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MACAGNAN, RAFAELA. Deteccdo de Paracoccidioides brasiliensis em solo e
de anticorpos para P. brasiliensis em leite bovino. 2014-2018. 83f. Tese de
Doutorado (P6s Graduacdo em Patologia Experimental) - Universidade Estadual de
Londrina, Londrina, 2018.

RESUMO

Os fungos do género Paracoccidioides ocasionam a paracoccidioidomicose (PCM),
principal micose sistémica da América Latina. A PCM apresenta maior incidéncia em
individuos adultos do sexo masculino com atividade relacionada a agricultura. A
infeccdo possivelmente ocorre pela inalacdo de propagulos fangicos, todavia nao
esta totalmente esclarecida, devido ao fato do habitat do fungo ainda ndo estar
definido. Este trabalho teve como objetivo, detectar a presenca de P. brasiliensis em
amostras de solo e anticorpos para P. brasiliensis em amostras de leite bovino.
Foram coletadas 169 amostras de solo, 102 no Parana e 67 em Santa Catarina. As
amostras de solo foram cultivadas em meio sabouraud dextrose e analisadas apés
PCR, utilizando as regides ITS e a-tubulina. As amostras de leite bovino (n=136)
foram coletadas em pequenas propriedades do estado de Santa Catarina e a
deteccdo de anticorpos para gp43 de P. brasiliensis nas amostras de leite foi
realizada por ELISA indireto. N&o foram obtidos isolados das amostras de solo,
entretanto, foi detectado amplificacdo das regides ITS em 89% das amostras (93%
no estado do Parana e 82% no estado de Santa Catarina). Utilizando a regido a-
tubulina foi identificada a presenca da espécie criptica PS3 nos dois estados e S1
em Santa Catarina. Referente as caracteristicas ambientais, 94% das amostras
coletadas na presenca de agua e 93% das coletadas em tocas apresentaram
amplificacdo. Em relacdo as amostras de leite, 103 (76%) foram consideradas
positivas, sugerindo que amostras de leite podem ser utilizadas em estudos
soroepidemioldgicos de PCM em bovinos. Os resultados permitiram concluir que P.
brasiliensis tem ampla distribuicdo geografica e reforca a presenca do fungo nos
estados do Parand e Santa Catarina. As caracteristicas ambientais dos locais
estudados (temperatura, umidade, areas nativas e perturbadas) estdo de acordo
com a literatura, com destaque para a presenca de agua no local de coleta.

Palavras-chave: Amostras ambientais. Eco-epidemiologia. Nested-PCR.
Paracoccidioidomicose.



MACAGNAN, RAFAELA. Detection of Paracoccidioides brasiliensis in soil and
antibodies for P. brasiliensis in bovine milk. 2014-2018. 83f. Tese de Doutorado
(P6s Graduacdo em Patologia Experimental) — Universidade Estadual de Londrina,
hLondrina, 2018.

ABSTRACT

Fungi of the genus Paracoccidioides cause Paracoccidioidomycosis (PCM), the main
systemic mycosis in Latin America. PCM has a higher incidence in men with
agricultural activity. The infection probably occurs through inhalation of fungal
propagules, but it is not clear, due to the fact that the fungus habitat has not yet been
defined. Therefore, the aim of this study was to detect the presence of P. brasiliensis
in soil samples and antibodies to P. brasiliensis in bovine milk samples. A total of 169
soil samples were collected (102 in Parana and 67 in Santa Catarina). The soil
samples were cultured in Sabouraud dextrose medium and analyzed after PCR using
the ITS and a-tubulin regions. Samples of bovine milk (n = 136) were collected in
small farms in the state of Santa Catarina and the detection of antibodies to P.
brasiliensis gp43 in the milk samples was performed by indirect ELISA. No isolates
were obtained from the soil samples, however, amplification of the ITS regions was
detected in 89% (93% in the state of Parana and 82% in the state of Santa Catarina).
Using the a-tubulin region the presence of the cryptic PS3 species was detected in
the two states and S1 in Santa Catarina. Concerning the environmental
characteristics, 94% of the samples collected in the presence of water and 93% of
the samples collected in burrows presented amplification. Regarding milk samples,
103 (76%) were considered positive, suggesting that milk samples can be used in
epidemiological studies of PCM in cattle. The results allowed to conclude that P.
brasiliensis has a wide geographic distribution and reinforces the presence in the
states of Parand and Santa Catarina. The environmental characteristics of the
studied sites (temperature, humidity, native and disturbed areas) are in agreement
with the literature, highlighting the presence of water at the collection site.

