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RESUMO GERAL

O inhame (Dioscorea spp.) apresenta importante papel socioecondmico nas regides
tropicais e subtropicais da Asia, Africa e Américas incluindo o Caribe. No Brasil, se constitui
uma expressiva fonte de renda e alimento para as populagdes locais e agricultura familiar,
principalmente na regido Nordeste do pais. A produtividade da cultura é bastante afetada,
tanto por fatores abioticos, como por agentes bioticos, entre os quais fungos, nematoides e
virus. Doencgas causadas por virus sao importantes, pois a propagacdo vegetativa do inhame
proporciona o acumulo e disseminacdo desses patdogenos em cultivos sucessivos. Até o
momento, os virus relatados nesta cultura pertencem a nove géneros: Aureusvirus,
Badnavirus, Carlavirus, Comovirus, Cucumovirus, Fabavirus, Macluravirus, Potexvirus e
Potyvirus. No presente trabalho objetivou-se analisar, através do Sequenciamento de Nova
Geracdo (Next Generation Sequencing - NGS), as diferentes espécies virais que infetam o
inhame em plantios localizados nos estados de Pernambuco e Paraiba e no Distrito Federal.
Amostras de tecido foliar de D. rotundata e D. alata foram submetidas a purificacdo viral
parcial, 0 RNA total foi extraido e submetido ao NGS. As leituras nucleotidicas obtidas foram
montadas utilizando o pragrama CLC Genomics Workbench 6.5 e os contigs utilizando o
programa Geneious. Por meio dos dados obtidos por NGS foi possivel a deteccdo de trés
espécies virais novas relatadas neste trabalho. Foi sequenciado o genoma completo de duas
espécies, uma pertencente a familia Secoviridae, que recebeu o nome Dioscorea virus S
(DVS), e outra ao género Foveavirus da familia Betaflexiviridae, denominada de Dioscorea
virus F (DVF). Para a terceira espéecie descrita, pertencente & familia Closteroviridae, foi feita
apenas a deteccdo viral nas amostras coletadas e a proposicdo do nome Dioscorea virus C
(DVC).

Palavras-chave: PCR, NGS, Secoviridae, Closteroviridae, Foveavirus
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GENERAL ABSTRACT

The yam (Dioscorea spp.) has an important socio-economic role in tropical and
subtropical regions of Asia, Africa and the Americas including the Caribbean. In Brazil, it is a
significant source of income and food for the local populations and family agriculture,
especially in the Northeast region of the country. The crop yield is very affected by both
abiotic factors and biotic agents, including fungi, nematodes and viruses. Diseases caused by
viruses are important because the vegetative propagation of yam provides the accumulation
and spread of these pathogens on successive crops. To date, the reported viruses in this crop
belong to nine genera: Aureusvirus, Badnavirus, Carlavirus, Comovirus, Cucumovirus,
Fabavirus, Macluravirus, Potexvirus and Potyvirus. The objective of the present work was to
analyze, through the Next Generation Sequencing (NGS), different viral species that infect the
yam in fields located in the states of Pernambuco and Paraiba and in the Federal District. Leaf
tissue samples of D. rotundata and D. alata were subjected to partial virus purification, the
total RNA was extracted and submitted to NGS. The nucleotide reads obtained were
assembled using CLC Genomics Workbench 6.5 program and the contigs using Geneious
program. Based on the data obtained from NGS it was possible to detect three new virus
species reported in this work. It was sequenced the complete genome of two new species, one
belonging to the family Secoviridae, with the proposed name Dioscorea virus S (DVS), and
another to Foveavirus genus of the family Betaflexiviridae, called Dioscorea virus F (DVF).
For the third species described, belonging to the family Closteroviridae, it was done only the

viral detection in the collected samples and proposed the name Dioscorea virus C (DVC).

Keywords: PCR, NGS, Secoviridae, Closteroviridae, Foveavirus



CAPITULO |

Introducéo geral



DETECCAO DE NOVAS ESPECIES VIRAIS EM INHAME (DIOSCOREA SPP.) NO
BRASIL POR SEQUENCIAMENTO DE NOVA GERACAO

INTRODUCAO GERAL

Aspectos gerais da cultura do inhame e importancia econémica

A planta de inhame é uma angiosperma monocotileddnea pertencente a familia
Dioscoreaceae, da qual o género Dioscorea ¢ composto por cerca de 600 espécies diferentes
distribuidas principalmente em éreas subtropicais ou tropicais da Africa, Asia, Américas e
Oceania (NGO-NGWE et al., 2014). Dentre as espécies de inhame, apenas dez fornecem
produtos comestiveis: Dioscorea alata L., D. rotundata Poir, D. cayenensis Lam., D.
bulbifera L., D. esculenta Burk., D. opposita Thunb., D. japonica Thunb., D. nummularia
Lam., D. pentaphylla L. e D. trifida L. (SARTIE; ASIEDU; FRANCO, 2012).

Acredita-se que o género Dioscorea se dispersou pelo mundo no final do periodo
Cretaceo. As principais regides para onde houve a dispersdo de muitas espécies foram as
Américas, Africa, Madagascar, Sul e Sudeste Asiatico e Oceania. As espécies D. esculenta e
D. alata originaram-se no Sudeste Asiatico, ja D. cayenensis tem sua origem na Africa e D.
trifida na América do Sul. As demais espécies cultivadas de inhame tiveram suas origens na
Africa e Asia (SIQUEIRA, 2011).

O inhame é a quarta cultura tuberosa mais importante do mundo em termos
econdmicos, estando atrds apenas da batata (Solanum tuberosum L.), mandioca (Manihot
esculenta Crantz) e batata-doce (Ipomoea batatas (L.) Poir.). A Africa Ocidental ¢ a principal
regido produtora de inhame no mundo com aproximadamente 62 milhdes de toneladas (91%
da producdo mundial) em 2014, correspondendo a uma &rea plantada de cerca sete milhdes de
hectares. Na America do Sul, a Coldmbia é a maior produtora. O Brasil fica em segundo lugar
produzindo 247 mil toneladas em uma area plantada de quase 26 mil hectares (FAO, 2014)

Devido ao elevado teor de amido, a tdbera de inhame tem alto valor nutritivo,
desempenhando papel fundamental na alimentacdo humana em continentes como a Asia,
Africa e Américas, incluindo o Caribe (MAMBOLE et al., 2014; SEAL et al., 2014). A
cultura do inhame possui grande importancia para a economia local de varios paises
subdesenvolvidos, tanto pela geracdo de empregos quanto pela comercializagcdo de seu
produto seja in natura para o consumo local ou na forma de produtos medicinais como fonte
de antioxidantes e também na industria farmacéutica na extracdo de metabolitos secundarios
(GHOSH et al., 2013; NYABOGA et al., 2014).



No Brasil, o inhame tem elevado valor socioecondmico na regido Nordeste, uma vez
que a tubera est& intimamente ligada aos habitos alimentares da populacdo tendo a producéo,
principalmente, advinda da agricultura familiar voltada para o consumo interno (OLIVEIRA,;
FREITAS NETO; SANTOS, 2001). O estado de Pernambuco se destaca como maior produtor
e grande consumidor de inhame, fator positivo para agricultura familiar e consequentemente o
desenvolvimento rural, uma vez que, além dos empregos diretos, a cadeia produtiva da cultura
também é geradora de empregos indiretos envolvidos no armazenamento, transporte e
comercializacdo da tubera (OLIVEIRA et al., 2012).

Apesar de sua importancia socioecondmica para muitas regides do mundo, a cultura
do inhame ainda encontra varias limitacbes em relacdo a sua produtividade. Isto se deve
principalmente a falta de investimentos em tecnologias e pesquisas com abordagens
bioquimicas e moleculares, como também ao manejo inadequado da cultura, com a utilizacéo
de técnicas agronémicas defasadas (SASKI et al., 2015).

