadamente 75-100 nm de diametro, sdo desprovidos de envelope
e apresentam capsideo icosaédrico composto por trés camadas proteicas

concéntricas denominadas camada interna, intermediaria e externa (Figura 1). O
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genoma viral é constituido por 11 segmentos de RNA fita dupla (dsRNA) (ESTES;
KAPIKIAN, 2007).

Figura 1 — Representagdo esquematica da estrutura e composi¢do das camadas
interna, intermediaria e externa do capsideo dos rotavirus.

VP4

Fonte: Greenberg e Estes (2009)

Cada segmento gendmico é monocistrbnico, ou seja, codifica
apenas uma proteina viral, com excecdo do segmento 11, que codifica duas
proteinas, totalizando seis proteinas estruturais (VP1-VP4, VPG, e VP7) e 6
proteinas nao-estruturais (NSP1-NSP6) (Quadro 1) (ESTES; KAPIKIAN, 2007).

De acordo com as diferengas antigénicas e moleculares da proteina
VP6, os RV séao classificados em 5 grupos / espécies (A-E) aceitos pelo Comité
Internacional de Taxonomia Viral (ICTV) e 2 grupos / espécies propostos (F e G)
(ATTOUI et al.,, 2012). Recentemente, Matthijnssens et al. (2012) propuseram a
criacdo de um novo grupo / espécie, denominado rotavirus H.

As espécies A, B, C e H ja foram descritas em seres humanos e em
outros animais (ESTES; COHEN, 1989; JIANG et al., 2008; NAGASHIMA et al.,
2008). A infecgao pelo rotavirus E foi relatada apenas em suinos (PEDLEY et al.,
1986). As espécies D, F, e G foram identificadas exclusivamente em aves (OTTO et
al., 2006; McNULTY et al., 1980; TROJNAR et al., 2010).
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Quadro 1 —Proteina codificada por cada segmento genédmico dos rotavirus e suas

respectivas localizagdes e fungoes.

GENE PROTEINA

LOCALIZACAO NAS

PARTICULAS

FUNGCOES / PROCESSO

BIOLOGICO

1 VP1
2 VP2
3 VP3
4 VP4
VP5*/\V/P8*

5 NSP1
6 VP6
7 NSP3
8 NSP2
9 VP7
10 NSP4
11 NSP5

NSP6

Nucleocapsideo

Nucleocapsideo

Nucleocapsideo
Camada externa do

capsideo

Produtos da clivagem da

VP4

Proteina nao estrutural

Camada intermediaria do
capsideo
Proteina nao estrutural

Proteina nao estrutural

Camada externa do

capsideo

Proteina nao estrutural

Proteina nao estrutural

Proteina nao estrutural

RNA polimerase RNA-dependente.

Unido ao RNA; forma o
nucleocapsideo.

Guanililtransferase; metiltransferase.

Proteina de ligagao a célula
hospedeira; indugao de anticorpos
neutralizantes.

Aumentam a infectividade do virus;

VP5 permeabiliza membranas.

Associa-se ao citoesqueleto; interage
com fator 3 regulatério de IFN.
Forma a camada intermediaria do

capsideo; antigeno de grupo.

Envolvida na regulagao da tradugao.

Acumula-se no viroplasma; atividade
NTPase.

Glicoproteina estrutural da camada
externa do capsideo; inducéo de
anticorpos neutralizantes.
Enterotoxina; receptor para particulas
com capsideo de camada dupla no
reticulo endoplasmatico.

Possivel cinase autolitica

Produto da ORF 2 do gene 11;

localizada em viroplasmas.

Fonte: Adaptado de Alfieri et al. (2012).
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Dentre as espécies de RV, o rotavirus A (RVA) é o mais frequente
causador de diarreia em humanos e outros animais. Os episddios de diarreia
causados por rotavirus B (RVB) e C (RVC) sd&o menos frequentes (ESTES;
KAPIKIAN, 2007; SAIF, 1989; ALFIERI et al., 2012).

Uma classificagdo sorolégica binaria é adotada para o RVA,
considerando as especificidades antigénicas da glicoproteina VP7 (G tipo) e da
proteina protease sensivel VP4 (P tipo). Entretanto, a classificagdo antigénica tem
sido substituida pela genotipica (G e P genotipos) em decorréncia da dificuldade de
execugao dos testes sorologicos e o uso cada vez mais frequente do
sequenciamento genético (HOSHINO et al., 1985; OFFIT et al., 1986; ESTES;
KAPIKIAN, 2007; MATTHIJNSSENS et al., 2008; ALFIERI et al., 2012).

Devido a grande diversidade genética encontrada nas cepas de RVA
e a possibilidade de ocorréncia de reassortment em todos os segmentos do genoma,
um novo sistema de classificagdo com base nos 11 genes foi proposto e os
genotipos adotados para as proteinas VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-
NSP3-NSP4-NSP5/6 foram Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, respectivamente
(Quadro 2). Para cada gene foram estabelecidos os valores de ponto de corte
apropriados, sendo que a adogao da identidade de nucleotideo (nt) foi considerada
mais confiavel que a identidade de aminoacido (aa) (MATTHIJNSSENS et al., 2008).

Quadro 2 —Valores de ponto de corte (percentual de identidade de nucleotideo) que
definem os genotipos para os 11 segmentos gendmicos do rotavirus A e
o numero de genotipos (n) ja identificados.

Produto Ponto de corte (% Genotipos Descri¢ao do produto génico
génico identidade de nt) (n)

VP7 80 G (27) Glicoproteina

VP4 80 P (37) Sensivel a Protease

VP6 85 1(17) Capsideo Intermediario

VP1 83 R (9) RNA polimerase RNA dependente

VP2 84 C(9) Proteina do Core

VP3 81 M (8) Metiltransferase
NSP1 79 A (18) Antagonista do IFN
NSP2 85 N (10) NTPase

NSP3 85 T(12) Translation Enhancer
NSP4 85 E (15) Enterotoxina

NSP5 91 H(11) Fosfoproteina

Fonte: Adaptado de Matthijnssens et al. (2008); Matthijnssens et al. (2011); Guo et al. (2012); Papp
et al. (2012); Trojnar et al. (2013); Jere et al. (2014).
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1.2 RoTAvViRUS SuiNO C

O RVC foi identificado pela primeira vez em 1980, nos Estados
Unidos da América (EUA), em um leitdo de 27 dias de idade com diarreia (SAIF et
al., 1980). Como a microscopia eletrbnica o agente etiolégico apresentava
morfologia semelhante aos RV, porém sem relagdo antigénica com as cepas ja
descritas, o virus foi inicialmente denominado como pararotavirus, rotavirus atipico,
ou ainda rotavirus ndo-grupo A (BRIDGER, 1987; SAIF, 1989).

Em seguida, o RVC também foi identificado como importante
enteropatégeno em humanos (RODGER; BISHOP; HOLMES, 1982) e em outras
especies animais, incluindo bovinos (TSUNEMITSU et al., 1991), caes (OTTO et al.,
1999) e furdes (TORRES-MEDINA, 1987).

Em humanos, o RVC é a segunda espécie de RV mais frequente e
esta associado a casos esporadicos e surtos de gastroenterite em todo o mundo. Ao
contrario do RVA que acomete principalmente criangas com menos de trés anos de
idade, o RVC geralmente causa doenga em criangas maiores de trés anos e em
adultos (SZUCS; KENDE; UJ, 1987; ARISTA et al., 1990; CAUL et al., 1990; JIANG
et al., 1995; KUZUYA et al., 1998; SANCHEZ-FAUQUIER et al., 2003; ESONA et al.,
2008).