Keywords: Eco-epidemiology. Environmental samples. NESTED-PCR.
Paracoccidioidomycosis
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1 REVISAO BIBLIOGRAFICA

1.1 Paracoccidioides spp.

O género Paracoccidioides pertence ao Reino Fungi, Filo Ascomycota,
Subdivisdo Euascomycetes, Classe Plectomycetes, Ordem Onygenales,
Familia Ajellomycetaceae (UNTEREINER, et al., 2004). A diferenca genémica
de P. brasiliensis foi primeiramente evidenciada por Hahn e colaboradores
(2003), apos analisarem diferentes isolados por polimorfismo do DNA
amplificado ao acaso (RAPD). Em 2006 Matute e colaboradores, por
genealogia de multi loci e microssatélites, identificaram que P. brasiliensis é
composto por trés espécies cripticas (S1, PS2 e PS3). Em 2008, Carrero e
colaboradores, analisaram diferentes genes e identificaram que o isolado Pb01-
like apresentava maior variabilidade genética, portanto, ndo poderia ser
classificado em nenhuma das espécies cripticas. Posteriormente, Teixeira e
colaboradores (2009), relataram uma nova espécie, denominada atualmente
como P. lutzii. Em 2012, Theodoro e colaboradores, descreveram mais uma
espécie criptica no complexo P. brasiliensis, a PS4, ap6s analise de trés
polimorfismos de nucleotideo Unico (SNPs). Com a mesma abordagem, em
2016, Mufioz e colaboradores, compararam 26 isolados da espécie criptica S1
e propuseram uma divisdo em Sla e Slb.

A espécie P. lutzii e as espécies cripticas PS3 e PS4 de P. brasiliensis séo
consideradas monofiléticas e S1 e PS2 parafiléticas (MATUTE et al., 2006a;
TEIXEIRA, et al., 2009, 2014). Referente a especiacédo, séo classificadas como
simpatrica e recombinante S1 e PS2, alopatrica monoclonal PS3 e parapéatrica
P. lutzii (MATUTE et al., 2006a; THEODORO, et al., 2012, TEIXEIRA, et al.,
2014). A ocorréncia dos achados de PS2 e S1 esta restrita a Argentina, Brasil,
Peru, Paraguai, Venezuela e Uruguai. Embora a PS3 tenha sido observada
inicialmente apenas na Colébmbia, Roberto e colaboradores (2016)
classificaram alguns isolados obtidos na Venezuela e Brasil como pertencentes
a esta espécie criptica. A espécie PS4 esta representada por isolados clinicos
provenientes da Venezuela e P. lutzii no Brasil e Equador (THEODORO et al.,
2012; ROBERTO et al., 2016).

Contudo, as espécies cripticas ndo sao aceitas por toda a comunidade

cientifica, Salgado-Salazar e colaboradores (2010) as descreveram como
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variantes geograficas de uma Unica espécie. Em 2017, Turissini e
colaboradores apé6s analisarem regides nucleares, propuseram elevar as
espécies cripticas em novas espécies de P. brasiliensis, PS2 para P.
americana, PS3 para P. restrepiensis e PS4 para P. venezuelensis, além de
considera-las simpatricas, monofiléticas e n&o clonais. Neste estudo, os
autores descrevem que o fluxo génico é raro, restringindo-se a mitocéndria. Em
consonancia com a descricdo das novas espécies, 0s autores descrevem
diferencas sutis entre nimero e tamanho das células de levedura estre as
espécies.

Em relacdo as diferencas entre as espécies, foram evidenciadas
divergéncias na viruléncia, resisténcia a farmacos e taxas de proliferacéo
(MOLINARI-MADLUN et al., 1999; HAHN et al., 2003; TEIXEIRA et al., 2009).
Teixeira e colaboradores (2009) cultivaram diferentes isolados de
Paracoccidioides e observaram células gigantes de P. lutzii e células
alongadas, como pseudo hifas para o isolado Bt84 classificado como PS2. No
mesmo estudo, descreveram que o isolado PB 01 (P. lutzii) produziu conidios
alongados, enquanto os isolados de PS3 e PS2 ndo produziram conidios nas
condi¢cdes analisadas. Tercarioli e colaboradores (2007), apdés avaliarem as
diferencas entre isolados cultivados em solo, descreveram que um isolado PS2
nao apresentou conidios enquanto S1 apresentou producao significativa.

Os fungos do género Paracoccidioides apresentam dimorfismo térmico,
com forma de levedura entre 35 e 37°C e de micélio entre 25 e 30°C. Na fase
miceliana, as colbnias sao irregulares, apresentam poucos micélios aéreos e
hifas septadas. A coloracéo varia entre branco e amarelo, podendo apresentar
pigmentacdo marrom difusa. Em condi¢bes desfavoraveis, produzem conidios
unicelulares e pedunculados que, a 26°C crescem na forma saprofitica. A fase
de levedura de P. brasiliensis apresenta dupla membrana, a interna rugosa e
externa lisa, tamanho entre 4 e 30um e quando analisadas em microscopio séo
birrefringentes. As colbnias cerebriformes tem coloracao clara (branco a creme)
e aspecto seco ou ligeiramente cremoso (BRUMMER et al., 1993; CAMPOS
2011).
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1.2 PARACOCCIDIOIDOMICOSE

