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RESUMO GERAL

O inhame (Dioscorea spp.) apresenta importante papel socioecondémico na regido Nordeste do
Brasil. Além de fornecer alimento de alto valor nutritivo para a dieta humana, € fonte de renda
para familias de baixo poder aquisitivo, empregando grande contingente de médo de obra.
Dentre os problemas fitossanitarios desta cultura, destacam-se as doencas fungicas e aquelas
causadas por nematoides. As viroses apresentam também elevada importancia, principalmente
por ocasionarem degenerescéncia de cultivares, com diminuicdo do vigor das plantas e,
consequentemente perdas qualitativas e quantitativas da producdo. Trés virus se destacam, em
nivel de Brasil, com registros nas principais cultivares empregadas no Nordeste, Yam mosaic
virus (YMV) e Yam mild mosaic virus (YMMYV), pertencentes ao género Potyvirus, familia
Potyviridae e um virus do género Badnavirus, familia Caulimoviridae. Recentemente, foram
detectados mais dois virus, pertencentes aos géneros Begomovirus e Curtovirus, familia
Geminiviridae. No presente trabalho, inicialmente foram efetuadas a detecgdo e
caracterizagdo de um isolado de YMMV, obtido de D. trifida, por meio de analise
eletromicroscopica, incluindo a visualizacdo de inclusdes citoplasmaticas tipicas do género
Potyvirus. Em seguida, foram realizados estudos moleculares com primers especificos para o
YMMV em RT-PCR, seguido de RT-PCR com primers degenerados para virus do género
Potyvirus, clonagem do produto correspondente a capa proteica e andlise filogenética, com os
dados de sequéncias disponiveis no GenBank. Também foi realizado o sequenciamento do
genoma completo de um isolado de YMMYV e estudo detalhado da sequéncia de nucleotideo,
mediante amplificacdo do cDNA e clonagem em plasmideos pGEM-T Easy e do pCR 4 Topo,
cujos dados foram depositados no GenBank. A diagnose das fitoviroses pode ser efetuada por
técnicas soroldgicas e moleculares. Na cultura do inhame, usa-se, em geral, ferramentas
moleculares, pela dificuldade na aquisicdo de antissoros especificos, 0o que encarece a
identificacdo dos agentes virais. Antissoro policlonal para YMMYV foi desenvolvido em
coelho usando a proteina capsidial de um isolado do virus expressa in vitro no sistema

Escherichia coli.

Palavras-chaves: Potyvirus, inhame, clonagem, diagnose.



GENERAL ABSTRACT

The yam (Dioscorea spp.) has an important economic and social role in the Northeast of
Brazil, providing food with high value to the human diet. It is also a source of income to poor
family, employing large number of manpower. Among the phytosanitary problems of this
crop, the fungal and nematode diseases are the most important ones. The virus diseases also
have high importance, especially for causing cultivar degeneracy, with reduction of plant
vigor and consequent qualitative and quantitative production losses. Three viruses stand out in
Brazil with occurrence on main cultivars used in Northeast, Yam mosaic virus (YMV) and
Yam mild mosaic virus (YMMYV), belonging to the genus Potyvirus, family Potyviridae and
one virus of the genus Badnavirus, family Caulimoviridae. Recently, two more viruses from
the genus Begomovirus and Curtovirus genus, family Geminiviridae were detected. In the
present work, initially, the detection and characterization of an YMMYV isolate obtained from
D. trifida were undertaken by electronic microscope analysis including visualization of
cytoplasmatic inclusions typical of the genus Potyvirus. In addition, molecular studies with
specific primers for YMMYV in RT-PCR, followed by RT-PCR with degenerate primers to
viruses of the Potyvirus genus, cloning the product corresponding to the coat protein and
phylogenetic analysis including sequences available at the GenBank were done. Sequencing
of the complete genome of a YMMYV isolate and a detailed study on the nucleotide sequence
of this virus by cDNA amplification and cloning in plasmids pGEM-T Easy and the pCR 4
Topo were also realized, and the data deposited in GenBank. The diagnosis of plant virus
diseases can be realized by serological and molecular techniques. In yam crop, molecular
tools normally are used due to difficulties in acquiring specific antisera, making more expense
the identification of viral agents. Polyclonal antiserum was produced in rabbit for YMMV,
using the coat protein of an isolate of YMMYV expressed in vitro using Escherichia coli

system.

Kewords: Potyvirus, yam, cloning, diagnosis.



CAPITULO I

Introducéo Geral



CARACTERIZACAO DE UM ISOLADO DE Yam mild mosaic virus (YMMYV)
OBTIDO DE Dioscorea trifida, SEQUENCIAMENTO DO GENOMA E PRODUCAO
DE ANTISSORO POLICLONAL

INTRODUCAO GERAL

1. A cultura do inhame

O inhame (Dioscorea spp.) compreende cerca de 600 espécies pertencentes a familia
Dioscoreaceae, das quais somente algumas sdo cultivadas por produzirem taberas
comestiveis, destacando-se D. esculenta (Lour.) Burkill, D. cayennensis Lam., D. alata L., D.
rotundata Poir. (KASASIAN, 1978; MONTEIRO; PERESSIN, 2002). As trés ultimas
espécies estdo entre as mais cultivadas no Brasil (SANTOS et al., 2007b) e D. cayennensis e
D. alata as mais comercializadas para fins de alimentacdo humana (OLIVEIRA; MOURA;
MAIA, 2005). Além destas espécies, D. trifida L. (Figura 1), cuja provavel origem ¢ a regido
da Guiana (América do Sul), é cultivada no Norte da América do Sul e llhas do Caribe (KAY;
GOODING, 1987) e, atualmente, é plantada no Nordeste brasileiro em pequena escala.

FIGURA 1. Esquema ilustrativo de uma planta de Dioscorea trifida, mostrando a porcéo

vegetativa superior, com énfase ao formato das folhas (LEBOT, 2009).



O inhame, juntamente com outras culturas que produzem raizes e tubérculos, a
exemplo da mandioca (Manihot esculenta Crantz), batata-doce [Ipomoea batatas (L.) Lam.] e
batata (Solanum tuberosum L.) sdo consideradas muito importantes principalmente nos
tropicos Umidos e subUmidos onde ndo se obtém grande producdo de cereais (DIOP;
CALVERLEY, 1998). E uma cultura que se desenvolve bem em éreas de precipitacio
pluviomeétrica com indices anuais variando de 1.000 a 1.600 milimetros e com gradiente
térmico entre 24 a 39 °C, com umidade relativa do ar variando de 60 a 70% (SANTOS et al.,
2007a). A cultura do inhame produz bem em solos de textura arenosa e média,
suficientemente profundos, bem drenados e arejados, férteis e ricos em matérias organicas,
permitindo assim um melhor desenvolvimento das tluberas e, consequentemente maior
producdo (SANTOS, 1996; SANTOS, 2002; SANTOS et al., 2006).

A producdo mundial de inhame no ano agricola de 2011 foi de aproximadamente
56.613.722 t distribuidas por volta de 4.882.306 ha. Destas, o continente africano é
responsavel por 96% da producdo e 95,4% da area plantada (FAO, 2011). O maior produtor
mundial é a Nigéria com uma producdo de 37.115.500 t distribuidas em 2.889.050 ha, o que
da uma média de 12,84 t/ha. Apesar de ser o maior produtor mundial, a produtividade na
Nigéria estd muito aquém de paises, como o0 Japdo que consegue mais de 23,76 t/ha (FAO,
2011), muito provavelmente, em funcédo do nivel tecnoldgico utilizado naquele pais.

Embora o Brasil ndo esteja inserido entre os maiores produtores mundiais de inhame,
apresentou uma producdo, em 2011, de 244.142 t, distribuida em 25.035 ha, sendo superado
apenas pela Colémbia, quando comparado a outros paises da América do Sul. A Colémbia
possui uma producdo de 346.986 t, em uma area de 33.426 ha, atingindo uma produtividade
de aproximadamente 10,38 t/ha e 9,75 t/ha, respectivamente, para a Colémbia e o Brasil
(FAO, 2011).

Nos campos de producdo localizados na regido Nordeste do Brasil, predomina o
cultivo do complexo D. cayennensis — D. rotundata (ANDRADE, 2007), com a cultivar
conhecida como Cara-da-Costa, Cara-Inhame ou Inhame-da-Costa, considerada como um dos
principais alimentos em regides tropicais (MAFRA, 1996). O Cara Sdo Tomé, da espécie D.
alata, é também bastante cultivado nessa regido, sendo conhecido como Inhame ou Cara Séo
Thome.

O plantio do inhame ¢ justificado pelo alto valor econdmico das taberas, além de ser
um alimento muito aceito pela populagdo (MOURA, 2005), alcangando no Nordeste,

especialmente nos maiores estados produtores, como Paraiba, Pernambuco e Bahia, uma



producdo satisfatoria por apresentar ambiente favoravel ao seu cultivo. Além disso, destaca-se
a grande importancia socioecondémica, uma vez que é uma hortalica produtora de tiberas, com
alto valor energético e nutritivo (CIACCO; D’APPOLONIA, 1978; SANTOS, 1996;
SANTOS et al., 2007a) sendo rica em carboidratos, especialmente o amido, vitaminas do
complexo B (tiamina, riboflavina, niacina, adermina), além de possuirem baixos teores de
gorduras (SANTOS et al., 2007a). Segundo Mafra (1978), alguns parametros podem ser
variaveis de acordo com a cultivar, a exemplo da quantidade de amido, proteinas, bem como a
umidade.