Estudos sorolégicos demonstram alta soroprevaléncia do RVC em
rebanhos suinos de todo o mundo (BRIDGER; BROWN, 1985; BRIDGER 1987;
TERRET et al., 1987; SAIF, 1989). Taxas de soroprevaléncia de 93% e 97% foram
encontradas em suinos adultos no Japao e EUA, respectivamente (TSUNEMITSU,;
JIANG; SAIF, 1992). Em um estudo conduzido por Terret et al. (1987), soros de
suinos de diferentes categorias foram analisados e a soroprevaléncia encontrada
variou de 59 a 86% em leitdes, aumentando com a idade, chegando a alcancgar
100% em suinos adultos.

O dsRNA do RVC tem sido identificado em amostras fecais
diarreicas de suinos em diferentes faixas etarias e a infeccdo pode ocorrer tanto de
forma isolada quanto em associagdo com outros enteropatdgenos (ALFIERI et al.,
1999a; KIM et al., 1999; MARTELLA et al., 2007a; MARTELLA et al., 2007b; JEONG
et al., 2009; MEDICI et al., 2010; LEE et al., 2011; MEDICI et al., 2011; AMIMO;
VLASOVA; SAIF, 2013; MARTHALER et al, 2013; MOUTELIKOVA;
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PRODELALOVA; DUFKOVA, 2013; LORENZETTI et al., 2014). O quadro 3
apresenta dados relativos as frequéncias de detecgdo do RVC em suinos.

O RVC também ja foi detectado em leitdes assintomaticos, com
prevaléncia de 4,4%. De acordo com os autores, estes casos podem estar
associados a imunidade maternal ou a circulacdo de cepas naturalmente atenuadas
(COLLINS; MARTELLA; O’'SHEA, 2008).

Apesar da diarreia causada pelo RVC ser mais frequente em leitdes
na fase de maternidade e creche (LEE et al., 2011; MEDICI et al., 2011; AMIMO,
VLASOVA; SAIF, 2013; MARTHALER et al, 2013; MOUTELIKOVA;
PRODELALOVA; DUFKOVA, 2013), surtos de diarreia em suinos adultos, com altas
taxas de morbidade (60-80%), foram relatados em rebanhos de Michigan, EUA (KIM
et al., 1999).

Quadro 3 - Frequéncia de deteccdo do rotavirus C em fezes de suinos com ou
sem diarreia, de acordo com o pais de origem das amostras

analisadas.
] ] AMOSTRAS X
PAIS TECNICA REFERENCIA
TOTAL POSITIVAS (%)

Australia PAGE 237 7 (2,95) Magesha et al. (1981)

EUA PAGE 90 10 (11,1) Janke et al. (1990)
Canada PAGE 120 B (5) Magar, Robinson e Morin (1991)

EUA PAGE 1048 5(0,19) Will et al. (1994)

Africa do Sul PAGE 172 74,1 Geyer et al. (1996)
Tailandia PAGE 557 2(0,3) Pongsuwanna et al_ (1996)
Japao PAGE 845 29(34) Sanekata et al. (1996)
Italia RT-PCR 188 54 (28,7) Martella et al. (2007)
Irlanda RT-PCR 292 13(4.4) Collins, Martella e O'shea (2008)

Coréia do Sul RT-PCR 137 36 (26,2) Jeong et al. (2009)
Coréia do Sul RT-PCR 166 2(1,2) Lee etal. (2011)
Brasil RT-PCR 144 33(229) Médici et al. (2011)
EUA RT-PCR 380 74 (19,5) Amimo, Viasova e Saif (2013)
EUA e Canada RT-PCR 7520 3447 (46) Marthaler et al. (2013)
Republica Tcheca RT-PCR 293 75 (25,6) Moutelikova, Prodelalova e Dufkova (2013)

PAGE-= eletroforese em gel de poliacrilamida; RT-PCR= Reac¢&o em cadeia da polimerase precedida
de transcrigcao reversa
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Morin, Magar e Robinson (1990) demonstraram que o RVC foi o
unico agente etiolégico encontrado em um surto de diarreia que iniciou 24-48 horas
apos o nascimento de leitdbes em uma granja no Canada, com taxas de mortalidade
de 5-10% e morbidade de 100%.

Os RV sao geralmente espécie-especificos (ESTES; KAPIKIAN,
2007), porém a ocorréncia de infecgdes por RVC entre diferentes espécies animais,
denominadas infecgdes heterdlogas, tem sido relatada, como a detec¢gdo de uma
cepa (WD534tc) de RVC porcine-like em bovino (CHANG et al., 1999), e outra cepa
(06-48-2) de RVC bovine-like em suino (JEONG et al., 2009). Além disso, em um
estudo epidemioldgico longitudinal, uma cepa porcine-like foi detectada em criangas
brasileiras, evidenciando o potencial zoonético do RVC suino (GABBAY et al., 2008)

A habilidade do RVA causar viremia tem sido relatada em alguns
animais e a excregao do virus pela via respiratoria possivelmente esta relacionada a
viremia (AZEVEDO et al., 2005; CRAWFORD et al., 2006). Recentemente, o RV
suino foi detectado em 343/635 (54%) amostras de pulmdes que apresentavam
lesdes histoldgicas de bronquiolite e alveolite e que foram negativas nas pesquisas
de patégenos frequentemente associados as doengas respiratdérias em suinos.
Nessas amostras, o RVA foi a espécie mais frequente (50%), seguido pelo RVC
(10%) e RVB (5%). Esta foi a primeira detecgdo do RVC em tecido pulmonar, mas
sem comprovagao de viremia ou replicagao deste virus no pulmao (MARTHALER et
al., 2013).

Assim como ocorre para o RVA, o RVC também tem sido
classificado em genotipos. Recentemente, Marthaler et al. (2013) com base nas
frequéncias de identidade observadas em sequéncias do gene VP7 disponiveis em
bases publicas de dados, sugeriram o valor de identidade de nt 285% como ponto de
corte para a classificagcdo de cepas do RVC dentro de um mesmo genotipo G.
Utilizando essa sistematica os autores identificaram nove G-genotipos (G1-G9) em
cepas de RVC. O genotipo G4 agrupa apenas as cepas de RVC humanas ja
descritas, uma vez que apresentam alto grau de similaridade entre elas. As cepas de
RVC bovinas estdo classificadas no genotipo G2. Ja as cepas de RVC suinas
demonstram grande variabilidade genética e sao divididas em 7 genotipos (G1,G3, e
G5-G9).

O genotipo detectado com maior frequéncia nos EUA e Canada foi o

G6 (70%), seguido pelo G5 (17%) e G1 (12%), sendo que na maioria das granjas
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avaliadas (n = 26) apenas um genotipo foi detectado, mas em quatro granjas dois
genotipos distintos foram encontrados co-circulando (MARTHALER et al., 2013).

Até o momento, em relagdo aos demais genes do RVC, nao existe
um sistema formal para a classificacdo em genotipos. Portanto, os critérios
determinados para o RVA (MATTHIJNSSENS et al., 2008) tém sido provisoriamente
adotados para o RVC.