P. brasiliensis e P. lutzi sdo o0s agentes etiolégicos da
paracoccidioidomicose (PCM), doenca granulomatosa sistémica de evolucdo
cronica, que apresenta elevada importancia na saude publica pelo grande
potencial incapacitante. Quando ndo diagnosticada e tratada corretamente,
pode levar o paciente a 6bito. Como o habitat ainda néo esta definido, a forma
de infeccdo ainda néo foi esclarecida, entretanto, acredita-se que ocorra apos
exposicao a propagulos fungicos provenientes do solo, durante a exploracao de
areas nativas para fins agricolas, ou decorrentes do preparo do solo (BAGAGLI
et al., 2008; BELLISSIMO-RODRIGUES et al., 2011, 2013; ARANTES et al.,
2013; SHIKANAI-YASUDA et al., 2017). A doenga ocorre com maior frequéncia
em agricultores, com predominancia entre 30 e 50 anos de idade. Até a
puberdade, a doenca afeta individuos de ambos o0s sexos, entretanto, em idade
adulta acomete principalmente homens. A menor frequéncia da doenga em
mulheres ocorre devido a acdo do estrégeno, que inibe a transformacao da
forma miceliana (forma infectante) para forma de levedura (forma patogénica)
(PINZAN et al., 2010; SHIKANAI-YASUDA et al., 2017).

A PCM pode ser dividida em forma cronica e aguda. Os pacientes com a
forma aguda (5 a 25% dos casos) frequentemente sdo jovens. Esta forma,
qgquando comparada com a crbnica, é mais grave, progride rapidamente e é
altamente disseminada, podendo atingir linfonodos, medula éssea, baco e
figado. Muitas vezes esta relacionada com a Sindrome da Imunodeficiéncia
Adquirida e Tuberculose. A forma crbnica da doenca apresenta ocorréncia
entre 74 e 96% dos casos e prevalece em individuos adultos do sexo
masculino. A progressdo € lenta, podendo ser classificada como leve,
moderada ou grave. Pode acometer pulmdes, tecidos mucocutaneos, sistema
nervoso central e glandulas adrenais, além da possibilidade de evolucéo para
fibrose, o que pode interferir de forma permanente no funcionamento do 6rgéo
(BRUMMER et al., 1993; CAMPOS, 2011; SHIKANAI-YASUDA et al., 2017).

1.3 ENDEMICIDADE
Considerada a principal micose sistémica da América Latina, a PCM foi
descrita como a oitava causa de morte relacionada a doencas de origem

infecciosa, com prevaléncia na América do Sul, principalmente no Brasil que
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apresenta 80% dos casos. A notificacdo no Brasil ndo € compulséria na
maioria dos estados, o que dificulta o estabelecimento da taxa de incidéncia
(COUTINHO et al.,, 2002; SHIKANAI-YASUDA, 2006, 2017). Em areas
endémicas, é estimado que ocorra de 1 a 4 novos casos de PCM por 100 mil
habitantes por ano (MARTINEZ, 2017) e presume-se a ocorréncia de infeccao
de 10-30 novos casos por 1.000.000 habitantes. A taxa de mortalidade
registrada no periodo de 2002-2004 foi de 1/1.000.000 habitantes/ano e de
hospitalizacdo 1/100.000 habitantes/ano entre 1998-2006 (COUTINHO et al.,
2002; MARTINEZ, 2017).

Segundo Martinez (2015), o Brasil pode ser dividido em trés grandes areas
endémicas, a primeira compreende o Sul (Parani até o Norte do Rio Grande
do Sul), Sudeste (Estados de Sao Paulo, Rio de Janeiro, Espirito Santo e
Minas Gerais) e Centro-Oeste (principalmente os estados de Goias e Mato
Grosso do Sul). A segunda e terceira abrange a Amazonia, uma representada
pela fronteira (Par4, Maranh&o e Tocantins) e a outra pela Amazoénia Ocidental
e o0 Estado de Rondénia (Fig. 1).

O Sudeste foi uma das primeiras regibes reconhecidas como endémica
para PCM, provavelmente devido a extensa atividade agricola, com destaque
para a cafeicultura, onde muitos trabalhadores adquiriram a PCM (LACAZ,
1956; MARTINEZ, 2017). Pertencente a mesma area de endemicidade, o
estado do Parana apresenta o maior nimero de casos de PCM do Sul do Brasil
(COUTINHO et al., 2002). No periodo de 1998-2006 foi registrado neste estado
uma taxa de internacdo de 3,4/ano e uma taxa de mortalidade hospitalar de
7,5/ano (COUTINHO, et al., 2015). Apesar de ndo haver muitas publicacdes
sobre PCM em Santa Catarina, foram descritos 133 ébitos por PCM entre 1980
e 1995 e, o numero de internac¢@es relatadas no estado (187) foi maior que no
Rio Grande do Sul (87) (COUTINHO et al., 2002; 2015).

A expansdo da PCM e mudancas na epidemiologia frente as mudancas
sociais, ambientais e a politica governamental que promoveu a ocupacgdo e
colonizacdo de terras, foram relatadas por Martinez (2017). Os autores
correlacionaram o aumento da exploracdo de areas com o maior indice de
casos de PCM registrados. A area endémica da PCM esta se expandindo a
partir do Sul e Sudeste para o Centro-Oeste e Norte do Brasil (Fig. 1). O

fenbmeno de expansao agricola junto com a incidéncia da PCM pode ser
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evidenciado nos estados de Tocantins, Parad, Maranhdo, Rondobnia
(MARTINEZ, 2017). Contudo, Fabris e colaboradores (2014), relataram
diminuicdo na forma aguda/subaguda da doencga em criangas e adolescentes e
atribuem este registro a diminuicdo do trabalho infantil em plantacbes e o
envelhecimento da populacao rural, diminuindo a probabilidade de infeccéo.