Dentre os estados brasileiros produtores desta amilacea, Pernambuco tem apresentado
uma boa representatividade, onde o cultivo é praticado principalmente por pequenos
produtores que a utilizam para consumo direto. A maioria dos plantios constitui uma atividade
agricola tipicamente familiar que gera renda e trabalho, empregando, em média, 1,25 homens
por hectare ao ano (SANTOS, 2002). Além dos empregos diretos, a cadeia produtiva do
inhame envolve outros setores como: armazenamento, transporte e comercializacao,
demonstrando que a cultura apresenta grande importancia econémica e social para o
desenvolvimento da regido Nordeste (OLIVEIRA et al.,, 2007). Paraiba e Pernambuco
apresentam as maiores producdes com 56.341 e 49.500 t, respectivamente (SANTOS;
MACEDO, 2002).

No Estado de Pernambuco, as principais areas cultivadas com inhame encontram-se na
mesorregido da Zona da Mata, em especial nos municipios de lgarassu, Goiana, Condado e
Alianca, da Zona da Mata Norte, e nos municipios de Amaraji e Bonito da Zona da Mata Sul
(PAULA, 2000). O destino da producao de inhame esta em funcdo da qualidade do produto e
da época do ano, podendo abastecer varios estados do Nordeste, assim como outras regides,
ou ainda, ser exportado (ANDRADE, 2007). Segundo dados da CEASA-PE (Centro de
Abastecimento e Logistica de Pernambuco), o inhame comercializado atualmente neste centro
de entreposto comercial é oriundo de trés estados: Paraiba, Pernambuco e Bahia (CEASA-PE,
2012).

Vérias sdo as causas de perdas e redugdes de produtividade da cultura, incluindo os
fatores bidticos e abidticos. Levando em consideracdo os fatores de natureza bidtica, as

doencas e insetos-praga apresentam elevada importancia (RITZINGER et al., 2003).



2. Doencas na cultura do inhame

Os problemas fitossanitarios do inhame séo importantes, em funcéo da diminuicéo da
produtividade e perdas observadas no transporte e armazenamento, com consequente
depreciacdo do produto para os mercados interno e externo (MOURA, 2005). Diversas
doencas causadas por fungos, nematoides e virus tém sido relatadas nessa cultura, cujos
efeitos deletérios sdo influenciados pelos fatores ambientais. Segundo revisdo feita por Amusa
et al. (2003), a respeito das doencas do inhame na Nigéria, maior produtor mundial, a
antracnose € a mais difundida no campo, enquanto que o mosaico causado por Yam mosaic
virus (YMV) é a que causa as maiores perdas e a podriddo seca é a mais devastadora entre
todas as doencas de armazenamento. Além de Colletotrichum gloeosporioides (Penz.) Penz.
& Sacc., Rhizoctonia solani J.G. Kuhn, Pestalotia De Not. sp. e Curvularia Boedijn sp.
ocorrem na forma de um complexo em D. alata, D. rotundata e D. cayennensis naquele pais.
Em Ghana, Asare-Bediako; Showemimo e Opoku-Asiama (2007) verificaram a ocorréncia de
Cladosporium Link sp., Fusarium Link sp., Penicillium Link sp., Trichoderma Pers. sp.,
Corynebacterium Lehmann & Neumann sp., espécies de Aspergillus P. Micheli sp.,
Sclerotium rolfsii Sacc. e Rhizopus stolonifer (Ehrenb.) Vuill, associado a cultura.

O ataque de nematoides constitui um sério problema para a cultura, podendo reduzir a
producdo em até 90% (SANTOS et al., 2009). O inhame é hospedeiro de pelo menos cinco
espécies de nematoides. Moura, Oliveira e Torres (2005), realizando levantamento das
principais espécies de nematoides presentes no inhame em seis municipios pernambucanos,
observaram a ocorréncia de Meloidogyne Goldi, spp., Rotylenchulus reniformis Linford &
Oliveira, Criconemella ornata De Grisse & Loof, Pratylenchus coffeae (Zimmermann)
Filipjev & Stekhoven e Helicotylenchus dihystera (Cobb) Sher. A ndo observacdo da presenca
de Scutellonema bradys Steiner & LeHew nesse trabalho, espécie amplamente registrada
nessa regido, indica possivel substituicdo deste nematoide por P. coffeae, ambos considerados
agentes causais da casca-preta-do-inhame (MOURA, 2005). No Nordeste, as nematoses
meloidoginose e a casca-preta causam elevados danos a cultura, ocasionados pela alta
incidéncia e severidade (SANTOS et al., 2009). A espécie D. trifida normalmente néo
apresenta problemas de insetos-praga e doencas, porém problemas graves podem ocorrer
ocasionalmente. Infestacdo de nematoides pode causar danos a raiz, a qual é ocasionada por
M. incognita e P. coffeae (KAY; GOODING, 1987).



Apesar de existir relatos de bactérias causando doencas no inhame em outros paises
produtores (AMUSA et al., 2003; ASARE-BEDIAKO; SHOWEMIMO; OPOKU-ASIAMA,
2007), no Brasil ainda ndo foi registrada bacteriose de importancia econémica nessa cultura
(OLIVEIRA; MOURA; MAIA, 2005).

3. Importancia das viroses na cultura do inhame

As doencas causadas por virus apresentam elevada importancia, podendo reduzir a
producdo e interferir em aspectos qualitativos. Nas culturas propagadas vegetativamente, a
exemplos do inhame (BRUNT; JACKSON; FRISON, 1989; KENYON et al., 2001) e da
batata (COSTA, 1965; HOOKER, 1981), ttm merecido destaque, por ndo apresentarem
medidas de controle curativas e, principalmente, pelo fato das plantas serem propagadas
vegetativamente, perpetuando as espécies virais de uma para outra geracdo. Nesses casos
ocorre o fenbmeno da degenerescéncia de cultivares ap6s multiplicacbes sucessivas no
campo. Como ndo existem tratamentos curativos para os fitovirus, os métodos de controle
empregados apenas minimizam o risco de infeccdes e perdas (HULL, 2002). Esta situacdo
ocorre no inhame, onde normalmente, o produtor ndo possui uma estrutura que garanta uma
boa qualidade fitossanitaria do material propagativo, favorecendo a infeccdo generalizada,
principalmente por virus propagados para geracdes posteriores pelo uso de tlbera-sementes

infectadas.

4. Principais virus que infetam plantas de Dioscorea spp.

Em nivel mundial, foram descritos na cultura do inhame virus pertencentes aos
géneros: Potyvirus, Badnavirus, Cucumovirus, Potexvirus, Begomovirus e Curtovirus
(ANDRADE, 2007; ANDRADE et al., 2006; ASALA et al., 2012; KENYON et al., 2001,
LIMA, 2012; MUMFORD; SEAL, 1997; ODU et al., 2006; QUEIROZ et al., 2009 ). Merece
destaque, pela importancia e distribuicdo geogréfica, os membros dos géneros Potyvirus e
Badnavirus, ocorrendo em infecgdes simples e mistas (ANDRADE, 2007; ASALA et al.,
2012; KENYON et al., 2001; MUMFORD; SEAL, 1997; PIO-RIBEIRO et al., 2006;
QUEIROZ et al., 2009). A ocorréncia de infeccBes, com mais de um virus na mesma planta,
em condi¢cdes de campo, normalmente aumenta a intensidade da doenca, o que pode

influenciar negativamente na cultura, refletindo na produgéo. Em D. trifida, os sintomas de



viroses podem aparecer como um mosaico de folhas, nanismo e distorcdo da planta,
provocando reducédo ou perda de tubérculos (KAY; GOODING, 1987).

Até 0 ano de 1982, ndo havia relato de virus na cultura do inhame no Brasil (AVILA;
GAMA; KITAJIMA, 1982), quando houve a detec¢do de um potyvirus, mediante utilizacao
da microscopia eletronica. Estudos complementares, mediante a caracterizacéo bioldgica, com
uso de gama de hospedeiros ndo forneceram resultados conclusivos, sobre a identificacdo
especifica do virus responsavel pelo mosaico em folhas de inhame, motivado pelo insucesso
na transmissao mecanica para espécies experimentais, e na purificacdo viral devido a alta
viscosidade e rapida oxidacdo das folhas de inhame.

Atualmente, sabe-se que ocorrem no Brasil pelo menos duas espécies importantes do
género Potyvirus: Yam mosaic virus (YMV) e o Yam mild mosaic virus (YMMYV)
(ANDRADE, 2007; ANDRADE et al., 2006; PIO-RIBEIRO et al., 2006; QUEIROZ et al.,
2009; RABELO-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. O
YMMV foi relatado nas duas espécies do complexo, em Pernambuco e na Paraiba, ocorrendo
de forma isolada ou em associacdo a outras espécies virais. Além dos potyvirus, também
foram detectados no Nordeste Brasileiro, virus pertencentes aos géneros Badnavirus
(ANDRADE, 2007; PIO-RIBEIRO et al., 2006), Begomovirus e Curtovirus (LIMA, 2012).