O gene VP6 do RVC é classificado em trés genotipos (11-13)
(YAMAMOTO et al.,, 2011). No genotipo |1 estdo agrupadas as cepas suinas,
enquanto o genotipo 13 é contituido pelas cepas bovinas. As cepas humanas
apresentam alto grau de conservacao (GRICE et al., 1994; JIANG et al., 1996;
RAHMAN et al., 2005) e s&o classificadas no genotipo 12. As analises moleculares
das cepas suinas tém demonstrado certo grau de variabilidade genética, com isso,
duas linhagens distintas (Porcine | e Porcine Il) dentro do genotipo 11 tém sido
sugeridas (MARTELLA et al., 2007a; JEONG et al., 2009; MEDICI et al., 2010; LEE
et al., 2011; MOUTELIKOVA; PRODELALOVA; DUFKOVA, 2013).

A classificagdo em trés genotipos também foi adotada para o gene
VP4 (P[1]-P[3]) do RVC (JIANG et al., 1999; YAMAMOTO et al., 2011). A cepa
protétipo suina (Cowden) pertence ao genotipo P[1] e os genotipos P[2] e P[3]
agrupam as cepas humanas e bovinas, respectivamente. Recentemente, duas
cepas (CUK-5 e CUK-6) de origem suina detectadas na Coréia do Sul,
demonstraram baixa identidade de nt com a cepa Cowden (71,1 e 70,1%) e,
consequentemente, agruparam-se em um ramo claramente distinto (LEE et al.,
2011). Estes resultados indicam que as cepas sul coreanas podem pertencer a um
novo P-genotipo. Adicionalmente, a cepa RV0143/11 descrita nos EUA,
possivelmente seja representante de outro novo P-genotipo (AMIMO, VLASOVA e
SAIF, 2013). Porém, até o momento, ainda nao foram atribuidos genotipos para
estas trés cepas.

Esses estudos demonstram que as informacgdes a respeito do RVC,
sao limitadas quando comparadas ao RVA. Desta forma, & fundamental a
investigacao dos genotipos do RVC circulantes para auxiliar na compreensado dos
eventos de reassortment genético e de transmissédo interespécies, além de elucidar

as caracteristicas epidemiolégicas e evolutivas do virus.
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2 OBJETIVOS

2.1 OBJETIVO GERAL:

Determinar a diversidade genética de cepas de rotavirus C suino

identificadas em rebanhos brasileiros.

2.2 OBJETIVOS ESPECIFICOS:

Ratificar a presenga de RVC por meio de RT-PCR em amostras
selecionadas a partir de uma colecao de fezes diarreicas obtidas
de leitbes provenientes de distintas regides geograficas

brasileiras, previamente positivas na PAGE;

Amplificar e sequenciar produtos dos genes VP6 (1353 pb), VP7
(1043 pb) e VP4 (800 pb) de cepas de RVC previamente

selecionadas;

Realizar analises filogenéticas para a definicdo dos genotipos |
(VP6), G (VP7) e P (VP4) em cepas brasileiras de RVC;

Realizar andlises comparativas dos genotipos identificados nas
cepas brasileiras de RVC suino com aquelas de origem suina,
bovina e humana disponiveis em bases publicas de dados
(GenBank).
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3.1 GENETIC HETEROGENEITY OF PORCINE ROTAVIRUS C IDENTIFIED IN BRAZILIAN FIELD
STRAINS AND EVIDENCE OF A PUTATIVE NEW P-GENOTYPE

Abstract: Porcine rotavirus C (RVC) is an important cause of enteritis, mainly in
nursing piglets, and a high incidence of this infection has been demonstrated in
Brazilian pig herds. To investigate the genetic diversity of porcine RVC in herds from
six states from three major Brazilian pig-producing regions, the VP6, VP7, and VP4
genes of 15 RVC-positive diarrheic fecal samples were amplified, sequenced, and
the phylogeny was analyzed in comparison with other RVC sequences available in
public databases. The VP6 gene analysis demonstrated a considerable
heterogeneity between the 15 RVC samples, that showed 83.2 to 100% of nucleotide
(nt) identity to each other and 82.6 to 98% nt identity to other porcine RVC strains. In
the phylogenetic tree the Brazilian porcine RVC field strains clustered in two distinct
lineages (Porcine | and Porcine Il), of the porcine genotype 11. Analysis of the VP7
gene, revealed that most samples (n = 14) were G6 genotype and shared high nt
identity with each other (88.2-100%). However, the RVC sample BRA57/11 were not
closely related (74.5-76.7% nt identity) with the other samples, and clustered with the
prototype Cowden strain, which represent the G1 genotype. In the VP4 gene analysis
the 15 RVC samples demonstrated a high genetic heterogeneity, with 60.7 to 100%
nt identity with each other. Based on a cutoff value of 80%, three porcine genotypes
can be described besides of Cowden P[1]. We suggest to nominate the previous
identified South Korean strains (CUK-5 and CUK-6) as P[4] genotype and the
recently described North American RV0143/11 strain as P[5] genotype. In the
phylogenetic tree the Brazilian sample BRA77/11 grouped in the same branch of P[4]
CUK-5 and CUK-6 strains. The sample BRA57/11 grouped in the same branch of
Cowden strain, but shared less than 80% of nt identity (74.4%), representing a
possible new genotype, tentatively named P[6]. The others 13 samples grouped
together with RV0143/11 strain, with a nt similarity of 83.3 to 87.3%, indicating that
most of porcine RVC strains from this study were from the putative P[5] genotype.
The results show the occurrence of the wide diversisity in VP6, VP7, and VP4 genes
in porcine RVC Brazilian field strains, including the description of a potencial new
VP4 genotype. This study contributes with molecular information to establishment of
a formal classification system and to obtain information on ecology and evolution of
the RVC strains circulating throughout the world.

Keywords: Piglets. Diarrhea. RVC. Genotypes

Introduction

Rotavirus (RV) is one of the most important pathogens that cause
neonatal diarrhea in piglets worldwide. The RV belong to Reoviridae family, and their
genome consists of 11 segments of double-stranded RNA (dsRNA) surrounded by a
triple-layered capsid (ESTES; KAPIKIAN, 2007). The outer capsid is composed by
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the proteins VP4 and VP7, which induces neutralizing antibodies. The middle layer of
viral capsid is formed by the structural protein VP6. Based on the antigenic properties
and sequence diversity of the VP6, RV is classified into eight species or groups (A-H)
(ESTES; KAPIKIAN 2007; MATTHIJNSSENS et al., 2012).

The rotavirus C (RVC) was first detected in the USA from a piglet
with diarrhea in 1980. The new identified strain was inoculated in gnotobiotic piglets,
which showed diarrhea and intestinal lesions (SAIF et al., 1980). Seroepidemiological
studies demonstrated that porcine RVC is widespread in pig herds worldwide
(BRIDGER; BROWN, 1985; BRIDGER, 1987; TERRET et al., 1987; SAIF, 1989;
TSUNEMITSU; JIANG; SAIF, 1992) and the seroprevalence range from 59-86% in
young piglets, increasing with age, reaching to 100% in adult pigs (TERRET et al.,
1987).