Foram registratos casos de PCM em paises fora da Ameérica Latina, como
Estados Unidos, Canada, Espanha, Jap&o, Africa, Alemanha, Franca, Holanda
e Inglaterra. Contudo, todos os pacientes haviam visitado anteriormente um ou
mais paises da América Latina, endémicos para a PCM (AJELLO et al., 1985;
BUITRAGO et al., 2011).

Figura 1 — Endemicidade da PCM. @ Refere-se as primeiras regides com descricdo
de alta endemicidade. ® Areas com alta incidéncia. ® Areas com recente aumento de
endemicidade. ® Regibes com moderada endemicidade. Regides com baixa
endemicidade. o Regibes sem registro ou casos raros de PCM.

Fonte: Martinez, 2017.

1.4 ECOLOGIA
O nicho ecoldgico de P. brasiliensis e P. lutzii ndo esta totalmente
esclarecido. Acredita-se que o habitat seja o solo, fonte de obtencao de alguns

isolados. No entanto, a néo reprodutibilidade dos isolamentos, a falta de
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clareza sobre as interacbes com os fatores abioticos e bibticos e da
metodologia utilizada, ndo permitem afirmar que o solo seja o habitat de
Paracoccidioides spp. (BALABANOV et al., 1964; FRANCO et al.,, 2000). O
primeiro isolado do solo com caracteristicas macro e microscopicas de P.
brasiliensis foi obtido por Shome e Batista (1963), em uma fazenda de criacéo
de gado no Recife. Posteriormente, Negroni (1966), isolou P. brasiliensis em
uma éarea rural na Argentina. Outros isolados foram obtidos em plantacdes de
café, por Albornoz (1971) na Venezuela e por Silva-Vergara e colaboradores
(1998) em Minas Gerais.

A cultura é um 6timo método para obtencdo de isolados clinicos, mas,
quando aplicada para amostras ambientais, esta apresenta uma série de
dificuldades, que podem ser evidenciadas em diferentes trabalhos. Mendelovici
e colaboradores (1974), que analisaram quarenta e cinco amostras na
Venezuela por cultivo direto e n&o obtiveram sucesso na tentativa de
isolamento. Montenegro e colaboradores (1996) cultivaram oitocentas e oitenta
e sete amostras de solo Botucatu - SP e também n&o conseguiram isolar
Paracoccidioides.

Existem relatos de muitos fatores que contribuem para a dificuldade na
obtencdo de isolados de amostras ambientais. Paracoccidioides apresenta
crescimento lento e grande demanda nutricional (RESTREPO, 1985), assim
microrganismos de crescimento rapido presentes no ambiente sobressaem no
cultivo in vitro (THEODO et al.,, 2005). Solos arenosos e argilosos foram
avaliados in vitro por Tercarioli e colaboradores (2007) em relacdo ao
desenvolvimento de Paracoccidioides e ndo foi constatado diferenca no
crescimento do fungo. Entretanto, ocorreu inibicdo do crescimento em baixa
umidade e em niveis elevados de aluminio trocavel (H* Al). Em relacdo a
fatores limitantes para o desenvolvimento no ambiente, Ono e colaboradores
(2002), relataram a acdo inibitéria de inseticidas, herbicidas e fungicidas
agricolas sobre o crescimento in vitro de P. brasiliensis, sugerindo que a
presenca desses produtos pode estar dificultando o isolamento do fungo de
amostras ambientais. Alteracdes climaticas podem influenciar diminuindo a
esporulacdo, a baixa concentracdo fungica e a profundidade da coleta de
amostras de solo também podem interferir no isolamento (THEODORO et al.,
2005; ARANTES et al., 2013). Restrepo (1981) demonstrou que a reducgao de
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oxigénio provoca uma taxa acelerada na mortalidade de P. brasiliensis, sem
sobrevivéncia apds sete dias.

Para obter isolados de Paracoccidioides de amostras ambientais, alguns
autores utilizam o método de isolamento indireto, ou seja, as amostras séo
inoculadas em animais e ap0s a eutanasia, o isolamento é realizado a partir de
amostras de tecido. No entanto, o isolamento indireto de P. brasiliensis ndo é
um meétodo sensivel. Como demonstrado no estudo de Silva-Vergara e
colaboradores (1998), em que foram analisadas setecentas e sessenta
amostras de solo e foi obtido apenas um anico isolado de P. brasiliensis.