5. Diagnose de doencas causadas por virus

A identificacdo correta do agente viral causador de doenga, o que normalmente
necessita do uso de técnicas moleculares e/ou soroldgicas, € de grande importancia para se
chegar ao estabelecimento das medidas de controle. Embora a sorologia forneca boa precisao
na identificacdo de virus, para realizar a técnica Enzyme-linked immunosorbent assay
(ELISA), € necessario um antissoro especifico para o patdgeno, 0 que nem sempre é
disponivel, em razdo da dificuldade de se conseguir a purificagdo adequada de alguns virus a
partir de plantas hospedeiras que possuem compostos inibitorios (fendlicos, oxidantes, etc.), o
que dificultam a purificagéo viral. Para que o virus purificado possa ser utilizado na producao
de antissoro, com qualidade desejavel, as plantas hospedeiras devem apresentar uma alta
concentracdo viral e permitir obtengdo de preparacOes livres de componentes antigénicos
celulares. Para a diagnose em larga escala, a técnica ELISA é bastante empregada pela sua



sensibilidade, reprodutibilidade e uso simultaneo de um grande nimero de amostras (LIMA et
al., 2012).

Nem todos os virus de plantas apresentam uma rapida replicacdo nas celulas de seus
hospedeiros e alguns ocorrem em baixas concentracdes, dificultando a sua purificacdo. Em
hospedeiros, como o alho (Alium sativum L.), em que ocorrem comumente infecgdes mistas, a
purificacdo bioldgica das espécies virais é dificultada pela semelhanca na sintomatologia e
gama de hospedeiros, dificultando, dessa forma, a obtencdo de antissoros especificos. Como
alternativa para superar essas dificuldades, proteinas desses virus, podem ser expressas no
sistema eucaridtico e utilizadas na producéo de antissoros (ALVES-JUNIOR et al., 2008).

A diagnose répida e precisa das doencas de inhame é importante para o
estabelecimento de estratégias de controle. Testes com gama de hospedeiro, transmissao por
afideos vetores, alem de serem demorados, tem sua eficiéncia questionada para os virus da
cultura do inhame (ANDRADE, 2007; AVILA; GAMA,; KITAJIMA, 1982). A dificuldade na
obtencgéo de antissoros de qualidade (RABELO-FILHO et al., 2005), constitui fator limitante
para 0 uso das técnicas soroldgicas na diagnose de viroses vegetais. Uma alternativa para esta
situacdo pode advir do uso de informacBes moleculares. Dados disponibilizados no GenBank
tém sido usados, com frequéncia, para elaboragdo de primers, em conformidade com uma
regido especifica do genoma viral, baseando-se na taxonomia do género em estudo ou até
mesmo em nivel de espécie. Tal estratégia tem sido usada para diagnose e/ou estudos de
doencas do inhame (BOUSALEM et al., 2003; FUJI et al., 1999; MUMFORD; SEAL, 1997
RABELO-FILHO et al., 2013).

Por conta de fatores que limitam e/ou reduzem a qualidade dos antissoros produzidos
pelos métodos tradicionais para determinados virus de plantas, a imunizacdo de animais tem
sido efetuada com proteinas capsidiais produzidas em sistema de expressdao in vitro. Para
tanto, procede-se a clonagem e expressdo do gene da capa proteica por meio de sistemas de
expressao eucaridticos ou procariéticos e o produto da expressao é empregado na imunizagao

de animais, obtendo-se antissoro isento de reagdes ndo especificas.



6. Producéo de Antissoro policlonal

Antissoros policlonais sdo muito usados na deteccdo, identificacdo e estudo dos mais
diferentes patdgenos, sejam eles: fungos (MUNIZ et al., 2012), bactérias (ARAUJO et al.,
2005), virus (ASALA et al., 2012; CEROVSKA et al., 2012; ENI; HUGHES; REY, 2010b;
LIMA et al., 2012; LIMA; LIMA; GONCALVES, 2001) e nematoides (DAVIES; DANKS,
1992). Na virologia vegetal, o uso de antissoro tornou-se uma boa ferramenta de diagnose de
viroses para deteccdo e identificacdo de virus e indexacdo de materiais vegetais, podendo ser
usado com eficiéncia em elevados numeros de amostras. Na produgdo de antissoros
policlonais, normalmente, usa-se planta hospedeira para multiplicacdo viral objetivando a
purificacdo do virus. Na literatura, existem inumeros trabalhos que tratam do uso de
hospedeiras vegetais para esses fins, sendo o antissoro obtido de animal imunizado com
preparacOes virais purificadas (LIMA et al., 2012). Porém, nem sempre isso é possivel por
fatores inerentes ao hospedeiro e aos virus. Na auséncia de meios para realizacdo de
purificacdo fisicoquimica, tem-se usado a expressdo de proteinas virais com alta
imunogenicidade, expressando-a em um sistema de expressdo eucaridtico (leveduras,
baculovirus) ou procarioético (bactérias).

No caso do inhame, por exemplo, os potyvirus e badnavirus que o infectam,
normalmente ndo sdo facilmente transmissiveis para hospedeiros que permitam a purificacéo
(ANDRADE, 2007; AVILA; GAMA; KITAJIMA, 1982; ENI; HUGHES; REY, 2010a).
Portanto, sdo usadas alternativas para a producdo de antissoros contra esses virus, como
bactérias ou baculovirus para expressar regides do genoma do virus que tenham boa
imunogenicidade. A capa proteica tem sido muito usada por ser uma regido com boa
propriedade imunogénica (BARBIERI et al., 2004).

Muitos trabalhos usam procariotos como sistema de expressdo génica pela facilidade
de obtencdo da proteina-alvo e pelo baixo custo do sistema, quando comparado a outros
sistemas. Normalmente, usa-se 0 gene da capa proteica dos virus para a realizacdo da
expressao de proteinas. Segundo Barbieri et al. (2004), a proteina capsidial em muitos virus é
a Unica com propriedades imunogénicas e um antissoro produzido a partir da proteina livre
apresentara as mesmas propriedades daqueles produzidos a partir de particulas virais
purificadas. Porém, existem trabalhos na literatura, em que outros genes sdo usados na
expressao de proteinas para fins de diagnose. Calegario et al. (2012), ao estudar o virus da
leprose dos citros, Citrus leprosis virus C — (CiLV-C), procuraram expressar a proteina de



movimento para a obtencéo do antissoro. Varios sdo os trabalhos na literatura que citam o uso
da expressdo de proteinas mediante uso de bactérias como vetor de expressdo génica
(ABDELKADER et al., 2004; GULATI-SAKHUJA et al., 2009; RADAELLI et al., 2008;
SEQUEIRA; NOLASCO, 2002; SINGH et al., 2011; SMITH et al., 1998). Radaelli et al.
(2008) utilizaram Escherichia coli na expressdo da proteina capsidial de Grapevine leafroll-
associated virus 2 (GLRaV-2) e Grapevine virus B (GVB) que infectam a cultura da videira
(Vitis spp.) visando a producédo de antissoro para ser usado com fins de diagnose. Barbieri et
al. (2004) também fizeram uso deste sistema de expressao a fim de obter antissoro especifico
para o Watermelon mosaic virus (WMV), com auséncia de reacdes em plantas sadias e com
outras espécies de Potyvirus que também causam infec¢do em cucurbitaceas. Embora varios
animais possam ser usados na producéo de anticorpos policlonais, os coelhos sdo mais usados
por serem animais ddceis e de facil manuseio, permitindo retirar quantidade suficiente de
sangue para usar na diagnose de virus de plantas, os antissoros produzidos, podem ser usados
nas mais diversas variaces do teste ELISA, sendo a imunoglobulina G (IgG), presente no
sangue animal, a imunoglobulina usada no reconhecimento anticorpo-antigeno, via teste
ELISA (ALMEIDA,; LIMA, 2001; LIMA et al., 2012).

Lima e Nascimento (2012) desenvolveram um kit PTA-ELISA para identificacdo de
seis espécies virais dos géneros Comovirus - Squash mosaic virus (SqMV) e Cowpea severe
mosaic virus (CPSMV), Cucumovirus - Cucumber mosaic virus (CMV), Potyvirus - Cowpea
aphid-borne mosaic virus (CABMYV) e Zucchini yellow mosaic virus (ZYMV) e Sobemovirus
- Papaya lethal yellowing virus (PLYV), podendo ser usado na indexacdo destas espécies

virais.

7. Critérios moleculares para classificacdo de espécies do género Potyvirus

Para a classificagdo de virus sdo empregados os critérios do International Committee
on Taxonomy of Viruses (ICTV), através da andlise das caracteristicas do virus e da sua
interacdo com o hospedeiro. Segundo King et al. (2012), os critérios moleculares para a
distingdo de espécies da familia Potyviridae sdo a sequencia da capa proteica e do genoma
inteiro, sendo necessario identidade inferior a 80% para aminoacidos e 76% para
nucleotideos, e diferencas nos sitios de clivagens da poliproteina.
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Os membros deste género apresentam o genoma constituido por uma grande Unidade
de Leitura Aberta, Open Reading Frame (ORF) que codifica 10 proteinas: P;, HC-PRO, P,
6K, CI, 6K;, Nla-VPg, Nla-Pro, Nlb e CP, com fun¢bes variadas (MURPHY et al., 1995)
(Figura 2, Tabela 1). Recentemente foi descoberta a ORF PIPO (Pretty Interesting
Potyviridae ORF) mediante um alinhamento multiplo de 48 espécies virais da familia
Potyviridae realizado por Chung et al. (2008) e a verificagdo de uma sobreposi¢do em parte
do gene P3 A PIPO esta relacionada ao movimento do virus na planta (WEI et al., 2010.;
WEN; HAJIMORAD, 2010).