O cultivo do inhame ¢ afetado significativamente pela elevada incidéncia e severidade
de doencas bidticas e abidticas, com destaque para as causadas por fungos e nematoides, para
as quais se medidas preventivas ndo sejam aplicadas, representam um importante fator
limitante para a producdo (OLIVEIRA; MOURA; MAIA 2005). As viroses, a Queima ou
Pinta-preta (Curvularia eragostides), Podrido-verde (Penicillium sclerotigenum) e as
nematoses Casca-preta (Pratylenchus coffea e Scutellonema bradys) e Meloidoginose
(Meloidogyne spp.) sdo as principais doencas que afetam a cultura, causando em grandes
perdas, tanto no campo quanto no transporte e armazenamento (ANDRADE, 2007; SANTOS
etal., 2009; SIQUEIRA, 2011).

Virus que infectam Dioscorea spp.

As viroses sdo de particular importancia para a cultura do inhame, pois a floracdo e
emissdo de sementes sdo raras, sendo utilizada comercialmente a propagagédo vegetativa por
meio de pequenas tdberas ou pedacos das mesmas, favorecendo o acimulo e perpetuacéo dos
virus em plantios sucessivos (SEAL; MULLER, 2007; SILVA et al., 2015).

As espécies virais que infectam Dioscorea spp., relatadas até 0 momento, pertencem a
nove géneros: Aureusvirus — Yam spherical virus (YSV); Badnavirus - Dioscorea bacilliform
viruses (DBV) e Dioscorea bacilliform alata virus (DBALYV); Carlavirus — Hop latent virus
(HpLV); Comovirus — Dioscorea mottle virus (DmoV); Cucumovirus — Cucumber mosaic
virus (CMV); Fabavirus — Broad bean wilt virus 2 (BBWV-2); Macluravirus — Chinese yam



necrotic mosaic virus (CYNMV); Potexvirus — Yam virus X (YVX); Potyvirus — Yam mosaic
virus (YMV) e Yam mild mosaic virus (YMMYV). No entanto, a diversidade de virus que
infectam a planta de inhame permanece largamente inexplorado. O impacto das infeccdes
virais no rendimento e qualidade das tuberas pode ser uma importante ameaca para a
sustentabilidade desta cultura. Por exemplo, o cultivo de D. trifida estd passando por um forte
declinio no Caribe devido a sua alta susceptibilidade as potyviroses (MAMBOLE et al., 2014;
SEAL et al., 2014).

Estudos apontam que os badnavirus causam as viroses do inhme que mais
prevalessem no mundo (SEAL et al., 2014). Entretanto, os potyvirus que ocorrem nesta
cultura s@o mais estudados (ENI et al., 2010), a exemplo do YMV, tido como a espécie viral
de maior importancia econdmica, podendo causar uma variedade de sintomas, incluindo
mosaico, clorose, deformacao foliar e nanismo (SILVA et al., 2015).

No Brasil, duas espécies importantes do género Potyvirus foram relatadas, o YMV e o
YMMV (FILHO et al.,, 2013). O YMV ocorre comumente em plantas pertencentes ao
complexo D. cayennensis-D. rotundata e com menor incidéncia e importancia em D. alata.

As plantas de D. alata estudadas em diferentes areas da Nigéria apresentaram
infecgdo viral (ODU et al., 2006). Dentre os badnavirus, o DBALV é o mais difundido no
mundo, sendo detectado também no Brasil em quase todas as areas produtoras de inhame
causando infeccdo simples ou mista podendo induzir distorcdo foliar e clorose (UMBER et
al., 2014).

InfeccBes mistas de virus tém sido relatadas na cultura de inhame como, por exemplo,
a ocorréncia de YMV e YMMV (MOHAMED, N.A.; MANTELL, S.H, 1976). Em condicdes
de campo, este tipo de interacdo dificulta a identificacdo das espécies virais causadoras das
doencas, além de aumentar a intensidade de sintomas resultante da acéo sinérgica entre virus,

com maior reflexo na produtividade.

Familia Closteroviridae

Membros pertencentes a familia Closteroviridae possuem 0s maiores e mais
complexos genomas de fita simples de RNA, podendo variar de tamanho de 15-20 kb
(FAYEZ; MAHMOUD, 2011). Os closterovirus (nome genérico para os virus da familia) sdo
oficialmente divididos em trés géneros (Closterovirus, Crinivirus e Ampelovirus) e a incluséo
de um quarto género (Velarivirus) foi proposto recentemente (KISS; MEDINA; FALK, 2013;
ITO; SATO; SUZAKI, 2015). Membros da familia possuem particulas virais flexuosas



filamentosas com 700-2.000 nm de comprimento e 12 nm de diametro, podendo o genoma ser
mono ou multipartido (FAYEZ; MAHMOUD, 2011).

Os virus do género Closterovirus possuem genoma monopartido com tamanho variado
entre 15,5 a 19,3 Kb e sdo transmitidos por diversos afideos. O género Crinivirus engloba os
virus com genoma bipartido ou tripartidos e sdo transmitidos exclusivamente por moscas-
branca pertencentes aos géneros Bemisia e Trialeurodes. Espécies do género Ampelovirus
possuem genoma monopartido com 16.9 — 19.9 Kb de tamanho, sendo transmitidos por
cochonilhas. O género Velarivirus é formado por espécies anteriormente incluidos no género
Ameplovirus que representam um clado diferente na arvore filogenética (ISOGAI et al., 2013;
KISS; MEDINA; FALK, 2013). Embora o nimero e a posi¢do relativa das fases abertas de
leitura, ou em inglés “Open Read Frames” (ORFs), possam mudar de espécies para espécie, a
organizacdo genémica € a mesma. Todos os cloterovirus possuem dois genes conservados,
incluindo um que codifica proteinas associadas com a replicacdo (OFRs la e 1b) e um
quintuplo “gene block” que codificam proteinas que constituem a particula viral ou que estdo
envolvidas no movimento célula-a-célula ou outros processos bioldgicos (Fig. 1) (KISS;
MEDINA; FALK, 2013; RUBIO; GUERRI; MORENO, 2013).

A familia Closteroviridae inclui espécies virais de grande importancia agronémica.
Uma dos mais conhecidas é o Citrus triteza virus (CTV), pertencente ao género
Closterovirus, responsavel por epidemias devastadoras que dizimaram plantacdes inteiras de
citros e mudou o curso das industrias citricas do mundo. Dependendo da combinacdo porta-
enxerto-estirpe viral-enxerto, o CTV induz trés sindromes distintas: rapido declinio seguido
de morte da planta, canelura e mudas amareladas. Medidas de controle para o CTV incluem:
programa de guarentena, eliminacédo de plantas infectadas, uso de porta-enxertos tolerantes ou
protecdo cruzada com isolados menos agressivos (MORENO et al., 2008; BAR-JOSEPH,;
MAWASSI, 2013; OWEN et al., 2014). Na videira, diferentes espécies pertencentes a familia
Closteroviridae causam a doenca viral de maior importancia econémica que afeta a cultura,
denominada de “Grapevine leafroll disease” (LUNDEN; QIU, 2011; AL RWAHNIH et al.,
2012).
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Figura 1. Representacdo da organizacdo genbmica tipica dos membros da familia
Closteroviridae. As ORFs la e 1b codificam proteinas relacionadas a replicacdo viral. O
quintuplo ‘gene block’ (p6, MP, p64, p20 e p21) que codificam proteinas envolvidas no
movimento célula-a-célula do virus e na interagdo da particula viral com o hospedeiro. CP e
CPm codificam proteinas capsidiais. EXPASy (www.viralzone.expasy.org)