Outra alternativa que pode contribuir para o esclarecimento da ecologia de
Paracoccidioides spp. consiste na identificacdo de hospedeiros naturais, pela
correlacdo dos habitos e habitats de diferentes espécies de animais infectados
(ONO et al., 2001; SILVEIRA et al., 2008). Os estudos associam o habitat do
fungo a locais umidos (préximos a lagos, rios), areas nativas ou com vegetacao
antrépica, clima temperado ou quente, com verdes chuvosos e invernos secos,
associado a taxas de precipitacdo moderada a altitude elevada e solos férteis
(FRANCO et al.,, 2000; RESTREPO et al.,, 2001; BAGAGLI et al., 2003;
MARTINEZ, 2017).

1.5 ECO-EPIDEMIOLOGIA

Para a identificacdo de hospedeiros naturais, inicialmente foram
empregados testes imunoldgicos utilizando antigeno polissacaridico de P.
brasiliensis (FAVA-NETTO, 1961; CONTI-DIAS et al.,, 1972; COSTA et al.,
1995). Em seguida foram utilizados antigenos glicoprotéicos (exoantigeno)
(BRUMMER et al.,, 1984; PUCCIA et al.,, 1986; CAMARGO et al.,, 1988;
MENDES-GIANNINI et al., 1990; BOTTEON et al.,, 2002; FAGUNDES et al.,
2002; PETRONI et al., 2017). Atualmente a soroepidemiologia da PCM em
diferentes espécies de animais tem sido realizada por meio de ELISA utilizando
a gp43 purificada de P. brasiliensis (ONO et al., 2001; CORTE et a., 2007;
SILVEIRA et al., 2008; OLIVEIRA et al., 2011, 2013; BELITARDO et al., 2014,
SBEGHEN et al, 2015). Considerada o principal antigeno para o
imunodiagnostico da PCM, essa glicoproteina de 43 kDa é um antigeno

exocelular de P. brasiliensis presente nas formas filamentosa e de levedura
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sendo secretada durante a infeccdo (SILVA et al.,, 2003; PALMEIRO et al.,
2005).

A infeccdo por P. brasiliensis foi demonstrada por meio de estudos
epidemioldgicos em diferentes espécies de animais domeésticos e silvestres.
Costa e colaboradores (1995), analisaram 96 mamiferos selvagens latino-
americanos de um zoolégico em Sao Paulo, 47 animais arboreos (Callithrix
jacchus e Cebus sp) e 49 terrestres (Panthera onca, Felis paradalis, Felis
wiedii, Felis tigrina, Felis geoffroyi e Nasua nasua). Em comparacdo quanto a
reatividade a paracoccidioidina, os animais de habito terrestre apresentaram
positividade maior (82,98%) que os primatas (22,45%), sugerindo o solo como
possivel nicho ecoldgico de P. brasiliensis. Corte e colaboradores (2007), no
Parana, avaliaram amostras de soro de primatas (25 Alouatta caraya e 68
Cebus sp) por ELISA utilizando gp43 e detectaram reacdo em 44,5% das
amostras.

Outro estudo foi realizado no Rio Grande do Sul por Albano e
colaboradores (2014), no qual 128 amostras de soro de animais silvestres de
diferentes espécies foram analisadas e em 20% foi detectada a presenca de
anticorpos para gp43. Quando comparado 0os animais em relagédo ao local de
captura, os de areas rurais apresentaram maior positividade (57%) que os
animais de area urbana (42%). E os animais de habito arboricola apresentaram
menor infeccdo (11%) que os terrestres (50%).

No Parana, Sbeghen e colaboradores (2015) avaliaram a infeccao por P.
brasiliensis em amostras de 38 pequenos mamiferos silvestres por meio da
deteccado de anticorpos para gp43 e por biologia molecular (deteccao da regido
ITS - Internal Transcribed Spacer). Os animais foram capturados em uma
Reserva Particular do Patrim6nio Natural de Maua da Serra, Parana, e 7,3%
das amostras de soro foram positivas e um animal apresentou amplificacéo
apos Nested PCR. Utilizando a técnica de reacdo em cadeia da polimerase
(PCR) com a mesma regido génica usada por Sbeghen e colaboradores
(2015), Losnak e colaboradores (2018), analisaram amostras de 297 animais
silvestres atropelados em Santa Catarina e detectaram a presenca de
Paracoccidioides em oito roedores.

Um importante marcador epidemiolégico, que aponta fortemente o solo

como o provavel habitat de Paracoccidioides spp. € o tatu. Estes animais
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apresentam intenso contato com o solo, devido a construcéo de tuneis e por
habitarem tocas subterraneas. Outro fator importante que pode contribuir para
sua infeccdo é a temperatura corporal de 30 a 35°C e a imunidade celular
relativamente baixa. A infeccdo ja foi descrita em tatus do Brasil e Colémbia,
principalmente da espécie Dasypus novemcinctus, cuja area de ocorréncia se
sobrepde a &rea geogréfica da PCM (PURTILO et al.,1975; NAIFF et al., 1986;
BAGAGLI et al.,, 1998, 2003, 2006; CORREDOR et al., 1999, 2005; SILVA-
VERGARA et al., 2001; RESTREPO et al.,, 2001; PEREIRA et al., 2003;
PEREIRA et al., 2008; ARANTES et al.,, 2013). Restrepo e colaboradores
(2001) descreveram que o solo de tocas proporciona um ambiente equilibrado,
podendo favorecer o desenvolvimento do fungo, pois o local ndo € submetido a
grandes variacfes de umidade e temperatura.

