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RESUMO

O género Pestivirus, pertencente a familia Flaviviridae, é constituido por espécies virais de
importancia na saude animal no mundo todo, as quais podem afetar a economia dos paises de
forma impactante. S&o reconhecidas quatro espécies pelo Comité Internacional de
Taxonomia Viral (ICTV): virus da peste suina classica (Classical Swine Fever Virus —
CSFV), virus da doenca da fronteira (Border Disease Virus- BDV), virus da diarreia viral
bovina tipo 1 (Bovine Viral Diarrhea Virus 1- BVDV-1) e 2 (BVDV-2). Algumas das
espécies deste género- CSFV e BVDV- sdo de notificacdo obrigatoria na Organizacao
Mundial de Saude Animal (OIE), causando sancbes econdmicas importantes quando
presentes. Recentemente, possiveis novas espécies vém sendo caracterizadas, porém ainda
ndo foram reconhecidas como espécies do género Pestivirus. Com o objetivo de gerar mais
informacgdes acerca da diversidade genética de pestivirus no pais, o presente trabalho
descreve 0s genomas completos e a caracterizacdo genémica e filogenética de uma cepa de
BVDV-1 subtipo i e duas de virus ‘HoBi -like. Os genomas completos foram obtidos atraves
de sequenciamento de nova geracao; as anotac@es, predicdo da poliproteina viral e dos sitios
de clivagem foram feitos através do software Geneious, e a analise filogenética foi realizada
através do software MEGA 6. O BVDV-1 subtipo i foi pela primeira vez isolado no Brasil,
sendo também a primeira descricdo de genoma completo deste subtipo de BVDV. Também
foi descrito o genoma completo de duas cepas de virus ‘HoBi -like isolados no Brasil, além
da caracterizagdo de outras cepas de ‘HoBi’-like disponiveis em bancos de dados. Os dados
moleculares destes isolados foram comparados com aqueles das demais espécies do género
Pestivirus, e estas informac6es deverdo auxiliar na futura classificacdo deste como espécie.
Os resultados apresentados na dissertacdo adicionam conhecimento sobre a diversidade
genética de BVDV-1 no Brasil além de informagdes acerca do virus ‘HoBi’-like, reforgando
esta espécie ainda ndo reconhecida como um novo membro do género Pestivirus, os ‘HoBi’-

like virus.

Palavras-chave: pestivirus, BVDV, ‘HoBi -like, , filogenia.



ABSTRACT

The genus Pestivirus, within the family Flaviviridae, includes species that are important
pathogens affecting animal health that can cause impacting losses in the economy worldwide.
According to the International Committee on Taxonomy of Virus (ICTV), there are four
recognized species in this genus: Classical swine fever virus (CSFV), Bovine Viral Diarrhea
Virusl and 2 (BVDV -1, BVDV-2), and Border disease virus (BDV). Some of the species
within this genus - CSFV and BVDV- are notifiable to the World Organization for Animal
Health (OIE), and can cause exportation barriers or sanctions. Other putative new species
have been characterized recently, but remain officially unrecognized. In order to generate
data about the genetic diversity of pestivirus in Brazil, this study describes complete genomes
and the genomic and phylogenetic characterization of an isolate of BVDV-1i and two isolates
of ‘HoBi’-like virus. Complete genomes were sequenced through Next Generation
Sequencing; genome annotations, polyprotein prediction and identification of cleavage sites
were performed with software Geneious, and phylogenetic analysis with software MEGA 6.
BVDV-1 subtype i was found in Brazil for the first time, and this is the first complete genome
ever characterized for this subtype. Two strains of ‘HoBi-like’ virus isolated in Brazil were
also described and characterized together with other ‘HoBi’-like strains available in
databases. The molecular data obtained for these isolates were compared to those of other
Pestivirus species. These data can kelp in future classification of these ‘HoBi -like strains as a new
recognized species. The knowledge on genetic diversity and the characterization of pestiviruses
can contribute with surveillance programs and with appropriate animal health measures to

control these viral diseases.

Key Words: pestivirus, BVDV, ‘HoBi -like, phylogeny.
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1. INTRODUCAO

A bovinocultura brasileira se destaca no agronegocio mundial. O Brasil possui o
segundo maior rebanho do mundo, sendo lider nas exporta¢cbes mundiais (BRASIL-
BOVINOS E BUBALINOS, 2016). Neste cenério, a saude animal é importante tanto para
diminuir perdas econémicas, quanto para evitar sancdes e barreiras sanitarias. Isto é
assegurado com a adocdo de medidas de controle de doencas, especialmente as causadas por
virus (BRASIL- SANIDADE ANIMAL, 2009).

O género Pestivirus causa grandes perdas econdmicas (HOUE, 2003), e algumas
espécies deste género estdo incluidas em listas de notificacdo da OIE (OIE-LISTED
DISEASES, INFECTIONS AND INFESTATIONS IN FORCE IN 2017, 2017). O género
possui quatro espécies reconhecidas: virus da peste suina classica (CSFV), virus da diarreia viral
bovina 1l (BVDV-1), BVDV-2 e virus da doenca da fronteira (BDV) (SIMMONDS et al., 2011).
Estas espécies possuem uma grande diversidade genética, gerando inclusive a classificacao das
espécies em subgrupos; o BVDV-1, por exemplo, possui mais de 17 subtipos descritos
(VILCEK et al., 2001). O conhecimento sobre a presenca de pestivirus e a diversidade destes é
de extrema importancia para realizacdo de programas de monitoramento, teste de diagndstico
eficientes e promocao da saude do rebanho. Bovinos sao hospedeiros naturais do BVDV-1 e 2.
A infeccdo aguda por esses virus desencadeia disturbios reprodutivos, defeitos congénitos,
morte de animais jovens e, ainda, pode gerar animais persistentemente infectados (Pl),
causando prejuizos para a salde animal e para a economia mundial, ja que o virus apresenta
ampla distribuicéo geogréfica, ocorrendo em todo o mundo (HOUE, 2003). Outro pestivirus de
bovinos que vem ganhando destaque pela distribuicdo global é o grupo dos virus ‘HoBi *-like,
que, apesar de ser somente uma possivel espécie, ja causa preocupacao pela contaminacao de
produtos bioldgicos e pela infeccdo cursar com mesmos quadros clinicos em bovinos que o
BVDV-1e 2 (STAHL et al., 2010; DECARO et al., 2013; WEBER et al., 2014a). No Brasil, 0
BVDV-1, 2 e a possivel nova espécie dos virus ‘HoBi -like foram detectados no rebanho bovino
(CANAL et al., 1998; FLORES et al., 2000; SILVEIRA et al., 2015).

Com o objetivo de gerar maiores informacdes sobre a diversidade de pestivirus em
bovinos no Brasil, esta dissertagdo descreve a detecgédo, pela primeira vez no Brasil, do
BVDV-1 subtipo i, gerando o primeiro sequenciamento de genoma completo deste subtipo.
Também foram sequenciados genomas completos de dois isolados de virus ‘HoBi -like
detectados em diferentes regibes do Brasil, caracterizando genémica e filogeneticamente

estes e outros genomas completos desta possivel nova espécie.
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2. OBJETIVOS

Os resultados, discussfes e conclusdes desta dissertacdo objetivam esclarecer os
seguintes pontos:
- Contribuir com conhecimento sobre a diversidade de pestivirus em bovinos no Brasil;
- Disponibilizar em bancos de dados o sequenciamento de genoma completo de uma cepa de
BVDV-1 subtipo i e duas cepas de virus ‘HoBi’-like do Brasil, aumentando o numero de
sequencias de genoma completo de pestivirus disponiveis em bancos de dados;
-Caracterizar genomica e filogeneticamente a provavel espécie dos virus ‘HoBi’-like,

contribuindo para uma futura classificacdo destes virus no género Pestivirus;
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A familia Flaviviridae ndo esta incluida em nenhuma ordem viral, de acordo com o

ICTV. E composta por inGimeros virus de importancia na satide humana e animal, incluindo

oficialmente, pelo ICTV, quatro géneros: Flavivirus, Hepacivirus, Pegivirus e Pestivirus.

Dentro destes géneros, a inclusdo de espécies € determinada por inimeros critérios, como

sequéncia de nucleotideos e amino 4&cidos, antigenicidade, associacdo de vetores-

hospedeiros- sintomas; o principal critério utilizado é a comparacdo da sequéncia de

nucleotideos e a filogenia (Figura 1) (ICTV- FLAVIVIRIDAE, 2017).

Vetor- carrapato

Flavivirus Edge hill 3] ~ Mammalian Vetor
Vetor- Yellow M. . 3333 tz'a'é;" : Modoc )
eror ever ; %‘%ﬁe%ﬁ«- - desconhecido
i EEiE A
mosqurto EnLebbe TIEE
at et Rio

e A\Bravo

i e
é::: \ Especifico de
Z: & | artrépodes

Figura 1. Filogenia da familia Flaviviridae. Esta arvore foi baseada na sequéncia de amino acidos da

RNA polimerase viral dos flavivirus, e os géneros estdo demonstrados em clusters distintos (ICTV-

FLAVIVIRIDAE, 2017).

Dentro do género Flavivirus, os virus sdo transmitidos aos hospedeiros por

artropodes, mosquitos ou carrapatos (arbovirus), e como caracteristica unica do genoma dos
flavivirus hd uma estrutura de cap na 5S’UTR (ICTV- GENUS: FLAVIVIRUS, 2017). Dentre

as espécies do género, 54 no total, estdo importantes agentes como o Virus da dengue, o Virus

da febre amarela, Virus da encefalite japonesa e Virus da Zika (BORDI et al., 2016). A
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espécie referéncia do género é o virus da Febre Amarela.

A Unica espécie de hepacivirus reconhecida é o Virus da hepatite C, que ocorre
somente em humanos. As caracteristicas que distinguem os membros do género Hepacivirus
sdo a transmissdo direta entre humanos e a replicacdo limitada dos virus em cultivo celular
(ICTV- GENUS: HEPACIVIRUS, 2017).

O género Pegivirus foi reconhecido como pertencente a familia Flaviviridade
somente em 2012. Dentre as espécies descritas no género estao o Pegivirus A e B, encontrados
em hospedeiros primatas e morcegos, respectivamente, sendo que a infeccdo pode ser
persistente mas sem sinais clinicos relacionados (ICTV- GENUS: PEGIVIRUS, 2017). Além
da posicdo distante na filogenia, membros deste género possuem caracteristicas genémicas
distintas, como a proteina do capsideo sem homologia com os outros flavivirus
(STAPLETON et al., 2011).

O género Pestivirus abriga varios virus de importancia na satde animal, sendo que
dentro do género sdo reconhecidas quatro espécies: CSFV, BVDV-1, BVDV-2 e BDV
(SIMMONDS et al., 2011). As caracteristicas gendbmicas unicas dos membros deste género
sdo duas proteinas exclusivas, a NP e E™, e a existéncia de dois biotipos, o citopatico (CP)
e ndo citopéatico (NCP) (BECHER et al., 2011). Recentemente, possiveis novas espécies vém
sendo propostas e caracterizadas, dentre elas: pestivirus de girafa (AVALOS-RAMIREZ et
al., 2001), pestivirus de antilope (VILCEK et al., 2005), virus Bungowannah (encontrado em
suinos- KIRKLAND et al., 2007), virus “Aydin ’-like (encontrado em ovinos e caprinos-
OGUZOGLU etal., 2009), um grupo de virus detectados em pequenos ruminantes na Tunisia
(THABTI et al., 2005), pestivirus atipico de suinos (HAUSE et al., 2015), pestivirus
detectados em ratos (FIRTH et al., 2014), pestivirus detectados em morcegos (WU et al.,
2012) e um grupo de varios virus referidos como virus ‘HoBi -like ou BVDV-3 (Schirrmeier

et al., 2004). As relacGes filogenéticas desses virus sdo apresentadas na Figura 2.
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Bungowannah
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0.1 BDV

Figura 2. Andlise filogenética de espécies do género Pestivirus. Esta arvore foi feita através dos
métodos de Maximum likelihood e analise Bayesiana, utilizando as regides gendmicas 5’'UTR, Npro
e E2. Fonte: LIU et al., 2009a.

3.2 Espécies do género Pestivirus

3.2.1 Peste Suina Classica

O virus da peste suina classica (CSFV) é um virus importante que causa doenga grave
e contagiosa tanto em suinos domésticos como silvestres. Por ser de dificil controle em altas
densidades populacionais, estd na lista de doencas de notificacdo obrigatoria da OIE. Esta
distribuida por todo o mundo, embora alguns paises ja tenham erradicado a doenca
(EDWARDS et al., 2000).

A gravidade dos sinais clinicos depende principalmente da idade do animal e viruléncia
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do isolado. O mesmo isolado pode causar diferentes formas da doenca, dependendo da idade,
raca e imunidade do hospedeiro: em suinos adultos a doenca é geralmente leve ou subclinica
(MOENNIG; FLOEGEL-NIESMANN; GREISER-WILKE, 2003). A via de transmissao é a
oro-nasal, sendo as tonsilas o 6rgdo de predilecdo apds a exposicdo ao virus; a partir destas o
virus é drenado para linfonodos, medula 6ssea e tecido linfoide do trato digestivo. Atinge a
corrente sanguinea em altos titulos e invade o figado, pancreas e rins. A forma cléassica da
doenca € caracterizada por febre alta, lesbes hemorragicas, diarreia, conjuntivite,
imunodepressdo com infeccBes secundarias e alta mortalidade (PATON; GREISER-WILKE,
2003).

O virus é capaz de atravessar a barreira transplacentaria em fémeas gestantes. Essa
infeccdo geralmente resulta em perdas reprodutivas dependendo da fase gestacional. Podem
ocorrer abortos, natimortos, nascimento de leites fracos, com tremor ou malformacdes
(MOENNIG, 2000). Infeccdo de gestantes com 50 a 70 dias de gestacdo pode levar ao
nascimento de leitGes persistentemente infectados, que geralmente apresentam crescimento
inferior, refugo e tremores congénitos. Alguns leitGes Pl sdo clinicamente normais e podem
sobreviver por varios meses. (MOENNIG; FLOEGEL-NIESMANN; GREISER-WILKE,
2003). Os hospedeiros naturais da CSF sdo membros da familia Suidae, sendo o0s suinos
domesticos e os javalis reservatdrios suscetiveis (MOENNIG, 2000).

A CSF tem dificil controle em areas de alta concentracdo de criagcbes comerciais ou
grande nimero de suideos silvestres por ser altamente contagiosa. Por esta razdo é considerada
doenca estratégica do ponto de vista sanitario e esta na lista de notificacdes obrigatdrias da OIE
(OIE-LISTED DISEASES, INFECTIONS AND INFESTATIONS IN FORCE IN 2017, 2017).
No Brasil, a doenca foi considerada endémica até a década de 1980, com sucesso em reduzir a
ocorréncia a partir de programas oficiais. Surtos da doenca na regido Sul, a regido com maior
producdo na suinocultura industrial, ndo foram mais identificados desde 1988 (EDWARDS et
al., 2000). Em 1992 foi implementado o Programa Nacional de Controle e Erradicacio da Peste
Suina Classica, e a monitoria e vigilancia continua atualmente com o Plano de Contingéncia
para peste suina classica (BRASIL- SANIDADE ANIMAL, 2009).

3.2.2 Doenca da Fronteira

O virus da Doenga da Fronteira (BDV) ocasiona uma doenca de ovinos e caprinos que

causa na maioria das vezes sinais reprodutivos, podendo ser congénita, mas também aguda. Foi
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reconhecida pela primeira vez em 1959 na regido de fronteira entre a Inglaterra e Wales, e esta
disseminada pela Europa, Australiae América do Norte (NETTLETON et al., 1998). A infecgéo
aguda de ovelhas ndo prenhes e de animais jovens é geralmente subclinica, e pode cursar com
febre leve e leucopenia transitdria, percebidas de quatro a onze dias ap6s infeccdo e associadas
a uma viremia curta. Porém sinais clinicos mais evidentes sdo vistos na infeccdo de ovelhas
prenhes, em que o virus atravessa a barreira transplacentaria e causa infec¢éo do feto, resultando
em reabsorcdo, abortamentos, nascimento de cordeiros fracos e inviaveis, além de
malformacdes congénitas (BECHER et al., 1998).

Os sinais clinicos em cordeiros nascidos vivos sdo muito varidveis. Os filhotes sdo
geralmente pequenos, fracos e ndo conseguem se manter em pé. SA0 comuns sinais
neuroldgicos como tremores violentos ou finos nos membros, cabeca e cauda (NETTLETON
et al., 1998), e anormalidades e mudanca na cor e textura da la. A maioria dos cordeiros morre
pouco depois do nascimento, mas alguns conseguem se recuperar inclusive dos sinais
neurolégicos (MONIES; PATON; VILCEK, 2004). A infeccdo de fémeas prenhes até 80 dias
de gestacdo pode gerar filhotes persistentemente infectados, assim como ocorre com bovinos e
infeccdo congénita por BVDV. Cordeiros que nascem com sinais clinicos tem pouca chance de
sobrevivéncia e morrem cedo, tendo imunodepresséo e suscetibilidade a varios outros agentes.
Filhotes menos afetados podem sobreviver, mas a morte pode ocorrer a qualquer momento.
Alguns animais persistentemente infectados (PI) podem se tornar adultos e excretar o virus por
anos (NETTLETON, 1990).

3.2.3 Virus da Diarreia Viral Bovinale 2

O Virus da Diarreia Viral Bovina (BVDV) esta presente no mundo todo e causa grandes
prejuizos econdmicos para a criacao de bovinos (HOUE, 2003). Os primeiros casos descritos
eram de uma doenca de sintomatologia leve a branda de curta duracdo, porém, nas Gltimas
décadas, surtos graves relacionados & infeccdo aguda por BVDV tém sido relatados
(RIDPATH et al., 2006).

O BVDV foi segregado em duas especies distintas (THIEL et al., 2005), BVDV- 1 e
BVDV-2, sendo assim classificados pois possuem variabilidade entre os seus genomas.
Enquanto existem similaridades entre BVDV-1 e BVDV-2, ha diferencas bioldgicas
significantes entre os isolados das duas espécies (RIDPATH, 2003). A reatividade soroldgica
cruzada entre BVDV-1 e BVDV-2 e geralmente baixa, e isto apresenta implicacOes

importantes para o diagndstico e para a eficacia das vacinas (BAUERMANN, FLORES &
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RIDPATH, 2012).

Em animais ndo prenhes, a infeccdo geralmente é subclinica, porém sinais brandos
como febre curta, sinais respiratorios, sintomas gastroentéricos e leucopenia podem estar
presentes. A viruléncia e quadros clinicos gerados pelas diferentes cepas de BVDV podem
ser de grande variabilidade, porém as maiores diferencas entre quadros clinicos é
pronunciada entre as cepas de BVDV-2, que podem gerar de sinais ndo detectaveis,
semelhantes & maioria dos BVDV-1, a febres de quase 42°C que perduram por trés dias ou
mais, com diminuicdo dos linfocitos em 40% e plaquetas em 60% (RIDPATH et al.,
2013).Algumas cepas ndo citopaticas de BVDV-2 podem causar sindrome hemorragica com
grave quadro clinico e em média 20% de mortalidade (RIDPATH, 2003). As cepas de BVDV
podem ser classificadas em dois biotipos, citopatico (CP) ou ndo citopatico (NCP), de acordo
com a citopatogenicidade em cultivo celular, mas ndo esta correlacionada com a viruléncia
da cepa. A grande maioria das cepas virulentas de campo sdo do biotipo NCP (PETERHANS
etal., 2010).