PIPO

Nla- Nia-
. g L
P1 HC-Pro P3 cl wg | Pro Nib cP AVAVAVAVAVA

6K1
6K2

FIGURA 2. Esquema representativo tipico do genoma de virus do género Potyvirus,
indicando as proteinas codificadas, juntamente com a cauda de Poli A, no final da molécula,
acrescido da PIPO (em destaque na cor) (Adaptado de RABELO-FILHO et al., 2013).
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TABELA -1. Propriedades e fungdes de proteinas codificadas pelos potyvirus.

Proteina Peso Funcoes
molecular
P1 32-64 KDa Proteinase serina semelhante a tripsina, de autoclivagem da

extremidade C-terminal; sintomatologia; movimento célula a célula.

HC-Pro 56-58 KDa Transmissao por afideos; autointeracdo; movimento sistémico;
sinergismo e desenvolvimento dos sintomas; supresséo do
silenciamento génico; proteinase de cisteina semelhante a papaina de

autoclivagem da regido C-terminal.

P3 37 KDa Patogenicidade; replicacéo.

6K1 N&o elucidada.

Cl 70 KDa ATPase/RNA helicase; movimento célula a célula.

6K2 Ancoramento do complexo de replicacdo viral na membrana.

VPg Replicacdo do genoma; especificidade do gendtipo hospedeiro.

Nla- Pro 49 KDa Localizacao celular; Proteinase serina semelhante a tripsina, atuando

em Cis e Trans; interacdo proteina-proteina.

NIb 58 KDa RNA polimerase dependente de RNA,; envolvida na replicagédo do
genoma.
CP 28-40 KDa Transmissdo por afideos; movimentos sistémicos e de célula a célula;

montagem da particula viral; replicacédo viral.

PIPO* Movimento viral

Adaptado de: Fonseca (2003) e Urcuqui-Inchima; Haenni e Bernardi (2001).
*Wen e Hajimorad (2010); Wei et al. (2010).

Os objetivos do presente trabalho foram: 1) realizar a detec¢éo e caracterizacdo de um isolado
de YMMYV obtido de D. trifida, incluindo uma analise filogenética, conjuntamente com o0s
dados de sequencias disponiveis no GenBank; 2) sequenciamento do genoma completo de um
isolado do virus, mediante amplificacdo do cDNA e a clonagem em plasmideos pGEM-T
Easy e do pCR4 Topo; e, 3) producdo de antissoro policlonal especifico para YMMV em

coelho, usando-se a proteina capsidial expressa em E. coli.
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Abstract

In this study, the complete genome of an isolate of Yam mild mosaic virus (YMMYV) from
Brazil was sequenced, and the predicted amino acid sequence was analyzed. The YMMV
RNA genome consists of 9538 nt without the poly(A) tail, encoding a putative typical
potyvirus polyprotein of 3084 amino acids. Furthermore, the small overlapping ORF (PIPO)
in the P3 gene was also deduced, and the cleavage sites of the polyprotein were predicted.
Multiple alignment with other potyviruses showed a maximum nucleotide identity of 64% to
Wild tomato mosaic virus. A phylogenetic tree showed that YMMV clustered with Asian
potyviruses that mainly infect solanaceous plants.

Keywords: Yam, Potyvirus, cloning, proteins

Resumo

Neste estudo, o0 genoma completo de um isolado de Yam mild mosaic virus (YMMV)
do Brasil foi sequenciado e a sequéncia de aminoacidos prevista foi analisada. O RNA
genémico do YMMYV consiste de 9538 nucleotideos, excluindo a cauda Poly A, que codifica
para uma poliproteina tipica de potyvirus com 3084 aminoacidos. Além disso, uma pequena
ORF sobreposta (PIPO) no gene P3 foi também deduzida e os sitios de clivagem da
poliproteina foram preditos. Alinhamento mdultiplo com outros potyvirus mostrou uma
identidade maxima de 64% dos nucleotideos para Wild tomato mosaic virus. Uma arvore
filogenética mostrou que o YMMV agrupou com potyvirus asidticos que infectam
principalmente solanéceas.

Palavras-chave: Inhame, Potyvirus, clonagem, proteinas
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Yams are members of the genus Dioscorea, and there are over 600 varieties of yams,
several of which are important crops, producing tubers used as nutrient sources for people in
developing countries. In Brazil, D. alata, D. rotundata and D. trifida are the most frequently
cultivated yam species [3, 14, 15]. Several viruses infect yams, amongst them, Yam mild
mosaic virus (YMMV), which is a common potyvirus pathogen found on different continents
of the world [9, 19].

The genus Potyvirus is currently the second largest genus [11] of plant viruses that
infect many economically important crops. The potyvirus genomic RNA possesses a large
open reading frame (ORF), which encodes 10 functional proteins: P1, HC-Pro, P3 6K1, Cl,
6K2, Nla-VPg, Nla-Pro, NIb and CP [1, 16]. Recently, another ORF (pretty interesting
Potyviridae ORF; PIPO) [7] that is involved in viral movement [17, 18] was described.

YMMV has also been detected in Brazil in some commercial yam plants, and its
genome has been partially analyzed [3, 15]. The objective of the present study was to
determine the complete nucleotide sequence of YMMYV and analyze predicted proteins in
relation to other potyviruses.

D. trifida leaves showing mosaic symptoms were collected in Paudalho City,
Pernambuco State, Brazil, in 2009, and the presence of YMMYV was confirmed by reverse
transcription (RT)-PCR using a pair of specific primers according to Mumford and Seal [13]
(data not shown). Total RNA was extracted from one plant infected with YMMV using Plant
RNA Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions.
The first strand of cDNA was synthesized using an oligo(dT)so PacIM4 primer (5’-TCA GCA
CTG ACC CTT TTG AAT TAA Ts-3’) with Superscript Ill reverse transcriptase
(Invitrogen). PCR was performed using the 3° RACE (Rapid Amplification of cDNA Ends)
protocol with an anchor primer, M4 (5’-TCA GCA CTG ACC CTT TTG-3’), and a
degenerate oligonucleotide referred to as potyvirus genus PY-11 (5’-GGN AAY AAY AGY
GGN CAR CC-3’) [6], which targets a conserved region of the NIb gene (expected size of
PCR products, ca. 1.7 kb). The PCR conditions were as follows: pre-cycle treatment of 95 °C
for 2 min, then 35 cycles of 94 °C (30 s), 47 °C (1 min) and 72 °C (2 min), and one post-cycle
incubation step of 72 °C for 15 min using Tag DNA polymerase (Phoneutria, Belo Horizonte,
MG, Brazil). The PCR product of 1.7 kb was cloned in pGEM-T Easy Vector (Promega,
Madison, WI, USA), and four clones were selected for sequencing (Macrogen, Seoul, South
Korea). From this partial genome sequence of the 3’ end, new primers were designed to

recover the main part of the viral genome by RT-PCR. The recovered cDNA fragments of ca.
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6 kb obtained with a specific primer, YMMV17k Rev (5’-CTT CAG CAT CGC ATA TTG
TA-3’), and a degenerate primer, Py-2333 For (5°-ACG ATG CAT GTN ATY GAT TCA T-
3’), were cloned into pCR4 (Invitrogen) vector, and four selected clones were sequenced as
described above. Based on this sequence of 6 kb, one specific reverse primer, YMMV 5-Rev
(5’-GAC TGT CGT AGC GTT CAT TA-3’), was designed to recover the 5’ region upstream
of the 6-kb fragment with the degenerate primer YMMYV 5-For (5’-CCA TGT KGT AGV
ATM ACA TG-3’). The resulting cDNA fragments (1.2 kb) were cloned, and three selected
clones were sequenced. Finally, to recover the 5’- terminal region of YMMV genome, the 5'
RACE protocol (System for Rapid Amplification of cDNA Ends kit, Invitrogen) was used
according to manufacturer’s instructions. The first-strand cDNA was synthesized from total
RNA of the infected plant using the GSP1 reverse primer (5’-TGC CTC TCA ATA AAC
ACT CAT-3), followed by PCR with the nested GSP2 primer (5’-AGA ACT GGA TTT
TTC CAC TCG-3’) and the anchor forward primer supplied in the kit (Invitrogen). The
amplified cDNA of the 5° genomic region (1.4 kb) was cloned into the pCR4 vector
(Invitrogen), and six clones were selected and sequenced. The sequences that were obtained
were assembled using the Staden package (http://staden.sourceforge.net/). The identity of the
nucleotide sequence was confirmed using BlastN (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Multiple sequence alignment of YMMYV and 35 related potyvirus genomes was performed
using the Clustal W program included in the MEGAS5 (http://www.megasoftware.net/)
software package, which was also used in the phylogenetic analysis. The phylogenetic
relationships among sequences were inferred by the maximum-likelihood method using the
general time-reversible model, with 1000 bootstrap replications.