A infecgdo por P. brasiliensis foi observada em vérias espécies de animais
domésticos no estado do Parana por meio de sorologia utilizando o antigeno
gp43. Oliveira e colaboradores (2012), analisaram 262 soros de ovinos e
identificaram reacdo em 37%, Ferreira e colaboradores (2013) avaliaram 202
soros caprinos e relataram positividade de 26,2%, de 106 soros suinos
provenientes de animais de vida livre, foi detectado reacdo em 37,7% das
amostras (BELITARDO et al., 2014a) e em 100 soros equinos analisados por
Corte e colaboradores (2007), foi observada positividade de 30%. Além da
infeccdo descrita no Parand, a infeccdo em equinos por P. brasiliensis também
foi relatada no Uruguai por Conti-Dias e colaboradores (1972), apés
observarem reatividade de 23% na reacao intradermica com paracoccidioidina
em 195 animais.

Em bovinos a infeccdo foi descrita utilizando teste intradermicos com
antigeno polissacaridico de P. brasiliensis, por Gutierrez e colaboradores
(1974), no Uruguai, ao analisarem 293 animais, dos quais 2% apresentaram
reatividade e por Costa e Fava-Netto (1978), em Sao Paulo, que relataram
positividade de 44%. Silveira e colaboradores (2008), demonstraram que
bovinos inoculados com P. brasiliensis produzem anticorpos para gp43 e,
apos analisarem 400 soros de animais do Mato Grosso do Sul detectaram,
reacao em 17,5%.

No trabalho realizado por Oliveira e colaboradores (2011), a relagao entre o

contato com o solo e a infeccdo de animais por Paracoccidioides pdde ser
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evidenciada novamente. Neste estudo, foi utilizado o teste de ELISA com gp43
para avaliar amostras de soro de 183 galinhas, sendo 40 de vida livre do
estado do Mato Grosso do Sul, e 143 do Paran& (100 galinhas de vida livre e
43 de gaiola). Os animas criados em gaiola e, portanto, com menor contato
com o solo, ndo apresentaram reacdo para gp43, enquanto que as aves de
vida livre do Mato Grosso do Sul e do Parana, apresentaram 55% e 16% de
positividade, respectivamente.

Belitardo e colaboradores (2014b) avaliaram a infeccédo por P. brasiliensis
em coelhos de vida livre e de gaiola utilizando a gp43 como antigeno. Os soros
de animais de vida livre apresentaram positividade maior (41,6%) em relacéo
aos animais de gaiola (11,1%). A infeccdo por P. brasiliensis também foi
observada em gatos por Oliveira e colaboradores (2013), utilizando gp43 como
antigeno, e detectaram reacdo em 48,8% e 2% em animais da area rural e
urbana, respectivamente. Estes estudos reforcam que o solo deve ser 0 habitat
de P. brasiliensis.

A descricdo da PCM-infeccdo em cées, também proporcionam a correlacao
do solo como habitat do Paracoccidioides spp., pois estes animais tem o habito
de escavar e farejar (ONO et al., 2001, RICCI, 2004; FARIAS et al., 2011). Em
estudo soroepidemiolégico na regido Norte do estado do Parani, Ono e
colaboradores (2001), relataram positividade para gp43 de 14,8% em céaes de
area urbana, 48,8% da periferia, e 89,5% da area rural. Em Minas Gerais,
Fontana e colaboradores (2010), observaram reatividade de 80% em cées de
area rural e 53% em caes de area urbana. Em adicdo, a infeccdo nestes
animais, Petroni e colaboradores (2017), por meio de imunodifuséo radial dupla
com exoantigeno, relataram positividade de 7,4% apdés analise de 300 soros de
cées provenientes de Aracatuba, Andradina e Birigui no estado de Sao Paulo.

Em regides consideradas endémicas para a PCM humana foram descritos
trés casos de PCM-doenca natural em cées. O primeiro relato ocorreu em uma
fémea da raca Doberman, na cidade de Mogi Guacu (SP). A doenca foi
diagnosticada por imunohistoquimica e PCR (RICCI, 2004). Posteriormente, a
PCM foi relatada em um animal da mesma raca no Parana e confirmada por
achados clinicos, cultura, PCR, imunohistoquimica e histopatologia (FARIAS et
al., 2011). O terceiro caso ocorreu em uma fémea da raca Labrador em

Londrina, Parana, por meio de exames micolégicos, sorolégicos e moleculares
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(HEADLEY et al., 2017). Além destas descri¢cdes, a PCM-doenca foi reportada
em um gato persa no Chile (Gonzales et al., 2010).