The porcine RVC dsRNA has been detected worldwide in fecal
samples from pigs of all ages, either in single as in mixed infection with other enteric
pathogens (ALFIERI et al., 1999a; KIM et al.,, 1999; MARTELLA et al., 2007a;
COLLINS; MARTELLA; O’'SHEA, 2008; JEONG et al., 2009; MEDICI et al., 2010;
LEE et al., 2011; MEDICI et al, 2011; AMIMO; VLASOVA; SAIF, 2013;
MARTHALER et al., 2013; MOUTELIKOVA; PRODELALOVA; DUFKOVA, 2013;
LORENZETTI et al., 2014).

RVC transmission interspecies has been described, as a porcine-like
RVC strain (WD534tc) in cattle (CHANG et al., 1999) and a bovine-like RVC strain
(06-48-2) in pig (JEONG et al., 2009). Besides, porcine-like RVC strain was also
detected from Brazilian children, providing evidence of the zoonotic potential of the
porcine RVC (GABBAY et al., 2008).

The RVC VP6 gene has been classified into three genotypes (11-13)
(YAMAMOTO et al., 2011). The 11 genotype is formed by the porcine strains that
display genetic diversity in the VP6 gene sequences (MARTELLA et al., 2007a;
JEONG et al., 2009; MEDICI et al., 2010; LEE et al., 2011; AMIMO; VLASOVA,;
SAIF, 2013; MOUTELIKOVA; PRODELALOVA; DUFKOVA, 2013). The human and
bovine strains belong to genotypes 12 and I3, respectively. Molecular analysis of
human RVC VP6 gene suggests that these sequences are conserved (GRICE et al.,
1994; JIANG et al., 1996; RAHMAN et al., 2005).

Recently, based on pairwise identity and phylogenetic analysis of the
RVC VP7 gene, Marthaler et al. (2013) proposed an 85% nucleotide (nt) identity as a
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cutoff value for genotyping classification. Thereby, to date, nine VP7 RVC genotypes
(G1-G9) were identified. The bovine and human strains belong to G2 and G4
genotypes, respectively, while RVC porcine strains demonstrated a higher
heterogeneity and were classified in seven genotypes (G1, G3, and G5-G9).

A formal classification system of the RVC VP4 gene has not yet been
established because of the lack of sequences available in public databases.
However, based on the criteria established for rotavirus A (RVA) (MATTHIJNSSENS
et al., 2008) and genetic analysis of RVC VP4 gene, three distinct P genotypes has
been identified for some researchers and all human RVC strains were assigned to
the P[2] genotype, while the porcine (Cowden strain) and bovine (Shintoku strain)
prototypes were assigned to P[1] and P[3] genotypes, respectively (JIANG et al.,
1999; YAMAMOTO et al.,, 2011). A previous survey performed in South Korea
detected two porcine origin strains (CUK-5 and CUK-6) that grouped in a
monophyletic branch, distinct from Cowden strain, the only porcine sequence
available to date of the study (LEE et al., 2011). Additionally, a porcine origin strain
(RV0143/11) recently detected in the USA represents a new P genotype proposed by
Amimo, Vlasova and Saif (2013). Then, up to now, only four porcine RVC VP4 gene
sequences (Cowden, CUK-5, CUK-6, and RV0143/11) are available in public
databases.

In Brazil, a previous study showed a high incidence of porcine RVC
infection and demonstrated that this virus is endemic and widespread in Brazilian pig
herds (MEDICI et al., 2011; LORENZETTI et al., 2014). However, as well as around
the world, few molecular characterization studies of porcine RVC were conducted in
this country (ALFIERI et al., 1999b; MEDICI et al., 2010). Thus, in the present study,
fecal samples from piglets with diarrhea, from the three major Brazilian pig-producing
regions, were analyzed to obtain information on genetic diversity of field Brazilian

porcine RVC strains.

Materials and methods

Stool samples and selection criteria

The samples were selected from a collection of fecal samples from

all Brazilian geographic regions, which were stored in aliquots at -80°C. The
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sampling from this study consisted of 99 diarrheic feces of piglets with 1 to 2-week-
old, collected between 2011 and 2013 in 13 pig herds, from six Brazilian states (Rio
Grande do Sul, Santa Catarina, Parana, Sdo Paulo, Minas Gerais, and Mato Grosso
do Sul) and three geographic regions (South, Southeast, and Midwest). All fecal
samples were previously screened for dsRNA presence by silver stained-
polyacrylamide gel electrophoresis (PAGE) technique carried out according Herring
et al. (1982) and Pereira et al. (1983). Thirty seven fecal samples were determined
as porcine RVC PAGE-positives and were submitted to partial VP6 gene
amplification according Alfieri et al. (1999b), to confirm the dsRNA viability. Of these,
26 porcine RVC RT-PCR-positive fecal samples were selected for molecular
analysis. Thus, their complete VP6, nearly-full VP7, and partial VP4 genes were
amplified and sequenced. When the samples failed in amplify products with high
intensity bands or not generated sequences with quality enough for simultaneous

analysis of the three genes, they were excluded.

RNA extraction

The dsRNA extraction was performed from aliquots of 500 uL of fecal
suspensions prepared at 10-20% (w/v) in TRIS/Ca™ buffer (50 mM Tris-HCI; 10 mM
NaCl; 1.5 mM 2-mercaptoetanol; 3 mM CaCly; pH 7.2), using a combination of
phenol/chloroform/isoamyl alcohol (25:24:1) (SAMBROOK; RUSSEL, 2001) and
silica/guanidinium isothiocyanate (BOOM et al.,, 1990) nucleic acid extraction
methods with modifications, as described by Alfieri et al. (2006). The dsRNA was
eluted in diethyl pyrocarbonate (DEPC) treated water (Invitrogen, Carlsbad, CA,
USA) and kept at -80°C until use. Aliquots of TRIS/Ca™ buffer were included as

negative control in each extraction and RT-PCR procedure.

RT-PCR

The RT-PCR assays were performed to amplify the specific VPG,
VP7, and VP4 porcine RVC genes of the 26 selected diarrheic fecal samples. For the
complete VP6 gene amplification were used the BMJ41 forward primer as described
by Alfieri et al. (1999b) with addition of three nt in the 3’ end position (5 GGC TTT
AAA AAT CTC ATT CAC AA 3, [nt] 1-23) and a reverse primer (5 AGC CAC ATA
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GTT CAC ATT TCA 3’ [nt] 1333-1353) as described by Banyai et al. (2006). For
partial VP4, and nearly-full VP7 genes amplification were used the primers sets as
described by Lee et al. (2011) and Rahman et al. (2005), respectively. In the RT
procedure, the samples were incubated at 42°C for 30 min. The following PCR
cycling profile was used for the three genes amplification: an initial denaturation step
of 5 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 55°C, and 2 min at
72°C, and a final extension step of 7 min at 72°C.

The products of VP6 (1,353 bp), VP7 (1,043 bp), and VP4 (800 bp)
genes amplification were analyzed by electrophoresis in 1-2% agarose gel in TBE
buffer (89 mM TRIS; 89 mM boric acid; 2 mM EDTA; pH 8.4), stained with ethidium
bromide (0.5 ug/mL), and visualized under UV light.

Sequencing and phylogenetic analysys

The amplicons were purified by PureLink® Quick Gel Extraction Kit
(Invitrogen, Carlsbad, CA, USA), quantified in a Qubit™ Fluorometer, using Quant-
iT™ dsDNA BR Assay Kit (Invitrogen, Eugene, OR, USA). An ABI 3500 Genetic
Analyzer and the BigDye Terminator v.3.1 Cycle Sequencing Kit (Applied
Biosystems, Carlsbad, CA, USA) were used for sequencing, which was performed in
both directions with forward and reverse primers.