The complete YMMV genome determined here (GenBank no. JX470965) had 9538
nucleotides (nt), excluding of the poly(A) tail and encoded a putative polyprotein of 3084
amino acids (aa) with molecular mass of ca. 351 kDa. The 5> UTR was composed of 140 nt,
while the 3> UTR region (without the poly(A) tail) consisted of 146 nt. The genome
organization of YMMV is typical of viruses of the genus Potyvirus. The YMMV polyprotein
cleavage sites were predicted using multiple alignment with complete genomes of related
potyviruses and based on criteria proposed by Adams et al. [2] and the Descriptions of Plant
Viruses website (http://www.dpvweb.net/potycleavage/index.html). They were as follows:
ITHY/SV (P1/HC-Pro); YRVG/GI (HC-Pro/P3); VEHQ/AK (P3/6K1); VAHQ/SL (6K1/CI);
VLHQ/SQ (CI/6K2); VTHQ/GK (6K2/Nla-VPg); VIHE/GD (Nla-VPg/Nla-Pro); VVEQ/SL
(Nla-Pro/NIb); VIHQ/AS (NIb/CP).



105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

27

The coat protein (CP) gene of YMMV is 798 nt long and potentially codes for a
protein of 266 aa and 30 kDa. This protein has a DAG motif that is present in most potyvirus
CPs [4] and is important for aphid transmissibility, although some potyviruses lack this motif
[12].

PIPO was first described for Turnip mosaic virus (TuMV) [7] as an ORF overlapping
with the P3 gene and containing 180 nt with a frame-shifting motif of G,As. According to the
authors, viruses of the genus Potyvirus have a conserved motif (G12As7) within the P3 gene
that serves as the initiation site of the PIPO ORF. The YMMYV PIPO has 201 nucleotides,
encoding 67 aa, initiating with a conserved motif of GAAAAAA in frame 3, the same motif
as is found in the Soybean mosaic virus (SMV) PIPO [18]. The YMMYV PIPO is 21 nt longer
than the TuMV PIPO and 24 nt shorter than the SMV PIPO. The PIPO nucleotide length can
be variable in potyviruses according to the position of the stop codon, which is caused by
silent mutations within the P3 reading frame. Cuevas et al. [8] explained that the length and
variability of the PIPO ORF can be partly explained by host-driven adaptation.

Multiple sequence alignment was performed using the YMMYV sequence and 35
complete genome sequences of related potyviruses available in the DDBJ/EMBL/GenBank
databases. YMMV shared the highest nucleotide sequence identity of 64% with Wild tomato
mosaic virus (WTMV) and 63% with Sweet potato feathery mottle virus, Sweet potato virus
C, Japanese yam mosaic virus, Pepper veinal mottle virus (PVMV) and Chilli veinal mottle
virus (ChiVMV). Using a pairwise comparison of amino acid sequences, maximum identities
(50-51%) were observed with Chilli ringspot virus (ChiRSV), ChiVMV, PVMV, Tobacco
vein banding mosaic virus (TVBMV) and WTMV.

Based on the ICTV criteria for potyvirus species demarcation (complete nucleotide
sequences) [1, 11], YMMV is a distinct potyvirus, as previously suggested based on CP gene
analysis [5, 9]. The phylogenetic tree constructed on the basis of complete nucleotide genome
sequences showed that YMMYV is more closely related to members of the ChiVMV cluster
[10], which includes ChiRSV, ChiVMV, PVMV, TVBMV and WTMV (Fig. 1). This cluster,
referred to as Group 5 or the ChiVMV group by Gibbs and Ohshima [10], predominantly
comprises potyviruses whose primary hosts are solanaceous plants. Interestingly, most
members of group 5 were first isolated and are mainly distributed in Asian countries. Based
on this clustering, YMMV is suggested to have an evolutionary origin in Asia. A similar
conclusion was suggested by Bousalem et al. [5], who analyzed CP genes of 54 YMMV
isolates and the historical dispersion of Dioscorea species. This corroborates our notion,
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which is based on the interspecific genomic analysis in this study. Possible recombination
events and the genetic distance between YMMYV and the other potyviruses of group 5 were

evaluated using the RDP3 program (http://darwin.uvigo.es/rdp/rdp.html). The distance plot

showed low probability of interspecific recombination, and no clear recombination signals

were observed (Supplementary Fig.1).
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Fig. 1 Phylogenetic tree based on the complete nucleotide sequences of YMMV and related
potyviruses using the maximume-likelihood method. Only bootstrap values higher than 50%
are shown at the nodes of the tree. Group 5 refers to the Chilli veinal mottle virus group
according to Gibbs and Ohshima [10]. The names of other yam-infecting viruses, Yam mosaic

virus and Japanese yam mosaic virus, are underlined.
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Supplementary Figure 1. The distance plot along the entire genomes of YMMYV and five

related potyviruses Chilli ringspot virus (ChiRSV), Chilli veinal mottle virus (ChivVMV),

Pepper veinal mottle virus (PVMV), Tobacco vein banding mosaic virus (TVBMV), and Wild

tomato mosaic virus (WTMV). The numbers above the genome indicate the nucleotide

position of each cistron in the YMMYV genome.



CAPITULO 111
|
S

Genetic similarity of Yam mild mosaic virus is more related to host than geographical
factor



00 N o u b

10

11

12
13
14
15
16
17

33

CAPITULO 111 - Genetic similarity of Yam mild mosaic virus is more related to host

than geographical factor

Francisco de Assis Camara Rabelo-Filho*; Tatsuya Nagata®; Cicero Nicolini?; Felipe
Coutinho Guimardes®; Renato de Oliveira Resende? Genira Pereira de Andrade®; Elliot
Watanabe Kitajima®; Gilvan Pio-Ribeiro®

! Laboratério de Fitovirologia, Departamento de Agronomia, Universidade Federal Rural de
Pernambuco, CEP 52171-900, Recife-PE, Brazil

2 LLaboratério de Microscopia Eletronica, Departamento de Biologia Celular, Universidade de
Brasilia, CEP 70910-900, Brasilia-DF, Brazil

¥Nucleo de Apoio & Pesquisa em Microscopia Eletronica Aplicada a Agricultura,
Departamento de Fitopatologia e Nematologia, Universidade de S&o Paulo, ESALQ, CEP
13418-900, Piracicaba-SP, Brazil

“Corresponding author: tatsuya@unb.br



mailto:tatsuya@unb.br

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

34

Abstract

Leaf samples of Dioscorea trifida showing mosaic symptom were collected in
Paudalho City, state of Pernambuco, Brazil. Cytoplasmic inclusion bodies characteristic of
potyvirus infection were observed in symptomatic leaf cells by transmission electron
microscopy. Aiming to identify this potyvirus species, RT-PCR was performed using a
degenerated primer for the genus Potyvirus with 3’RACE protocol. The resulting amplified
cDNA fragments of 1.7 Kb corresponding to partial Nlb and complete coat protein (CP) genes
were cloned and sequenced. Based on the complete CP gene sequence analysis, this potyvirus
isolate was identified as Yam mild mosaic virus (YMMV). The phylogenetic tree based on the
CP nucleotide sequence showed that the viral host-specific ramification rather than
geographic distribution-based ramification. This YMMYV isolate was phylogenetically related
to the YMMV isolates from Costa Rica, Guadalupe and French Guiana.

Keywords: Potyviridae, electron microscopy, yam, Dioscorea trifida

Resumo

Amostras foliares de Dioscorea trifida apresentando sintomas de mosaico foram coletadas na
cidade de Paudalho, Estado de Pernambuco, Brasil. Inclusbes citoplasmaéticas caracteristicas
da infeccdo por potyvirus foram observadas em células de folhas sintomaticas por
microscopia eletrénica de transmissdo. Buscando identificar a espécie de potyvirus, RT-PCR
foi realizada usando um par de primers degenerados para o0 género Potyvirus com o protocolo
do 3’RACE. Os fragmentos de cDNA resultantes com 1,7 Kb, correspondendo a parte do
gene NIb e o gene completo da capa proteica (CP), foram clonados e sequenciados. A anélise
da sequéncia completa do gene da CP revelou a identidade do virus como Yam mild mosaic
virus (YMMV). A éarvore filogenética baseada na sequéncia de nucleotideo da CP mostrou
uma ramificacdo especifica para o hospedeiro em vez de uma ramificagdo baseada na
distribuicdo geografica do virus. O isolado de YMMV mostrou-se filogeneticamente
relacionado aos isolados de YMMYV provenientes da Costa Rica, Guadalupe e Guiana
Francesa.

Palavras-chaves: Potyviridae, microscopia eletrdnica, inhame, Dioscorea trifida
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Introduction

Yam (Dioscorea spp.) is classified as monocotyledonous plants in the family
Dioscoreaceae, genus Dioscorea. This genus includes more than 600 species, some of them
produce tubers that are used as human food. These plants are cultivated from tropical to sub-
tropical climate zones (Montaldo, 1991; Santos, 2002; Santos et al., 2007). The yam tuber is
considered a rich food source in carbohydrates, proteins, vitamins and fibers (Wanasundera
and Ravindran, 1994; Santos, 2002; Bhandari et al., 2003).