A PCM-doenga também foi descrita em animais silvestres com habito
arboricola, como o macaco de cheiro (Saimiri sciureus) da Bolivia, por meio de
exame histopatolégico (JOHNSON, et al., 1997) e em uma preguica-real
(Choloepus didactylus) proveniente da Guiana Francesa (TREJO-CHAVEZ, et
al., 2011). Recentemente, P. brasiliensis foi detectado por biologia molecular
em um golfinho (Lagenorhynchus obliquidens) na Costa do Japéao
(MINAKAWA, et al., 2016) e por Vilela e colaboradores (2016) em 6 golfinhos
(Tursiops truncatus) na Flérida (USA). Os autores propuseram ser uma nova
espécie ndo cultivavel do fungo. Na tentativa de explicar a infeccdo nestes
animais, Vilela e colaboradores (2016), descreveram que este fenbmeno pode
ser uma expansdo do nicho ecolégico de P. brasiliensis, causado por
mudancas climéticas globais, 0 que pode resultar no aumento no niumero de
espécies afetadas.

Devido a constante migracdo de pessoas e o grande periodo de laténcia, a
correlacdo de casos de PCM em humanos com o habitat de Paracoccidioides
ndo € considerada uma boa estratégia para o0 esclarecimento do nicho
ecolégico do fungo (BALABANOV et al., 1964; RESTREPO, 1985). No entanto,
individuos jovens frequentemente apresentam deslocamento restrito aos locais
onde nasceram e podem contribuir com dados da ecologia do
Paracoccidioides (RESTREPO, et al., 2001). Cadavid e Restrepo (1993), na
Colébmbia, avaliaram por testes intradermicos com paracoccidioidina, individuos
gue residiam no local de nascimento e relacionaram 0s casos positivos com a
presenca de cursos de agua. Os resultados obtidos por Pedrosa (1976) e Rios-
Goncales e colaboradores (1998) no Rio de Janeiro, relacionam o habitat com
maior altitude, clima frio, presenca abundante de cursos de agua, chuvas e
vegetacao.

A correlagéo entre o aumento da precipitagcdo e a elevacao de caso de
PCM foi demonstrada na avaliacdo de registros do estado de S&o Paulo, em
analise de Barrozo e colaboradores (2010) em 1985 e entre 1988 e 1996 por
Blota e colaboradores (1999). No primeiro periodo, os autores relataram o
maior nimero de casos de PCM em virtude do fendmeno El Nifio no periodo de

1982 e 1983 que resultou em aumento da incidéncia de chuvas, resultando no



23

armazenamento de agua no solo e aumento de umidade do ar que contribui
para o desenvolvimento do fungo e, posteriormente, a dispersdo de conidios.
No segundo periodo, os autores observaram que Campinas apresentou 48%
dos casos analisados A cidade tem como caracteristica, clima tropical com
altos indices de chuva durante 8 meses do ano e economia baseada na
agricultura. Arantes e colaboradores (2016), relataram a correlacdo com
periodos chuvosos apds a andlise de aerossois do solo, os autores descrevem
gue o periodo de chuva auxilia no desenvolvimento fangico, e uma breve seca
contribui para a disseminacdo dos esporos.

A relagcéo da perturbacédo da vegetacédo e do solo com casos de infeccéo
por Paracoccidioides pode ser evidenciada em populacdes indigenas, onde o0s
casos de PCM eram considerados raros, mas com as alteragGes das praticas
agricolas, como a implementacdo da cultura de café, o numero de casos
registrados da doenca nestas populacdes aumentaram (VALLE et al., 1991;
COIMBRA et al., 1994; THALHARI et al., 1998). Loth e colaboradores (2011)
correlacionaram alteraces ambientais com o aumento de casos de PCM na
microrregido da barragem de Itaipu, estado do Parana, onde 102 casos de
PCM foram registrados no periodo de 18 meses entre 2008 a 2009.
Mangiaterra e colaboradores (1999), ap6s estudo intradérmico com
paracoccidioidina em 455 individuos relataram o surgimento de casos da
doenca (11,4%) durante a construcdo da usina hidrelétrica de Yacyretd na
Argentina. Bagagli e colaboradores (2003) compararam locais de origem de
tatus com deteccdo de P. brasilienses e o0s animais positivos foram
encontrados com maior frequéncia em locais com presenca de mata ciliar,
reflorestamento de eucalipto e pinus e perto de fontes de agua. Arantes e
colaboradores (2016) coletaram amostras de aeross6is e solo e
correlacionaram a deteccdo de Paracoccidioides com areas desmatadas e

florestas ribeirinhas e com presenca de atividade agricola.

1.6 DETECCAO MOLECULAR EM AMOSTRAS AMBIENTAIS

Outra metodologia que vem sendo empregada nos estudos eco-
epidemiologicos é a técnica de PCR. A utilizagdo de métodos moleculares na
analise de amostras ambientais vem ganhando espago por apresentar alta

sensibilidade e possibilitar a identificacdo de organismos incultivaveis, além de
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permitir a classificacdo, mapeamento de areas de risco e relagcdo com dados de
isolados ja descritos (THEODORO, 2005; BAGAGLI, 2010, 2011). Inicialmente,
estudos realizados in vitro com amostras de solo artificialmente contaminadas
com P. brasiliensis, demonstraram sensibilidade (aproximadamente 90 células
de P. brasiliensis) e especificidade da PCR (DIEZ et al., 1999; THEODORO,
2005).