Familia Secoviridae

A familia Secoviridae é formada por virus que infectam plantas pertencentes a Ordem
Picornavirales (LE GALL et al., 2008). Criada desde 2008, a familia Secoviridae é dividida
em uma subfamilia (Comovirinae) contendo trés géneros (Nepovirus, Comovirus e Fabavirus)
e cinco géneros (Cheravirus, Sequivirus, Sadwavirus, Torradovirus, Waikavirus) nao
atribuidos a nenhuma subfamilia, além de espécies ndo atribuidas a nenhum género
(SANFACON et al., 2009; KING; ADAMS; CARSTENS; LEFKOWITZ, 2012). Possuem
particulas ndo-envelopadas, icosaédricas, com genoma composto por RNA de fita simples de
senso positivo (+) monopartido ou bipartido, com uma VPg (proteina codificada pelo virus)
ligado na extremidade 5’ e poliadenilado na extremidade 3° (THOMPSON; KAMATH,;
PERRY, 2014). Em membros da familia com genoma composto por duas moléculas de RNA,
0 RNAL codifica uma poliproteina que € clivada em cinco proteinas necessarias para a
replicacdo viral. O RNA2 codifica uma poliproteina que é clivada em uma proteina de
movimento e uma ou mais proteinas capsidiais (Figura 2) (YOO et al., 2015).

Viroses de plantas causadas por membros da Ordem Picornavirales, geralmente,
induzem efeitos citopatologicos similares em seus hospedeiros. Em células de plantas

infectadas com virus dos géneros Nepovirus, Comovirus, Fabavirus, Cheravirus, Sequivirus e


http://www.viralzone.expasy.org/

Sadwavirus foram observadas estruturas tubulares que atravessam a parede celular
possibilitando o movimento célula-a-célula do virus (SANFACON et al., 2009). A
transmisséo viral pode ocorrer por meio de vetores (mosca-branca, nematoide, acaro, etc.),
polen ou sementes (SDOODEE; TEAKLE, 1987; SUSI, 2004; LE GALL et al., 2007)

[ M TN | waikavirus/Sequivirus
RNA2 RNA1

1N 1 L1 | ) |
2N (MP)! CP (ProCO): HEL ,,Pro RdRp|
1 [ |

Bl | comovirus
Ml | Fabavirus
-: Nepovirus
Ml | cheravirus
Ml | sadwavirus

Wl | Torradovirus
B unassigned (BRNV, SLRSV, SMoV)

Figura 2. Esquema simplificado da organizacdo genémica dos géneros pertencentes a familia
Secoviridae. Ao lado de cada organizacdo gendmica estd o nome do respectivo género.
Alinhamento das regides codificantes dos virus monopartidos (Waikavirus e Sequivirus) com
os bipartidos (Comovirus, Fabavirus, Nepovirus, Cheravirus, Sadwsvirus, Torradovirus e
espécies ndo classificadas (Black raspberry necrosis virus - BRNV, Strawberry latent
spherical virus - SLRSV e Strawberry mottle virus - SMoV) (THOMPSON; KAMATH,;
PERRY, 2014).

Agronomicamente, o Grapevine fanleaf virus (GFLV), pertencente a familia
Secoviridae tem impacto significativo na videira, causando a virose mais difundida da cultura.
O Rice tungro spherical virus (RTSV), juntamente com outra espécie viral, causa uma
importante doenca que interrompeu a producdo de arroz na Asia na década de 1960
(THOMPSON; KAMATH; PERRY, 2014). Nas ultimas décadas houve um aumento no
namero de espécies conhecidas pertencentes a familia Secoviridae, dentre elas: Apple latent
spherical virus (ALSV) (LI et al., 2000), Cherry rasp leaf virus (CRLV) (THOMPSON;
PERRY; DE JONG, 2004), Satsuma dwarf virus (SDV) (IWANAMI; KONDO; KARASEV,
1999), Strawberry mottle virus (SMoV) (LINDNER et al., 2002), Strawberry latent ringspot
virus (SLRSV) (TZANETAKIS et al., 2006) e Tomato torrado virus (ToTV) (VERBEEK et
al., 2007).



Como critérios para demarcacdo em nivel de género da familia Secoviridae sdo
utilizados a quantidade de RNAs gendmicos, nimero de dominios proteicos e/ou sitios de
clivagem da poliproteina, nimero de proteinas capsidiais e presenca de ORFs adicionais e/ou
RNAs subgenémicos. Dentre os critérios para demarcacao de espécies citam-se: identidade de
sequéncia de aminoacidos de pelo menos 75% da capa proteica e de 80% da regido
conservada da poliproteina delimitada pelo motif “CG” da protease e o motif “GDD” da
polimerase (KING; ADAMS; CARSTENS; LEFKOWITZ, 2012).

Em um estudo realizado por Filloux et al. (2015) foi detectado sequéncias virais com
significativa similaridade a espécies pertencentes a familia Secoviridae em plantas de inhame
utilizando o sequenciamento de alto desempenho. Dentre as sequéncias encontradas, trés
possuem similaridade com virus do género Sadwavirus e trés ndo puderam ser classificadas

em nenhum género da familia.

Género Foveavirus (Familia Betaflexiviridae)

O género Foveavirus pertence a familia Betaflexiviridae, Ordem Tymovirales e
diferem dos outros membros da familia por possuirem cinco ORFs e CPs maiores do que a
maioria das outras espécies (Fig. 3). Os virions sdo flexuosos filamentosos com cerca de 800—
1.000 nm de comprimento e de 12-15 nm de didmetro com simetria helicoidal. Possuem
genoma de fita simples de RNA senso positivo (+) com tamanho de 8,4-9,3 Kb poliadenilado
na extremidade 3’ (KING; ADAMS; CARSTENS; LEFKOWITZ, 2012).

As espécies desse género se destacam por ocorrerem naturalmente plantas lenhosas,
como videira e fruteiras de clima temperado das familias Maloideae e Prunoideae (YOUSSEF
et al., 2011), apresentando maiores dificuldades para serem estudados. Infectam plantas que
necessitam de um periodo longo no processo de propagacdo, dificeis de serem inoculadas,
quer seja por enxertia ou através de insetos vetores, além das particulas virais serem
normalmente mal distribuidas na planta e em baixas concentragdes e dificeis de serem
purificadas, por causa da presenca de substancias inibidoras, tais como polifendis e
polissacarideos (MENG et al., 2013; MARAIS; FAURE; CANDRESSE, 2016).

A espécie tipo do género Foveavirus € o Apple stem pitting virus (ASPV), amplamente
difundido em cultivares de macieira comerciais (MARTELLI; JELKMANN, 1998). Os
demais membros do género tém sido caracterizados em espécies de Prunus na ultima década,
incluindo Apricot latent virus (APLV), Asian prunus virus 1 (APV1) e Peach chlorotic mottle
virus (PCMoV) (YOUSSEF et al., 2011).
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Figura 3. Representacdo da organizagdo gendmica dos foveavirus. ORF 1 codifica porteinas
relacionadas a replicacdo viral. ORFs 2 — 4 codificam proteinas envolvidas no movimento
célula-a-célula. ORF 5 codifica a proteina capsidial. Adaptado de ExPASy

(www.viralzone.expasy.org)
Sequenciamento de Nova Geracdo na Virologia Vegetal

Para se estabelecer medidas eficientes de manejo de doencas e avaliacdo de matrizes
para producdo de taberas-semente de inhame ou material de propagacdo de qualquer outra
cultura, a correta identificacdo dos agentes causais € o primeiro passo. No caso de viroses, a
diagnose pode ser muitas vezes complexa, especialmente quando um determinado virus esteja
ocorrendo em um novo hospedeiro ou quando se trate de uma nova espécie viral ou variante
de um virus conhecido (PRABHA; BARANWAL; JAIN, 2013).