A infeccdo pelo BVDV em fémeas prenhes suscetiveis cursa com transmissao
transplacentaria do virus. As consequéncias desta infec¢do para o concepto dependem da
idade gestacional em que ocorre a infec¢do e da cepa do virus. No inicio da gestacdo pode
ocorrer reabsorcdo embrionaria e retorno ao estro; se o feto for infectado, podem ocorrer
abortos, mumificacdo fetal, natimortos ou bezerros fracos e inviaveis ou 0 nascimento de
animais PIl. A infec¢do no terco final da gestacdo frequentemente leva ao nascimento de
bezerros normais, livres do virus (RIDPATH et al., 2010; DUBOVI, 2013). A infeccédo
intrauterina dos 40 aos 120 dias de gestag@o pode gerar bezerros PI. O sistema imune do feto
ndo esta desenvolvido e falha ao montar a resposta imune, desenvolvendo imunotolerancia a
cepa infectante e excretando altos titulos do virus em todas as secre¢des corporais (Figura 4).
Somente cepas NCP s&o capazes de estabelecer e manter infeccdo persistente (PETERHANS
et al., 2010), constituindo-se no principal reservatorio e fonte de disseminacéo viral entre os
animais (ARENHART et al., 2009).
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Figura 3. Consequéncias de infec¢do persistente e transitoria pelo BVDV. A infec¢do de um animal

soronegativo com qualquer um dos biotipos (NCP ou CP) conduz a uma infec¢do transitéria que

normalmente ndo apresenta sinais, com eliminacdo do virus e producdo de resposta imune. Em

contraste, a infeccdo com cepas NCP em fémeas soronegativas entre 0 segundo e quarto més de

gestacdo pode levar a um feto PI. Os bezerros Pl sdo imunotolerantes para a cepa BVDV infectante,

nascem sem anticorpos para esta cepa e excretam grandes quantidades de virus durante toda a sua vida.

Se o0 virus NCP muta para biotipo CP ou se o animal é infectado com um virus CP antigenicamente

semelhante, o bezerro P1 desenvolvera a letal Doencga das Mucosas. Fonte: PETERHANS et al., 2010.

Os animais Pl podem desenvolver um quadro clinico fatal denominado Doenca das

Mucosas (DM), com 100% de mortalidade. O mecanismo da DM esta associado ao

surgimento do biotipo CP da cepa de BVDV a qual o animal Pl € imunotolerante. Este biotipo

surge como resultado de mutacdes, rearranjos, deleces ou recombinacao da cepa NCP, quase
sempre resultando na expressao da proteina NS3 clivada da NS2 (BACHOFEN et al., 2010).
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3.2.4 Virus ‘HoBi’-like

A possivel nova espécie referida como ‘HoBi’-like se refere a um grupo de virus
descritos primeiramente por pesquisadores da Alemanha em 2004, em que um pestivirus
atipico foi isolado de um lote de soro fetal bovino (SFB) importado do Brasil
(SCHIRRMEIER et al., 2004). A partir deste relato, muitos pestivirus geneticamente
semelhantes foram encontrados como contaminantes em cultivo celular (STALDER et al.,
2005; LIU et al., 2009b; PELETTO et al., 2012; MAO et al., 2012; GAO et al., 2016;
SILVEIRA et al., 2015). Porém infeccdo natural de bovinos e bufalos por estas cepas
comecaram a ser relatadas na Asia (STAHL et al., 2007), Italia (DECARO et al., 2012a),
Estados Unidos da América (X1A et al., 2011) e Brasil (BIANCHI et al., 2011; SILVEIRA et
al., 2015). A nomeacdo ‘HoBi’-like é derivada do nome do primeiro isolado relatado,
HoBi_D32/00. Alguns autores também se referem a estes virus como BVDV-3, por sua
semelhanca nos sinais da infeccdo com as outras espécies de BVDV, porém eles séo
geneticamente distantes e antigenicamente distintos, com 75% e 80% de similaridade de
nucleotideos com BVDV-1 e BVDV-2, respectivamente (BAUERMANN; FLORES &
RIDPATH, 2012).

Infeccdo experimental em bovinos demonstrou que infecgdo por virus ‘HoBi’-like
cursam com sinais semelhantes aos da infeccdo por cepas de BVDV com baixa viruléncia.
Foi observada febre e decréscimo no nimero de linfécitos circulantes (RIDPATH et al.,
2013). Além disso, a gravidade do quadro clinico pode estar sujeita aos mesmos fatores de
que depende a infeccdo pelo BVDV: fatores relacionados ao hospedeiro e a cepa. Portanto
sinais clinicos leves ap6s infeccdo por estes virus podem ndo ser as Unicas consequéncias,
chegando a cursar com a morte do animal. Cepas NCP e CP foram isoladas de um mesmo
bovino que morreu por doenca respiratéria (DECARO et al., 2012a), e ha relato destas cepas
causando surto de doencga respiratdria em um rebanho na Europa (DECARO et al., 2011).
Estes virus também causaram surtos de aborto e mal formagdes (BIANCHI et al., 2011;
DECARO et al., 2012b), e cepas CPs foram detectadas causando quadro semelhante a DM
em um rebanho no Brasil (WEBER et al., 2014a), e relato de um bovino com quadro

caracteristico de animal PI causado por um virus ‘HoBi -like (DECARO et al., 2013).
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3.3Diversidade genética dos pestivirus
3.3.1.Filogenia

A andlise filogenética é importante para inferir a historia evolucionéria e
epidemioldgica de um virus, para tentar rastrear a origem de surtos e fornecer bases para uma
abordagem padronizada de classificacdo (PATON et al., 2000; VILCEK et al., 2001). A
genotipagem é determinada comparando sequéncias genémicas de dois ou mais isolados,
sendo que ndo ha regras para determinar quanta diferenca ha entre duas sequéncias para que
sejam consideradas como sendo de grupos diferentes. Utilizar as por¢6es mais conservadas
das sequéncias gendmicas resultard na diferenciacdo de poucos subgrupos, e utilizar as
porcdes mais variaveis ird aumentar o numero de agrupamentos (RIDPATH, 2003). Nos
pestivirus, a por¢do mais conservada ¢ a regido 5’UTR (THURNER et al., 2004), e a menos
conservada € a por¢do do genoma que codifica a proteina E2, que é reconhecida pelo sistema

imune.

3.3.2.Diversidade genética interespécies

As quatro espécies reconhecidas de pestivirus (BVDV-1, BVDV-2, CSFV e BDV)
eram, antigamente, classificadas de acordo com a origem de hospedeiro natural. Atualmente
podem ser diferenciadas através de filogenia do genoma completo (BECHER, ORLICH &
THIEL, 1998; RIDPATH & BOLIN, 1997) e sequéncias parciais, especialmente a 5’UTR,
que pode ser usada para estabelecer as espécies (BECHER et al., 1997), e os isolados sdo
classificados de acordo com sua relacdo genética com as cepas virais que sdo usadas
referéncia de cada espécie (DUBOIS et al., 2008). Analises mais recentes dos representantes
de pestivirus reconhecidos e possiveis novas espécies utilizaram analises da regido genémica
da 5'UTR, NP e E2 gene atraves dos métodos Maximum likelihood e analise Bayesiana. Foi
entdo proposta a classificacdo dos pestivirus em 9 espécies: BVDV-1, BVDV-2, CSFV,
BDV, virus ‘HoBi -like, Pestivirus de girafa, Virus de ovinos da Tunisia, Pestivirus de
Antilope e Bungowannah (LIU et al., 2009a), sendo que nestas analises ndo foram incluidos
outros novos possiveis pestivirus. A relagdo evolucionéria entre os pestivirus reconhecidos e
os nao classificados ainda nao foi determinadas, ja que diferentes relacfes sao inferidas entre

diferentes regides genémicas (LIU et al., 2009a).
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3.3.3.Diversidade genética intraespécies

Para determinar a variabilidade em nivel gendmico, trés regides sdo frequentemente
utilizadas na classificagdo de pestivirus: regido da 5’UTR (RIDPATH, BOLIN & DUBOVI,
1994; WOLFMEYER et al., 1997; VILCEK et al., 2001), gene da
NP, que codifica autoprotease (BECHER et al., 1997; VILCEK et al., 2001) e regido
codificante da E2, glicoproteina imunodominante (BECHER et al., 1999; TAJIMA et al.,
2001). Analises filogenéticas mais completas utilizam 5 regides: 5’UTR, NP, E2, NS3 e
NS5B, e os isolados podem se comportar de maneira diferente dependendo da regido
analisada, sugerindo que diversas regibes do genoma devem ser analisadas para a
caracterizacdo de isolados de pestivirus, ou que o ideal seria uma analise do genoma completo
(NAGAI et al., 2004).

A diversidade genética do BVDV-1 é muito grande, sendo reportados mais de 17
subtipos até agora, nomeados em ordem alfabética (VILCEK et al., 2001;VILCEK et al.,
2004; DENG et al., 2012; GIAMMARIOLI et al., 2015b). A classificacdo do BVDV-1 em
subtipos ndo é aceita pelo ICTV, mas ¢ amplamente utilizada na epidemiologia molecular
(JACKOVA et al., 2008).

A busca pela diversidade de subtipos do BVDV-1 também levou a descoberta de
subtipos dentro do BVDV-2, que foi classificado com espécie através de comparagdo da
regido 5’UTR (RIDPATH, BOLIN& DUBOVI, 1994). O BVDV-2 atualmente é dividido em
trés subtipos (2a a 2¢) (TAJIMA et al., 2001).

A diversidade genética do BDV também é extensa, com 6 genotipos reportados
(DUBOIS et al., 2008). O CSFV foi dividido em trés gendtipos (1, 2 e 3) que foram
subdivididos em subgenétipos (1.1, 1.2, 1.3, 1.4; 2.1, 2.2, 2.3; 3.1, 3.2, 3.3, 3.4) (PATON et
al., 2000; BEER et al., 2015). A maior implicancia pratica destas variacdes genéticas é a baixa
reatividade soroldgica cruzada, podendo levar a falhas vacinais e perda da habilidade de
deteccdo dos testes laboratoriais (FULTON et al., 2003; BACHOFEN et al., 2008;
GIAMMARIOLLI et al., 2015a).

Até as possiveis novas espécies propostas ja mostram grande diversidade genética,
sendo propostos subtipos. E o caso dos virus ‘HoBi’-like, com 3 subtipos propostos de acordo
com a origem geogréafica das cepas (MISHRA et al., 2014) e do pestivirusatipico de suinos,
que apesar de descrito recentemente, ja tem relatada grande diversidade entre isolados (BEER
et al., 2016).
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3.4. Genoma

Os pestivirus ttm o genoma constituido por uma fita simples de RNA de polaridade
positiva de cerca de 12,3Kb. Este genoma possui duas regides nédo traduzidas (UTR) nas
extremidades 5° ¢ 3’. Possui uma unica fase aberta de leitura (ORF), e sua traducdo gera uma
longa poliproteina de aproximadamente quatro mil aminoécidos, que é clivada em varias
proteinas, sendo elas estruturais (E) e ndo estruturais (NS) (COLLETT et al., 1988; DENG;
BROCK, 1992). Algumas das regibes mais importantes para analise da diversidade (e

classificacdo dentro de espécie e subgrupo) serdo abordadas a seguir.
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Figura 4. Esquema de organizacdo do genoma de pestivirus, poliproteina e sitios de clivagem. Estes sitios
sdo clivados com diferentes proteases, dando origem a 11-12 proteinas, néo estruturais (NS) ou estruturais (E).
Fonte: Tautz, Tews & Meyers, 2015.

3.4.1. Regido 5’ ndo traduzida do genoma viral

Os pestivirus possuem uma regido 5’ nao traduzida (UTR) muito mais longa (330 a
385 nucleotideos) do que os demais flavivirus (97 a 119), e contém inimeros codons AUG
(TAUTZ, TEWS & MEYERS, 2015). O genoma dos membros da familia Flaviviridae néo
possui estrutura cap na extremidade 5° (BROCK, DENG & RIBLET, 1992), que tem funcéo
de interacdo com o ribossomo e sinalizagdo para que a traducdo ocorra somente no codon
AUG na extremidade final daregido 5’ (KOZAK, 1986). Virus sdo dependentes da maquinaria
celular para a traducéo das proteinas virais, e para garantir que o0 RNA viral seja aceito pelos

componentes da célula, a estratégia de muitos virus, incluindo os pestivirus, envolve a ligagcdo
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dos ribossomos em estruturas secundarias complexas formadas pelo RNA na regido da
5’UTR, denominada sitio interno de entrada no ribossomo (IRES), onde se inicia a traducéao
(POOLE et al., 1995). O IRES é capaz de recrutar a subunidade menor do ribossomo e
posiciona-lo no sitio de inicio da traducdo, que se inicia no codon AUG correto (TAUTZ,
TEWS & MEYERS, 2015). Este sitio interno de entrada no ribossomo € altamente
conservado entre os pestivirus (THURNER et al., 2004).

Vérios estudos tém demonstrado que caracteristicas especificas da estrutura
secundaria e terciaria da 5’UTR tém papel essencial na correta traducdo do RNA viral. A
regido 5’UTR inicia-se com uma sequéncia capaz de formar uma estrutura estavel de stem-
loop denominada hairpin la que, acredita-se, seja um elemento de estrutura secundaria
bifuncional envolvido tanto na iniciagdo da tradugdo como na replicagdo do RNA viral
(RIJINBRAND et al., 1997; YU et al., 2000). Os elementos do IRES sdo caracterizados por
duas estruturas complexas de stem-loop, denominadas dominios Il e I1l. O local de inicio da
traducdo se encontra logo ap6s um pseudond formado por interacdo de um loop do dominio
Il e sequéncias muito préximas ao codon AUG (MOES & WIRTH, 2007), representado na
figura 3. O pseudond é um componente essencial para o funcionamento do IRES, e ajuda a
posicionar o cddon de inicio AUG no local p do ribossomo (KOLUPAEVA et al., 2000). A
posicdo do codon AUG na 5’UTR é crucial, ja que os ribossomos parecem ndo reconhecer
cédons AUG fora de uma regido que cerca o cdédon auténtico de inicio da tradugdo
(RIINBRAND et al., 1997).
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Figura 5. Representacio da estrutura secundaria da regido 5’UTR. Ha a indicacéo
dos stem loops (la, Ib, Il e 111) e pseudonoé formado perto do cédon AUG de inicio da
tradugdo. Fonte: Tautz, Tews & Meyers (2015)

3.4.2. NPro

A primeira proteina viral traduzida € a proteina ndo estrutural NP, que possui atividade
autoproteolitica. Ela é responsavel pela propria clivagem, se desligando da poliproteina com
clivagem entre ela e a proteina seguinte (STARK et al., 1993), gerando o0 amino- terminal (N-
terminal) da proteina do capsideo (C). A NPs@ é encontrada nos, e é formada por mais ou
menos 160 aminoacidos. Sem homologia com nenhuma outra protease, a NP tem sua propria
subfamilia, c53, dentro da familia das cisteina proteases (RAWLINGS, BARRETT&
BATEMAN, 2012).

A proteina NP n&o € necessaria para a replicacdo do virus em cultivo celular, embora
mutantes defectivos sejam facilmente neutralizados pelas defesas do hospedeiro
(TRATSCHIN et al., 1998). Isso se deve provavelmente ao fato de a proteina interferir na via
do Interferon tipo | (IFN), marcando o Fator regulatério de Interferon 3 e 7 (IRF-3 e IRF-7),
que sdo fatores de transcricdo dos genes do Interferon o e B, através de poliubiquitinizacao.
Isto consequentemente leva a degradacédo destes fatores pelos proteossomas (RUGGLI et al.,
2009; GIL et al., 2006; HILTON et al., 2006; BAUHOFER et al., 2007; FIEBACH et
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al.,2011). A funcdo autoproteolitica da proteina ndo é necesséria para a atividade de
degradacéo dos IRFs (SEAGO, GOODBOURN & CHARLESTON, 2010; HILTON et al.,
2006). A atividade de inibicdo da inducdo de IFN | também ja foi associada a infeccdes
persistentes de fetos com cepas NCP (CHARLESTON et al., 2016), além de insercdes nesta
regido favorecerem a clivagem entre NS2 e 3, originando cepas CP de isolados NCP
(MULLER et al., 2003; KAMEYAMA et al., 2006).

343 E2

A proteina E2 é a ultima das proteinas estruturais na poliproteina, sendo clivada da
proteina E1 e da proteina posterior, a p7, por peptidases celulares (RUMENAPF et al., 1993).
A E2, assim como a E1, é proteina integral de membrana, cuja ancora contém residuos
hidrofébicos que interagem com a membrana do virus, sendo E2 a principal glicoproteina do
envelope viral (WEILAND et al., 1990). A E2 possui caracteristicas que a tornam capaz de
realizar fusdo de membranas, sendo indicada como uma das responsaveis pela entrada do
virus na célula (FERNANDEZ-SAINZ et al., 2014), e determina o tropismo celular (LIANG
et al., 2016; ASFOR et al., 2014). A proteina E2 fica retida dentro da célula através de sua
ancora transmembrana, ja que esta, assim como E™, ndo foi encontrada em grande
guantidade na membrana citoplasmatica de células infectadas, mas sim na membrana do
reticulo endoplasmatico. Isto indicou que o virion € liberado por brotacdo das cisternas do
reticulo (GRUMMER et al., 2001; WEILAND et al., 2016). A por¢do C-terminal contém um

dominio hidrofébico que ancora a proteina ao envelope (THIEL et al., 1991).

A E2 ¢ formada por 373 aminoéacidos, possui 15 residuos de cisteina conservados
entre os pestivirus, sendo que o BVDV possui dois residuos a mais, e estes residuos mediam
interacOes entre as glicoproteinas através de pontes dissulfeto (LI et al., 2013), como a
formagdo de homodimeros da E2 e heterodimeros com a E1 (WEILAND et al., 1990;
RONECKER et al., 2008). A formagdo de heterodimeros E1-E2 no BVDV se mostrou
essencial para a entrada do virus na célula, e depende de residuos nos segmentos
transmembrana das duas glicoproteinas: lisina e arginina na E1 e arginina na E2
(RONECKER et al., 2008). Na E2, os sitios de glicosilacdo sdo menos conservados do que
os residuos de cisteina: no CSFV ha seis sitios de N-glicosilacdo (RISATTI et al., 2007), e no
BVDV hé4 4 (OMARI et al., 2013).

Estudos em cultivo celular descreveram que a adsorcdo dos virions comega com 0
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primeiro contato sendo mediado pela E™, seguido pela ligagdo da E2 com um receptor
celular, sendo a internalizacdo com fusdo de membranas atingida somente apds a mediacao
da E1 (HULST & MOORMANN, 1997). Os virions sdo internalizados através de endocitose
mediada por receptores dependentes de clatrina (GRUMMER, GROTHA & GREISER-
WILKE, 2004). A inibicao da infeccdo celular quando proteinas E2 de BVDV e CSFV foram
adicionadas ao meio de cultura indica que a E2 destas duas espécies virais utilizam o mesmo
receptor para aderir e entrar na célula (HULST & MOORMANN, 1997), e j& foi demonstrado
que dois peptideos especificos provenientes da E2 se ligam ao receptor da célula e tém o
poder de inibir a infeccdo (LI etal., 2011).