In Northeast of Brazil, yam has a high socio-economic importance, especially in the
states of Paraiba, Pernambuco, Alagoas, Bahia and Maranhdo. However, the tuber yield in
this region is limited by factors, such as inefficient irrigation, poor fertilization and losses
caused by insect damage and diseases. This food crop promotes employment and income, and
also is an important nutrient source for the population (Santos, 2002).

The viruses that infect yam are disseminated in the cultivation systems by successive
vegetative propagation. Mixed viral infections downsize the tuber development, in
consequence, unable to be commercialized. Due to lack of disease-free seed tuber supply
(Loebenstein and Thottappilly, 2003; Andrade, 2007; Andrade et al., 2007), in Brazil, many
farmers use infected tubers as seeds, spreading the viruses to new areas (Andrade, 2007;
Andrade et al., 2007).

Plants of yam, including D. trifida L., D. alata L. and D. rotundata Poir. are
commonly infected by virus species from the genera Badnavirus, Cucumovirus and Potyvirus
(Kenyon et al., 2001; Andrade et al., 2006; Odu et al., 2006; Pio-Ribeiro et al., 2006;
Andrade 2007; Queiroz et al., 2009; Asala et al., 2012). In Brazil, the occurrence of Yam mild
mosaic virus (YMMV) and Yam mosaic virus (YMV) were reported in commercial fields,
based on molecular tests (Pio-Ribeiro et al., 2005, Andrade et al., 2006; Pio-Ribeiro et al.,
2006; Queiroz et al., 2009). However, the complete CP gene sequence analysis has not been
reported in former studies in Brazil

The objective of present study was the characterization of the etiological agent
infecting Dioscorea trifida L. isolated in Paudalho City, Pernambuco State, Brazil by
transmission electron microscopy and analysis of complete CP gene sequencing for

taxonomic study.
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Material and Methods

Isolate maintenance
Plants of D. trifida showing mosaic symptoms were collected in Paudalho,

Pernambuco State, transplanted in pots of 8 L and maintained under greenhouse conditions.

One viral isolate collected and used in this study was hamed Paudalho-PE isolate.

Electron Microscopy
For the observation of possible virus particles and/or inclusions by transmission

electron microscopy, ultrathin sections of leaf samples were prepared after blocking in Spurr
resin according to (Souza et al., 1998) with slight modification. Observation was done using

transmission electron microscope JEM 1011 (JEOL).

RT-PCR by 3’RACE
Total RNA was extracted from infected leaf using Plant RNA Reagent (Invitrogen,

Carlsbad, CA, USA), according to manufacturer’s instruction. The first strand of cDNA was
synthesized using M-MLV (Invitrogen) and oligodT primer containing anchor sequence for 3’
RACE protocol (OligodTsoPaciM4) (Lucinda et al., 2010) with standard protocol. The
following PCR was done using anchor primer M4 (5’-GTT TTC CCA GTC ACG AC 3’) and
potyviral degenerated primer PY-11 (5’-GGX AAY AAY AGY GGX CAZ CC-3’) (Chen et
al., 2001) refers to partial Nlb and complete cp genes to Potyvirus genus. The condition of
PCR was pre-cycle treatment of 95 °C for 2 min, then 35 cycles of 94 °C (30 seg), 47 °C (1
min) and 72 °C, (2 min) and one post-cycle incubation step of 72 °C for 15 min.

Cloning and Sequencing
The resulting PCR product of c.a. 1.7 Kb was cloned in pPGEM-T Easy plasmid vector

(Promega, Madison, WI, USA) and clones were selected by EcoRI digestion confirming the
size of inserted cDNA. Plasmid DNA was prepared using PureLink Quick Plasmid Miniprep
Kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK) and sequenced by Macrogen
(Seoul, South Korea). Three independent clones were sequenced and consensus sequence was

assembled.
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Sequence analysis
Obtained sequence was filtered and the contig was assembled by Staden package

(Bonfield et al., 1995). The identity of YMMVcp nucleotide sequence was confirmed by
BlastN (www.ncbi.nlm.nih.gov). Multiple alignment of 35 sequences of YMMV retrieved
from GenBank and analysis was performed using Clustalw
(http://www.ebi.ac.uk/Tools/msa/clustalw2/). Nucleotide phylogenetic tree was constructed

using Maximume-likelihood method with Tamura 3-parameter substitution model of MEGA
5.0 (Tamura et al., 2011) with bootstrap of 1000 replications.

Results and Discussion

The electron microscopy analysis shows the presence of cytoplasmic laminated inclusions
(Figure 1) of the subdivision Il according to Edwardson and Christie (1978); Edwarson et al.,
(1984). These authors developed an inclusion body classification based on the morphology to
distinguish viruses of different genera. Other virus particles or inclusion were not observed in
this study.

The comparison of cp nucleotide sequences identified the Paudalho-PE isolate as
YMMV. The most related isolate of YMMYV was from D. trifida obtained in French Guiana
(AF 548512) with the pairwise distance value (Tamura 3-parameter model) of 0.104 (90%
identity) and the isolate less related was from D. alata obtained in Japan (AF548521) with the
distance value of 0.197 (83% identity). Interestingly, one Brazilian isolate from D. alata
(AF548498), reported by Bousalem et al. (2003), was quite distantly related with Paudalho-
PE isolate, distance value of 0.183 (84% identity). The host species of YMMV can be more
important factor than geographical distance in genomic relationship.

This observation (host species > geographical distance) can be confirmed by the
phylogenetic analysis (Figure 2). The phylogenetic tree was divided into three clusters. The
first was denominated Trifida group which include the isolates from French Guiana, Costa
Rica, Guadalupe and Brazil (Paudalho-PE isolate, GenBank no. KC924404), mainly from
South to Central American countries. This cluster includes YMMYV isolates obtained from D.
trifida host except one D. alata isolate (AF548500) from Guadalupe. The second group was
Alata | group consisting of the isolates from Guadalupe, Papua New Guinea and Japan
(Caribbean, Melanesian and Asian countries). This YMMV cluster has D. alata origin with

one exception of D. esculenta isolate (AF548505) from Guadalupe. The third group was Alata
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I1 group and the isolates of this cluster distributed world widely. This group contained South
American isolates from Brazil and Colombia, Caribbean isolate from Martinique and
Guadalupe, Melanesian isolate from Fiji and Papua New Guinea, Asian isolate from Japan
and African isolate from Togo. This cluster also has the D. alata host origin, except two
isolates (AF548497 and AF548493) from Martinique. This clustering strongly implies the co-
relationship of viral geno-grouping and host species than geographical factor.

The clustering formation according to the host species obtained in this study was also
seen in other potyviral genetic variation studies (Nicolini et al., 2012; Ohshima et al., 2002).
Ohshima et al. (2002) analyzed 76 isolates of Turnip mosaic virus (TuMV) based on the coat
protein and P1 genes, and concluded the adaptation of this potyvirus to the host. In another
work, Cowpea aphid-borne mosaic virus (CABMV) isolates were collected from cowpea
[Vigna unguiculata (L.) Walp.], passionflower (Passiflora edulis Sims f. flavicarpa Deg.) and
a native legume plant, Cassia hoffmannseggii Mart. from Pernambuco and Rio Grande do
Norte States, Northeastern region of Brazil (Nicolini et al., 2012). The authors found the
clustering in phylogenetic tree based on the original host species rather than the geographical
location. Bousalem et al. (2003) found a possible adaptation of YMMV to D. trifida.

Our results corroborate with previous works. Viral recombination of yam infecting
potyviruses was also analyzed in this study, however, no positive signals were detected of
YMMV-Paudalho isolate recombination using RDP3 program platform (Martin et al., 2010)

(data not shown).

Conclusions
1. The virus causing mosaic on leaves of D. trifida in Pernambuco State was identified as
Yam mild mosaic virus (YMMYV).
2. No link was noted between the origin of the isolates and their phylogenetic grouping,
demonstrating possible host adaptation.
3. The Paudalho-PE isolate of YMMV did not show any positive recombination signals.
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Figure 1. Transmission electron micrograph of thin section of a parenchymal cell of Dioscorea
trifida leaf, infected with Yam mild mosaic virus (YMMYV). Note the laminated cytoplasmic inclusions
of type Il in the classification of Edwardson (1974). This cytological effect of YMMYV infection is
essentially similar to that caused by Yam mosaic virus (YMV) (Thouvenal and Fauquet, 1986).
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CAPITULO IV Cloning and expression of capsid protein by Escherichia coli from a

Brazilian isolate of Yam mild mosaic virus and polyclonal antibody production
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ABSTRACT

Polyclonal antiserum against Yam mild mosaic virus (YMMV) was produced using the coat
protein (CP) of a Brazilian YMMYV isolate expressed in Escherichia coli. The cp gene of the
virus was amplified by RT followed by PCR using degenerate primers to the genus Potyvirus.
The fragment was cloned in pPGEM-T Easy vector and sequenced to confirm their identity.
The complete cp gene was subcloned into pPDONR207 vector, after then, in the pDEST17
expression vector. Escherichia coli BL21-Al was transformed with the construct and the CP
was expressed with the arabinose inducer. The CP was purified by Ni-NTA affinity column
and analyzed by SDS-PAGE and Western Blotting. Two rabbits were immunized with the
purified protein. The antisera from the two rabbits were collected at three different time and
evaluated by Dot - Enzyme-linked immunosorbent assay (Dot-ELISA). Results of this test
showed that the antisera reacted well regardless of the time of collection and the rabbit
evaluated. 1gG was purified from antiserum and conjugated with alkaline phosphatase for
Double antibody sandwich - Enzyme-linked immunosorbent assay (DAS-ELISA) test. The
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procedure differentiated positive sample (ODg4gs = 1.489) from the negative control (ODg4gs =
0.429). These results showed that this antibody can be used for the diagnosis of YMMV
infection on ELISA.