Devido ao seu pequeno tamanho e a incapacidade de serem cultivados em meio de
cultura, os virus apresentam uma dificuldade maior na sua identificacdo e deteccdo
comparado a outros patdgenos. Nas Ultimas décadas, a diagnose de viroses tem sido realizada
utilizando técnicas sorolégicas como Enzyme-linked immunosorbent assay (ELISA) e os
métodos moleculares Polymerase Chain Reaction (PCR) e hibridizacdo de acido nucleico.

Entretanto, por necessitarem de reagentes como anticorpos, primers e sondas, desenvolvidas a
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partir do virus caracterizados, tais técnicas se tornam ineficientes quando a doenca € causada
por uma espécie viral desconhecida (WU et al., 2015).

Nos ultimos anos, novas abordagens para deteccdo e identificacdo de virus tém sido
desenvolvidas. Dentre as mais utilizadas atualmente, a metagendémica ¢ uma das principais,
capaz de analisar o &cido nucleico total contido em uma amostra ou num conjunto de
amostras, através do Sequenciamento de Nova Geragdo, permitindo identificar tanto de
patdgenos conhecidos quanto de patdgenos desconhecidos (SCHLOSS; HANDELSMAN,
2003; RIESENFELD; SCHLOSS; HANDELSMAN, 2004; WU et al., 2015). Trata-se de
sequenciamento de alto desempenho e, por isto, recebeu a denominacdo em inglés é Next-
Generation Sequencing (NGS).

A técnica Sanger € um meétodo de sequenciamento utilizado como padrdo para a
identificacdo e caracterizacdo viral, descrita primeiramente em 1977 (SANGER; NICKLEN;
COULSON, 1977), enquanto que o NGS comegou a ser comercializado em meados de 2004
como forma alternativa de sequenciamento convencional. O método Sanger pode processar
centenas de nucleotideos diarios, ao passo que o novo método processa milhdes de
nucleotideos no mesmo periodo (KIRCHER; KELSO, 2010).

O primeiro sequenciador de alto desempenho foi desenvolvido pela 454 Life Science
em 2004 denominado de Roche/454 FLX (http://www.454.com/) (MARDIS, 2008). J& o
analisador de genoma da Illumina (http://www.illumina.com) foi lancado no inicio de 2007
desenvolvido pela Solexa GA. Atualmente, diversas plataformas de sequenciamento mais
avancadas estdo disponiveis no mercado como, por exemplo, Heliscope desenvolvida pela
Helicos  (http://www.helicosbio.com/), lon Torrent PGM da Life Technologies
(http://www.iontorrent.com/) e a plataforma de sequenciamento em tempo-real da Pacific
Biosciences (http://www.pacificbiosciences.com/) (PRABHA; BARANWAL,; JAIN, 2013).

O NGS foi empregado pela primeira vez na Virologia Vegetal em 2009 e desde entéo
vem sendo utilizado com sucesso nas areas de sequenciamento de genoma, ecologia,
descoberta de novas espécies, interacdo virus-hospedeiro, epidemiologia, transcriptoma,
deteccdo e identificacdo viral (ADAMS et al., 2009, 2013; MOKILI; ROHWER; DUTILH,
2012). Pelo menos 49 novos virus de DNA e RNA de plantas ja foram descobertos com o uso
do NGS. Dentre essas novas espécies, 36 podem ser classificadas dentro de géneros ja
existentes, nove possivelmente integraram novos géneros e quatro ndo podem ser atribuidas a
nenhuma familia existente (HALGREN; TZANETAKIS; MARTIN, 2007).

Outro método empregado na identificacdo de espécies virais utilizando NGS ¢é a

remontagem de sequéncias virais a partir da sobreposicdo de small interfering RNAs
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(sSiRNAs), uma vez que os mesmos sdo derivados do genoma viral, encontrados em plantas
infectadas (PRABHA; BARANWAL; JAIN, 2013; SEGUIN et al., 2014). A pesquisa e
sequenciamento de siRNAs tém papel fundamental no estudo da expressdo génica de virus
enddgenos encontrados em planta, principalmente em relacdo ao estudo da interacdo planta-
patégeno (FESCHOTTE; GILBERT, 2012; AIEWSAKUN; KATZOURAKIS, 2015). A
incorporacdo de certas partes do genoma viral em plantas transgénicas podem gerar niveis
diferentes de resisténcia ao virus de origem e a isolados semelhantes (ANTIGNUS et al.,
2004; SHEPHERD; MARTIN; THOMSON, 2009; LEIBMAN et al., 2015).

O mais recente relatério do Comité Internacional para a Taxonomia de Virus lista
cerca de 900 virus de plantas (KING; ADAMS; CARSTENS; LEFKOWITZ, 2012).
Entretanto, com a utilizacdo do NGS em Virologia Vegetal ira certamente aumentar este
namero significativamente a medida que novos virus forem descobertos e caracterizados em
diferentes espécies de plantas hospedeiras, incluindo as plantas silvestres e também em
diferentes insetos vetores (WYLIE et al., 2012).

Diante da caréncia de pesquisas em relacdo a populagédo viral do inhame, o presente
trabalho teve como objetivo analisar o viroma da cultura através do NGS, focando na

deteccdo e caracterizacdo de espécies desconhecidas.
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Abstract
The yam (Dioscorea spp.) is an important source of food and income in many

tropical and sub-tropical countries. In northeastern Brazil, the yam crop contributes to
sustainability of family farms in some states and the tuber is part of the daily consumption of
the population. This work reports the occurrence of a new virus species in yam producer areas
in the states of Pernambuco and Paraiba, and in the Federal District, detected through the Next
Generation Sequencing (NGS). The samples were subjected to a partial virus purification
followed by total RNA extraction. The sequencing analysis using the BLAST program
revealed that the samples contained nucleotide sequences compatible to species belonging to
family Closteroviridae. Specific primers were synthetized in order to analyze each sample for
the presence of the virus. Among the 28 samples studied, the virus was detected in 26. Due to
the low nucleotide and amino acid similarity with known species, it is presumed that the virus
in concern is a new viral species belonging to family Closteroviridae. The proposed name is

Dioscorea C virus (DVC).

Key words: Dioscorea spp., Little cherry virus 2, PCR, Next-Generation Sequencing
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Resumo
O inhame (Dioscorea spp.) representa uma importante fonte de alimento e renda em

diversos paises tropicais e sub-tropicais. No Nordeste brasileiro, a cultura do inhame
contribue para sustentabilidade da agricultura familiar em varios estados, além da tubera fazer
parte do consumo cotidiano de alimentos da populagéo. O presente trabalho relata a ocorrécia
de uma nova especie viral em areas produtoras de inhame nos estados de Pernambuco e
Paraiba e no Distrito Federal, detectada através do Sequenciamento de Nova Geracdo (NGS).
As amostras foram submetidas a uma purificacdo viral parcial seguido da extracdo total de
RNA. A anélise do sequenciamento, utilizando o programa BLAST, revelou que o material
continha sequéncias nucleotidicas compativeis com espécies pertencentes a Familia
Closteroviridae. Foram sintetizados primers especificos com o objetivo de analisar cada
amostra quanto a presenca do virus, tendo sido encontrado em 26 das 28 amostras estudadas.
Devido a baixa similaridade nucleotidica e de aminoacido com as espécies virais conhecidas,
presupBe-se que 0 virus em questdo trata-se de uma nova espécie pertencente a familia

Closteroviridae. O nome proposto é Dioscorea virus C (DVC).