The  obtained sequences were  analyzed by  Phred
(http://asparagin.cenargen.embrapa.br/phph/) and sequences were accepted if base
quality were = 20. The consensus sequences were determined by CAP3 software
(http://asparagin.cenargen.embrapa.br/phph/) and similarity searches were verified
with all sequences deposited in GenBank using the BLAST software (Basic Local
Alignment Search Tool — http://blast.ncbi.nm.nih.gov/Blast.cgi). For each gene (VP6,
VP7 and VP4) a multiple and pairwise alignments were accomplished in MEGA
software (v. 6.05) and the identity matrix was performed using the BioEdit software
(v. 7.2.5). Phylogenetic trees were obtained by Neighbor-joining method with the
model Kimura two-parameter using MEGA software (v. 6.05). Bootstrap values were

determined for 1,000 replicates.
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Results

Based on the inclusion criteria adopted in this study, 15 samples had
sequences with suitable quality scores for phylogenetic analysis of the VP6, VP7,
and VP4 genes. The fecal samples were from 13 distinct pig herds, except for the
samples BRA154/12 and BRA241/12 that belong to herd 6, and the samples
BRA1289/12 and BRA1292/12, which were from herd 7 (Table 1).

The multiple and pairwise alignment of the VP6 gene of 25
sequences of porcine, bovine, and human RVC strains available in GenBank and the
15 RVC samples from this study resulted in a fragment with 1,167 bp. In the
molecular analysis our 15 samples of porcine RVC showed 83.2 to 100% of nt
identity to each other and 82.6 to 98% nt identity to another porcine RVC strains. In
the phylogenetic reconstruction all wild-type porcine RVC Brazilian field strains
grouped in the porcine cluster |1 and clearly separated from human (I2) and bovine
(13) clusters (Figure 1A). Within the cluster [1 the 15 samples grouped in three
different branches. The porcine RVC fecal samples from Parana (BRA154/12,
BRA241/12, BRA458/12, BRA1289/12, and BRA1292/12) and Rio Grande do Sul
(BRA369/12 and BRA580/13) states grouped in the same branch of the previously
described Brazilian strain BRA905/07 with the nt similarity ranging from 96.5 to 98%.
The samples BRA57/11 and BRA77/11, from Santa Catarina and Mato Grosso do
Sul, respectively grouped in the same branch of the Brazilian strains BRA258/04,
BRAG634/05 and the Korean strain CA-2. Six samples from Santa Catarina
(BRA217/12, BRA554/13, BRA573/13, and BRA1436/13), Sdo Paulo (BRA576/13),
and Minas Gerais (BRA541/13) showed the highest nt similarity (91.6-95.5%) with
the BRA1034/10 strain and grouped in the same branch.

The molecular analysis of the VP7 gene indicated that the sample
BRAS7/11 showed higher nt identity with the porcine RVC prototype strain Cowden
(89.4%) than another samples from this study (74.5-76.7%). In the phylogenetic tree
the other 14 samples clustered together with the North American and Italian porcine
RVC strains, in a cluster clearly separated from the BRA57/11 and Cowden strains
(Figure 1B), and demonstrated high nt similarity with each other (88.2 to 100%).

In the partial VP4 gene sequences analysis, the nt identity between
the porcine RVC samples included in this study ranged from 60.7 to 100%, which

revealed a high genetic heterogeneity in porcine RVC Brazilian field strains. In the
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phylogenetic tree most of samples grouped with the RV0143/11 strain, that represent
the new VP4 genotype recently proposed (AMIMO; VLASOVA; SAIF, 2013). The
sample BRA77/11 grouped with the South Korean strains. Although the Brazilian
porcine RVC sample BRA57/11 grouped in the same branch of the Cowden strain,
they were distantly related to one another (74.4% nt identity) (Figure 1C).

Discussion

Porcine RVC has been considered an important cause of enteritis,
mainly in nursing piglets around the world (SAIF; JIANG, 1994; KIM et al., 1999;
MEDICI et al., 2011; AMIMO; VLASOVA; SAIF, 2013; MARTHALER et al., 2013;
LORENZETTI et al., 2014). Furthermore, in very young pigs, the porcine RVC
associated with diarrhea occurred more as a single agent than in association with
porcine RVA and/or porcine rotavirus B (RVB) (AMIMO; VLASOVA; SAIF, 2013;
MARTHALER et al., 2013; LORENZETTI et al., 2014).

In this study, were analyzed the VP6, VP7, and VP4 genes of porcine
RVC identified in diarrheic fecal samples from piglets aged 1 to 2-week-old obtained
from 13 pig herds from six Brazilian states in 3 geographic regions.

Since a formal classification system for VP6 and VP4 genes of RVC
has not yet been established because of the lack of sequences available in public
databases, the genotype nomenclatures used for RVA (MATTHIJNSSENS et al.,
2008) has been provisionally assigned. On the other hand, genotyping classification
for the VP7 gene has been recently proposed by Marthaler et al. (2013). Based on
the pairwise identity frequency graphs and phylogenetic analysis, nine G genotypes
were adopted.

The VP6 gene analysis from the porcine RVC samples identified in
this study demonstrated genetic heterogeneity between them. Similar results were
detected in previous studies conducted in Brazil, Italy, South Korea, and North
America (MARTELLA et al., 2007a; JEONG et al., 2009; MEDICI et al., 2010; LEE et
al., 2011; AMIMO; VLASOVA,; SAIF, 2013).

In the phylogenetic analysis, the Brazilian RVC porcine samples
grouped in the porcine cluster 11, but in two different lineages (Porcine | and Porcine
II), which is consistent with the results reported for Médici et al. (2010) and

Moutelikova, Prodelalova and Dufkova (2013). The samples from Santa Catarina



41

state (BRA217/12, BRA554/13, BRA573/13, and BRA1436/13), besides the samples
BRA 541/13 and BRA576/13, from Minas Gerais and Sao Paulo, respectively, were
grouped in the same lineage that the prototype Cowden, the Porcine |. However, all
RVC samples from Parana (BRA154/12, BRA241/12, BRA458/12, BRA1289/12, and
BRA1292/12) and Rio Grande do Sul (BRA369/12 and BRA580/13) states were
grouped in the Porcine Il lineage. Although the BRA57/11 (from Santa Catarina state)
and BRA77/11 (from Mato Grosso do Sul state) samples were grouped in a distinct
branch of the samples from Parana and Rio Grande do Sul states, they clustered in
the same Porcine Il lineage. Within each branch, the porcine RVC samples from this
study showed the highest nt similarity with other Brazilian strains (91.6-95.5% for
BRA1034/10; 91.1-91.6% for BRA258/04 and BRA 634/05; 96.5-98% for
BRA905/07), from Minas Gerais, Rio Grande do Sul, Parana, and Santa Catarina
states, previously identified in the years 2004 to 2010 (STIPP et al., unpublished
dates). These results suggest that in Brazil the same strains have spread over the
years, without a characteristic pattern on geographical distribution of the lineages.