Keywords: DAS-ELISA, detection, Dot-ELISA, yam, YMMV.

RESUMO

Antissoro policlonal para Yam mild mosaic virus (YMMYV) foi produzido usando-se a capa
proteica (CP) de um isolado brasileiro de YMMYV expresso em Escherichia coli. O gene cp do
virus foi amplificado por RT seguida de uma PCR utilizando primers degenerados para o
género Potyvirus. O Fragmento foi clonado no vetor pGEM-T Easy, e sequenciado para a
confirmacéo de sua identidade. O gene cp completo foi subclonado no plasmideo pDONR207
e, em seguida, no vetor de expressdo pDEST17. Escherichia coli BL21-Al foi transformada
com a construgéo e a CP foi expressa usando o indutor arabinose. A CP foi purificada por
colunas de afinidade Ni-NTA e analisada por SDS-PAGE e Western Blotting. Dois coelhos
foram imunizados com a proteina purificada. Os antissoros dos dois coelhos foram coletados
em trés diferentes épocas e avaliados por Dot - Enzyme-linked immunosorbent assay (Dot-
ELISA). Resultados desse teste mostraram que 0s antissoros reagiram bem independentes da
época de coleta e do coelho avaliado. IgG foi purificada a partir do antissoro e conjugada a
fosfatase alcalina para o teste Double antibody sandwich Enzyme-linked immunosorbent assay
(DAS-ELISA). O procedimento foi capaz de diferenciar amostra positiva (ODgos = 1.489) do
controle negativo (ODg4gs = 0.429). Estes resultados mostram que o antissoro obtido pode ser
usado na diagnose da infeccdo de YMMYV por meio de ELISA.

Palavras-chaves: DAS-ELISA, deteccdo, Dot-ELISA, inhame, YMMV.

1. Introduction

The yam (Dioscorea spp.) is a crop that has a great social importance, generating
employment and income in rural areas in Brazil. Furthermore, in developing countries it plays
an important role as nutrients and vitamins supply.

There are many diseases that can reduce yam yield caused mainly by fungi, viruses and

nematodes. Viruses from different genera are reported as important pathogens of yam being
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relevant Yam mosaic virus (YMV) and Yam mild mosaic virus (YMMV) of the genus
Potyvirus (Mumford & Seal, 1997; Kenyon et al., 2001; Amusa et al., 2003; Andrade, 2007;
Queiroz et al., 2009). The viruses from the genus Potyvirus possess a positive sense sSSRNA
genome of ~ 10 K nt and are transmitted by species of aphid (Fauquet et al., 2005; Lopez-
Moya & Garcia, 2008). YMMYV was first reported as Yam virus 1 (YV1) (Hughes, 1986) and
later as Dioscorea alata virus (DAV) (Odu et al., 1999) but only recently the complete genome
was sequenced (Rabelo-Filho et al., 2013).

The correct identification of plant viruses is important to establish strategies for its control
(Rabelo-Filho et al., 2005). Serological methods are commonly used strategy for diagnostics
of plant viruses, including the Potyvirus genus (Shukla et al., 1994; Hull, 2002, Rabelo-Filho
et al., 2005; Lopez-Moya & Garcia, 2008; Lima et al., 2012). However, there is a limitation to
the use of serological techniques in the diagnosis of plant viruses when it is the difficult to
obtain specific virus antiserum (Rabelo-Filho et al., 2005; Lima et al., 2012). This is the case
of the viruses that naturally infect yam since the transmission to other hosts is not easy and
yam plants have high contents of polysaccharides.

In the first report of virus in yam in Brazil, Avila et al. (1982) mentioned difficulties in
characterization of a potyvirus isolate, due to failure in mechanical and vector transmission,
obtaining only a partial characterization by electron microscopy. An attempt of virus
purification using yam leaves was not successful, due to the high viscosity and rapid
oxidation of macerated tissue of yam plants.

The use of viral antigen expression in heterologous system provides an useful tool for
antiserum production in case the virus particle purification is difficult and when wants to
obtain a highly specific antiserum with no cross reaction. In many cases, the coat protein of
viruses is the target to express usually by their immunogenic properties (Barbieri et al., 2004).
The objective of the present study was the production of specific antiserum to YMMYV by the
expression of the CP of an YMMYV isolate using Escherichia coli BL21-Al strain and evaluate
the antibody by Dot - Enzyme-linked immunosorbent assay (Dot-ELISA) and Double
antibody sandwich - Enzyme-linked immunosorbent assay (DAS-ELISA).
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2. Materials and Methods

2.1 Acquisition and cloning of the YMMVcoat protein gene

Total RNA was extracted from an infected yam plant previously indexed to YMMV.
Plant RNA Reagent (Invitrogen, Carlsbad, CA, USA) was used for total RNA extraction
according to the manufacturer’s instructions. The first cDNA strand was synthesized using a
primer oligo(dT)soPaciM4 (5°-TCA GCA CTG ACC CTT TTG AAT TAA T5-3’). PCR was
performed using the anchor primer M4 (5°-TCA GCA CTG ACC CTT TTG-3’) and PY11
primer (5’-GGN AAY AAY AGY GGN CAR CC-3’) (Rabelo-Filho et al., 2013).

The presence of the amplified cDNA was confirmed by agarose gel electrophoresis
and cDNA fragments were purified using Illustra GFX PCR DNA and Gel Band Purification
Kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK). The purified cDNA was ligated
with pGEM-T Easy vector (Promega, Madison, WI, USA) at 8 °C overnight, and then
transferred to E. coli DH5a cells (Invitrogen) by electroporation. The transformed cells were
incubated in 900 uL of SOC medium (Sambrook et al., 1989) with agitation of 220 rpm at 37
°C on a shaker. Then, the bacteria were plated on Luria-Bertani (LB) medium with agar
(1.5%) containing ampicillin (100 pg mL ™), X-gal (20 pg mL ™) and IPTG (40 pg mL ™) and
the plates were incubated at 37 °C overnight. On the following day, 10 white colonies were
selected and grown in liquid LB medium and incubated at 37 °C for approximately 16 h with
agitation. The plasmid DNA extraction was performed using lllustra Plasmid Prep Mini Spin
Kit (GE Healthcare).

The purified plasmids digested by the restriction enzyme EcoR1 (New England
Biolabs, Ipswich, MA, USA) for screening and selected clones were sequenced at Macrogen
(Seoul, South Korea) using the 3730 XL automated sequencer (Applied Biosystems, Foster
City, CA, USA). The obtained sequences were analyzed using the Staden package program
(Bonfield et al., 1995) and the identities of the nucleotide sequences were confirmed by
BlastN (Altschul et al., 1990). After confirming the coat protein gene (cp gene), a pair of
specific primers for CP expression containing attB sites was designed for subsequent gene
transfer to the entry vector pDONR207 (Invitrogen). They were AttB1-YMMVFNEW (5°-
GGG GAC AAG TTT GTA CAA AAA AGC AGG CTT CGC AAG CAA AGA ACA AAT
ACT TGA TG-3’) and AttB2-YMMVFNEW (5’-GGG GAC CAC TTT GTA CAA GAA
AGC TGG GTC CTA GAT GTT ACG CAC CCC AAG GAG A-3).
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2.2 Cloning the cp gene into the entry vector

The cloning of amplified cDNA of cp gene to pDONR207 was performed by the
recombination using BP Clonase (Invitrogen). The reaction mixture was prepared as: 1 pL of
cDNA of cp gene (100 ng), 1 pL of the entry vector pPDONR207 (150 ng), 6 uL of TE buffer
(pH 8.0) and 2 pL of BP Clonase (final volume of 10 pL). Thereafter, the reaction mix was
incubated overnight at room temperature, around 22 °C. Proteinase K in the kit was added in
the solution and incubated for 10 min in the incubator at 37 °C. Subsequently, chemically
competent E. coli DHS5o cells were transformed according to manufacturer’s
recommendations. The obtained construction pPDONR207-YMMVcp was digested with Pstl
and Xbal for the confirmation of the insertion of the gene in the vector. The selected clones

were sequenced for the confirmation of the gene.