Palavras-chave: Dioscorea spp., Little cherry virus 2, PCR, Sequenciamento de Nova

Geracao
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The family Closteroviridae comprises more than 30 plant viruses with flexuous
filamentous virions of 700-2,000 nm in length and 12 nm in diameter. Members of this
family represents a related group of mono- and multipartite, single-stranded, positive-sense
RNA with long, flexuous virions with over 15 to almost 20 kb kb (Fayez and Mahmoud
2011). The family is divided into three genera: Ampelovirus, Closterovirus and Crinivirus
(Bar-Joseph 2014; Naidu et al. 2015). However, it was proposed to include Velarivirus as a
fourth genus (Ito et al. 2015). The genus distinction within Closterividae family is based on
the type of insect vector and molecular and biological characteristics. Members of the genera
Closterovirus, Crinivirus e Ampelovirus are, normally, transmitted by aphids, whiteflies, and
mealybugs, respectively (Melzer et al. 2013).

Several members of this family cause devastating diseases. Grapevine leaf roll disease
(GLRD) is one of the most prevalent viral diseases in vineyards worldwide (Lunden and Qiu
2011). The GLRD virus complex belongs to the Closterividae family and was recently
grouped as following: genus Closterovirus - Grapevine leafroll-associated virus 2 (GLRaV-
2); genus Ampelovirus - GLRaV-1, GLRaV-3, GLRaV-4, GLRaV-5, GLRaV-6, GLRaV-8,
GLRaV-9, GLRaV-Pr, GLRaV-De, GLRaV-Car; and one unassigned species - GLRaV-7
(Martelli at al. (2012).

Another virus of significant agronomic importance is the Citrus tristeza virus (CTV)
being present in the major citrus regions of the world, causing rapid death of the infected plant
(Bak and Folimonova 2015).

Yams (Dioscorea spp.) are one of the most important food commaodities in the tropics
and subtropics. The genus Dioscorea comprises more than 600 species. However only ten are
generally cultivated for food production: D. alata L. (water yam, greater yam), D. rotundata
Poir. (white yam, white guinea yam), D. cayenensis Lam. (yellow yam, yellow guinea yam),

D. bulbifera L., D. esculenta (Lour.) Burk., D. opposita Thunb., D. japonica Thunb., D.
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nummularia Lam., D. pentaphylla L., and D. trifida L. (Sartie et al. 2012; Mambole et al.
2014).

Yam is vegetatively propagated through its tubers. This facilitates the accumulation
of pathogens, particularly viruses, affecting the development of the tubers (Siqueira 2011;
Cornet et al. 2014). At least 26 different species belonging to nine virus genera (Aureusvirus,
Badnavirus, Carlavirus, Comovirus, Cucumovirus, Fabavirus, Macluravirus, Potexvirus e
Potyvirus) have been reported infecting plants of yam worldwide to date (Seal et al. 2014;
Mambole et al. 2014).

The objective of present study was to determine, through the Next Generation
Sequencing, which viruses infect yam plants from different locations of Brazil. Samples tissue
of 28 plants showing typical virus symptoms were collected in the states of Pernambuco and
Paraiba, and in the Federal District.

The samples were processed together and submitted to partial virus purification
according to the protocol of Cali (1981) with modifications. Of each sample, 2 g of leaf with
symptoms were used. The homogenization of the samples was performed with 0.1 M borate
buffer pH 8.0 in the ratio of 1: 4 (w/v) with the addition of 0.2 % 2-Mercaptoethanol.
Clarification was made with the addition of 1/3 volume of chloroform to the filtrates,
followed by centrifugation for 30 min. at 5,000 g. To the supernatants, 0.2 % of Triton
solution was added, followed by agitation for 1 hour in cold chamber. The samples ware
centrifuged for 30 min at 5,000 g and the supernatants were laid on sucrose cushion (20%
solution) in 0.05M borate buffer pH 8.0 (in the ratio 1:3). Then, the samples were subjected to
centrifugation of 142,000 g for 1 hour to form the pellet used to continue the RNA extraction
process.

Total RNA was isolated from the semi-purification product using the TRIzol
Reagent (Invitrogen, Carlsbad, CA, USA) and sequenced on an Illumina HiSeq 2000 with 100

base paired-end performed by Macrogen Inc. (Seoul, South Korea). The reads were assembled
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using the CLC Genomics Workbench 6.5 (http://www.clcbio.com), and contigs were
assembled using Geneious R7.1 (http://www.geneious.com/).

Contigs were analyzed by BLASTX searches against the viral reference genome
database (RefSeq) in GenBank. Among the assembled contigs, one contig of 944 bp in length
were picked up as coat protein (p55) of Little cherry virus 2 (LChV-2) sequences (GenBank
accession no. NP 891565) with maximum amino acid sequence similarity of 47% (with 99%
coverage).

To produce the genomic cDNA, initially the total RNA was extracted from each
sample individually using Plant RNA reagent (Invitrogen, Carlsbad, CA, USA). The first
strand cDNA was synthesized using the Superscript Il reverse transcriptase (Invitrogen)
standard protocol, with the reverse primer made from a contig region (5'-
GTAGTTGTCTGCATTAGTYACCTCAC-3) by incubation at 52 °C for 1 hour.

The DNA amplification was performed using specific primers made from a contig
region, 66 For (5-GATACAAGGAGTTCAAGTCAGTTAC-3) and 405 Rev (5-G TGG
ATG CAG TTG GTA TGT C-3). Among 28 samples tested, there was expected size
amplification (340 bp) (Fig. 1) for of 26 samples (Tab. 1): 22 from Pernambuco State, two
from Paraiba State and two from Federal District (Fig. 2).

Due to low identity presented with LChV-2 we conclude that the virus in question is a
new species belonging to family Closteroviridae. The tentative name Dioscorea virus C

(DVC) is proposed for this new virus encountered in yam in Brazil.


http://www.geneious.com/
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FIGURE 1- RT-PCR products visualized in agarose gel. Positive amplification (340 bp) of some samples were
tested for detection of Dioscorea virus C (DVC).



30

FIGURE 2- Map of Brazil showing the places with positive samples for Dioscorea virus C (DVC). PB = Paraiba
state, PE = Pernambuco state, and DF = The Federal District.

TABLE 1- Samples analyzed in this study and respective region of origin and the result of the detection.

Sample
AlA1
Al.2
A13
Al4
Al15
Al.6
Al17
Al.8

Al1.9
Al.11
Al.12

A21

A2.2

A23

A24

A25

A2.6

A27

A28

A29

A3

A3.2

A33

A34

A35

A3.6

A3Y

A3.8

Locality (County - State)

Goiana - PE
Goiana — PE

ltapissuna - PE
ltapissuna — PE

Conde — PB

Alhandra — PB
Abreu e Lima — PE

Nucleo Rural

\fargem Bonita - DF
Nucleo Bandeirantes — DF

Goiana — PE
Goiana — PE
Bonito - PE
Bonito — PE
Bonito - PE
Bonito — PE
Bonito - PE
Bonito — PE
Bonito - PE
Bonito — PE
Bonito - PE

Ferreiro — PE
Ferreiro — PE
Ferreiro — PE
Ferreiro — PE
Ferreiro — PE
Ferreiro — PE
Ferreiro — PE
Ferreiro — PE

Detection
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
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Abstract
The complete genome sequence of a new virus infecting a yam plant exhibiting

virus symptoms in Brazil was determined. The genome of this virus is composed of bi-
segmented RNAs in positive sense (5979 and 3860 nucleotides in length, respectively)
without counting the poly(A) tails. One large open reading frame in each genome segment
(RNA1-ORF1 and RNAZ2-ORF2) was predicted. BLAST searches of protein databases
showed that RNA1-ORF1 and RNA2-ORF2 have higher amino acid sequence identities of 40
h% and 29 % to the RNA1-ORF1 and RNA2-ORF2 of Chocolate lily virus A (CLVA, a
recently identified as unassigned member of the family Secoviridae), respectively.
Phylogenetic analysis showed that the virus was clustered in unassigned species group in the
Secoviridae. The secovirus sequenced in this study is most possibly a new member of the
family Secoviridae. The tentative name Dioscorea virus S (DVS) is proposed for this new

virus.