Analysis of the VP7 gene sequences of the 15 porcine Brazilian RVC
samples showed that most of them (n=14) shared high nt identity with each other
(88.2-100%). Only the sample BRAS57/11 was not closely related with the other
samples (74.5-76.7% nt identity). The BRA57/11 was most closely related (89.4% nt
identity) with Cowden strain and grouped in the same cluster of the porcine RVC G1
strains in the phylogenetic tree. The other 14 samples grouped with North American
and ltalian strains in the G6 genotype cluster. These results are in accordance with
Marthaler et al. (2013), who showed that the G6 were the most commom porcine
RVC VP7 genotype detected in USA and Canada.

Based on the VP4 gene typing scheme suggested by Jiang et al.
(1999), all human and bovine RVC strains were assigned as P[2] and P[3]
genotypes, respectively, and the porcine prototype Cowden strain was assigned as
P[1] genotype. The porcine RVC strains previously identified in South Korea (CUK-5
and CUK-6) shared the higher nt identity with Cowden (70.1-71.7%), but the both
strains grouped in a monophyletic branch, distinct from porcine prototype strain (LEE
et al., 2011). In addition, a potencial new VP4 genotype strain (RV0143/11) was
recently described in the USA (AMIMO; VLASOVA,; SAIF, 2013). In the phylogenetic
reconstruction, the Brazilian porcine RVC field strain BRA57/11, as well as occurred

for the VP7 gene analysis, grouped with Cowden strain. However, the VP4 nt
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sequence similarity between BRA57/11 and Cowden (74.4%) strains were less than
the cutoff value of 280% determined for RVA classification in the same P-genotype
(MATTHIIJNSSENS et al.,, 2008). These results evidence the existence of three
potencial new porcine genotypes beyond the Cowden P[1]. We suggest assigning
the Korean strains as P[4] genotype, the American RV0143/11 strain as putative P[5]
genotype, and the BRA57/11 as representant of putative P[6] genotype, following
what has been previously proposed by Jiang et al. (1999). Thus, six P genotypes can
be observed in the phylogenetic tree (P[1]-[6]).

Similar with the porcine RVA, the most genetic distance found in this
study was in the VP4 gene sequences. The nt identity of the Brazilian porcine RVC
samples ranged from 60.7 to 100% and they grouped in three different clusters. Most
of the RVC samples from this study clustered with the RV0143/11 strain, a P[5]
genotype, with nt similarity ranging from 83.3 to 87.3%. The sample BRA77/11
grouped with the P[4] genotype South Korean strains (CUK-5 and CUK-6) showing
81.5% and 83% of nt identity, respectively.

Additionally, for the three genes analyzed, the 15 Brazilian porcine
RVC samples grouped in clusters distinctly separated from those formed by human
and bovine origin RVC strains, with lower nt similarity (81-83.2% for VP6; 74.8-82.1%
for VP7; 59.3-67.1% for VP4) than with porcine strains.

The samples BRA154/12 and BRA241/12, that were from the same
pig herd (herd 6) were most closely related with each other and showed 100% of nt
identity for the three genes analyzed. The other two samples BRA1289/12 and
BRA1292/12, which were from the same pig herd too (herd 7), showed 100% of nt
identity for VP6 and VP4 gene, while in the VP7 they showed 99.7%. It suggests that
these specimens from each herd represent the same local porcine RVC strain.

In conclusion, this study provides evidence that the porcine RVC
strains detected during 2011 to 2013 in different Brazilian pig herds display a high
genetic heterogeneity in the genes encoding both VP4 as VP7 and VP6. Further
molecular studies may be needed in order to confirm the new potencial VP4
genotype found in this study, besides to establish a formal classification system and
to obtain information on ecology and evolution from RVC strains circulating

throughout the world.
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Figure 1 — Neighbor-joining trees based on the nucleotide sequences of RVC VP6
(A), VP7 (B), and VP4 (C) genes from porcine rotavirus C samples
described in this study and another strains acquired from GenBank. The
shape markers of porcine RVC strains detected in this study are in
accordance to the pig herd location (MG [¢], MS [e], PR [m], RS [A], SC
[V], SP [0]). The numbers adjacent to the nodes represent the
percentage of bootstrap support (of 1,000 replicates) for the clusters to
the right of node. Bootstrap values lower than 50% are not shown. Bo:
bovine; Hu: human; Po: porcine.
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Table 1 —Brazilian porcine RVC wild-type strains with VP6, VP7, and VP4 genes
sequences performed in this study, their geographical region, state and

herd of origin.

Geographical region State Herd Sample

South Rio Grande do Sul 4 BRA369/12
12 BRA580/13

Santa Catarina 1 BRA57/11

3 BRA217/12

9 BRA554/13

10 BRA573/13
13 BRA1436/13

Parana 5 BRA458/12

6 BRA154/12

BRA241/12
7 BRA1289/12
BRA1292/12

Southeast Séo Paulo 11 BRA576/13
Minas Gerais BRA541/13

Midweast Mato Grosso do Sul BRA77/11
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Este estudo demonstrou grande variabilidade genética nos
genes VP6, VP7 e VP4 em cepas de RVC provenientes de

rebanhos suinos de diferentes regides geograficas brasileiras;

Na analise filogenética do gene VPG, todos os isolados de RVC
deste estudo agruparam com as cepas suinas classificadas
como genotipo 1, porém em duas linhagens distintas

denominadas Porcine | e Porcine Il;

Foram identificados dois genotipos do gene VP7, G1 e G6,
sendo que a maioria das amostras avaliadas pertence ao

genotipo G6;

A analise do gene VP4 possibilitou agrupar as amostras
brasileiras de RVC em trés clusters distintos que foram

provisoriamente denominados como genotipos P[4], P[5] e P[6];

A maioria das amostras de RVC identificadas neste estudo

pertence ao genotipo P[5];

A caracterizagdo de uma cepa de RVC demonstrando baixa
identidade de nt com as demais cepas ja descritas do gene VP4

evidencia a identificacdo de um novo P-genotipo.
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ANEXO A

Lista de reagentes

Acetona, P.A. (CH;COCHj3) P.M. 58,08 (Dinamica®)

Acido bérico (HsBO3) P.M. 61,83 (Sicalab®)

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

Acido etilenodiaminotetraacido sal di-sddico — EDTA, P.A. (C1oH14N20gNay2H,0)
P.M. 372,24 (Reagen®)

Agarose (Invitrogen™ Life Technologies)

Agua DEPC (Dietil pirocarbonato) (Invitrogen Life Technologies®)

Alcool etilico absoluto (C,H,OH) P.M. 46,07 (Nuclear®)

Alcool isoamilico ((CH3),CHCH,CH,OH) P.M. 88,15 (Synth®)

Azul de bromofenol (Sigma®)

. Bicarbonato de sodio P.A. (NaHCO3) P.M. 84,01 (Biotec®)
11.
12.
13.
14.
15.
16.
17.
18.
19.