Ja foram descritos varios receptores celulares que se ligam a E2, porém o mais
descrito e tido como receptor celular do BVDV é o CD46 bovino, um cofator que protege a
célula de um ataque inespecifico do sistema complemento (MAURER et al., 2009). Porém
este receptor em nenhum momento do ciclo celular é internalizado, e € suposto que 0s
pestivirus necessitam de outros cofatores para entrada na célula, como receptores de heparan-
sulfato (DRAGER, BEER & BLOME, 2015). Algumas moléculas celulares também tiveram
seu potencial de ligacdo a E2 descritos: uma molécula da membrana celular que se liga a
filamentos de actina, possivelmente relacionada a via endocitica do virus (SCHELP,
GREISER-WILKE & MOENNIG, 2000); a beta-actina, um componente do citoesqueleto,
que, se inibida, reduz a replicacdo do CSFV em cultivo celular (HE et al., 2014); e anexina 2,
uma proteina de membrana que foi associada a entrada do CSFV na célula, sem a qual houve

inibicdo da replicacdo viral em cultivo (YANG et al., 2015).

A E2 é a glicoproteina que contém grande parte dos determinantes antigénicos, e é
alvo da maioria da resposta humoral, com a maioria dos epitopos localizados na por¢cdo N-
terminal (DEREGT et al., 1998). Resposta imune gerada pela E2 sozinha foi suficiente para
protecdo de suinos contra CSFV (HULST et al., 1993). No CSFV, quatro dominios (ABCD)
foram sugeridos para esta proteina: os dominios BC, que possuem 0s epitopos ndo
conservados, responsaveis pela especificidade antigénica, enquanto os dominios AD sao
conservados (OMARI et al., 2013). Para atingir a conformacéo correta destes 4 dominios, séo
necessarios 6 residuos de cisteina, presentes na porcao N-terminal (CHANG et al., 2010).
Varios epitopos de linfocitos T citotdxicos foram mapeados nesta proteina (ARMENGOL et
al., 2002; CEPPI et al., 2005), e mudangas nestes epitopos podem ser responsaveis pela

pressdo seletiva positiva e evasao da resposta imune (TANG & ZHANG, 2007).
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3.44 NS2

Apos a proteina p7, séo clivadas na poliproteina as proteinas NS2 e NS3. A NS2 é
formada por 450 aminodcidos, e é encontrada fusionada como uma proteina Gnica, NS2/3, em
células infectadas com cepas NCP. NS2 e NS3 sdo encontradas individualizadas em cepas
CP. A clivagem entre NS2 e 3 é processada pela propriaNS2, que recentemente teve descrita
sua atividade de protease restrita a esta clivagem (LACKNER et al., 2004). H& um processo
intramolecular que parece inibir o0 dominio onde se encontra a protease, ndo permitindo
atividade de clivagem em qualquer outro processo: a parte C-terminal da NS2 parece bloquear
fisicamente o sitio ativo da protease ap0ds a clivagem entre NS2-3 (LORENZ et al., 2006).
Além de funcéo de autoprocessamento, a NS2 possui um N-terminal hidrofébico com no
minimo 4 dominios transmembrana, necessarios para a translocacdo desta proteina para o
reticulo endoplasmaético (RE). A NS2 do HCV induz estresse no RE da célula hospedeira,
desempenhando um papel importante na patogénese do HCV, e por terem homologia, supde-

se que a NS2 dos pestivirus também possa exercer este papel naviruléncia (GUO et al., 2011).

A atividade proteolitica da NS2 necessita de interacdo com uma chaperona celular
denominada Jiv (proteina do dominio J interagindo com a proteina viral) (LACKNER,
THIEL & TAUTZ, 2006), e foi observado que a extensdo da clivagem entre NS2/3 esta
intimamente correlacionada com os niveis intracelulares de Jiv (MULLER et al., 2003). Em
casos de infeccdo pelo biotipo NCP em animais gestantes pode ocorrer longas infecgdes
persistentes depois de exposicao intrauterina, onde a NS2/3 permanece na forma néo clivada.
Supde-se que este controle da atividade de protease e clivagem entre NS2 e NS3 através da
limitacdo na quantidade de Jiv pode ser um importante fator regulatério do virus (RINCK et
al., 2001). Esta regulacdo pode abranger tanto a patogenicidade quanto a propagacdo na
populacédo de hospedeiros (LACKNER et al., 2004), sendo fator central na adaptacdo dos

pestivirus ao seu hospedeiro.

A NS2 ndo é necesséria para a replicagdo do RNA (BEHRENS et al., 1998), embora
a NS2/3, ndo clivada, seja indispensavel na montagem e saida de particulas da célula
(AGAPOQV et al., 2004). Com relacéo a clivagem entre estas duas proteinas em perspectiva
temporal, foi detectada clivagem quase completa da NS2-3 em BVDV NCP nas primeiras
horas de infec¢do, que caiu para niveis praticamente indetectaveis 6 a 9 h apés a infeccéo; ja
para cepas CP esta diminuigéo da clivagem foi apenas moderada (LACKNER et al., 2004).

Esta regulacéo temporal no autoprocessamento da NS2/3 € necessaria para trocar da fase de
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alta atividade de replicacdo do genoma viral para uma fase de morfogénese (BECHER &
TAUTZ, 2011).

A maioria dos pestivirus citopaticos possuem inser¢fes no genoma, entre NS2 e
NS3, provenientes da célula hospedeira e que sdo substrato de proteases celulares muito
eficientes, com alto indice e rapida clivagem. Como a NS2/3 néo clivada € necessaria para a
morfogénese e liberacdo de particulas virais da célula infectada, a maioria destes virus
citopaticos possuem também duplicacbes gendmicas codificando NS2/3 ndo clivada
(BECHER & TAUTZ, 2011). Sem a dependéncia da NS2/3 ndo clivada, mais pestivirus
citopaticos seriam capazes de fazer uma infeccdo autbnoma, e induzir DM: isso diminuiria o
tempo de duracdo de infec¢bes nos hospedeiros. Portanto esta dependéncia de NS2/3 nédo
clivada é considerada uma vantagem na estratégia de infeccdo persistente dos pestivirus
(PETERHANS et al., 2010).

3.45 NS3

A clivagem das proteinas ndo estruturais que segue a NS2 ocorre em quatro sitios de
clivagem (NS3/NS4A, NS4A/NS4B, NS4B/NS5A, eNS5A/NS5B) através de uma serino
protease cujo sitio catalitico estd na NS3. Essa protease necessita da proteina NS4A como
cofator para exercer sua atividade de clivagem (BAZAN & FLETTERICKT, 1988; XU etal.,
1997; MENDEZ et al., 1998; TAUTZ, KAISER & THIEL, 2000). A atividade de protease da
NS3 se encontra na por¢cdo N-terminal, onde esta o sitio de ligacdo para o dominio cofator da
NS4A (TAUTZ, KAISER & THIEL, 2000). Esta protease da NS3 é necessaria para a
viabilidade dos virions (GRASSMANN, ISKEN & BEHRENS, 1999), e também pode
iniciar a via de apoptose celular através de interacdo com caspases da célula hospedeira
(GAMLEN et al., 2010). Além de uma serino protease na por¢do N-terminal, a proteina NS3
abriga na porcdo C-terminal duas outras atividades enzimaticas: uma RNA helicase, que tem
importante papel nos primeiros passos da replicagdo viral (GORBALENYA et al., 1989;
WARRENER & COLLETT, 1995; GRASSMANN, ISKEN & BEHRENS, 1999), e uma
NTPase estimulada por RNA (TAMURA, WARRENER & COLLETT, 1993).

A helicase da NS3 funciona no desenrolamento de estruturas secundarias na 3' UTR
ou em regides de codificacdo, permitindo o inicio da replicacdo ou facilitando a atividade da
RNA polimerase viral (proteina NS5B) (GU et al., 2000). A dire¢cdo em que a RNA helicase
atua é 3’ para 5> (WARRENER& COLLETT, 1995), a mesma direcdo da RNA polimerase
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viral, que interage especificamente com a 3°’UTR para comecar a replicagédo (SHENG et al.,
2007). Estas funcdes enzimaticas da NS3 sdo essenciais na sintese do genoma de RNA, e por

consequéncia na producao de particulas infecciosas (GU et al., 2000).

A helicase da NS3, assim como outras helicases celulares e virais, tem papel
importante na traducdo, e pode estimular a traducdo mediada pelo sitio interno de entrada no
ribossomo (IRES). A NS5B (RNA polimerase) e NS3 interagem através do dominio protease
da NS3, sendo que a NS5B potencializa a helicase da NS3, estimulando a tradugéo (ZHANG
etal., 2005; XIAO et al., 2008; WANG et al., 2010). Além desta interacdo, a propria protease
da NS3 pode estimular a atividade da helicase (WEN et al., 2009). A NS3 também parece ter
importante funcdo namorfogénese, ja que uma mutacdo de apenas um aminoacido no dominio
helicase faz com que a NS3 possa substituir funcionalmente a proteina do capsideo (RIEDEL
etal., 2012).

A NTPase presente no C-terminal da NS3 utiliza a fosforilacdo de nucleotideos para
gerar energia para inimeros processos, como a ligacdo do complexo replicase ao RNA e na
propria atividade da helicase (DENG & SHUMAN, 1996), com a maior eficiéncia na
obtencéo de energia com hidrolise de ATP e CTP (WEN et al., 2009). A atividade da NTPase
é estimulada pela presenca de RNA fita simples (TAMURA, WARRENER & COLLETT,
1993), e tanto esta quanto as outras atividades enzimaticas da NS3 tém um papel central nos
primeiros passos da replicacdo viral (GRASSMANN, ISKEN & BEHRENS, 1999). Esta
proteina € imunogénica e antigenicamente conservada entre os pestivirus (SANDVIK, 2005).

3.4.6 NS5B

A proteina NS5B possui sequéncias que a caracterizam como uma RNA polimerase
dependente de RNA (RpRd) (COLLETT et al., 1988). A RpRd é responsavel pela replicacao
do genoma RNA de polaridade positiva e é caracterizada pelo motivo Gly-Asp-Asp
(KOONIN, 1991). A NS5B demonstra atividade de polimerase in vitro, porém in vivo a
replicacdo do genoma requer a acdo conjunta de NS3 e NS5B (ZHONG, GUTSHALL&
VECCHIO, 1998).

A NS5B mostrou in vitro tanto caracteristicas de replicagdo dependente de primer
(elongativa, copy back) como independente de primer (replicacdo de novo) (ZHONG,
GUTSHALL & VECCHIO, 1998; LAl et al., 1999). Outro estudo mostrou que a estrutura da
polimerase se complexa com GTP, que é uma molécula requerida para a sintese de novo do

genoma; o GTP se liga de forma adjacente ao NTP de iniciacdo da replicacdo (CHOI et al.,
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2004).

A RpRd assemelha-se a uma mé&o direita composta por dominios que formam dedos,
palma e polegar. Este formato € conservado entre todas RpRd virais e outras polimerases,
porém os pestivirus possuem um dominio extra localizado no N-terminal (CHOI et al., 2004),
que junto com a ponta dos dedos € requerido para ligar e dar assisténcia na translocacéo da
fita molde de RNA. Os dois acidos asparticos do motivo de RpRd coordenam ions metélicos
que catalisam a adi¢do de NTP na fita nascente. A replicacdo dos pestivirus é feita por um
grande complexo de replicacédo ligado a membrana, composto por RNAviral, polimerase viral
e outras proteinas virais e celulares. Ocorre a sintese de uma fita de RNA polaridade negativa,
resultando em duplas fitas das quais tém origem varias outras positivas utilizadas na geracao
da progénie viral (CHOI et al., 2006). A NS5B também parece exercer funcdo na
morfogénese, sendo identificado um locus no C-terminal que pode ter fungdo de marcar RNA
recém sintetizado, destinando-o a locais onde as proteinas C, E1 e E2 se agrupam para um

evento de brotamento, possivelmente na membrana do RE (ANSARI et al., 2004).

3.4.7 Regido 3’ ndo traduzida

Assim como a 5’UTR, a 3’UTR do genoma viral contém importantes elementos que
possuem estrutura primaria ou secundaria especificas, além de ser o primeiro elemento do
RNA que entra e contato com a RpRd para replicacdo (TAUTZ, TEWS & MEYERS, 2015).
A regidao 3’UTR pode ser dividida em uma parte conservada e outra variavel (DENG;
BROCK, 1993; GRASSMANN, ISKEN & BEHRENS, 1999). Séo trés os stem-loops (SL)
formados a partir da estrutura secundaria da 3°’UTR. O SLI esta localizado no final da 3’UTR,
SLII no meio e SLIII na regido que se segue logo ap6s o codon de parada. Com relacdo a
importancia destas estruturas no ciclo de replicacdo, delecdes internas ou retirada total do SL
I1 ou SL 111 permitem replicacdo viral; porém delecéo total dos SL 11 e SL I11 ndo permitiram
producdo de particulas infecciosas (PANKRAZ, THIEL & BECHER, 2005). A estrutura
secundaria do SLI é importante, ja que mudangas na sequéncia primaria, que nao
modificaram a estrutura secundaria, viabilizaram produgéo de progénie (YU, GRASSMANN
& BEHRENS, 1999).

Elementos ricos em adenosina e uracila sdo presentes e conservados na regiao3’UTR
em todas as cepas conhecidas de CSFV; no RNAm da célula hospedeira, estes elementos

causam instabilidade do RNA. Uma molécula da célula hospedeira chamada HuR, que se liga
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a estes elementos e protege 0 RNAmM, também se liga a regido 3’UTR do CSFV, sendo
sugerido que HuR também protege o RNA gendmico viral (NADAR et al., 2011). A ligacéo
daNS5A e NS5B nesta regido contribui namodulacgéo da replicacdo do genoma viral (SHENG
etal., 2012).
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Abstract

Bovine viral diarrhea virus 1 (BVDV-1) belongs to the Pestivirus genus within the
Flaviviridae family. Based in 5 untranslated regions (UTR) sequences, BVDV-1 can be
divided in at least 17 subtypes (1a trhough 1q). BVDV-1i is an uncommon subtype — reported
in the United Kingdom and Uruguay. In the present work, we report the first complete genome
of BVDV-1i, detected in cattle from Southern Brazil (strain ACM/BR/2016). The genome
presents 12,231 nt in length and contains a single ORF that encodes a polyprotein of 3,896
amino acids, flanked by 5’ and 3 UTRs of 325 and 220 nt, respectively. Phylogenetic
inferences based on whole genome, 5’UTR and NP regions showed that strain
ACM/BR/2016 is closely related to previously characterized BVDV-1i members. The 5°UTR
of the present strain shares the highest nucleotide identity (89.9%) with BVDV-1i strains
from United Kingdom and NP with an Uruguayan strain (89.4%). To the best of our
knowledge, this is the first BVDV-1i strain in which its whole genome was entirely sequenced
and characterized. The complete genome of a BVDV-1i will help future studies on Pestivirus

evolution and heterogeneity.

Keywords: BVDV-1i; pestivirus; subtype; bovine; sequencing.
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Annotated sequence record

The Pestivirus genus within the Flaviviridae family comprises the recognized species
Bovine viral diarrhea virus type 1 (BVDV-1), BVDV-2, Border disease virus (BDV),
Classical swine fever virus (CSFV) (SIMMONDS et al., 2011) and putative species that have
been proposed, such as Giraffe-1 pestivirus (AVALOS-RAMIREZ et al., 2001), Pronghorn
antelope (VILCEK et al., 2005), Bungowannah virus (KIRKLAND et al., 2007) and ‘HoBi’-
like virus (SCHIRRMEIER et al., 2004). BVDV infection in cattle results in economic losses
due to decreased reproductive performance, respiratory signs, growth retardation in

persistently infected animals and mucosal disease (HOUE, 2003).

BVDV-1, as well as all pestiviruses, possesses a positive single-stranded RNA
molecule of approximately 12.3 kb in length, flanked by 2 untranslated regions (5’ and 3’
UTR). The single open reading frame (ORF) is translated into a polyprotein and then
processed into 12 viral polypeptides: NP-C-E™-E1-E2-p7-NS2/NS3-NS4A-NS4B- NS5A-
NS5B (SIMMONDS et al., 2011). Genetic typing of BVDV-1 has been based on comparison
of the 5 UTR and NP genomic regions and gives at least 17 subtypes (BVDV-1a to BVDV-
1q) (VILCEK et al., 2001; DENG et al., 2014; WEBER et al., 2014; GIAMMARIOLI et al.,
2015).

BVDV-1a and -1b are the most distributed BVDV-1 subtypes worldwide and take
turns as the most prevalent in different countries (RIDPATH et al., 2011; VILCEK et al.,
2001). BVDV-1i had been detected only in United Kingdom (BOOTH et al., 2013; STRONG
etal., 2013; VILCEK et al., 2001) and recently in Uruguay in 2014 (MAYA et al., 2016). In
2016, a specimen consisting of serum from a suspected case of bovine viral diarrhea (BVD)
in a four year male Angus was received in the Virology Laboratory of Federal University
from Rio Grande do Sul for BVDV diagnosis. Confirmation of the presumptive diagnosis
and typing of the BVDV involved was performed by RT-PCR with primers for the conserved
5> UTR (VILCEK et al., 1994) followed by Sanger sequencing. Nucleotide sequencing
indicated a BVDV-1i. In order to contribute to the BVDV-1 database in public genome
libraries and expand the knowledge about BVDV-1 genetic variability, the present study
aimed to perform the whole genome sequencing and genetic characterization of a BVDV-1i

for the first time in literature.

The serum sample was centrifuged at 3,000 x g during 15 min and the supernatant was
used for total RNA isolation using TRIzol LS Reagent (Ambion), according to the

manufacturer’s instructions. Isolated RNA was converted to cDNA, which was enriched
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through Complete Whole Transcriptome Amplification Kit (Sigma Aldrich). Libraries were
prepared with Nextera XT DNA sample preparation kit (Illumina) and sequenced on an
Illumina MiSeq platform with 2x250-bp paired end run (Illumina). Reads were assembled
into contigs using SPAdes 3.6 (BANKEVICH et al., 2012) and compared to sequences in the
GenBank nucleotide and protein databases using BLASTn/BLASTx. Geneious software
(Biomatters Ltd.) was used for open reading frame (ORF) prediction and genome
annotations. Phylogenetic inferences were performed based on complete genomes, S’UTR
and NP nucleotide regions using representative BVDV-1 subtypes (Table 1). Multiple
sequence alignments were performed using MAFFT (KATOH et al., 2002). MEGA software
(version 6, MEGAG) (TAMURA et al., 2013) was used for phylogenetic inferences using
Maximum Likelihood criterion. The statistical model for each inference was calculated using
the “Find Best DNA/Protein Models™ tool available in MEGAG.

The complete genome of the BVDV-1i strain ACM/BR/2016 (GenBank accession no.
KX857724) has 12,231 nt in length and contains a single ORF of 11,688 nt, encoding a
polyprotein of 3,896 amino acids. The average coverage of ACM/BR/2016 genome is 38X.
The 5> UTR and 3° UTR of this strain are 325 and 220 nucleotides in length, respectively.
Based on genome annotations of other BVDVs, UTRs and genes were mapped as the
following nucleotide positions in the genome: 5°UTR 1- 325; NP™ 326- 829; C 830-1,135;
E™ 1,136-1,816; E1 1,817-2,401; E2 2,402-3,523; p7 3,524-3,733;NS2 3,734-5,083; NS3
5,084-7,132; NS4a 7,133-7,324; NS4b 7,325-8,365; NSb5a 8,366-9,853; NS5b 9,854-12,010;
3°’UTR 12,011-12,231.