Resumo
A sequéncia completa do genoma de um novo virus, encontrado em planta de

inhame apresentando sintomas virais no Brasil, foi determinada. O genoma é constituido por
RNA bi-segmentado em sentido positivo (5979 e 3860 nucleétidos de comprimento,
respectivamente), sem contar as caudas poli (A). Uma ampla fase aberta de leitura em cada
segmento do genoma (RNA1 - ORF1 e RNA2 - ORF2) foi previsto. Pesquisas utilizando o
banco de dados de proteinas do BLAST mostraram que RNAL - ORF1 e RNA2 - ORF2 tém
alta identidade de sequéncia de aminoacidos de 40% e 29% com o RNAL - ORF1 e RNA2 -
ORF2, respectivamente, do Chocolate lily virus (CLVA, um recentemente membro nao
classificado da familia Secoviridae). A analise filogenética mostrou que o virus foi agrupado
juntamente com espécies ndo classificadas da familia Secoviridae. O secovirus sequenciado
neste estudo é, possivelmente, um novo membro da familia Secoviridae. O nome provisorio

Dioscorea virus S (DVS) € proposto para este novo virus.
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Members of the family Secoviridae have one or two genomic RNA segments in
positive sense. Each genomic segment has a VVPg (virus protein genome linked) linked to its
5 end and a 3" poly(A) tract in termini. In the family members with two genomic RNA
molecules, RNA1 and RNA2 are translated into two polyproteins: RNAL contains one large
open reading frame (ORF) predicted to encode proteins necessary for replication and RNA2
contains one or two ORF(s) predicted to encode one or two coat proteins (CP) and movement
protein (MP) [1]. The family Secoviridae are divided into eight genera (Comovirus,
Fabavirus, Nepovirus, Sequivirus, Waikavirus, Cheravirus, Sadwavirus, and Torradovirus)
and some species are not classified into none of these genera, classified as unassigned species
group [2].

Yam (Dioscorea spp.) is an annual hebaceous plant belongs to monocot class,
Dioscorea genus of Dioscoreaceae family. Yam plant are commonly propagated vegetatively
and its cultivation for the consumption of their tubers is common in Africa, Latin America
and the Caribbean countries [3]. In Brazil the largest yam production is mainly concentrated
in the Northeast region of the Country where it has significant socio-economic importance
[4].

The leaf samples were collected from 30 Dioscorea plants that showed viral-like
symptoms in the Brazilian states of Pernambuco, Paraiba and the Federal District (Brasilia).
To identify viral species in the samples by the Next generation sequencing (NGS), the virus-
rich fraction was prepared from the pooled leaf samples of 30 plants and total RNA was
extracted from this fraction. Briefly, the virus were partially purified from the pooled samples
according to the protocol of Cali & Moyer (1981) [5] with modifications. Total RNA was
isolated from the pellet of the semi-purification using the ZR Plant RNA MiniPrep kit (Zymo
Research, Irvine, CA, USA) following the manufacturer’s protocol. The total RNA was
sequenced on an lllumina HiSeq 2000 with 100 base paired-end at Macrogen Inc. (Seoul,
South Korea). The reads were assembled using the CLC Genomics Workbench 6.5
(http://www.clcbio.com), and contigs were assembled wusing Geneious R7.1
(http://www.geneious.com/). Contigs were analyzed by BLASTx and protein BLAST
searches against the viral reference genome database (RefSeq) in GenBank. Among the
assembled contigs, two contigs (5963 bp and 3942 bp in length, respectively) were picked up
as secovirus sequences, and tentatively it was named as Dioscorea virus S.

To confirm the NGS results, the full-length contigs were amplified by Reverse
Transcription Polymerase Chain Reaction (RT-PCR) using the selected isolate from the State

of Pernambuco (PE-81). The cDNA was synthesized using Superscript Il reverse


https://en.wikipedia.org/wiki/Latin_America
https://en.wikipedia.org/wiki/Caribbean
http://www.geneious.com/
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transcriptase (Life Technologies, Grand Island, NY, USA) using the oligo-d(T)soM10 for the
both RNA segments (5'- GCAGTGTTATCAACGCAGATs, -3'). The PCR was performed
using the specific forward primers (5- TGCGTACAACCACCGATCTTTA -3 for
amplification of the RNA1 segment and 5'- CTTGCCAATCAATGTCCTTTAGGC -3' for
amplification of the RNA2 segment) and the reverse anchor primer M10a
(GCAGTGTTATCAACGCAGA). To obtain complete genome sequences, the cDNAs of 5
terminus of each RNA segment were amplified by the modified method of the rapid
amplification of cDNA ends (RACE) protocol [6] using specifics reverse primers for the
RNA1 (PCR primer 5° - CAGCCAATCGAAACCATCCAAGAT — 3’ and nested primer 5’ -
CAACGTCAGGATGTATCACCTC — 3°) and RNA2 (PCR primer 5° - TGAACGCCT
ACCTCTATAAAGCG - 3’ and nested primer 5° — CTCTATGCGCTTGCTAAGTTCATG -
3”). The assembled full-length sequences of the RNA1 (KU215538) and RNA2 (KU215539)
segments were 5979 and 3860 nucleotides (nt) in length, respectively, without counting the
poly(A) tail. RNAL contains one large ORF (RNA1-ORF1) of 5663 nt, encoding a predicted
polyprotein (201 kDa) carrying replication-related motifs. The putatives cleavage sites
between peptide in the polyprotein encoded by RNA1 was the dipeptide Q/S for the Helicase
(Hel), Q/G for the Protease (Pro) and the Q/S for the RNA-dependent RNA polymerase
(RdRp) (Fig. 1A). The 5" and 3" untranslated regions (UTRs) of RNAL are 148 and 151 nt in
length, respectively. RNA2 contains one ORF (RNA2- ORF2) of 3590 nt, encoding a
predicted polyprotein (134 kDa) of the capsid protein and product(s) involved in cell-to-cell
movement the has putative cleavage site S/G (Fig. 1B). The 5’and 3" UTRs of RNA2 are 72
and 62 nt in length, respectively. The analyses of BLASTXx indicated that the first ORF in
RNAL1 has higher nucleotide sequence identities of 40% to unnamed protein of RNA1
(YP004936170) of Chocolate lily virus A (CLVA) and the second ORF in RNA2 with 29% to
unnamed protein of RNA 2 (YP004936171) of CLVA.

This virus genome was positioned in the phylogenetic tree constructed based on RNA1
and RNA2 nt sequences, with other unassigned secovirus group (Fig. 2) provisory separated
by the International Committee on the Taxonomy of Viruses (ICTV) [7-9]. The genome
organization of DVS is also analogous to those of this group of the family Secoviridae. The
phylogenetic tree based on nucleotide sequences of ORF1 and ORF2 of DVS and other
members of the family Secoviridae, indicated that DVS is most closely related to CLVA and
other unassigned species (Fig. 2 A and B). The ICTV criteria for species demarcation in the
family Secoviridae stipulate that amino acid sequence identity has been >80% in the protease-

polymerase (Pro-Pol) region or >75% in CP are required [10]. The amino acid sequence
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identities of the Pro-Pol region between the protease CG motif and the RdRp GDD motif
(CG/GDD) of RNA1 and the CP region of RNA2 to DVS with others unassigned members of
the family Secoviridae were in the range of 55-43% and 29-22%, respectively. Therefore, we
concluded that the full genome sequences (RNA1 and RNA2) are of a novel unassigned
member of the family Secoviridae. The tentative name Dioscorea virus S (DVS) is proposed
for this new virus encountered in Brazil.