Brometo de etidio (C21H2oN3Br) P.M. 394,3 (Sigma®)

Cloreto de calcio puro (CaCl,) P.M. 110,94 (Invitrogen™ Life Technologies)
Cloreto de magnésio 50 mM (MgCp,) (Invitrogen Life Technologies®)

Cloreto de potassio, P.A. (KCI) P.M. 74,56 (Reagen®)

Cloreto de sédio, P.A. (NaCl) P.M. 58,45 (Reagen®)

Cloroférmio, P.A. (CHCIs) P.M. 119,38 (Dinamica®)

Diéxido de silica (SiO,) P.M. 60,08 (Sigma®)

DNA Ladder (123 bp) (Invitrogen Life Technologies™)

dNTP Set (100 mM), 4 x 250 uL; 25 uymol cada (100 mM dATP Solution, 100 mM
dCTP Solution, 100 mM dGTP Solution, 100 mM dTTP Solution) (Invitrogen Life
Technologies™)

Dodecil sulfato de sédio — Lauril Sulfato de Sédio — SDS (C42H25Na0,S) P.M. 288,38
(Synth®)

Fenol (C¢HsOH) P.M. 94,11 (Invitrogen Life Technologies™)

Fosfato de sodio dihidratado (Na;HPO, . 2H,0) P.M 177,99 (Merck®)

Fosfato de sédio monobasico (NaH,PO, . 2H,0) P.M. 155,99 (Reagen®)
Fosfato de sddio dibasico anidro (Na,HPO,) P.M. 141,96 (Synth®)

Glicose (CgH1206) P.M. 180,16 (Reagen®)

Hidréxido de sédio, P.A. (NaOH) P.M. 40,00 (Dinamica®)

Hidroximetil amino metano — TRIS 99% P.M. 121,14 (Inlab®)

Isotiocianato de guanidina P.M. 118,16 (Gibco BRL®
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29. Metanol P.A. (CH;OH) P.M. 32,04 (Allkimia®)

30. Oligonucleotideo iniciador (primer) BMJ41 (forward; 5'-
GGCTTTAAAAATCTCATTCA - 3, [nt] 1-20); Alfieri et al. (1999b) - 200 pmol
(Invitrogen Life Technologies®)

31. Oligonucleotideo iniciador (primer) BMJ42 (reverse; 5'-
CCTCTAGTTGATTGAACATA- 3', [nt] 251-270); Alfieri et al. (1999b) - 200 pmol
(Invitrogen Life Technologies®)

32. Oligonucleotideo iniciador (primer) BMJ41mod (forward; 5'-
GGCTTTAAAAATCTCATTCACAA - 3, [nt] 1-23); Alfieri et al. (1999b) - 200 pmol
(Invitrogen Life Technologies®)

33. Oligonucleotideo iniciador (primer) BJB (reverse; 5- AGCCACATAGTTCACATTTCA-
3’ [nt] 1333-1353); Banya et al. (2006) - 200 pmol (Invitrogen Life Technologies®)

34. Oligonucleotideo iniciador (primer) GrCVP7-20F (forward; 5'-
GCTGTCTGACAAACTGGTC - 37; [nt] 20-38) Rahman et al. (2005) - 200 pmol
(Integrated DNA Technologies®)

35. Oligonucleotideo iniciador (primer) GrCVP7-1062R (reverse; 5'-
GCCACATGATCTTGTTTACGC - 3’; [nt] 1042-1062); Rahman et al. (2005) - 200
pmol (Integrated DNA Technologies®)

36. Oligonucleotideo iniciador (primer) GCR-SG-VP4-F (forward; 5°-
GATCAATGGCGTCCTCACTTT - 3’; [nt] 1-21); Lee et al. (2011) - 200 pmol
(Integrated DNA Technologies ©)

37. Oligonucleotideo iniciador (primer) GCR-SG-VP4-R (reverse; 5'-
TAGTGAGTCTTTACTTACTAC - 37; [nt] 780-800); Lee et al. (2011) - 200 pmol
(Integrated DNA Technologies ©)

38. PCR-buffer (10x) (200 mM Tris-HCI, pH 8.4, 500 mM KCI) (Invitrogen Life
Technologies™)

39. Platinum Taq DNA Polymerase recombinant 500 units (Invitrogen Life
Technologies™)

40. QuantIT ™ dsDNA BR assay kit (Invitrogen Life Technologies™)

41.Sacarose, P.A. — sucrose (C12H»011) P.M. 342,31 (Reagen®)

42. Superscript TM Il RNase H - Reverse Transcriptase — 200 unidades/sL (Invitrogen
Life Technologies™)

43. Triton x-100



ANEXO B

Solugbes e Tampdes

Diluicao dos primers

PCR para amplificacido do gene VP6 parcial

Primer forward - BMJ41

Concentragao: 26,17 nmol

Data de fabricacio: out/2009

26,17 x 1000 = 26170 pmol

26170/ 200 = 130,85 uL de agua ultrapura

Primer reverse — BMJ42

Concentragao: 24,85 nmol

Data de fabricacio: out/2009

24,85 x 1000 = 24850 pmol

24850/ 200 = 124,25 uL de agua ultrapura

PCR para amplificacdo do gene VP6 completa

Primer forward - BMJ41 mod
Concentracgao: 18,15 nmol

Data de fabricagao: jul/2009

18,15 x 1000 = 18150 pmol

18150/ 200 = 90, 75 uL de agua ultrapura

Primer reverse — BJB

Concentragao: 19,23 nmol

Data de fabricagao: jul/2009

19,23 x 1000 = 19230 pmol

19230 / 200 = 96,15uL de agua ultrapura
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PCR para amplificacdo do gene VP7

Primer forward - GrCVP7-20F
Concentragao: 36,9 nmol

Data de fabricacao: dez / 2012

36,9x 1000 = 36900 pmol

36900/ 200 = 184,5 uL de agua ultrapura

Primer reverse - GrCVP7-1062R
Concentragao: 45,7 nmol

Data de fabricacao: dez / 2012

45,7 x 1000 = 45700 pmol

45700 / 200 = 228,5uL de agua ultrapura

PCR para amplificacio do gene VP4

Primer forward - GCR-SG-VP4-F
Concentragao: 34,8 nmol

Data de fabricacdo: dez / 2012

34,8 x 1000 = 34800 pmol

34800/ 200 = 174 uL de agua ultrapura

Primer reverse - GCR-SG-VP4-R
Concentragao: 38,1 nmoles

Data de fabricacao: dez /2012

38,1 x 1000 = 38100 pmol

38100/ 200 = 190,5 uL de agua ultrapura

Solugédo estoque: ressuspender em agua ultrapura autoclavada para obtencéo da
solucao 10x[ ]
Solugao de uso para todos os primers: diluir 1:10 a solugao estoque (10x)

Concentragao final: 20 pmol/uL
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Diluicdo de dNTP
- solucédo estoque (100 mM) — 250 uL de cada dNTP
- solugao uso (10 mM) — 10 uL da solugédo estoque + 90 uL de agua ultrapura

autoclavada

Fenol / cloroférmio — élcool isoamilico (25:24:1)
- 25 mL fenol saturado em agua
- 24 mL cloroférmio

- 1 mL alcool isoamilico

Gel de agarose 1-2%

- 0,5-1 g agarose

- 50 mL de tampéao TBE 1x
- 25 uL de brometo de etidio

Hidratacdo da silica

- 60 g de silica (SIGMA®)

- Adicionar 500 mL de agua bidestilada autoclavada

- Agitar lentamente e manter em repouso durante 24 h
- Por succgéo, desprezar 430 mL do sobrenadante

- Ressuspender a silica em 500 mL de agua bidestilada
- Manter em repouso durante 5 h para sedimentar

- Desprezar 440 mL do sobrenadante

- Ajustar o pH (pH 2,0)

- Aliquotar e autoclavar

SDS 10%
- 5 g dodecil sulfato de sédio — Lauril sulfato de sédio — SDS (C12H25Na04S)
- agua bidestilada g.s.p. 50 mL