Whole genome phylogenetic tree based on 11 BVDV-1 subtypes (-1a, -1b, -1c, - 1d,
-le, -1j, -1k, -1m, -1n, -1lo and -1q) available at GenBank database showed that
ACM/BR/2016 clustered in the same terminal node of BVDV-1c (Bega-like strain, GenBank
accession no. KF896608.1) supported by 97% bootstrap value (Fig. 1a) sharing 84.6% of
nucleotide identity. In the 5 UTR-based phylogenetic tree, ACM/BR/2016 was close related
to BVDV-1i strains 2186, 2415 and 23-13, reported in United Kingdom (VILCEK et al.,
2001; TAMURA et al., 2013) (GenBank accession no. JQ920104.1, JQ920215.1 and
FJ493484.1, respectively) supported by 88% bootstrap value (Fig. 1b) sharing 89-89.9% of
nucleotide identity. When comparing the NP region, the strain reported in the present work
clustered in BVDV-1i cluster in the same terminal node with strain 436FaUY/052014
(GenBank accession no. KT833795.1) reported in Uruguay (MAYA et al., 2016) supported
by 89% bootstrap value (Fig. 1¢) showing 89.4% of nucleotide identity. The relationship of



36

the BVDV-1i reported herein and others available in GenBank varied in the different
phylogenetic trees due the lack of subtype -1i strains and since not all have both 5’UTR and

NP or whole genome sequences available.

Fig.1 Phylogenetic tree based on the nucleotide sequence of the full length genome (a), 5’UTR (b) and
NP gene (c). Phylogenetic trees were reconstructed using the maximum likelihood method. All analyses were
conducted with 1,000 bootstrap replicates, and the percentage of replicate trees in which the sequences clustered
together are shown next to the branches. Evolutionary distances were computed using General Time Reversible
model with Gamma distribution model with Invariant sites for all hypothesis. The GenBank accession numbers
of sequences of reference strains used in phylogenetic analysis are represented into the figure. BVDV-1i
sequences were highlighted in bold. BVDV-1i ACM/BR/2016 is highlighted by a dot (e)
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The BVDV-1i ACM/BR/2016 genome has nucleotide sequence identities of 78.6% to
84.6 % with other BVDV-1 strains and about 68.3% with the 890 BVDV-2 strain in whole
genome. The genes and UTRs of ACM/BR/2016 were compared with all BVDV-1 and the
BVDV-2 strain used in this study (Table 1). ACM/BR/2016 presented highest degree of
nucleotide identity in 5> UTR and NP with BVDV-1i strains. In other genomic regions,
ACM/BR/2016 presented highest identity with strains Oregon CVV24V (BVDV-1a) and Bega-
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like (BVDV-1c) (Genbank accession numbers AF091605.1 and KF896608.1, respectively).

The BVDV-1 genomes were analyzed in order to visualize insertions and deletions in
the open reading frame. When comparing the complete coding sequences of ACM/BR/2016
and other BVDV-1 subtypes, no insertions or deletions were observed in the ACM/BR/2016,
but BVDV-1m strains ZM-95, SD-15 and BVDV-10 strain 1S26/01ncp (GenBank accession
numbers AF526381.3, KR866116.1, LC089875.1, respectively) showed a six-nucleotide
insertion in the C gene, and ZM-95 also had a three- nucleotide insertion in the glycoprotein
E2 gene.

In summary, a virus belonging to BVDV-1i subtype, named ACM/BR/2016, was first
detected in Brazil, whereas this subtype was described only in cattle in United Kingdom
(VILCEK et al., 2001; BOOTH et al., 2013) and recently in Uruguay (MAYA et al., 2016).
We determined the complete genome sequence of this BVDV-1 cattle-associated strain, in
which the phylogenetic and sequence analyses showed that it belongs to the BVDV-1i
subtype. Therefore, this is the first report of the whole genome sequence of a BVDV-1i virus,

and it will contribute to future studies in pestivirus diversity and evolution.



Table 1 Nucleotide sequence identity (%) of the ACM_BR_2016 strain, compared with the coding sequences of other available whole genome sequences of several

subtypes of BVDV- 1 used in the trees; accession numbers are shown in Fig.1, except for X818 (AF037405.1), Alfort/187 (X87939.1), H138 (AF144617.2) and

D32/00_HoBi (AB871953.1).
*Cytopathogenic strains had insertions removed from genome analysis (NADL.: Jiv insertion of 271 nucleotides; Osloss: ubiquitin insertion of 229 nucleotides; and H138:

Jiv
insertion of 258 nucleotides). NA: Not available.

Strain Species/Subtype  5'UTR  zpro  C grms  EL E2 p7 NS2/3 NS4a NS4b NS5a NS5b 3°UTR
NADL BVDV-1a 91.1 825 826 832 801 793 78 85.2* 843 84.8 81.6 84.8 82.5
Oregon_C24V BVDV-1a 90.4 845 86.6 838 808 809 823 85 85.4 85.2 80.6 84.4 82.2
Osloss BVDV-1b 89.5 829 839 81 774 742 742 817 838 81.9 76.8 81.5 64.4
12F004 BVDV-1b 89.2 819 833 816 774 752 73.8 816 84.3 80.7 78 81.3 81.9
Bega-like BVDV-1c 89.5 827 852 839 829 815 78 86.3 86.4 86.5 81.9 85.3 85
10JJ-SKR BVvDV-1d 89.8 81.1 81 804 784 761 752 815 85.4 84.2 78.8 81.1 62.3
Carlito BVDV-1e 86.7 821 816 819 779 754 771 809 82.2 81.8 76.2 81.9 66
J-Austria BVDV-1f 86.6 832 NA NA NA NA NA NA NA NA NA NA NA
A-Austria BVDV-1g 87.0 831 NA NA NA NA NA NA NA NA NA NA NA
G-Austria BVDV-1h 85.1 80.L7 NA NA NA NA NA NA NA NA NA NA NA
23-13 BVDV-1i 89.7 885 NA NA NA NA NA NA NA NA NA NA NA
2415 BVDV-1i 90.5 86.7 NA NA NA NA NA NA NA NA NA NA NA
2186 BVDV-1i 88 87.7 NA NA NA NA NA NA NA NA NA NA NA
436FauY/052014 BVDV-1i NA 906 NA NA NA NA NA NA NA NA NA NA NA
KS86-1ncp BVDV-1j 89.9 837 82 829 755 794 733 831 84.3 85 80.4 82.8 81.4
SuwaNcp BVDV-1k 84.9 80 80.7 835 76.2 752 714 815 80.7 81.2 76.2 80.8 62.8
TR29 BVDV-1I NA 825 NA NA NA NA NA NA NA NA NA NA NA
SD-15 BVDV-1m 86.2 828 80.7 79.7 764 745 714 80.8 81.7 82 77.4 79.4 60.3
ZM-95 BVDV-1m 84.7 825 788 794 764 764 719 805 80.7 82.4 77.2 79.5 60.4
Shitara/02/06 BVDV-1n 91.1 805 79 807 774 743 719 814 84.3 82 75.6 79.7 61.9
1S26/01ncp BVDV-1o0 86.8 81.2 778 794 765 744 738 80.1 83.3 81.5 76.4 80.7 63.1
BJO702 BVDV-1p 84.2 80.2 NA NA NA NA NA NA NA NA NA NA NA
camel-6 BVDV-1q 89.2 805 784 817 774 731 733 80.7 84.8 81.5 77.9 79.1 54.6
SD0803 BVDV-1q 88.6 789 79.7 822 784 736 723 809 83.3 83.2 77 78.6 61.7
890 BVDV-2a 74.4 67 732 70 702 643 638 67.8 72.3 74.6 65.7 69.5 53.3
X818 BDV-1 68.1 66 656 713 689 611 57 65.6 77 69.2 60.3 68 48.7
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Abstract

‘HoBi’-like viruses comprise a putative new species within the genus Pestivirus of the family
Flaviviridae. ‘HoBi’-like viruses have been detected worldwide in batches of fetal calf serum,
in surveillance programs for bovine pestiviruses and from animals presenting clinical signs
resembling bovine viral diarrhea virus (BVDV) disease. To date, only six complete genome
sequences of ‘HoBi’-like viruses are available in public databases. Moreover, detailed
analyses of such genomes are still scarce. In an attempt to expand data on the genetic diversity
and biology of pestiviruses, two genomes of ‘HoBi’-like viruses recovered from Brazilian
cattle are described and characterized in the present study. The current analysis of the whole
genome and antigenic properties of these two new ‘HoBi’-like strains suggests that these
viruses are genetically close to recognized pestiviruses. The present data provides evidence
that ‘HoBi’-like viruses are members of the genus Pestivirus and should be formally

recognized as a novel species.

Keywords: pestivirus, ‘HoBi’-like virus, complete genome, characterization
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1. Introduction

The genus Pestivirus of the family Flaviviridae comprises four recognized species:
bovine viral diarrhea virus type 1 (BVDV-1) and 2 (BVDV-2), border disease virus (BDV)
and classical swine fever virus (CSFV) (SIMMONDS et al., 2011). Additional species have
been putatively added to the genus, including the giraffe pestivirus (AVALOS- RAMIREZ et
al.,, 2001), Pronghorn antelope virus (VILCEK et al., 2005), Bungowannah virus
(KIRKLAND et al., 2007), “Aydin”-like virus (OGUZOGLU et al., 2009), a still unnamed
group of viruses detected in small ruminants in Tunisia (THABTI et al., 2005), atypical
porcine pestivirus (HAUSE et al., 2016), pestiviruses detected in Norwegian rats (FIRTH et
al., 2014), pestiviruses detected in bats (WU et al., 2012) and a group of various viruses
referred to as ‘HoBi’-like viruses or BVDV-3 (SCHIRRMEIER et al. 2004). The first ‘HoBi’-
like virus was isolated from a Brazilian batch of fetal calf serum (FCS), and referred to as
D32/00_HoBi (SCHIRRMEIER et al., 2004). Thenceforth, ‘HoBi’-like viruses have been
identified as contaminant in cell cultures (STALDER et al., 2005; LIU et al., 2009; PELETTO
etal., 2012; MAO et al., 2012; GAO et al., 2016), in diseased animals (DECARO et al., 2011;
BIANCHI et al., 2011; WEBER et al., 2014; SILVEIRA et al., 2015) and in pestivirus

surveillance programs (STAHL et al., 2007; BIANCHI et al., 2011; SILVEIRA et al., 2015).

Pestivirus infections in cattle result in economic losses worldwide, specially due to
its effect on reproductive performance and, in view of its immunodepressive capacity, lead
to enhancement of concurrent or associated diseases (HOUE, 2003). Clinical signs detected
in ‘HoBi’-like virus—related infections in cattle cannot be differentiated from those observed
in BVDV infections, where respiratory signs (DECARO et al., 2011; XIA et al., 2012;
WEBER et al., 2014), abortion (CORTEZ et al., 2006; DECARO et al., 2012), generation of

persistently infected calves (DECARO et al, 2013; WEBER et al., 2014,
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BAUERMANN et al., 2014) and syndromes resembling mucosal disease (WEBER et al.,

2014; DECARO et al., 2014) can be observed.

Initial phylogenetic inferences based on the 5” untranslated region (5’UTR), NP™
and E2-coding regions of ‘HoBi’-like viruses seem to indicate that such viruses are closely
related to recognized pestivirus species (CORTEZ et al., 2006; LIU et al., 2009; BIANCHI
etal., 2011; DECARO etal., 2011; PELETTO et al., 2012; WEBER et al., 2014; SILVEIRA
et al., 2015). Antigenic comparisons performed with pestivirus-specific monoclonal
antibodies (mAbs) revealed different patterns of reactivity of ‘HoBi’-like viruses when
compared to other pestivirus members (SCHIRRMEIER et al., 2004; BAUERMANN et al.,
2012). In the present study, the complete genome sequence of two ‘HoBi’-like viruses
isolated in Brazil were analyzed; the antigenic and genomic relatedness to other pestiviruses
were examined and seems to justify the insertion of ‘HoBi’-like viruses in a new species

within the Pestivirus genus.
2. Material and methods
2.1. Samples

Two previously reported ‘HoBi’-like strains were used in the present study: isolate
PB22487 was recovered from a persistently infected (P1) calf raised in the state of Paraiba,
Northeastern Brazil, in 2012 (SILVEIRA et al., 2015); isolate S\V478/07 was recovered from
a persistently infected (PI) calf from the state of Mato Grosso, Midwestern Brazil, in 2007
(SILVEIRA et al., 2015). Additionally, six ‘HoBi’-like and 22 reference pestiviruses’ whole
genomes were retrieved from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and
included in the analyses.

2.2. Virus isolation

Madin-Darby bovine kidney cells (MDBK) (originally ATCC, CCL-22™) were
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multiplied in Eagle’s minimal essential medium (EMEM; Gibco®) supplemented with 10%
fetal calf serum (FCS; Gibco®) and antibiotics (penicillin 100 IU/mL; streptomycin 100
ug/mL; Gibco®). All cell cultures, FCS and media were tested free of pestiviruses or
antibodies as previously described (Weber et al., 2014). Cells were subcultured every 3- 4
days following standard procedures (Freshney, 1992; Roehe et al., 1997). Serum samples
were centrifuged at 3,000 x g for 15 minutes and the supernatant was used to inoculate
semiconfluent monolayers of MDBK cells. Virus multiplication was carried out on MDBK
cells following standard procedures (Roehe et al., 1997); at the third passage, cells were
seeded in 96-well plates (3-4 x 10° cells/well), infected with each isolate at approximately
100 TCIDso/well. Plates were then incubated for three days at 37 °C in a 5% CO2 atmosphere,
fixed in 20% acetone for immunoperoxidase staining with monoclonal antibodies (mAb) (see

below). Aliquots of the viruses were stored at -80 °C for subsequent RNA extraction.

2.3. Monoclonal antibodies (mAbs) and immunoperoxidase monolayer assay (IPMA)

Antigenic characterization of PB22487 and SV478/07 was performed with a broad
panel of monoclonal antibodies shown in Figure 1. Representative strains of the four
recognized species were used as comparison: BVDV-1 ‘Oregon C24V’ (GenBank
AF091605), Singer’ (GenBank DQ088995), ‘NADL’ (GenBank M31182), ‘EVIO01’
(Oliveira et al., 1998) and ‘EVI006° (GenBank KP743067); BVDV-2 ‘Soldan’ (Canal et al.,
1998); BDV ‘W’, ‘M2’, “3535”, “137/4’ and ‘390’ (Oliveira et al., 1998); and CSFV ‘Alfort’
(GenBank U90951), ‘Glentorf” (GenBank U45478), ‘PS Porco’ (GenBank AF026715) and
‘EVI100° (GenBank AF026761). Previously prepared MDBKmonolayers were infected with
each of the strains with ~100 TCIDso/well and incubated for 4 days at 37 °C in a CO;
incubator. After incubation, the cell monolayers were fixed in acetone and stained with each

mADb in an immunoperoxidase monolayer assay (IPMA) as previously described (Roehe et al.,
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1997). The even columns of the plates were kept uninfected and used as negative controls.
After fixed with acetone, monolayers were rehydrated with PBS and incubated with 50 pL
of appropriate dilutions of each of the mAbs (Table 1) for 15 minutes at 37°C. A mouse anti-
immunoglobulin G (anti-1gG)- peroxidase conjugate (Sigma Aldrich) was used as secondary
antibody. Infected cells were revealed by the adition of carbazole (3-amino-9-ethylcarbazole;

Sigma Aldrich) as recommended.

2.4. Viral RNA isolation and sequencing

Supernatants from spiked MDBK cultures (approximately 30 mL) were clarified at
low speed centrifugation, filtered through a 0.45 um filter and subjected to ultracentrifugation
at 100,000 x g during 120 minutes on a 25% sucrose cushion. The viral pellet was eluted in
250 pL of ultrapure water. Total RNA was extracted using TRIzol LS (Ambion), according
to the manufacturer’s instructions. The cDNA libraries were further prepared with the “whole
transcriptome amplification” kit (WTAZ2, Sigma Aldrich). Illumina libraries were prepared
with “Nextera DNA sample preparation” kit (Illumina) and sequenced in an IlluminaMiSeq

platform (lllumina) (2x250-bp paired-end run).
2.5. Genome assembly

High-quality paired-end reads were trimmed using FastaQC (ANDREWS, 2010).
Reads were assembled into contigs using SPAdes (version 3.6) (BANKEVICH et al., 2012).
The Geneious software (v. 8.1.7) (KEARSE et al., 2012) was used for open reading frame

(ORF) prediction and genome annotations.
2.6. Phylogenetic inferences

For comparative genomic analyses, non-cytopathic and cytophatic strains of
recognized and putative pestivirus species were obtained from GenBank (Table 1).

Cytopathic reference strains had the insertions removed from its genome sequences.
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Phylogenetic inferences were performed with the complete genome sequences of the
isolates obtained in the present study and reference and representative strains (Table 1).
Multiple sequence alignments were performed using MAFFT software (Katoh et al., 2002).
MEGAG6 software (Tamura et al., 2013) was used to reconstruct the phylogenetic trees.
Phylogenetic trees were generated from the complete genome, 5°UTR, NP, E2 and NS2-3
regions, using Maximum Likelihood method (GUINDON; GASCUEL, 2003) with 1,000
bootstrap replicates. The statistical model was inferred for each hypothesis using the ‘Find

Best DNA/Protein Models’ tool available in MEGAG.

The ORF, polyprotein, cleavage sites and similarities between strains used in the
analyses were obtained using software Geneious version 6.1.5. The N-Glycosylation sites
were predicted using the NetNGlyc 1.0 Server available in the CBS website

(http://www.cbs.dtu.dk/services/NetNGlyc/) (USSERY, 2008). PRALINE on line alignment

toolbox was used to construct the figure 3 (SIMOSSIS and HERINGA, 2005).

3. Results and Discussion

3.1. De novo sequencing and genome architecture of PB22487 and SVV478/07 ‘HoBi’- like

strains

Sequencing with the IlluminaMiSeq sequencer (2x150 cycles run) generated 67,336
high quality, paired-end reads for PB22487 and 43,188 for SV478/07 (Q score >30). The
sequence reads were de novo assembled into 2,080 (PB22487) or 1,058 (SV478/07) contigs
using SPAdes 3.6 assembler. De novo assembled sequences were analyzed by comparison to
GenBank sequences via BLASTn and BLASTX tools of the National Center for Biotechnology
Information (NCBI) website. One contig indicative of Pestivirus genome was identified in
each assembly. The remaining contigs were related either to the bovine genome or to unknown

sources (not shown). Contig PB22487 was composed of 4,642 reads (mean coverage ~47).
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The SV478/07 contig was composed by 848 reads (mean coverage ~9).

The genome of PB22487 comprises 12,240 nucleotides, while the genome of
SV478/07 is 12,266 nucleotides long. The genomes were arranged as linear RNA molecules,
with GC contents of 46.2% and 46.0%, respectively. Both display a classical Flaviviridae

genome organization, comprising one single ORF flanked by 5 and 3’ untranslated regions.

3.2. Virus isolation and antigenic characterization

The isolation and amplification of ‘HoBi’-like viruses in MDBK cultures was
performed using standard procedures (FRESHNEY, 1992; ROEHE et al., 1997), and neither
isolate presented the typical pestivirus cytopathic effect. Reactivity of mAbs with members
of recognized pestivirus species and two ‘HoBi’-like strains described in this study are shown
in Figure 1. The results from immunoperoxidase staining are consistent with previous reports
which demonstrated conserved epitopes shared among ‘HoBi’-like virus and BVDV-1 and -
2 isolates. Moreover, the ‘HoBi’-like virus analyzed presented reactivity with a higher
number of mAb specific for NS2-3 than for E2 (SCHIRRMEIER et al.,, 2004;

BAUERMANN, FLORES & RIDPATH, 2012).