The presence of DVS was determined by RT-PCR with 30 Dioscorea samples using
the detection specifics primers forward (5°’- TATCTACAAAATCGTCGGAGGAAC -3’) and
reverse (5’- TCAATCTCAGAAAAGGGCATGTG - 3%). Among the 30 samples analyzed,
DVS was detected in 20 samples DVS from the states of Paraiba and Pernambuco (Tab. 1).
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Fig. 1 Schematic representation of genomic organization of Dioscorea virus S RNA1 (A) and RNA2 (B). Co-
Pro= Protease co-factor; Hel= Helicase; Pro= Protease; RdRp= RNA-dependent RNA polymerase; MP=
Movement Protein; CP= Coat Protein.
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Fig. 2 Phylogenetic relationship of Dioscorea virus S to other members of the family Secoviridae. Phylogenetic
trees were constructed using the maximume-likelihood (ML) method with the MEGA 6 program. Phylogenetic
tree based on full-length nucleotide sequences of RNA1 (A) and RNA2 with their respective GenBank accession

numbers (B).



Table 1 Samples analyzed in this study and respective region of origin and the result of the detection.

Sample Locality (County - State) Detection
Al Goiana - PE Positive
Al2 Goiana — PE Positive
Al3 ltapissuna - PE Positive
Ald ltapissuna — PE Negative
Alb Conde — PB Negative
AlB Alhandra — PB Negative
Al7 Abreu e Lima — PE Positive
Al8 Nuicleo Rural Negative

Vargem Bonita - DF
Al9 Nicleo Bandeirantes — DF Negative
Al1.10 Goiana — PE Positive
Al 11 Goiana — PE Positive
Al12 Goiana — PE Positive
Al113 Goiana — PE Positive
A21 Bonito — PE Negative
A22 Bonito — PE Positive
A23 Bonito — PE Positive
A24 Bonito — PE Positive
A25 Bonito — PE Positive
A28 Bonito — PE Positive
A27 Bonito — PE Negative
A28 Bonito — PE Negative
A29 Bonito — PE Negative
A3 Ferreiro — PE Positive
A32 Ferreiro — PE Negative
A33 Ferreiro — PE Positive
A34 Ferreiro — PE Positive
A35 Ferreiro — PE Positive
A36 Ferreiro — PE Positive
A37 Ferreiro — PE Positive

A38 Ferreiro — PE Positive



CAPITULO IV

Complete genome sequence of a new foveavirus infecting Dioscorea plant
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Abstract

Total RNAs of partial viral purification from Dioscorea samples gathered from the
states of Paraiba and Pernambuco and from the Federal District of Brazil were analyzed by a
high throughput sequencing approach. Contigs annotations revealed the presence of a
potential new virus. Its genome was fully sequenced by direct sequencing of RT-PCR
fragments from one single plant. Sequences of the 5° and 3"terminus were determined by
RACE protocols. The genome of this virus is composed of single-molecule RNA (7,632 bp)
carrying poly(A) tails. The genomic RNA contain five open reading frames in the positive
polarity that encode putative RNA-dependent RNA polymerase (RdRp), triple gene block
(TGB) and one coat protein (CP). The pairwise analysis of RdRp and CP showed the
maximum amino acid sequence identities of 70% with RdRp of Apple stem pitting virus
(ASPV) and 34 % with the CP of Cherry twisted leaf associated virus (CTLaV), respectively.
Its genomic organization is similar to the members of Foveavirus genus. The phylogenetic
trees reconstructed with the nucleotide sequences of replicases and coat proteins of the
Betaflexiviridae members family suggest that the new virus should be considered as a new
species, for which the name of Dioscorea virus F (DVF) has been proposed
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Resumo

RNAs totais a partir da purificagdo viral parcial de amostras de Dioscorea coletadas
nos estados da Paraiba e Pernambuco e no Distrito Federal do Brasil foram analisados por
sequenciamento utilizando abordagem de alto rendimento. Caracteristicas dos contigs revelou
a presenca de um potencial novo virus. Seu genoma foi completamente sequenciado através
do sequenciamento direto dos fragmentos obtidos por RT-PCR a partir de uma Unica planta.
Sequéncias das extremidades 5' ¢ 3’ foram determinados por protocolos de RACE. O genoma
do virus é constituido por uma Unica molécula de RNA (7.632 pb) com cauda poli (A). O
RNA gendémico é composto por cinco fases abertas de leitura na polaridade positiva que
codificam uma putativa RNA polimerase dependente de RNA (RdRp), “triple gene block”
(TGB) e uma proteina capsidial (CP). A analise do emparelhamento da RdRp e CP mostrou
identidades maxima de sequéncias de aminoacidos de 70% com RdRp de Apple stem pitting
virus (ASPV) e 34% com a CP de Cherry twisted leaf-associated virus (CTLaV),
respectivamente. A sua organizacdo gendmica é semelhante aos membros do género
Foveavirus. As arvores filogenéticas reconstruidas com as sequéncias de nucleotidios da
replicases e capa proteica dos membros da familia Betaflexiviridae sugerem que 0 novo virus
deve ser considerada como uma nova espécie, para a qual foi proposto o nome Dioscorea
virus F (DVF).
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Members of Foveavirus genus have single strand genomic RNA in positive sense,
belong to Betaflexiviridae family [1]. Species of the genus are characterized by naturally
infecting woody host plants, grapevine in the case of Ruspestris stem pitting-associated virus
and temperate fruit crops of the Maloideae and Prunoideae families for all other members or
possible members known to date. The type member of the genus, Apple stem pitting virus
(ASPV), is known to infect species as apple, pear and quince [2, 3]. The distinguishing
properties of the genus includes numbers of ORFs (should be 5), the presence of triple gene
block (movement protein) and the size of the coat protein (28 — 44 kDa) and replication
protein (230 — 250 kDa) [4].

The yam (Dioscorea spp.) is one of the main tubers crops produced in the tropics
and subtropics regions in the world, behind only cassava (Manihot esculenta) and sweet
potatoes (Ipomoea batatas) [5]. The genus Dioscorea includes more than 600 species,
however only ten are generally cultivated as food [6]. At least nine virus genera (Aureusvirus,
Badnavirus, Carlavirus, Comovirus, Cucumovirus, Fabavirus, Macluravirus, Potexvirus e
Potyvirus) was reported infecting plants of yam worldwide [5]. In Brazil the largest yam
production is mainly concentrated in the northeast region of the Country where it has socio-
economic importance, constituting a source of employment and income for the local
population [7, 8].

For the analysis of viruses infecting yam plants by high throughput sequencing the
virus-rich fraction was prepared from the pooled leaf samples of 30 plants collected in the
Brazilian states of Pernambuco and Paraiba and in the Federal District (Brasilia) according to
the protocol of Cali (1981) [9] with modifications. Total RNA was extracted from the pellet
of the semi-purification using the ZR Plant RNA MiniPrep kit (Zymo Research, Irvine, CA,
USA) following the manufacturer’s protocol and was sequenced on an Illumina HiSeq 2000
with 100 base paired-end at Macrogen Inc. (Seoul, South Korea). The reads were assembled
using the CLC Genomics Workbench 6.5 (http://www.clcbio.com), and the contigs were
assembled using Geneious R7.1 (http://www.geneious.com/). The BLASTxX and protein
BLAST searches against the viral reference genome database (RefSeq) in GenBank of the
contigs showed the sequences belonging to foveavirus.