2.3 Cloning of cp gene into the expression vector

YMMVcp gene was transferred to an expression vector pDEST17 using LR Clonase
(Invitrogen) following the manufacturer’s instructions. Then, the transformation was
performed to E. coli DHSa cells, as previously described. The selected clones were submitted
for the digestion with the Ndel (Fermentas, Vilnius, Lithuania) and the electrophoretic pattern
was analyzed. Four clones were sequenced (pDEST17-YMMVcp) and transferred to a E. coli

BL21-Al strain (Invitrogen, Carlsbad, CA, USA) for protein expression.

2.4 Expression, purification and quantitation of recombinant proteins

Bacterial growth was done using liquid LB medium plus ampicillin (100 pg.mL ™) till
the ODggo = 0.4. The induction was done adding arabinose at final concentration of 0.2% for 3
h at 37 °C with agitation. The protein was purified using His-tag affinity column (Invitrogen)
according to the instruction of the manufacture as insoluble protein. The purified protein was
analyzed by SDS PAGE and Western Blotting using antibody against His-Tag which was
added to the YMMYV CP in the N-terminal by pDEST17. The purified proteins were dialyzed
with 0.5X PBS pH 6.5 and quantified using Nanodrop 3300 (Thermo Scientific, Waltham,
MA, USA).
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2.5 Immunization of rabbits for antiserum production against recombinant protein

For production of polyclonal antiserum against CP of YMMYV, two female rabbits of
about three months old were immunized. The immunization was done by injection of 200 ug
of purified CP in a volume of 1 mL emulsified with an equal volume of Freund’s complete
adjuvant as first injection and two following boost injections using the Freund’s incomplete
adjuvant with three-week intervals. After the last injection, three blood collections to a
volume of approximately 10 mL were done weekly and the antisera were stored at freezer -20
°C.

2.6 Dot-ELISA

The Dot-ELISA test (ALMEIDA & LIMA, 2001) was performed to evaluate the
profile of antisera from the two rabbits assessed, collected at three different times. The
negative and positive controls were diluted (1:10, 1:100) in buffer PBS 1X pH 7.0. The
primary antibody was collected from rabbits which were diluted (1:3000) in PBS 1X pH 7.0
with 4% non-fat dry milk. The dotted membrane was incubated with antisera for 2 h, then
washed with 1X PBS pH 7.0 + 0.1% Tween 20. The secondary antibody (goat anti-rabbit)
conjugated with alkaline phosphatase was added (Sigma-Aldrich, St. Louis, MO, USA)
(1:3000) and incubated for 1 h. The positive reactions were evaluated by adding freshly
prepared substrate: 33 ul and 66 pl of 5-bromo-4-chloro-3-indolyl phosphate (BCIP) and
nitroblue tetrazolium (NBT), respectively in 10 mL of alkaline buffer.

2.7 1gG purification and antibody conjugation to enzyme alkaline phosphatase

For the antibody purification, the antiserum was diluted in distilled water (1:10) and
equal volume of saturated ammonium sulfate was added slowly, then incubated at 8 °C for 4
h. The solution was centrifuged at 4.000 rpm for 20 min at 4 °C. After discarding the
supernatant, the pellet was resuspended in 0.5X PBS pH 6.5. Then it was subjected to dialysis
in the same buffer for a total of three buffer exchanges, with 2 h interval in each change at 4
°C. It was subjected to a column of DEAE-Sephacel (GE Healthcare). The fractions of 1mL
each were collected and their OD was measured at 280 nm. The fraction with higher OD,gp
was kept at -20°C
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The concentration of the selected fraction was adjusted as 1 mg/mL with 0.5X PBS
buffer pH 7.2 and then 1 mL of this purified antibody was added in the tube with alkaline
phosphatase enzyme (Sigma-Aldrich), previously centrifuged and precipited (80 pL).
Thereafter, the mixture was transferred to a dialysis tube and the ends of the tube were sealed.
The tube was immersed in 100 mL of 0.5X PBS buffer adding 200 pL of 25% glutaraldehyde
and stirring for 4 h at room temperature avoiding light. Dialysis was carried out three times
for 2 h in the buffer in a volume of 1 L to remove excess of glutaraldehyde. After dialysis, a
small amount of sodium azide was added and the conjugated antibody was stored at 4° C with

diluted in glycerol (1:1).

2.8 DAS-ELISA using controls and leaf samples

The purified antibody previously diluted in carbonate buffer (1 pg/ml) was added in each
well of the ELISA plate with volume of 150 pL, which was incubated for 2 h in an incubator
at 37 °C. After three times of washing the well with 1X PBS-Tween 20 (0,05%), 120 pL of
diluted sample concentrations (1:20, 1:40, 1:80) were applied to the wells and incubated for 2
h at 37 °C. The plate was washed again with PBS-T, and the anti-CP conjugated (1:500) with
alkaline phosphatase were added in the wells and incubated for 2 h at 37 °C. After this step,
the substrate (p-nitrophenylphosphate) final concentration 1mg/mL was added and incubated

at room temperature. The absorbance was measured with 20 min intervals.

3. Results

The cp gene cloned into entry vector pPDONR207 was confirmed by sequencing. Clones
from entry vector pDONR207 were recombined by LR Clonase reaction to pDEST17
expression vector and E. coli DH5a strain was transformed. Plasmids were purified by
miniprep and BL21-Al expression bacterial strain was transformed. Eight clones were

recovered from plates and submitted to protein expression assay as described above.

Western Blotting assay was performed using anti-His Tag antiserum to confirm protein
expression. Seven clones showed the expression patterns as expected to the CP protein size
(Figure 1A). The solubility test of the CP protein was performed by SDS-PAGE to determine
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the purification protocol. The CP protein was confirmed in the insoluble fraction (Figure 1B),
and the purification procedure was performed in denaturant condition.

The YMMV CP expression was performed in middle scale for protein purification with a
final volume of 400 mL LB medium. The protein purification was confirmed by SDS-PAGE
and Western Blotting assay (Figure 2A and Figure 2B), showing a thick band of
approximately 32 kDa with the insoluble fraction, which corresponds to the YMMV CP

molecular mass.

The antisera from two rabbits were evaluated by Dot-ELISA and showed strong signal
and specificity (data not shown), differentiating the positive from the negative control. Based
on Dot-ELISA results the serum from Rabbit 2 Bled 2 was chosen for antibody purification
and conjugation with alkaline phosphatase. The DAS-ELISA was performed using this
antibody and it’s conjugate. The result showed the positive sample absorbance values (ODgos
= 1.489) three times higher than those of the negative controls (ODgos = 0.429). This result

indicated that this protocol can be useful for routine diagnostics for YMMYV infection.

4. Discussion

As observed in this study, the expression system using prokaryotic system (bacteria) can
be efficient in the expression of viral proteins such as coat protein (CP) (Barbieri et al., 2004;
Iracheta-Céardenas et al., 2008; Gulati-Sakhuja et al,. 2009; Singh et al., 2011; Carvalho et al.,
2013). Other genes, as movement protein (MP) mp gene, can be expressed to produce antisera
(Rubinson et al., 1997; Calegario et al., 2012). However, protein expressed in E. coli, does not
usually have the natural conformation form, and for this reason usually antibody developed
against these proteins have high risks of not-working in ELISA. Approximately ¥ of antisera
produced by this manner do not work by ELISA (Dr. René van der Vlugt, Wageningen
University/Research - personal communication). The factor that influences this difference is

still not well-characterized.

According Rubinson et al. (1997), the movement protein (MP) in some case, can be more
efficient target for viral detection using ELISA format when compared to CP. In the case of
Grapevine virus A (GVA), the MP may be more stable indicator than CP, due to the CP

concentration decrease when the virus titer decreased.
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358  Figure 1: Western Blotting with a commercial antibody against the histidine tail (Santa Cruz
359  Biotechnology, Santa Cruz, CA, USA), demonstrating the expression of Escherichia coli
360 BL21-Al clones and solubility test by SDS-PAGE of the two selected clones. Figure A: L-
361  Ladder; TO- O hours; 1- clone 1; 2- clone 2; 3- clone 3; 4- clone 4; 5- clone 5; 6- clone 6; 7-
362 clone 7; 8- clone 8. Figure B: L- Ladder; 2I- clone 2 insoluble fraction; 2S- clone 2 soluble

363  fraction; 51- clone 5 insoluble fraction; and 5S- clone 5 soluble fraction.
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Figure 2. Analyses of Yam mild mosaic virus coating protein purified by affinity
chromatography with nickel columns (Invitrogen, Carlsbad, CA, USA). A- SDS-PAGE; B-
Western Blotting with commercial antibody against the histidine tail (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). 1- Ladder; 2- Not induced bacteria; 3. Induced
bacteria; 4. Purified protein.



CONCLUSOES GERAIS
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O virus que estava causando mosaico em D. trifida, foi identificado como YMMV;

Foi verificado na filogenia baseado das sequencias nucletidicas de cp, que isolados de
Yam mild mosaic virus (YMMYV) se agrupam de acordo com o hospedeiro ao qual o
isolado viral foi coletado, implicando assim adaptacdo ao hospedeiro nessa espécie

viral;

Né&o foi observado sinais de recombinacao génica quando analisada a capa protéica de

um isolado de YMMYV, nem quando analisada o genoma completo deste virus;

O antissoro produzido contra YMMV, proveniente de coelhos imunizados com a capa
protéica expressa em bactéria, pode ser usado no diagnostico de YMMYV em inhame.