3.3. Comparative analysis of PB22487, SV478/07 and other ‘HoBi’-like viruses

Two ‘HoBi’-like viruses described in the present study and other six 'HoBi'-like
strains retrieved from GenBank were analyzed. The complete genome sequences showed an
overall degree of 90.3% to 96.4% nucleotide identity. The comparison of complete genomes
of pestiviruses representative of the BVDV-1, BVDV-2, BDV and CSFV species with
‘HoBi’-like viruses showed similarities ranging from 66.3% to 68.1%; the similarities among
these representative pestiviruses ranged from 66.2% to 71.7%. Similarity of amino acids
between the reference strains are shown in Figure 2. The putative polyprotein of strains

PB22487 and SV478/07 is 3,899 amino acids long, identical to the other non cytopathic
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‘HoBi’-like viruses analyzed but slightly different when compared to other pestivirus species

(Table 1), as the genome regions translated into proteins (Supplemental Table 1).

The 5’-terminal sequence motif GTATA (or GUAUA) in 5’UTR region is conserved
among all pestiviruses analyzed so far (AVALOS-RAMIREZ et al., 2001; BECHER,
ORLICH, & THIEL, 2000; FROLOV et al., 1998), including all ‘HoBi’-like strains used in
this study. Replication of pestiviruses requires this sequence for an efficient replication, like
other viruses and genes from eukaryotic cells (HOMA, GLORIOSO & LEVINE, 1988;

NAKAJIMA, HORIKOSHI, & ROEDER, 1988).

In the 3’UTR region, AT-rich regions containing ATTA motifs, which are considered
a feature of pestiviruses’ 3’UTR, were found in all pestivirus species and ‘HoBi’-like viruses
analyzed, including the two isolates whose sequences are reported here. The proportion of
63% to 73% of A and T bases for the “‘HoBi’-like strains in the 3’UTR region is consistent
with 60-74% found in other pestiviruses (KIRKLAND et al., 2015). Although little is known

about its function, these AU rich regions could help in RNA stability (VILCEK et al., 1999).

The single open reading frame of the pestiviruses’ genome encodes the polyprotein
which suffers cleavage from viral and cellular proteases, generating 12 products (NP"-C-E™-
E1-E2-p7-NS2-NS3-NS4A- NS4B-NS5A-NS5B). NP cleaves itself from the polyprotein
(STARK et al., 1993), structural proteins (C to p7) are cleaved from the polyprotein by cellular
signal peptidases (NEILL, 2013), cleavage between NS2 and NS3 is catalyzed by a protease
domain within NS2 (LACKNER et al., 2004), and NS3 to NS5b cleavage occurs by a serino
protease domain into the NS3 (BAZAN; FLETTERICKT, 1988). Conservation of cleavage
sites is important for the function of the proteins. Conservation of amino acid sequences at
cleavage sites among ‘HoBi’-like viruses analyzed in this study, including PB22487 and
SV478/07, and other pestivirus species can vary depending on the site. There was nearly

complete conservation among pestiviruses for cleavage sites NP/C, NS3-4A, NS4A/B,
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NS4B/5A and NS5A/B. For C/E®™, E®*™/E1, and E1/E2 cleavage sites, the site was
conserved only in one side of the cleaved site, and the greatest variability was found between
‘HoBi’-like strains and other pestiviruses in the E2/p7 and p7/NS2 cleavage site (Figure 3).
Conservation of cleavage sites among pestivirus species has been reported, claiming the fact
that correct cleavage of the polyprotein generates mature and functional viral proteins
(AVALOS-RAMIREZ et al., 2001; KIRKLAND et al., 2015). These shared similarities

reinforce 'HoBI'-like viruses as a new member of Pestivirus genus.

The range of similarity between the different proteins of the 'HoBi'-like analyzed and
representative pestivirus members are described in Supplemental Table 2. E2 region was
selected for a detailed description bellow due to its importance in immunological response
and cell entry (LI, WANG, KANAI, & MODIS, 2013; LIANG et al., 2016). The E2 protein
is a structural glycoprotein exposed in the surface of virions and cell membranes, containing
neutralizing epitopes, thus inducing major humoral responses (WEILAND et al., 1990). This
protein showed the lowest similarity among ‘HoBi’-like strains and representative strains of
pestiviruses when compared to the other proteins. The E2 protein of BVDV possesses three
domains, and this topology was found in the crystal structure of BVDV-1 (LI et al., 2013):
Domains I and 11 contain antibody epitopes that are exposed on the viral surface, and Domain
I11 does not contain any antibody epitope, indicating that it is not on the viral surface and
could act as an anchor to the protein; these features could indicate this domain as more

conserved than domain | and II.

The deduced amino acid sequence for the immunodominant E2 envelope protein of
‘HoBi’-like viruses analyzed in this study revealed 17 cysteine residues, 15 of them
conserved among all pestiviruses, and 2 of them that are only present in ruminant pestiviruses
(BVDV-1, BVDV-2, BDV). A region of 16 amino acids in the E2 protein that are highly

conserved among all recognized pestivirus species (BECHER et al., 1999), is conserved inall
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‘HoBi’-strains analyzed in this study (Figure 4). This region is probably an important site for

attachment to cell or interaction with receptors (OMARI et al., 2012; LI et al., 2013).

N-glycosylation is a frequent protein modification that contributes to the antigenic
properties of proteins (NEILL, 2013). The E2 glycoprotein has the major antigenic
determinants that lead to humoral response, therefore changes in glycosylation in this region
could modify antigenic properties of this protein. Modifications in E1-E2 glycosylation were
associated with virulence attenuation (FERNANDEZ-SAINZ et al., 2009; RISATTI et al.,
2007) and immune system evasion (GAVRILQOV et al., 2011) in CSFV. The N-Glycosylation
sites were predicted using the NetNGlyc 1.0 Server available in the CBS website

(http://www.cbs.dtu.dk/services/NetNGlyc/). Three putative N-glycosylation sites were

found at the E2 region of all eight ‘HoBi’-like sequences analyzed in this study: NTTL,
NWTC and NETG (amino acid positions 807, 876 and 920 respectively). These conserved
sites have already been described in other ‘HoBi’-like strains (LANG et al., 2014; WEBER
et al., 2017). The three conserved putative N-glycosylation sites are presented in other
pestivirus species, like BVDV-1 and BVDV-2 (TAO etal., 2013; ZHU et al., 2016). A fourth
putative N-glycosylation site (NTTC) in amino acid position 929 was present in only four of
the ‘HoBi’-like strains analyzed: SV478/07, LVRI/cont-1 (GenBank KC297709), CH-

KaHo/cont (GenBank JX985409) and D32/00 (GenBank AB871953) (Figure 5).

3.4. Phylogenetic relationships among ‘HoBi’-like strains and other pestiviruses

Using Maximum-Likelihood phylogenetic inferences, both strains described in the
present study and other six 'HoBi'-like sequences were grouped into the putative ‘HoBi’-like
species in all trees (Figure 6). The phylogenetic tree constructed with basis on complete
genomes suggests that ‘HoBi’-like viruses, BVDV-1 and BVDV-2 species have emerged
from a common ancestor (Figure 6 A). The phylogenetic tree constructed based on the 5’UTR

region showed ‘HoBi’-like clade as a sister clade to the established species BVDV-2, both
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emerging from a common branch with BVDV-1 species (Figure 6 B). The NP E2 and
NS2/3-based phylogenetic trees clearly show one separate branch corresponding to ‘HoBi’-
like viruses, and other major branches corresponding to pestivirus species BVDV-1, BVDV-
2, BDV, CSFV, and the tentative Giraffe species (Figure 6 C, D, E), supported by bootstrap

values of 92—-100%.

‘HoBi’-like viruses are genetic and antigenic distant from other pestivirus species, but
these isolates have some of the features shared by pestiviruses species. In phylogenetic
relations, trees obtained from comparisons of complete genome (Fig.6 a) and different regions
hypothesized that ‘HoBi’-like viruses very likely share a common ancestor with BVDV-2
(Fig. 6 b), or that an ancestor originated one cluster with ‘HoBi’- like viruses and another
with BVDV-1, 2 and other species (Fig. 6 c,d,e). This ambiguous proposed results regarding
the relationship between ‘HoBi’-like viruses and other pestiviruses in phylogenetic analyses
are well reported in literature, and it depends on which genome region is analyzed (LIU et al.,
2009; LIU et al., 2010; WEBER et al., 2014; SILVEIRA et al., 2015;). The evolutionary
history of the major pestivirus lineages is already unclear but it was determined that BVDV-
1, BVDV-2, ‘HoBi’-like viruses and pestivirus of giraffe shared a common ancestor (LIU et
al 2009). These pestiviruses have evolved separately and formed independent lineages after
possibly being moved to specific regions of the world which could explain the incongruences

in tree topologies.
4. Conclusion

This study provides strong data that support the classification of ‘HoBi’-like virus as
Pestivirus species. Comparison of available complete genome ‘HoBi’-like strains with viruses
from the recognized and putative pestivirus species shows that 'HoBi'-like viruses are
genetically similar to other pestivirus species and possess all genomic and structural elements

of “classical” pestiviruses. Collectively these data readily meet the criteria described for the
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definition of a pestivirus species (BECHER et al., 1999; KIRKLAND et al., 2015). The data
shown in this study also meet the definition of a Pestivirus species, therefore ‘HoBi’-like

viruses should be considered as a new species of the Pestivirus genus.
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Species Strain GenBank acession number Genome lenght (nt) OREF (nt)/Polyprotein (aa) 5'UTR (nt) 3' UTR (nt)
BVDV-1 NADL M31182 12,303 11,964/3,898 385 224
Osloss M96687 12,252 11,967/3,899 383 172
Bega KF896608 12,193 11,975/3,898 278 218
10JJ-SKR KC757383 12,267 11,694/3,897 384 189
Carlito KP313732 12,264 11,697/3,898 383 184
BVDV-2 890 BVU18059 12,285 11,694/3,898 385 206
Potsdam 1600 HG426491 12,265 11,694/3,897 367 203
Hokudai AB567658 12,286 11,694/3,897 387 206
CSFV 94.4/1L/94/TWN AY646427 12,296 11,697/3,898 372 227
Berger KJ619377 12,295 11,697/3,898 372 227
Eystrup AF326963 12,301 11,697/3,898 373 232
BDV X818 NC_003679 12,333 11,688/3,895 372 273
Aveyron KF918753 12,284 11,700/3,899 370 215
Chamois GU270877 12,305 11,700/3,899 376 230
Gifhorn KF925348 12,325 11,694/3,897 375 257
Reindeer AF144618 12,318 11,688/3,895 370 260
Turkish strains Burdur/05-TR KM408491 12,281 11,688/3,895 375 219
Aydin/04-TR NC_018713 12,292 11,688/3,895 377 227
Giraffe H138 NC_003678 12,340 11,703/3,901 382 250
PG-2 KJ660072 12,264 11,685/3,894 381 199
Pronghorn Pronghorn NC_024018 12,273 11,694/3,898 369 210
Bungowannah B869 NC_023176 12,649 11,757/3,918 391 504
‘HoBi’-like D32/00 AB871953 12,265 11,700/3,899 367 199
JS12/01 JX469119 12,145 11,700/3,899 311 134
CH-KaHo/cont JX985409 12,279 11,700/3,899 380 199
Th/04_KhonKaen NC_012812 12,337 11,700/3,899 383 255
LVRI/cont-1 KC297709 12,282 11,700/3,899 383 200
Italy-1/10-1 HQ231763 12,104 11,700/3,899 276 128
PB 22487 This study 12,239 11,700/3,899 340 199
Sv478/07 This study 12,266 11,700/3,899 370 196

1 * Numbers in parenthesis indicate the length of the genome without inserted host cellular sequences (NADL, Osloss, H138) or duplicated viral sequences (890).
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Figure 1. Reactivity of mAbs with with members of recognized pestivirus species and two ‘HoBi’-like strains described in this study.
Reactivity was measured by imunoperoxidase- linked assay. Black indicates reactivity of the virus indicated at first line with the mADb indicated at
the left column. Description of mAbs includes the denomination and antigen specificity for species and target protein.
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Figure 2. Pairwise polyprotein comparison of ‘HoBi’-like reference strain D32/00. The graphic shows similarity between the ‘HoBi’-like
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Supplemental Table 1. Comparative size (in amino acids) of the different proteins of the polyprotein in some pestiviruses.

Species Strain NP C E™ El E2 P7 NS2 NS3 NS4A NS4B NS5A NS5B
BVDV-1 NADL 168 102 227 194 374 70 453 683 64 347 496 719
Osloss 168 102 227 194 375 70 453 683 64 347 496 719
Bega 168 102 227 194 374 70 453 683 64 347 496 719
10JJ-SKR 168 101 227 194 374 70 453 683 64 347 496 719
Carlito 168 102 227 194 374 70 453 683 64 347 496 719
BVDV-2 890 168 102 227 194 372 70 453 683 64 347 497 719
Potsdam 1600 168 102 227 194 372 70 453 683 64 347 497 719
Hokudai 168 102 227 194 372 70 453 683 64 347 497 719
CSFV 94.4/1L/94/TWN 168 99 227 194 373 70 457 683 64 347 497 718
Berger 168 99 227 194 373 70 457 683 64 347 497 718
Eystrup 168 99 227 194 373 70 457 683 64 347 497 718
BDV X818 168 98 227 194 373 70 453 683 64 347 497 719
Aveyron 168 100 227 194 373 70 457 683 64 347 497 718
Chamois-1 168 100 227 194 373 70 457 683 64 347 497 718
Gifhorn 168 100 227 194 373 70 453 683 64 347 497 718
Reindeer 168 100 227 194 373 70 453 683 64 347 497 718
Turkish strains Burdur/05-TR 168 100 227 194 373 70 453 683 64 347 497 718
Aydin/04-TR 168 100 227 194 373 70 453 683 64 347 497 718
Giraffe H138 168 100 227 194 374 70 452 683 64 347 497 719
PG-2 168 98 227 194 374 70 452 683 64 347 497 719
Pronghorn Pronghorn 168 97 227 194 371 70 459 683 62 347 500 718
Bungowannah B869 177 99 222 196 377 72 460 683 63 347 505 717
‘HoBi’-like D32/00 168 101 227 194 373 70 453 683 64 347 497 719
JS12/01 168 101 227 194 373 70 453 683 64 347 497 719
CH-KaHo/cont 168 101 227 194 373 70 453 683 64 347 497 719
Th/04_KhonKaen 168 101 227 194 373 70 453 683 64 347 497 719
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Supplemental Table 2.Similarity of nucleotides and amino acids between ‘HoBi’-like viruses and other pestiviruses. Similarity of
nucleotides and amino acids for all protein regions, expressed in percentage, among ‘HoBi’-like strains analyzed in this study and representative
strains of recognized and putative pestivirus species. Strains analyzed, described by name and GenBank access number, are: ‘HoBi’-like
(SV478/07; XXXX, PB 22487:XXX,D32/00: AB871953, Italy-1/10-1: HQ231763,CH-KaHo/cont: JX985409, LVRI/cont-1: KC297709,
JS12/01: JX469119, Th/04_KhonKaen: NC_012812), BVDV-1 (NADL: M31182), BVDV-2(890: BVU18059), BDV (Eystrup:
AF326963), CSFV (X818-NC_003679), Turkish (Aydin/04- NC_018713), Giraffe(H138- NC_003678), Pronghorn (NC_024018) and
Bungowannah (NC_023176).

S'UTR $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317

22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6
SVv478 99.219 98.093 99.275 97.297 97.027 97.428 92.703 72.966 73.890 69.067 66.133 67.914 71.654 61.538 57.216
Paraiba 99.219 99.609 98.438 98.633 99.219 98.047 94.531 73.764 77.652 70.656 66.409 66.795 72.453 59.922 54.478
AB871953 98.093 99.609 98.551 97.275 97.548 97.106 92.643 71.693 72.368 69.892 65.591 67.116 71.164 60.160 56.883
HQ231763 99.275 98.438 98.551 98.370 97.101 96.739 94.203 73.852 77.465 70.251 66.308 67.742 72.632 60.000 55.326
JX985409 97.297 98.633 97.275 98.370 96.842 96.624 92.632 71.739 72.519 68.831 64.545 66.406 70.332 60.853 56.140
KC297709 97.027 99.219 97.548 97.101 96.842 96.785 92.950 72.081 73.232 69.072 65.206 66.408 71.066 61.538 55.970
JX469119 97.428 98.047 97.106 96.739 96.624 96.785 92.926 75.078 76.250 71.338 67.834 69.427 72.500 60.127 55.215
NC_012812 92.703 94.531 92.643 94.203 92.632 92.950 92.926 71.574 72.727 68.557 65.979 67.442 70.305 62.051 56.468
BVDCG 72.966 73.764 71.693 73.852 71.739 72.081 75.078 71.574 73.924 70.051 66.497 70.483 71.465 62.025 58.168
BVU18059 73.890 77.652 72.368 77.465 72.519 73.232 76.250 72.727 73.924 68.687 64.646 66.076 73.165 61.266 56.296
AF326963 69.067 70.656 69.892 70.251 68.831 69.072 71.338 68.557 70.051 68.687 77.540 80.423 71.026 61.658 60.302
NC_003679 66.133 66.409 65.591 66.308 64.545 65.206 67.834 65.979 66.497 64.646 77.540 80.688 68.462 60.724 56.281
NC_018713 67.914 66.795 67.116 67.742 66.406 66.408 69.427 67.442 70.483 66.076 80.423 80.688 72.051 61.795 58.291
NC_003678 71.654 72.453 71.164 72.632 70.332 71.066 72.500 70.305 71.465 73.165 71.026 68.462 72.051 62.341 60.100
NC_024018 61.538 59.922 60.160 60.000 60.853 61.538 60.127 62.051 62.025 61.266 61.658 60.724 61.795 62.341 57.178
NC_023176 57.216 54.478 56.883 55.326 56.140 55.970 55.215 56.468 58.168 56.296 60.302 56.281 58.291 60.100 57.178
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NP(nucleotide V47807 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317

s) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6
Sv478 95.833 96.032 95.833 97.222 95.238 95.238 89.583 64.683 64.286 67.063 66.071 66.468 63.889 57.937 50.888
Paraiba 95.833 96.230 96.429 95.437 96.230 97.024 90.774 65.873 65.079 66.667 66.071 68.056 65.079 58.730 51.874
AB871953 96.032 96.230 95.437 95.635 94.841 95.635 91.171 65.079 64.087 67.262 65.873 67.063 64.881 58.929 51.479
HQ231763 95.833 96.429 95.437 96.230 95.437 95.833 89.583 66.270 64.286 66.468 66.270 66.071 64.286 57.540 50.690
JX985409 97.222 95.437 95.635 96.230 94.444 95.238 89.583 65.278 63.492 67.063 66.667 65.873 63.690 58.730 51.085
KC297709 95.238 96.230 94.841 95.437 94.444 96.429 88.790 64.484 63.492 65.476 64.683 67.063 63.690 58.333 50.296
JX469119 95.238 97.024 95.635 95.833 95.238 96.429 90.377 65.278 64.484 66.270 66.270 67.659 63.889 58.532 51.085
NC_012812 89.583 90.774 91.171 89.583 89.583 88.790 90.377 66.369 63.988 66.567 66.171 67.163 64.782 59.623 51.282
BVDCG 64.683 65.873 65.079 66.270 65.278 64.484 65.278 66.369 67.262 65.476 66.865 64.087 67.262 58.532 45.957
BVU18059 64.286 65.079 64.087 64.286 63.492 63.492 64.484 63.988 67.262 67.063 65.079 63.889 65.079 61.111 48.718
AF326963 67.063 66.667 67.262 66.468 67.063 65.476 66.270 66.567 65.476 67.063 70.040 73.413 66.468 60.119 51.282
NC_003679 66.071 66.071 65.873 66.270 66.667 64.683 66.270 66.171 66.865 65.079 70.040 69.246 65.675 59.524 49.310
NC_018713 66.468 68.056 67.063 66.071 65.873 67.063 67.659 67.163 64.087 63.889 73.413 69.246 65.873 59.921 48.718
NC_003678 63.889 65.079 64.881 64.286 63.690 63.690 63.889 64.782 67.262 65.079 66.468 65.675 65.873 57.143 52.071
NC_024018 57.937 58.730 58.929 57.540 58.730 58.333 58.532 59.623 58.532 61.111 60.119 59.524 59.921 57.143 51.085
NC_023176 50.888 51.874 51.479 50.690 51.085 50.296 51.085 51.282 45.957 48.718 51.282 49.310 48.718 52.071 51.085