To determine the full genome sequence the cDNA fragments of genome were
amplified by the reverse transcription-polymerase chain reaction (RT-PCR) using the selected
isolate from the State of Pernambuco (PE-5.1). The cDNA was synthesized using Superscript
Il reverse transcriptase (Life Technologies, Grand Island, NY, USA) using the oligo-
d(T)s0M10 (5'- GCAGTGTTATCAACGCAGATS; -3"). To obtain the complete genome was
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performed three PCRs: (1) to obtain the 3’ terminus was using the specific forward primers
(5'-AATGATCTTTATGCAGAGGARGC - 3') and the reverse anchor primer M10a (5° —
GCAGTGTTATCAACGCAGA — 3”), resulting 3,210 kb fragments from 3"end; (2) to obtain
the fragment that comprises the 719 nt into 4,949 nt sequences using specifics primers
forward (5’-GCTGCTGGCAACAGTAGTA-3’) and reverse (5°-
CGTAAACCTCATGATGGC AAAAC - 3°); (3) the region of 5* end using specific primers
forward  (5’-CTAAGTGTCTTCACAATGTCAGACCCT-3’) and  reverse (5°-
GATTCATGTGCTTTTCCATCAGGTGA-3"). To obtain the cDNAs of 5 terminus, the 5’
RACE protocol (System for Rapid Amplification of cDNA Ends kit, Invitrogen) was
performed according to manufacturer’s instructions using for the PCR Abridged Anchor
Primer forward (5’-GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3’) and specific
reverse primers ( 5’- TTACAGACAGGATGCGAATGAGGCATAC - 3°). For the nested
PCR was used Abridged Universal Amplification Primer (AUAP) as forward primer (5°-
GGCCACGCGTCGACTAGTAC-3’) and specific reverse nested primer (5°-
CCACATTGTTTATCTTGTGAATGGCCTCTG-3)

The assembled full-length sequences was 7,632 nucleotides (nt) in length, without
counting the poly(A) tail. The genomic RNA contains five ORFs. The ORF 1 contains 5,453
nt, encoding a predicted polyprotein (~207 kDa) carrying replication-related motifs. The
ORFs two, three and four (Triple gene block) contains 701, 347 and 197 nt in length,
respectively, encodings predicted proteins involved in cell-to-cell movement (approximately
26, 13 and 7 kDa, respectively). ORF 5 contains 710 nt, encoding a predicted capsid protein
(26.7 kDa). The 5’ untranslated region (UTR) comprises 53 nt and the 3> UTR 162 nt. The
pairwise analyses based on the complete genome has the higher sequence identities of 70 %
with ASPV (GenBank accession no. KF915809).

The ICTV criteria for the species demarcation in the genus Foveavirus stipulate that
amino acid identity less than 80 % or nucleotide identity less than 72 % in CP or polymerase
genes [4]. Therefore, we concluded that the full genome sequence detected in this work
belongs to a novel member of the genus Foveavirus. The tentative name Dioscorea virus F
(DVF) is proposed for this new virus encountered in Brazil.

A phylogenetic tree was constructed by the maximum likelihood (ML) method
implemented using a nucleotide sequence alignment generated by MEGA 5.1 program. This
virus was positioned in the phylogenetic tree based on ORF1 and ORF5 with other foveavirus
species (Fig. 1). The genome organization of DVF (KU659021) is also analogous to those of
members belonging to the genus Foveavirus (Fig. 2). The ORF1 of DVF has higher amino
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acid sequence identities of 70 % with the RdRp protein of ASPV (accession GenBank no.
AEP02955) and the ORF5 34 % with the coat protein of Cherry twisted leaf associated virus
(CTLaV) (AHA59496).

The presence of DVF was determined by RT-PCR with 30 Dioscorea samples using
the detection specifics primers forward (5’-AATGATCTTTATGCAGAGGARGC-3’) and
reverse (5’-CGTAAACCTCATGATGGCAAAAC-3’). Among the 30 samples analyzed,
DVF was detected in 19 samples DVF from the states of Paraiba, Pernambuco and the Federal
District (Tab. 1). The results showed that the wide geographic distribution of DVF in Brazil.
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Fig. 1 Phylogenetic relationship of Dioscorea virus F (DVF) to other species in the genus Foveavirus.
Phylogenetic trees were constructed using the maximum-likelihood (ML) method with the MEGA 6 based on
RdRp (A) and CP nucleotide sequences (B). Potato virus X (PVX) was defined for outgrouping. DVF=
Dioscorea virus F (accession GenBank no. KU659021); ASPT= Apple stem pitting virus (JF946772); ApLV=
Apricot latente virus (NC 014821); AGCaV= Apple green crinkle associated virus (NC 018714); PCMV= Peach
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chlorotic mottle virus (NC 009892); GRSPaV= Grapevine rupestris stem pitting-associated virus (NC 001948);
APV1= Asian prunus virus 1 (NC 025388); PopMV= Poplar mosaic virus ( NC 005343); LSV= Lily
symptomless virus (AJ564638); NeLV= Nerine latent virus (JQ395044); AHLV= American hop latent virus (NC
017859); PVX= Potato virus X (NC 011620); CTLaV= Cherry twisted leaf associated virus (NC 024449)

5 | RdRp TGB2 cP 3

TGB1 TGB3

Fig. 2 Schematic representation of genomic organization of Dioscorea virus F (DVF). RdRp= RNA-dependent
RNA polymerase (ORF 1); TGB 1= Triple Gene Block 1(ORF 2); TGB 2= Triple Gene Block 2 (ORF 3); TGB
3= Triple Gene Block 3 (ORF 4); CP= Coat Protein (ORF 5).

Table 1 Samples analyzed in this study and respective region of origin and the result of the detection.

Sample Locality (County - State) Detection
Al Goiana - PE Negative
Al12 Goiana — PE Negative
Al3 ltapissuna - PE Negative
Al4 ltapissuna — PE Positive
AlS Conde — PB Positive
Al6 Alhandra — PB Negative
Al7 Abreu e Lima — PE Positive
AlSB Nucleo Rural Positive

Vargem Bonita - DF
Al19 Nucleo Bandeirantes — DF Negative
Al.10 Goiana — PE Negative
Al Goiana — PE Negative
Al1.12 Goiana — PE Negative
Al1.13 Goiana — PE Negative
A2A1 Bonito — PE Negative
A22 Bonito — PE Positive
A23 Bonito — PE Positive
A24 Bonito — PE Positive
A25 Bonito — PE Positive
A2B Bonito — PE Positive
A27 Bonito — PE Negative
A28 Bonito — PE Positive
A29 Bonito — PE Positive
A3.1 Ferreiro — PE Positive
A32 Ferreiro — PE Positive
A33 Ferreiro — PE Positive
A34 Ferreiro — PE Positive
A35 Ferreiro — PE Positive
A36 Ferreiro — PE Positive
A37 Ferreiro — PE Positive

A38 Ferreiro — PE Positive
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CONCLUSOES GERAIS
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CONCLUSOES GERAIS

1. Utilizando a tecnologia de sequenciamento de nova geracdo (Next-Generation Sequencing)
foi possivel realizar a deteccdo de trés novas especies virais, Dioscorea virus C (DVC),

Dioscorea virus S (DVS) e Dioscorea virus F (DVF) infectando plantas de inhame;

2. Em todas as amostras analisadas por RT-PCR foi detectado a infecgédo viral mista com duas
OuU mais espécies na mesma amostra, podendo este ser um processo mais comum do que se

Imaginava.