Solucéo 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 g de Triton 100

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

Tampéo de amostra para eletroforese em gel de agarose
- azul de bromofenol 0,25%
- sacarose — sucrose (C12H22011) 45%

- agua bidestilada q.s.p.100 mL

Tampao de corrida — TBE (Tris — Acido bérico — EDTA) 10x
- Tris 0,89 M

- Acido bérico 0,89 M

-EDTA 0,02 M

- agua bidestilada q.s.p. 1 litro

- ajustar o pH (pH 8,4)

Tampdao de estabilizagdo para o rotavirus (TRIS/Ca++) 10 x - pH 7,2
-12,12 g TRIS (0,89mM)
- 2,2 g cloreto de calcio (1,5mM)

- Agua bidestilada autoclavada qg.s.p. 1L
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ANEXO C

Protocolos e Técnicas

Extracdo do 4cido nucleico pela associacdo das técnicas

fenol/cloroférmio/alcool isoamilico e silica/isotiocianato de guanidina
. Suspenséao fecal — extracdo bruta

- 100 pL ou 100 mg de fezes

- 500 yL de TRIS/Ca*™ 1x

- Vortexar

- Centrifugar a 5000 x g / 3 min

- Utilizar 500 pL do sobrenadante para extragao

. Extracéo do acido nucleico

Fase | — Fenol

- 500 puL da suspenséo fecal

- Adicionar 50 uL de SDS 10%

- Homogeneizar em vortex

- Banho-maria 56 °C /20 min

- Centrifugar 10.000 x g /30 s

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

- Banho-maria 56 °C /15 min

- Homogeneizar manualmente por 15 s

- Centrifugar 10.000 x g /10 min

- Recolher o sobrenadante em outro microtubo

Fase Il — Silica / isotiocianato de guanidina

- Adicionar 500 pL da solugéo L6
- Adicionar 25 uL de silica hidratada

- Homogeneizar em vortex



- Agitar em temperatura ambiente /30 min

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solugdo contendo NaOH 10 M
- Adicionar 500 pL de solugéo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solugao contendo NaOH 10 M
- Adicionar 500 pL de solugéo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solu¢do contendo NaOH 10 M
- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 puL de acetona P. A. gelada

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante

- Secar o pellet em termo bloco a 60°C (aproximadamente 2 min)
- Adicionar 50 uL de agua 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 de 500 uL

- Estocar -20°C até a utilizacao
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RT-PCR para amplificacédo dos genes VP6, VP7 e VP4 do RVC
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na amplificacdo dos genes VP6 (parcial e completo), VP7 e VP4 foi utilizado o

mesmo protocolo de mix na RT-PCR, diferindo apenas no primer especifico para

cada gene.

Mix de desnaturacao

Mix de RT

Reagentes Volume (uL)
Primer Forward (20 pmol) 1
Primer Reverse (20 pmol) 1
Agua DEPC 3

RNA 5
Volume final 10
Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 25
MgCl, 2,5
dNTP (2,5 mM) 4
Super Script (5U/uL) 0,15
Primer Forward (20 pmol) 0,5
Primer Reverse (20 pmol) 0,5
Agua DEPC 5,85
Produto da desnaturagao 10

Volume final 25
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- Mix de PCR

Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 2,5
dNTP (2,5 mM) 4
Platinun®Taqg DNA Polymerase (5U/ulL) 0,25
Agua DEPC 18,25
cDNA 25
Volume final 50

- Esquema do programa de RT-PCR utilizado para os genes VPG6 (parcial e
completo), VP7, VP4

5 UL RNA extraido

5 UL Mix Desnaturacéo

!

97°C /7 min

y

adicionar 15 pL do Mix RT

J

42°C /30 min

y

adicionar 25 j:L do Mix PCR

Ciclos:
VP& (parcial) VP& (completo) | VPT7 [ VP4
3 ciclos (94°C / 1 min; 40°C / 2 min; 68°C / 8 min) 1 ciclo (94°C / 5 min)
30 ciclos (94°C / 1 min; 52 °C / 2 min; 72°C / 3min) 35 ciclos (94°C / 1 min; 55 °C/ 1 min;72°C/2min)
extensao final (72°C / 7 min) extensdo final (72°C /7 min)

y

Volume final 50 UL de amplicon



Eletroforese em gel de agarose a 1-2%

- 0,5 -1 g de agarose

- 50 mL TBE buffer (Tris 89 mM; acido bérico 89 mM; EDTA 2 mM) pH 8,4

- 25 uL de brometo de etidio (0,5 ng / mL)
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Sao utilizados 5 uL do amplicon e 1 uL do tampao de amostra. A eletroforese sob

voltagem (100 V) e amperagem (80 A) constantes ocorre em aproximadamente
50-90 min.

Purificacédo de produto de PCR excisado do gel

© N o o bk~ Db~

Pesar o fragmento excisado do gel em microtubo de 1,5 mL;
Adicionar 3 uL do Gel Solubilization Buffer (L3) para cada 1 mg de gel,
Incubar o tubo a 50°C /15 min, homogeneizando a cada 3 min;
Centrifugar a 12.000 x g / 30s;

Transferir amostra solubilizada para um tubo coletor com coluna;
Centrifugar a 12.000 x g / 1min;

Descartar o filtrado e recolocar a coluna no mesmo tubo;

Adicionar 500 uL do Wash buffer (W1) na coluna com tubo coletor;

Centrifugar a 12.000 x g / 1 min;

. Descartar o filtrado e recolocar a coluna no mesmo tubo;
11.
12.
13.
14.
15.
16.

Centrifugar a 12.000 x g / 1-2 min;

Descartar o filtrado e transferir a coluna para um microtubo de 1,5 mL.
Adicionar 30 uL do Elution buffer (E5);

Incubar a temperatura ambiente por 1 min.

Centrifugar a 12.000 x g / 1 min.

Proceder com a etapa de quantificacdo ou estocar o fragmento de

purificado a -20°C.

DNA
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Quantificacdo de produto de PCR

(Certificar-se de que todos os reagentes estdo em temperatura ambiente)

1.

Preparar a solugdo Quant-iT™ Working Solution diluindo o reagente Quant-
iT™ em Buffer Quant-iT™ 1:200. Sao necessarios 200 pL desta solugdo por
amostra e para os padrdes 0 e 100;

Homogeneizar em vortex;

No microtubo das amostras adicionar 198 uL da solucdo Quant-iT™ Working
Solution a 2 uL do DNA purificado;

No microtubo do padrdo 0 adicionar 190 puL da solugdo Quant-iT™ Working
Solution a 10 uL do padrao 0;

No microtubo do padréo 100 adicionar 190 pL da solugdo Quant-iT™ Working

Solution a 10 pL do padrao 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 usando Qubit™ fluorometer (Invitrogen™ Life Technologies,

EUA);
Multiplicar pelo fator de diluicao para determinar a concentracdo correta da

amostra.



ANEXO D

Lista de Softwares

e Electropherogram quality analysis - Phred e CAP3
(http://asparagin.cenargen.embrapa.br/phph/)

e BLAST - The Basic Local Alignment Search Tool
(http://blast.ncbi.nim.nih.gov/Blast.cgi)

e MEGA package software version 6.05

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

e BioEdit software version 7.2.5

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

66