C ' V47807 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317

(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

Sv478 95.050 96.370 96.700 97.690 97.360 96.040 90.759  66.993 73.529 66.993 68.627 66.129 69.307 61.386 68.977
Paraiba 95.050 95.380 95.050 95.380 96.370 96.370 89.109  66.993 72.222 67.647 68.301 66.452 70.297 61.056 68.647
AB871953 96.370 95.380 97.030 97.360 97.030 95.050 90.099 66.993 73.203 67.647 68.301 66.774 69.967 61.386 69.967
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HQ231763 96.700 95.050 97.030 97.690 97.360 95.380 90.099  66.993 71.895 67.647 67.974 66.129 70.297 62.046 68.647
JX985409 97.690 95.380 97.360 97.690 98.350 96.370 90.429  66.667 72.549 67.320 68.301 65.806 69.637 61.056 68.647
KC297709 97.360 96.370 97.030 97.360 98.350 97.360 90.759  66.993 73.529 66.993 67.974 65.806 69.967 61.386 69.307
JX469119 96.040 96.370 95.050 95.380 96.370 97.360 90.099  65.686 71.569 66.667 67.647 67.097 69.637 60.726 69.307
NC_012812 90.759 89.109 90.099 90.099 90.429 90.759 90.099 66.340 71.895 65.196 66.993 63.548 68.977 61.386 67.987
BVDCG 66.993 66.993 66.993 66.993 66.667 66.993 65.686 66.340 68.954 65.359 63.725 64.516 66.993 64.052 63.072
BVU18059 73.529 72.222 73.203 71.895 72.549 73.529 71.569 71.895  68.954 67.974 67.320 65.806 65.686 64.052 61.111
AF326963 66.993 67.647 67.647 67.647 67.320 66.993 66.667 65.196  65.359 67.974 72.667 70.066 65.686 62.092 60.131
NC_003679 68.627 68.301 68.301 67.974 68.301 67.974 67.647 66.993  63.725 67.320 72.667 69.055 64.706 61.111 61.438
NC_018713 66.129 66.452 66.774 66.129 65.806 65.806 67.097 63.548  64.516 65.806 70.066 69.055 60.323 60.645 59.032
NC_003678 69.307 70.297 69.967 70.297 69.637 69.967 69.637 68.977  66.993 65.686 65.686 64.706 60.323 62.373 63.000
NC_024018 61.386 61.056 61.386 62.046 61.056 61.386 60.726 61.386  64.052 64.052 62.092 61.111 60.645 62.373 59.667
NC_023176 68.977 68.647 69.967 68.647 68.647 69.307 69.307 67.987  63.072 61.111 60.131 61.438 59.032 63.000 59.667
E™(nucleotides sv478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

SV478 95.888 96.035 95.742 97.063 97.063 94.860 89.427 70.338 72.981 71.366 71.512 74.890 71.512 60.646 58.079
Paraiba 95.888 96.916 95.742 96.769 97.357 96.035 90.749 70.044 73.421 71.659 71.366 74.596 71.219 60.940 58.079
AB871953 96.035 96.916 95.448 96.916 97.210 95.154 90.308 69.750 72.687 71.072 71.806 74.009 71.806 60.940 57.205
HQ231763 95.742 95.742 95.448 96.623 96.916 94.420 90.015 69.750 72.100 70.485 71.366 74.156 70.925 60.059 57.205
JX985409 97.063 96.769 96.916 96.623 97.944 95.154 90.896 69.750 73.421 71.219 71.953 74.743 71.219 60.352 57.787
KC297709 97.063 97.357 97.210 96.916 97.944 95.742 90.602 69.604 73.128 71.219 71.366 74.302 71.219 60.940 57.642
JX469119 94.860 96.035 95.154 94.420 95.154 95.742 89.574 70.044 72.687 71.219 70.631 73.275 70.925 60.352 58.079
NC_012812 89.427 90.749 90.308 90.015 90.896 90.602 89.574 69.310 73.421 70.778 72.540 74.009 72.247 60.940 57.933
BVDCG 70.338 70.044 69.750 69.750 69.750 69.604 70.044 69.310 71.512 68.722 71.512 73.715 70.631 57.709 56.477
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BVU18059 72.981 73.421 72.687 72.100 73.421 73.128 72.687 73.421 71.512 71.512 71.366 72.100 74.890 59.471 58.370
AF326963 71.366 71.659 71.072 70.485 71.219 71.219 71.219 70.778 68.722 71.512 73.128 74.449 72.540 60.940 56.623
NC_003679 71.512 71.366 71.806 71.366 71.953 71.366 70.631 72.540 71.512 71.366 73.128 76.946 72.687 58.737 56.914
NC_018713 74.890 74.596 74.009 74.156 74.743 74.302 73.275 74.009 73.715 72.100 74.449 76.946 72.687 60.206 57.642
NC_003678 71.512 71.219 71.806 70.925 71.219 71.219 70.925 72.247 70.631 74.890 72.540 72.687 72.687 60.646 57.933
NC_024018 60.646 60.940 60.940 60.059 60.352 60.940 60.352 60.940 57.709 59.471 60.940 58.737 60.206 60.646 54.585
NC_023176 58.079 58.079 57.205 57.205 57.787 57.642 58.079 57.933 56.477 58.370 56.623 56.914 57.642 57.933 54.585
E1. $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

Sv478 95.726 95.897 96.068 97.607 96.068 96.068 91.966 69.744 68.889 66.838 69.060 67.005 68.205 54.545 51.443
Paraiba 95.726 95.726 95.726 97.094 94.872 96.239 92.308 68.718 69.231 67.179 68.718 67.174 69.231 55.746 51.783
AB871953 95.897 95.726 96.239 96.923 95.043 95.385 93.162 69.744 68.547 65.983 69.060 67.005 68.205 55.060 51.104
HQ231763 96.068 95.726 96.239 96.923 95.726 96.410 92.650 69.573 69.060 65.812 69.573 67.174 68.547 54.374 50.764
JX985409 97.607 97.094 96.923 96.923 96.752 97.436 93.333 69.744 69.060 65.812 68.547 67.005 68.205 54.545 51.104
KC297709 96.068 94.872 95.043 95.726 96.752 95.214 91.795 69.573 68.205 66.496 68.889 66.836 68.376 53.859 50.764
JX469119 96.068 96.239 95.385 96.410 97.436 95.214 92.479 69.231 68.889 66.667 69.573 66.497 68.889 54.031 50.764
NC_012812 91.966 92.308 93.162 92.650 93.333 91.795 92.479 69.744 67.863 65.812 68.718 67.513 67.350 53.859 49.406
BVDCG 69.744 68.718 69.744 69.573 69.744 69.573 69.231 69.744 69.402 68.889 72.137 69.036 69.231 55.403 51.273
BVU18059 68.889 69.231 68.547 69.060 69.060 68.205 68.889 67.863 69.402 68.376 69.573 68.697 72.479 56.089 50.934
AF326963 66.838 67.179 65.983 65.812 65.812 66.496 66.667 65.812 68.889 68.376 75.556 72.420 72.479 54.717 50.085
NC_003679 69.060 68.718 69.060 69.573 68.547 68.889 69.573 68.718 72.137 69.573 75.556 71.066 73.162 56.089 52.122
NC_018713 67.005 67.174 67.005 67.174 67.005 66.836 66.497 67.513 69.036 68.697 72.420 71.066 69.543 55.518 49.236
NC_003678 68.205 69.231 68.205 68.547 68.205 68.376 68.889 67.350 69.231 72.479 72.479 73.162 69.543 56.261 53.141
NC_024018 54.545 55.746 55.060 54.374 54.545 53.859 54.031 53.859 55.403 56.089 54.717 56.089 55.518 56.261 51.783




72

NC_023176 51.443 51.783 51.104 50.764 51.104 50.764 50.764 49.406 51.273 50.934 50.085 52.122 49.236 53.141 51.783
E2. $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6
SV478 91.957 94.638 94.817 94.951 95.353 92.583 88.382 62.032 59.269 57.909 59.786 59.083 59.164 50.619 48.944
Paraiba 91.957 91.600 91.957 92.627 92.404 92.583 87.846 62.656 59.982 58.088 60.054 59.259 59.964 50.796 48.768
AB871953 94.638 91.600 94.102 94.504 94.549 93.029 89.097 61.141 59.626 58.624 59.875 59.612 59.609 50.973 49.032
HQ231763 94.817 91.957 94.102 94.415 95.174 93.119 87.846 62.121 58.824 58.088 59.339 59.524 58.096 50.619 49.648
JX985409 94.951 92.627 94.504 94.415 95.487 93.610 89.500 61.898 59.938 58.311 59.651 59.744 58.941 51.106 48.812
KC297709 95.353 92.404 94.549 95.174 95.487 93.119 88.472 61.408 59.002 57.909 59.339 59.877 59.164 51.062 49.296
JX469119 92.583 92.583 93.029 93.119 93.610 93.119 88.919 62.121 59.893 58.177 59.964 59.436 59.431 51.239 49.384
NC_012812 88.382 87.846 89.097 87.846 89.500 88.472 88.919 61.364 60.740 58.579 58.847 60.185 60.498 52.257 50.748
BVDCG 62.032 62.656 61.141 62.121 61.898 61.408 62.121 61.364 64.706 60.873 60.339 60.053 62.378 50.619 48.112
BVU18059 59.269 59.982 59.626 58.824 59.938 59.002 59.893 60.740 64.706 56.595 58.913 56.261 57.853 51.327 48.288
AF326963 57.909 58.088 58.624 58.088 58.311 57.909 58.177 58.579 60.873 56.595 65.862 65.520 57.117 50.177 50.176
NC_003679 59.786 60.054 59.875 59.339 59.651 59.339 59.964 58.847 60.339 58.913 65.862 63.933 61.210 53.628 50.352
NC_018713 59.083 59.259 59.612 59.524 59.744 59.877 59.436 60.185 60.053 56.261 65.520 63.933 59.083 50.791 48.255
NC_003678 59.164 59.964 59.609 58.096 58.941 59.164 59.431 60.498 62.378 57.853 57.117 61.210 59.083 51.545 49.824
NC_024018 50.619 50.796 50.973 50.619 51.106 51.062 51.239 52.257 50.619 51.327 50.177 53.628 50.791 51.545 49.387
NC_023176 48.944 48.768 49.032 49.648 48.812 49.296 49.384 50.748 48.112 48.288 50.176 50.352 48.255 49.824 49.387
p7‘ sv478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_ 00367 NC_ 01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

Sv478 94.762 96.667 96.190 97.143 92.381 94.286 89.048 57.143 59.048 61.905 60.476 61.792 61.905 52.381 46.047
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Paraiba 94.762 96.190 95.714 96.190 91.905 93.333 89.524 58.571 59.524 62.857 61.905 65.094 62.381 53.333 44.651
AB871953 96.667 96.190 98.571 98.571 95.714 96.190 92.381 58.571 57.619 61.905 60.000 62.736 61.905 51.905 46.977
HQ231763 96.190 95.714 98.571 98.095 95.238 96.667 90.952 58.095 58.095 62.381 60.476 62.264 61.429 52.381 47.907
JX985409 97.143 96.190 98.571 98.095 94.286 95.714 90.952 58.095 57.143 61.429 61.429 63.208 61.429 52.857 47.442
KC297709 92.381 91.905 95.714 95.238 94.286 92.857 89.048 57.619 57.143 62.381 59.524 61.792 59.524 50.476 46.512
JX469119 94.286 93.333 96.190 96.667 95.714 92.857 88.571 58.571 57.619 62.381 60.000 62.736 62.381 51.429 46.047
NC_012812 89.048 89.524 92.381 90.952 90.952 89.048 88.571 58.095 56.667 60.952 60.952 62.736 61.429 53.810 47.442
BVDCG 57.143 58.571 58.571 58.095 58.095 57.619 58.571 58.095 62.857 57.143 56.667 60.377 63.333 54.762 44.651
BVU18059 59.048 59.524 57.619 58.095 57.143 57.143 57.619 56.667 62.857 56.667 57.619 56.132 57.143 57.143 46.047
AF326963 61.905 62.857 61.905 62.381 61.429 62.381 62.381 60.952 57.143 56.667 72.857 70.755 60.000 49.524 47.442
NC_003679 60.476 61.905 60.000 60.476 61.429 59.524 60.000 60.952 56.667 57.619 72.857 70.283 64.762 50.952 48.837
NC_018713 61.792 65.094 62.736 62.264 63.208 61.792 62.736 62.736 60.377 56.132 70.755 70.283 67.453 52.830 46.296
NC_003678 61.905 62.381 61.905 61.429 61.429 59.524 62.381 61.429 63.333 57.143 60.000 64.762 67.453 52.857 45.581
NC_024018 52.381 53.333 51.905 52.381 52.857 50.476 51.429 53.810 54.762 57.143 49.524 50.952 52.830 52.857 47.442
NC_023176 46.047 44,651 46.977 47.907 47.442 46.512 46.047 47.442 44,651 46.047 47.442 48.837 46.296 45.581  47.442
NSZ/'?> $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

SV478 95.511 96.420 95.158 96.816 95.951 95.951 91.109 70.599 70.276 69.912 70.951 69.327 70.712 62.526 58.064
Paraiba 95.511 95.892 94.308 96.053 95.188 95.921 90.874 70.158 69.982 69.561 70.745 69.385 70.070 62.759 58.414
AB871953 96.420 95.892 95.305 96.816 95.892 95.980 91.872 70.364 70.070 69.854 70.481 69.094 70.128 62.555 57.976
HQ231763 95.158 94.308 95.305 95.467 94.484 94.660 90.464 69.806 69.542 69.357 69.777 68.482 69.516 62.817 58.122
JX985409 96.816 96.053 96.816 95.467 96.435 96.141 91.740 70.276 69.997 69.781 70.687 69.400 69.807 62.438 58.341
KC297709 95.951 95.188 95.892 94.484 96.435 95.364 90.728 70.511 69.894 69.854 70.657 69.181 70.362 62.963 58.209
JX469119 95.951 95.921 95.980 94.660 96.141 95.364 91.138 70.276 70.100 69.737 70.569 69.415 70.537 62.700 58.180
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NC_012812 91.109 90.874 91.872 90.464 91.740 90.728 91.138 70.775 69.689 69.912 69.660 69.094 70.099 62.380 58.384
BVDCG 70.599 70.158 70.364 69.806 70.276 70.511 70.276 70.775 71.391 69.737 70.452 68.978 69.107 61.534 57.947
BVU18059 70.276 69.982 70.070 69.542 69.997 69.894 70.100 69.689 71.391 69.094 70.393 68.978 69.078 60.922 57.655
AF326963 69.912 69.561 69.854 69.357 69.781 69.854 69.737 69.912 69.737 69.094 74.006 73.056 69.360 61.930 58.551
NC_003679 70.951 70.745 70.481 69.777 70.687 70.657 70.569 69.660 70.452 70.393 74.006 72.997 70.391 62.788 57.889
NC_018713 69.327 69.385 69.094 68.482 69.400 69.181 69.415 69.094 68.978 68.978 73.056 72.997 69.728 61.587 57.184
NC_003678 70.712 70.070 70.128 69.516 69.807 70.362 70.537 70.099 69.107 69.078 69.360 70.391 69.728 60.887 57.466
NC_024018 62.526 62.759 62.555 62.817 62.438 62.963 62.700 62.380 61.534 60.922 61.930 62.788 61.587 60.887 57.243
NC_023176 58.064 58.414 57.976 58.122 58.341 58.209 58.180 58.384 57.947 57.655 58.551 57.889 57.184 57.466 57.243
NS4A sv478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_ 01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

SV478 95.313 96.354 96.875 96.875 96.875 94.271 90.625 75.000 78.125 71.354 76.042 74.479 76.563 60.938 65.625
Paraiba 95.313 96.875 96.354 96.354 97.396 95.833 93.229 77.083 77.083 71.354 77.083 75.000 78.125 60.938 64.063
AB871953 96.354 96.875 97.396 97.396 96.354 95.833 93.229 75.521 78.125 70.833 76.042 75.521 78.125 61.979 63.542
HQ231763 96.875 96.354 97.396 97.917 96.875 95.833 92.708 75.521 78.646 70.833 77.083 77.083 79.167 61.458 65.104
JX985409 96.875 96.354 97.396 97.917 96.875 95.313 92.188 76.563 78.646 71.354 76.042 76.563 78.125 61.458 64.063
KC297709 96.875 97.396 96.354 96.875 96.875 94.271 92.708 77.604 78.125 71.875 77.604 75.521 76.563 61.979 65.104
JX469119 94.271 95.833 95.833 95.833 95.313 94.271 91.146 75.521 77.083 72.917 77.083 78.646 78.125 60.417 65.104
NC_012812 90.625 93.229 93.229 92.708 92.188 92.708 91.146 76.563 76.563 71.875 76.563 74.479 78.646 61.458 63.542
BVDCG 75.000 77.083 75.521 75.521 76.563 77.604 75.521 76.563 71.875 74.479 77.083 75.000 77.604 63.542 60.938
BVU18059 78.125 77.083 78.125 78.646 78.646 78.125 77.083 76.563 71.875 77.604 69.792 70.833 76.042 64.063 60.417
AF326963 71.354 71.354 70.833 70.833 71.354 71.875 72.917 71.875 74.479 77.604 71.354 75.000 76.042 63.542 60.938
NC_003679 76.042 77.083 76.042 77.083 76.042 77.604 77.083 76.563 77.083 69.792 71.354 73.958 79.167 64.063 63.542
NC_018713 74.479 75.000 75.521 77.083 76.563 75.521 78.646 74.479 75.000 70.833 75.000 73.958 76.563 60.938 59.896
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NC_003678 76.563 78.125 78.125 79.167 78.125 76.563 78.125 78.646 77.604 76.042 76.042 79.167 76.563 65.104 63.542
NC_024018 60.938 60.938 61.979 61.458 61.458 61.979 60.417 61.458 63.542 64.063 63.542 64.063 60.938 65.104 64.021
NC_023176 65.625 64.063 63.542 65.104 64.063 65.104 65.104 63.542 60.938 60.417 60.938 63.542 59.896 63.542 64.021
NS4§ $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6
Sv478 94.717 96.061 94.621 95.581 94.717 93.372 90.490 70.029 71.470 70.317 70.125 70.989 73.295 64.073 62.344
Paraiba 94.717 96.350 95.197 95.773 95.485 95.293 91.354 70.125 70.701 70.893 70.317 71.278 73.295 65.322 62.728
AB871953 96.061 96.350 95.773 96.734 95.869 94.909 91.643 70.413 71.182 70.989 70.317 71.950 73.487 65.418 62.440
HQ231763 94.621 95.197 95.773 96.061 94.524 93.660 90.682 69.837 70.605 70.221 70.509 71.374 72.526 64.457 62.728
JX985409 95.581 95.773 96.734 96.061 95.869 94.524 91.354 69.549 71.566 70.701 69.933 71.566 72.526 65.130 62.824
KC297709 94.717 95.485 95.869 94.524 95.869 93.948 91.066 70.989 70.797 71.085 69.837 71.374 72.815 64.841 62.728
JX469119 93.372 95.293 94.909 93.660 94.524 93.948 90.874 70.317 70.605 70.989 70.413 71.950 73.007 65.034 62.344
NC_012812 90.490 91.354 91.643 90.682 91.354 91.066 90.874 70.125 70.509 71.662 70.221 73.007 72.526 65.898 61.479
BVDCG 70.029 70.125 70.413 69.837 69.549 70.989 70.317 70.125 75.120 70.413 69.549 70.317 71.085 67.435 60.423
BVU18059 71.470 70.701 71.182 70.605 71.566 70.797 70.605 70.509 75.120 68.300 69.933 71.182 70.701 63.977 61.287
AF326963 70.317 70.893 70.989 70.221 70.701 71.085 70.989 71.662 70.413 68.300 73.295 74.352 71.566 65.322 60.711
NC_003679 70.125 70.317 70.317 70.509 69.933 69.837 70.413 70.221 69.549 69.933 73.295 75.793 74.256 64.361 60.999
NC_018713 70.989 71.278 71.950 71374 71.566 71.374 71.950 73.007 70.317 71.182 74.352 75.793 73.295 65.898 59.270
NC_003678 73.295 73.295 73.487 72.526 72.526 72.815 73.007 72.526 71.085 70.701 71.566 74.256 73.295 64.745 60.615
NC_024018 64.073 65.322 65.418 64.457 65.130 64.841 65.034 65.898 67.435 63.977 65.322 64.361 65.898 64.745 61.383
NC_023176 62.344 62.728 62.440 62.728 62.824 62.728 62.344 61.479 60.423 61.287 60.711 60.999 59.270 60.615 61.383
NS5A sv478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

Sv478 95.238 96.110 94.165 96.244 95.842 94.836 89.470 59.222 61.780 60.630 60.161 57.895 58.149 53.015 48.003
Paraiba 95.238 95.909 93.561 95.506 94.769 95.372 89.604 59.423 61.580 60.832 60.027 58.026 58.283 53.347 48.461
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AB871953 96.110 95.909 94.769 96.311 95.506 95.842 89.873 60.027 61.981 60.966 59.960 58.750 57.612 53.678 47.610
HQ231763 94.165 93.561 94.769 94.299 93.830 94.299 88.129 59.289 61.513 60.295 59.289 57.895 57.478 52.750 46.955
JX985409 96.244 95.506 96.311 94.299 95.775 95.037 89.001 59.826 61.780 60.899 59.960 58.224 58.350 53.082 47.544
KC297709 95.842 94.769 95.506 93.830 95.775 94.769 89.068 59.624 61.580 60.765 59.423 57.763 57.411 53.214 48.003
JX469119 94.836 95.372 95.842 94.299 95.037 94.769 88.799 59.960 61.780 61.234 60.429 57.895 57.948 53.082 48.003
NC_012812 89.470 89.604 89.873 88.129 89.001 89.068 88.799 60.899 61.312 60.698 59.826 59.342 57.277 52.154 48.461
BVDCG 59.222 59.423 60.027 59.289 59.826 59.624 59.960 60.899 65.728 59.356 60.966 59.684 60.966 53.015 47.020
BVU18059 61.780 61.580 61.981 61.513 61.780 61.580 61.780 61.312 65.728 59.839 59.973 58.762 61.044 54.365 47.937
AF326963 60.630 60.832 60.966 60.295 60.899 60.765 61.234 60.698 59.356 59.839 65.795 65.461 61.771 52.286 48.527
NC_003679 60.161 60.027 59.960 59.289 59.960 59.423 60.429 59.826 60.966 59.973 65.795 63.158 59.356 52.949 47.741
NC_018713 57.895 58.026 58.750 57.895 58.224 57.763 57.895 59.342 59.684 58.762 65.461 63.158 58.224 51.410 47.078
NC_003678 58.149 58.283 57.612 57.478 58.350 57.411 57.948 57.277 60.966 61.044 61.771 59.356 58.224 52.286 48.461
NC_024018 53.015 53.347 53.678 52.750 53.082 53.214 53.082 52.154 53.015 54.365 52.286 52.949 51.410 52.286 47.109
NC_023176 48.003 48.461 47.610 46.955 47.544 48.003 48.003 48.461 47.020 47.937 48.527 47.741 47.078 48.461 47.109
NSSI?, $V478/07 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M3118 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC_02317
(nucleotides) 22487 3 3 9 9 9 2 2 9 3 9 3 8 8 6

SV478 95.654 95.932 96.209 96.490 96.163 96.117 91.285 69.857 69.579 69.949 69.871 66.637 70.042 62.932 56.901
Paraiba 95.654 96.163 95.700 95.427 95.793 96.440 91.794 68.886 69.764 69.718 69.362 66.233 69.810 63.117 56.944
AB871953 95.932 96.163 96.209 95.751 96.163 96.579 91.886 69.718 69.579 69.995 69.732 66.547 69.995 63.255 56.293
HQ231763 96.209 95.700 96.209 96.120 96.348 96.209 92.117 70.180 69.764 70.319 69.917 66.861 69.810 63.024 56.207
JX985409 96.490 95.427 95.751 96.120 95.982 95.935 91.432 69.099 69.238 69.099 69.437 65.994 69.838 62.920 56.592
KC297709 96.163 95.793 96.163 96.348 95.982 96.255 92.210 69.764 69.949 69.764 69.177 66.637 70.365 63.024 56.641
JX469119 96.117 96.440 96.579 96.209 95.935 96.255 92.626 69.394 70.365 70.134 69.270 66.547 70.042 62.748 56.814
NC_012812 91.285 91.794 91.886 92.117 91.432 92.210 92.626 70.250 68.816 69.834 69.154 66.524 69.741 63.370 56.836
BVDCG 69.857 68.886 69.718 70.180 69.099 69.764 69.394 70.250 69.031 68.289 67.192 66.682 68.011 61.641 56.641
BVU18059 69.579 69.764 69.579 69.764 69.238 69.949 70.365 68.816 69.031 68.567 67.377 65.020 68.985 62.195 56.727
AF326963 69.949 69.718 69.995 70.319 69.099 69.764 70.134 69.834 68.289 68.567 72.761 70.049 68.197 62.512 56.641
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NC_003679 69.871 69.362 69.732 69.917 69.437 69.177 69.270 69.154 67.192 67.377 72.761 69.555 68.860 63.452 56.920
NC_018713 66.637 66.233 66.547 66.861 65.994 66.637 66.547 66.524 66.682 65.020 70.049 69.555 66.278 61.614 58.673
NC_003678 70.042 69.810 69.995 69.810 69.838 70.365 70.042 69.741 68.011 68.985 68.197 68.860 66.278 61.365 56.727
NC_024018 62.932 63.117 63.255 63.024 62.920 63.024 62.748 63.370 61.641 62.195 62.512 63.452 61.614 61.365 55.411
NC_023176 56.901 56.944 56.293 56.207 56.592 56.641 56.814 56.836 56.641 56.727 56.641 56.920 58.673 56.727 55.411
NPr(amino | SV478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -
SV478/07 94.643 95.833 95.238 97.619 92.262 93.452 91.667 65.476 66.667 69.643 67.857 70.238 64.881 56.548 44.382
PB 22487 94.643 97.619 97.024 95.833 95.238 97.619 93.452 66.071 68.452 69.048 67.857 70.833 64.881 57.143 45.506
AB871953 95.833 97.619 97.024 97.024 94.048 96.429 94.643 66.071 67.857 69.643 67.857 69.643 64.881 57.738 45.506
HQ231763 95.238 97.024 97.024 96.429 93.452 95.833 92.857 66.071 67.262 68.452 67.262 70.238 64.286 55.952 45.506
JX985409 97.619 95.833 97.024 96.429 92.262 94.643 92.857 66.071 66.667 70.238 68.452 70.833 65.476 57.143 44,944
KC297709 92.262 95.238 94.048 93.452 92.262 95.238 89.881 64.286 66.667 67.857 67.262 69.643 63.095 55.357 43.820
JX469119 93.452 97.619 96.429 95.833 94.643 95.238 93.452 65.476 68.452 69.048 69.048 69.643 64.286 57.143 44,944
NC_012812 | 91.667 93.452 94.643 92.857 92.857 89.881 93.452 65.476 69.048 69.643 69.643 70.238 64.881 58.929 44,944
M31182 65.476 66.071 66.071 66.071 66.071 64.286 65.476 65.476 72.024 70.833 70.238 69.048 69.048 58.333 41.573
BVU18059 66.667 68.452 67.857 67.262 66.667 66.667 68.452 69.048 72.024 72.024 69.048 69.048 67.262 61.310 44,944
AF326963 69.643 69.048 69.643 68.452 70.238 67.857 69.048 69.643 70.833 72.024 73.214 78.571 68.452 61.310 45.506
NC_003679 | 67.857 67.857 67.857 67.262 68.452 67.262 69.048 69.643 70.238 69.048 73.214 75.000 70.238 58.333 44.382
NC_018713 | 70.238 70.833 69.643 70.238 70.833 69.643 69.643 70.238 69.048 69.048 78.571 75.000 67.857 58.333 44.382
NC_003678 | 64.881 64.881 64.881 64.286 65.476 63.095 64.286 64.881 69.048 67.262 68.452 70.238 67.857 55.357 44.382
NC_024018 | 56.548 57.143 57.738 55.952 57.143 55.357 57.143 58.929 58.333 61.310 61.310 58.333 58.333 55.357 44.382
NC_023176 | 44.382 45.506 45.506 45.506 44.944 43.820 44.944 44.944 41.573 44.944 45.506 44.382 44.382 44.382 44.382
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C
(:Z?c;:;‘ SV4778/0 22P4887 AB837‘195 HQ2:176 JX958;540 KC2§770 JX42911 NC_021281 M31182 BVU;SOS AF3§696 NC_090367 NC_(;1871 NC_080367 NC_082401 NC_023176
Sv478/07 97.030 98.020 98.020 99.010 100.000 100.000 94.104 73.529 78.431 74.510 73.267 72.277 75.248 61.386 72.277
PB 22487 97.030 99.010 97.030 96.040 97.030 97.030 92.124 72.549 77.451 73.529 71.287 71.287 74.257 59.406 71.287
AB871953 98.020 99.010 98.020 97.030 98.020 98.020 92.124 71.569 76.471 74.510 71.287 72.277 73.267 60.396 71.287
HQ231763 98.020 97.030 98.020 97.030 98.020 98.020 92.124 71.569 76.471 76.471 73.267 72.277 75.248 62.376 70.297
JX985409 99.010 96.040 97.030 97.030 99.010 99.010 93.114 72.549 77.451 73.529 73.267 71.287 74.257 61.386 71.287
KC297709 100.000  97.030 98.020 98.020 99.010 100.000 94.104 73.529 78.431 74.510 73.267 72.277 75.248 61.386 72.277
JX469119 100.000  97.030 98.020 98.020 99.010 100.000 94.104 73.529 78.431 74.510 73.267 72.277 75.248 61.386 72.277
NC_012812 | 94.104 92.124 92.124 92.124 93.114 94.104 94.104 70.633 75.535 69.652 69.352 67.372 72.322 57.471 68.362
M31182 73.529 72.549 71.569 71.569 72.549 73.529 73.529 70.633 77.451 71.569 69.608 69.608 71.569 58.824 64.706
BVU18059 78.431 77.451 76.471 76.471 77.451 78.431 78.431 75.535 77.451 75.490 69.608 70.588 72.549 62.745 65.686
AF326963 74.510 73.529 74.510 76.471 73.529 74.510 74.510 69.652 71.569 75.490 74.257 78.431 69.608 60.784 63.725
NC_003679 | 73.267 71.287 71.287 73.267 73.267 73.267 73.267 69.352 69.608 69.608 74.257 76.238 68.317 58.416 61.386
NC_018713 | 72.277 71.287 72.277 72.277 71.287 72.277 72.277 67.372 69.608 70.588 78.431 76.238 67.000 61.000 64.000
NC_003678 | 75.248 74.257 73.267 75.248 74.257 75.248 75.248 72.322 71.569 72.549 69.608 68.317 67.000 67.347 65.000
NC_024018 | 61.386 59.406 60.396 62.376 61.386 61.386 61.386 57.471 58.824 62.745 60.784 58.416 61.000 67.347 58.000
NC_023176 | 72.277 71.287 71.287 70.297 71.287 72.277 72.277 68.362 64.706 65.686 63.725 61.386 64.000 65.000 58.000
E™s(amino | SV478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -

Sv478/07 96.916 96.916 96.035 97.357 96.916 96.035 94.714 77.974 79.736 76.652 81.057 80.617 79.295 59.471 58.696
PB 22487 96.916 97.357 96.476 97.797 97.357 95.595 95.595 77.093 80.176 76.652 81.057 80.617 79.295 59.031 59.130
AB871953 96.916 97.357 95.595 97.797 97.357 95.595 94.714 76.652 79.295 76.211 80.617 80.176 79.736 59.031 59.130
HQ231763 96.035 96.476 95.595 96.916 95.595 94.714 94.714 75.771 78.414 74.890 79.295 79.736 78.855 58.150 58.696
JX985409 97.357 97.797 97.797 96.916 97.797 96.035 96.035 77.093 80.176 76.652 81.498 81.938 80.176 59.031 59.130
KC297709 96.916 97.357 97.357 95.595 97.797 95.595 94.714 76.211 78.855 76.211 80.176 79.736 78.414 59.031 58.261
JX469119 96.035 95.595 95.595 94.714 96.035 95.595 92.952 76.211 77.533 75.330 78.855 78.855 78.414 58.150 58.261
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NC_012812 | 94.714 95.595 94.714 94.714 96.035 94.714 92.952 77.974 80.176 76.211 80.176 81.938 79.736 58.590 59.130
M31182 77.974 77.093 76.652 75.771 77.093 76.211 76.211 77.974 78.855 73.128 76.652 77.974 75.771 59.031 56.087
BVU18059 79.736 80.176 79.295 78.414 80.176 78.855 77.533 80.176 78.855 74.009 77.974 77.974 80.617 57.709 55.217
AF326963 76.652 76.652 76.211 74.890 76.652 76.211 75.330 76.211 73.128 74.009 81.057 80.617 77.533 60.352 54.783
NC_003679 | 81.057 81.057 80.617 79.295 81.498 80.176 78.855 80.176 76.652 77.974 81.057 88.987 78.855 59.031 55.652
NC_018713 | 80.617 80.617 80.176 79.736 81.938 79.736 78.855 81.938 77.974 77.974 80.617 88.987 80.176 59.471 56.957
NC_003678 | 79.295 79.295 79.736 78.855 80.176 78.414 78.414 79.736 75.771 80.617 77.533 78.855 80.176 58.590 56.957
NC_024018 | 59.471 59.031 59.031 58.150 59.031 59.031 58.150 58.590 59.031 57.709 60.352 59.031 59.471 58.590 51.739
NC_023176 | 58.696 59.130 59.130 58.696 59.130 58.261 58.261 59.130 56.087 55.217 54.783 55.652 56.957 56.957 51.739
(arEl::-no Sv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -

SV478/07 96.923 98.462 98.974 98.462 97.436 97.436 95.385 74.872 71.795 75.897 74.359 71.282 71.282 45.128 42.347
PB 22487 96.923 97.436 97.949 98.462 96.410 98.462 94.872 74.359 70.769 75.385 74.359 70.769 72.308 45.128 44.388
AB871953 98.462 97.436 99.487 98.974 97.949 97.949 96.410 74.872 71.282 75.897 73.846 71.795 71.795 44.615 42.857
HQ231763 98.974 97.949 99.487 99.487 98.462 98.462 95.897 74.872 71.282 75.897 74.359 71.282 71.795 44.615 42.857
JX985409 98.462 98.462 98.974 99.487 97.949 98.974 96.410 74.872 71.282 75.897 74.359 71.282 71.795 44.615 43.367
KC297709 97.436 96.410 97.949 98.462 97.949 96.923 94.359 73.846 69.744 74.872 73.333 71.282 70.769 44.615 43.367
JX469119 97.436 98.462 97.949 98.462 98.974 96.923 95.385 74.872 71.795 76.410 74.872 71.795 72.308 44.615 43.367
NC_012812 | 95.385 94.872 96.410 95.897 96.410 94.359 95.385 76.410 73.333 76.410 74.872 73.846 71.282 45.641 43.367
M31182 74.872 74.359 74.872 74.872 74.872 73.846 74.872 76.410 81.026 77.436 75.385 76.923 75.897 45.128 43.367
BVU18059 71.795 70.769 71.282 71.282 71.282 69.744 71.795 73.333 81.026 74.359 78.462 76.923 77.949 48.718 44.388
AF326963 75.897 75.385 75.897 75.897 75.897 74.872 76.410 76.410 77.436 74.359 85.641 86.667 80.513 47.692 43.878
NC_003679 | 74.359 74.359 73.846 74.359 74.359 73.333 74.872 74.872 75.385 78.462 85.641 84.103 82.051 48.718 44.388
NC_018713 | 71.282 70.769 71.795 71.282 71.282 71.282 71.795 73.846 76.923 76.923 86.667 84.103 82.564 48.718 45.408
NC_003678 | 71.282 72.308 71.795 71.795 71.795 70.769 72.308 71.282 75.897 77.949 80.513 82.051 82.564 49.744 47.449
NC_024018 | 45.128 45.128 44.615 44,615 44.615 44.615 44.615 45.641 45.128 48.718 47.692 48.718 48.718 49.744 44.388
NC_023176 | 42.347 44.388 42.857 42.857 43.367 43.367 43.367 43.367 43.367 44.388 43.878 44.388 45.408 47.449 44.388
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E2

(amino Sva78/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176

acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -
Sva78/07 91.421 94.638 93.029 93.042 94.370 91.957 89.032 62.299 56.417 58.445 57.641 59.249 57.487 43.617 42.480
PB 22487 91.421 91.689 91.421 91.433 92.225 91.153 89.837 61.230 56.684 58.445 57.373 58.981 58.021 43.617 41.953
AB871953 94.638 91.689 93.298 93.578 93.834 92.225 90.105 61.765 57.219 59.517 58.177 60.054 58.289 44.149 41.161
HQ231763 93.029 91.421 93.298 92.237 92.761 92.493 89.569 61.230 56.417 58.445 57.909 59.786 56.417 43.617 42.480
JX985409 93.042 91.433 93.578 92.237 94.114 92.237 90.117 62.312 57.766 58.993 57.117 60.602 57.766 42.831 41.173
KC297709 94.370 92.225 93.834 92.761 94.114 91.957 90.373 62.032 56.684 58.177 57.373 59.786 57.487 43.085 43.272
JX469119 91.957 91.153 92.225 92.493 92.237 91.957 89.837 61.497 57.754 58.445 57.641 58.713 58.021 43.617 41.953
NC_012812 | 89.032 89.837 90.105 89.569 90.117 90.373 89.837 60.719 57.511 58.738 57.129 60.078 59.383 44.173 42.240
M31182 62.299 61.230 61.765 61.230 62.312 62.032 61.497 60.719 64.706 62.032 59.358 63.636 60.267 43.617 39.314
BVU18059 56.417 56.684 57.219 56.417 57.766 56.684 57.754 57.511 64.706 54.011 55.615 54.545 53.867 43.351 41.161
AF326963 58.445 58.445 59.517 58.445 58.993 58.177 58.445 58.738 62.032 54.011 65.147 66.756 55.882 43.351 39.050
NC_003679 | 57.641 57.373 58.177 57.909 57.117 57.373 57.641 57.129 59.358 55.615 65.147 67.560 59.091 46.543 43.008
NC_018713 | 59.249 58.981 60.054 59.786 60.602 59.786 58.713 60.078 63.636 54.545 66.756 67.560 60.160 44.149 41.425
NC_003678 | 57.487 58.021 58.289 56.417 57.766 57.487 58.021 59.383 60.267 53.867 55.882 59.091 60.160 44.562 39.314
NC_024018 | 43.617 43.617 44.149 43.617 42.831 43.085 43.617 44.173 43.617 43.351 43.351 46.543 44.149 44.562 39.578
NC_023176 | 42.480 41.953 41.161 42.480 41.173 43.272 41.953 42.240 39.314 41.161 39.050 43.008 41.425 39.314 39.578

p7

(::;2;) SV4;8/0 22P4887 ABS?7’195 HQ2:176 JX92540 KC2§770 JX4E;911 NC_021281 M31182 BVU;SOS AF3§696 NC_090367 NC_031871 NC_080367 NC_082401 NC_023176
Sv478/07 95.714 100.000 100.000 100.000  95.714 95.714 92.857 52.857 50.000 58.571 60.000 61.429 55.714 40.000 29.167
PB 22487 95.714 95.714 95.714 95.714 91.429 91.429 92.857 55.714 52.857 61.429 62.857 62.857 57.143 42.857 26.389
AB871953 100.000  95.714 100.000 100.000  95.714 95.714 92.857 52.857 50.000 58.571 60.000 61.429 55.714 40.000 29.167
HQ231763 | 100.000 95.714 100.000 100.000 95.714 95.714 92.857 52.857 50.000 58.571 60.000 61.429 55.714 40.000 29.167
JX985409 100.000  95.714 100.000 100.000 95.714 95.714 92.857 52.857 50.000 58.571 60.000 61.429 55.714 40.000 29.167
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KC297709 95.714 91.429 95.714 95.714 95.714 94.286 88.571 51.429 48.571 57.143 60.000 61.429 54.286 37.143 27.778
JX469119 95.714 91.429 95.714 95.714 95.714 94.286 88.571 50.000 48.571 58.571 58.571 60.000 52.857 37.143 26.389
NC_012812 | 92.857 92.857 92.857 92.857 92.857 88.571 88.571 55.714 50.000 58.571 60.000 62.857 55.714 41.429 26.389
M31182 52.857 55.714 52.857 52.857 52.857 51.429 50.000 55.714 61.429 54.286 52.857 54.286 54.286 48.571 25.000
BVU18059 50.000 52.857 50.000 50.000 50.000 48.571 48.571 50.000 61.429 52.857 58.571 55.714 48.571 47.143 31.944
AF326963 58.571 61.429 58.571 58.571 58.571 57.143 58.571 58.571 54.286 52.857 80.000 80.000 58.571 40.000 27.778
NC_003679 | 60.000 62.857 60.000 60.000 60.000 60.000 58.571 60.000 52.857 58.571 80.000 77.143 55.714 38.571 31.944
NC_018713 | 61.429 62.857 61.429 61.429 61.429 61.429 60.000 62.857 54.286 55.714 80.000 77.143 65.714 41.429 30.556
NC_003678 | 55.714 57.143 55.714 55.714 55.714 54.286 52.857 55.714 54.286 48.571 58.571 55.714 65.714 42.857 25.000
NC_024018 | 40.000 42.857 40.000 40.000 40.000 37.143 37.143 41.429 48.571 47.143 40.000 38.571 41.429 42.857 27.778
NC_023176 | 29.167 26.389 29.167 29.167 27.778 26.389 26.389 25.000 31.944 27.778 31.944 30.556 25.000 27.778
(':rsnzir/1i Sv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -

Sv478/07 97.535 97.887 95.599 97.887 98.063 97.887 96.215 72.675 71.535 77.544 78.785 79.401 74.249 65.179 56.906
PB 22487 97.535 98.151 94.894 97.271 97.447 97.271 96.039 72.268 71.122 77.544 78.521 78.873 74.086 65.179 56.906
AB871953 97.887 98.151 95.070 98.239 97.799 97.711 96.919 72.594 71.617 77.281 78.433 78.961 74.086 65.179 57.080
HQ231763 95.599 94.894 95.070 94.894 94.894 94.806 93.486 71.533 70.215 76.228 77.729 77.289 72.705 64.654 56.469
JX985409 97.887 97.271 98.239 94.894 97.711 97.359 96.127 72.594 71.535 77.456 78.609 79.049 74.167 64.567 57.168
KC297709 98.063 97.447 97.799 94.894 97.711 97.271 95.863 72.838 71.617 77.368 78.433 79.137 74.005 65.179 56.993
JX469119 97.887 97.271 97.711 94.806 97.359 97.271 95.687 72.512 71.535 77.281 78.609 79.225 74.086 65.267 56.818
NC_012812 | 96.215 96.039 96.919 93.486 96.127 95.863 95.687 72.104 70.792 76.754 77.993 78.785 73.436 64.917 56.731
M31182 72.675 72.268 72.594 71.533 72.594 72.838 72.512 72.104 68.740 72.114 73.817 73.328 79.448 58.313 53.160
BVU18059 71.535 71.122 71.617 70.215 71.535 71.617 71.535 70.792 68.740 71.875 72.442 72.855 66.335 58.491 53.607
AF326963 77.544 77.544 77.281 76.228 77.456 77.368 77.281 76.754 72.114 71.875 85.088 84.386 72.065 62.947 56.670
NC_003679 | 78.785 78.521 78.433 77.729 78.609 78.433 78.609 77.993 73.817 72.442 85.088 85.827 73.193 62.905 56.906
NC_018713 | 79.401 78.873 78.961 77.289 79.049 79.137 79.225 78.785 73.328 72.855 84.386 85.827 73.517 63.342 57.080
NC_003678 | 74.249 74.086 74.086 72.705 74.167 74.005 74.086 73.436 79.448 66.335 72.065 73.193 73.517 59.095 52.220
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NC_024018 | 65.179 65.179 65.179 64.654 64.567 65.179 65.267 64.917 58.313 58.491 62.947 62.905 63.342 59.095 55.052
NC_023176 | 56.906 56.906 57.080 56.469 57.168 56.993 56.818 56.731 53.160 53.607 56.670 56.906 57.080 52.220 55.052

(;\lrizilri Sv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176

acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -
SV478/07 98.438 96.875 98.438 98.438 98.438 98.438 96.875 85.938 84.375 87.500 87.500 84.375 89.063 64.063 59.375
PB 22487 98.438 98.438 100.000 100.000 100.000 100.000 98.438 87.500 84.375 87.500 87.500 84.375 89.063 65.625 57.813
AB871953 96.875 98.438 98.438 98.438 98.438 98.438 100.000 85.938 82.813 89.063 85.938 84.375 89.063 67.188 56.250
HQ231763 98.438  100.000 98.438 100.000 100.000 100.000 98.438 87.500 84.375 87.500 87.500 84.375 89.063 65.625 57.813
JX985409 98.438  100.000 98.438 100.000 100.000 100.000 98.438 87.500 84.375 87.500 87.500 84.375 89.063 65.625 57.813
KC297709 98.438  100.000 98.438 100.000  100.000 100.000 98.438 87.500 84.375 87.500 87.500 84.375 89.063 65.625 57.813
JX469119 98.438  100.000  98.438 100.000  100.000 100.000 98.438 87.500 84.375 87.500 87.500 84.375 89.063 65.625 57.813
NC_012812 | 96.875 98.438 100.000 98.438 98.438 98.438 98.438 85.938 82.813 89.063 85.938 84.375 89.063 67.188 56.250
M31182 85.938 87.500 85.938 87.500 87.500 87.500 87.500 85.938 81.250 87.500 89.063 81.250 85.938 64.063 60.938
BVU18059 84.375 84.375 82.813 84.375 84.375 84.375 84.375 82.813 81.250 84.375 87.500 81.250 90.625 64.063 64.063
AF326963 87.500 87.500 89.063 87.500 87.500 87.500 87.500 89.063 87.500 84.375 90.625 87.500 90.625 67.188 57.813
NC_003679 | 87.500 87.500 85.938 87.500 87.500 87.500 87.500 85.938 89.063 87.500 90.625 85.938 92.188 64.063 64.063
NC_018713 | 84.375 84.375 84.375 84.375 84.375 84.375 84.375 84.375 81.250 81.250 87.500 85.938 90.625 65.625 57.813
NC_003678 | 89.063 89.063 89.063 89.063 89.063 89.063 89.063 89.063 85.938 90.625 90.625 92.188 90.625 67.188 60.938
NC_024018 | 64.063 65.625 67.188 65.625 65.625 65.625 65.625 67.188 64.063 64.063 67.188 64.063 65.625 67.188 65.625
NC_023176 | 59.375 57.813 56.250 57.813 57.813 57.813 57.813 56.250 60.938 64.063 57.813 64.063 57.813 60.938 65.625

(::::30 Sv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176

acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -
Sv478/07 96.830 95.965 93.372 95.965 95.101 96.254 93.372 76.945 76.657 77.810 77.233 77.810 78.098 67.435 62.824
PB 22487 96.830 99.135 96.542 99.135 97.983 98.847 96.254 78.098 77.522 80.115 79.539 79.827 79.827 69.164 63.112
AB871953 95.965 99.135 95.677 98.271 97.118 97.983 95.389 78.098 77.522 80.115 79.539 79.827 79.539 69.164 62.824
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HQ231763 93.372 96.542 95.677 95.965 94.524 95.965 93.948 76.945 76.945 78.386 78.386 79.539 78.674 67.723 61.095
JX985409 95.965 99.135 98.271 95.965 97.118 98.271 95.677 77.522 77.522 79.251 78.674 79.827 78.963 68.876 63.112
KC297709 95.101 97.983 97.118 94.524 97.118 96.830 94.813 78.098 77.522 79.539 78.963 79.251 79.827 68.300 62.824
JX469119 96.254 98.847 97.983 95.965 98.271 96.830 95.677 78.098 77.522 79.539 78.963 79.827 79.251 68.876 62.824
NC_012812 | 93.372 96.254 95.389 93.948 95.677 94.813 95.677 77.233 77.233 79.827 79.251 79.539 79.251 69.741 62.248
M31182 76.945 78.098 78.098 76.945 77.522 78.098 78.098 77.233 85.591 78.386 76.369 78.963 80.403 67.723 61.671
BVU18059 76.657 77.522 77.522 76.945 77.522 77.522 77.522 77.233 85.591 76.081 76.657 78.098 79.251 68.012 62.536
AF326963 77.810 80.115 80.115 78.386 79.251 79.539 79.539 79.827 78.386 76.081 86.744 86.455 82.709 70.317 61.383
NC_003679 | 77.233 79.539 79.539 78.386 78.674 78.963 78.963 79.251 76.369 76.657 86.744 88.184 81.556 70.317 62.248
NC_018713 | 77.810 79.827 79.827 79.539 79.827 79.251 79.827 79.539 78.963 78.098 86.455 88.184 81.268 69.164 61.960
NC_003678 | 78.098 79.827 79.539 78.674 78.963 79.827 79.251 79.251 80.403 79.251 82.709 81.556 81.268 68.300 60.519
NC_024018 | 67.435 69.164 69.164 67.723 68.876 68.300 68.876 69.741 67.723 68.012 70.317 70.317 69.164 68.300 60.231
NC_023176 | 62.824 63.112 62.824 61.095 63.112 62.824 62.824 62.248 61.671 62.536 61.383 62.248 61.960 60.519 60.231
(;\‘ri?rﬁ) Sv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -

Sv478/07 96.177 96.781 93.561 96.982 95.775 97.384 91.952 57.143 57.430 60.161 57.344 58.551 55.936 46.918 36.739
PB 22487 96.177 96.579 92.958 96.378 94.769 97.183 91.549 56.539 56.827 59.557 56.740 58.350 55.533 46.521 36.739
AB871953 96.781 96.579 93.763 96.982 95.372 97.384 93.159 57.746 57.430 60.362 57.746 59.759 55.533 47.714 36.346
HQ231763 93.561 92.958 93.763 93.763 92.555 94.970 88.934 55.131 56.225 58.350 55.533 57.948 54.930 45.527 35.560
JX985409 96.982 96.378 96.982 93.763 95.976 97.586 92.354 57.143 57.028 60.161 57.545 59.356 56.338 46.720 36.935
KC297709 95.775 94.769 95.372 92.555 95.976 96.378 90.744 55.936 57.028 59.356 55.734 58.753 55.734 46.521 36.739
JX469119 97.384 97.183 97.384 94.970 97.586 96.378 92.354 56.740 57.028 59.759 56.942 58.753 56.137 46.521 36.149
NC_012812 | 91.952 91.549 93.159 88.934 92.354 90.744 92.354 57.545 57.631 59.759 58.753 59.155 56.338 46.720 37.328
M31182 57.143 56.539 57.746 55.131 57.143 55.936 56.740 57.545 67.203 57.344 58.551 56.539 56.942 44.533 37.525
BVU18059 57.430 56.827 57.430 56.225 57.028 57.028 57.028 57.631 67.203 57.229 57.430 57.631 58.635 47.619 36.739
AF326963 60.161 59.557 60.362 58.350 60.161 59.356 59.759 59.759 57.344 57.229 62.575 69.215 59.155 44.533 37.328
NC_003679 | 57.344 56.740 57.746 55.533 57.545 55.734 56.942 58.753 58.551 57.430 62.575 62.978 57.545 44.930 36.346




84

NC_018713 | 58.551 58.350 59.759 57.948 59.356 58.753 58.753 59.155 56.539 57.631 69.215 62.978 58.753 43.936 37.917
NC_003678 | 55.936 55.533 55.533 54.930 56.338 55.734 56.137 56.338 56.942 58.635 59.155 57.545 58.753 43.340 36.149
NC_024018 | 46.918 46.521 47.714 45.527 46.720 46.521 46.521 46.720 44,533 47.619 44.533 44,930 43.936 43.340 36.576
NC_023176 | 36.739 36.739 36.346 35.560 36.935 36.739 36.149 37.328 37.525 36.739 37.328 36.346 37.917 36.149 36.576
(:‘msisni SVv478/0 PB AB87195 HQ23176 JX98540 KC29770 JX46911 NC_01281 M31182 BVU1805 AF32696 NC_00367 NC_01871 NC_00367 NC_02401 NC 023176
acids) 7 22487 3 3 9 9 9 2 9 3 9 3 8 8 -

SV478/07 97.775 97.914 97.914 97.218 97.636 98.609 94.993 75.243 74.409 75.939 74.965 76.773 75.800 64.534 60.083
PB 22487 97.775 97.497 97.357 95.967 96.940 97.636 94.437 74.826 74.270 75.522 74.687 76.634 75.522 64.534 59.530
AB871953 97.914 97.497 98.331 96.801 98.053 98.748 95.271 74.965 74.270 76.078 74.965 76.912 75.522 64.812 59.669
HQ231763 97.914 97.357 98.331 96.801 97.914 98.748 95.828 75.104 74.548 76.078 74.687 76.912 75.800 64.673 59.254
JX985409 97.218 95.967 96.801 96.801 96.384 97.636 93.880 73.853 73.157 74.826 73.853 75.939 74.548 64.256 59.392
KC297709 97.636 96.940 98.053 97.914 96.384 98.331 95.549 75.382 74.270 76.495 74.687 77.330 75.800 64.673 59.530
JX469119 98.609 97.636 98.748 98.748 97.636 98.331 95.688 75.243 74.548 76.217 74.965 77.051 75.661 64.673 59.807
NC_012812 | 94.993 94.437 95.271 95.828 93.880 95.549 95.688 74.826 73.435 75.939 74.687 76.634 75.939 65.090 59.807
M31182 75.243 74.826 74.965 75.104 73.853 75.382 75.243 74.826 74.548 70.515 70.932 73.018 72.045 62.726 61.188
BVU18059 74.409 74.270 74.270 74.548 73.157 74.270 74.548 73.435 74.548 71.349 72.045 71.210 72.740 63.839 59.530
AF326963 75.939 75.522 76.078 76.078 74.826 76.495 76.217 75.939 70.515 71.349 79.109 82.476 74.131 65.508 60.359
NC_003679 | 74.965 74.687 74.965 74.687 73.853 74.687 74.965 74.687 70.932 72.045 79.109 77.886 73.992 64.673 60.635
NC_018713 | 76.773 76.634 76.912 76.912 75.939 77.330 77.051 76.634 73.018 71.210 82.476 77.886 74.409 65.460 63.260
NC_003678 | 75.800 75.522 75.522 75.800 74.548 75.800 75.661 75.939 72.045 72.740 74.131 73.992 74.409 63.978 60.221
NC_024018 | 64.534 64.534 64.812 64.673 64.256 64.673 64.673 65.090 62.726 63.839 65.508 64.673 65.460 63.978 59.116
NC_023176 | 60.083 59.530 59.669 59.254 59.392 59.530 59.807 59.807 61.188 59.530 60.359 60.635 63.260 60.221 59.116




5 DISCUSSAO E CONSIDERACOES FINAIS

O Brasil possui 0 maior rebanho bovino comercial do mundo (BRASIL, 2017), e
apesar da presenca de pestivirus que afetam a saude do rebanho, ndo existe um programa
oficial de controle destes virus. Anticorpos contra uma espécie de pestivirus podem apresentar
certa reacao cruzada (COUVREUR et al., 2002; NEIL, 2012) com outras espécies, interferindo
em testes diagndstico. Porém esta caracteristica ndao é suficiente para que anticorpos vacinais
contra uma espécie possam proteger o animal de infeccdo por outra espécie e até subtipo de
pestivirus, sendo sugerido que as vacinas contenham em sua composicdo espécies e subtipos
presentes no territério em que sera aplicada a vacina (RIDPATH et al., 2010). Por estes
motivos, a pesquisa sobre a presenca e diversidade de pestivirus é de importancia na promocéo
da saude do rebanho bovino brasileiro.

O laboratorio de Virologia da Faculdade de Veterinaria da Universidade Federal do
Rio Grande do Sul possui linhas de pesquisa de virus em bovinos, em especial de pestivirus
de ruminantes. No laboratério, ndo somente € feito o diagndstico, mas também a identificacdo
dos pestivirus encontrados nas amostras, contribuindo com a pesquisa a cerca destes virus no
Brasil, em especial na regido Sul. Em recente artigo, foram descritas as espécies e subtipos ja
diagnosticados em amostras no laboratério, como: BVDV-1(1a, 1b, 1d, 1e), BVDV-2 (2b, 2c)
e virus ‘HoBi’-like (SILVEIRA et al., 2015). Como contribui¢do a linha de pesquisa do
laboratério, nesta dissertacdo foram descritos:

5.1 Uma cepa pertencente ao BVDV subtipo ‘i’ , que foi detectada pela primeira vez no Brasil,
sendo que antes este subtipo havia sido descrito somete no Reino Unido e Uruguai.

5.2 Duas cepas da possivel nova espécie dos virus ‘HoBi’-like foram detectadas em duas regides
distintas do Brasil e tiveram seu genoma completo sequenciado, e, junto com outros
genomas de cepas disponiveis em banco de dados, foram caracterizadas, gerando dados
para estudos filogenéticos e para uma possivel classificacdo desta dentro do género

Pestivirus.

Os resultados desta dissertacdo forneceram um maior entendimento sobre o genoma e relagdes
filogenéticas dos pestivirus, em especial BVDV-1 ¢ virus ‘HoBi’-like, podendo auxiliar outros
estudos através do sequenciamento completo dos genomas, e contibuir com conhecimento

sobre a diversidade dos pestivirus no Brasil.
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