A técnica de PCR vem sendo empregada para deteccdo de
Paracoccidioides em amostras ambientais (TEODORO et al., 2005, ARANTES
et al., 2013, 2016). Theodoro e colaboradores (2005), descreveram boa
eficiéncia apds analisar 4 amostras de solo de toca de tatu e observar
positividade em 3. Os autores ressaltaram a importancia da utilizagdo das
regides ITS, por serem conservadas e por apresentarem mais de cem coépias
por genoma, favorecendo a deteccdo das sequéncias alvos. A diferenca na
sensibilidade das técnicas de cultivo e deteccdo molecular pode ser
evidenciada no trabalho de Arantes e colaboradores (2013) em Botucatu (SP).
Neste trabalho, quatro amostras ambientais foram analisadas por isolamento
direto e seis pela metodologia de extincdo sem obtencdo de isolados.
Diferentemente, ap6s Nested PCR (regides ITS) 34% de 27 aerossois de solo
apresentaram amplificacdo. Ainda foi possivel evidenciar que todas as
amostras cultivadas em agar e cinco das analisadas pela técnica de extincdo
foram positivas na PCR.

Arantes e colaboradores (2016) por meio da amplificacdo e hibridizacao in
situ das regifes ITS identificaram variantes genéticas em amostras ambientais
nao relatadas em isolados clinicos, sugerindo que Paracoccidioides apresenta
maior variabilidade. Neste trabalho, foram coletadas 16 amostras de aerossois
e 36 amostras de solo de tocas de tatu em areas endémicas e ndo endémicas
para PCM nas regides Sudeste Centro—Oeste e Norte do Brasil. Os autores
descreveram detec¢do em 67,5% das amostras de solo, 81% de aerossois e

83% por hibridizagé&o.
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2 OBJETIVOS

2.1 OBJETIVO GERAL
Detectar a presenca de Paracoccidioides spp. em amostras de solo e

anticorpos para P. brasiliensis em amostras de leite de bovinos.

2.2 OBJETIVOS ESPECIFICOS

* Obter isolados de Paracoccidioides spp. pelo método de isolamento direto de
amostras de solo de Loanda, Londrina, Maué da Serra no Parana e de Agua

Doce, Joacaba em Santa Catarina.

* Detectar pela técnica de PCR a presenca de P. brasiliensis em amostras de
solo de Loanda, Londrina, Maua da Serra no Parana e de Agua Doce, Joacaba

em Santa Catarina.

* Identificar as espécies cripticas de P. brasiliensis nas amostras de solo
analisadas de Loanda, Londrina, Maua da Serra no Parana e de Agua Doce,

Joacaba em Santa Catarina.

* Avaliar a utilizacdo de amostras de leite para deteccdo de infeccdo por P.

brasiliensis em bovinos.

* Detectar a presenca de anticorpos para gp43 de P. brasiliensis por ELISA
indireto em amostras de leite bovino nas cidades de Agua Doce e Treze Tilias

— Santa Catarina.

» Descrever as caracteristicas dos locais de coleta de amostras positivas de

solo e de leite.
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3 ARTIGO | PARA PUBLICACAO (MYCOSES)

O presente manuscrito esta formatado segundo as normas do periédico
Mycoses. Os resultados obtidos estdo descritos no artigo intitulado “Expansion
of the cryptic species of Paracoccidioides brasiliensis description found in

environmental samples”.
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Expansion of the cryptic species of Paracoccidioides brasiliensis

description found in environmental samples

Abstract

Paracoccidioides brasiliensis and P. lutzii are the etiological agents of
Paracoccidioidomycosis (PCM), a systemic mycosis endemic in Latin American
countries. It is believed the fungal infection occurs due to inhalation of fungal
propagules from soil, however the true habitat of the fungus is not yet defined.
The isolation of the agent from environmental samples is extremely difficult,
therefore techniques such as PCR are being widely used to identify and classify
the Paracoccidioides species from these locals. The aim of this study was to
detect P. brasiliensis in soil samples from the states of Parana and Santa
Catarina in Brazil and identify its occurrence in different environmental
locations. The soil samples (n=169) were collected from Parana (n=102) and
from Santa Catarina (n=67). The samples were cultured in sabouraud dextrose
agar and also analyzed through PCR prior amplification of the ITS and a-tubulin
regions. No growth of colonies similar to P. brasiliensis was observed, however
amplicons of ITS region (specific for P. brasiliensis) were detected in 89% of
samples (93% from Parand and 82% from Santa Catarina). Amplicons of a-
tubulin showed the presence of cryptic species PS3 in both states and S1 in
Santa Catarina. According to the location from where the samples were
collected, 94% of the positive samples were collected in the presence of water
and 93% in burrows. The results indicate P. brasiliensis is widely distributed and
water and burrows are related to its presence in the environment.

Keywords: Identification, Nested-PCR, Paracoccidioidomycosis, Soil

Introduction

The differentiation of the Paracoccidioides genus was recognized recently due
to molecular markers and P. brasiliensis was considered a complex composed
by five cryptic species, Sla, Slb, PS2, PS3 and PS4 4. Turissini and
collaborators in 2017 B! proposed classifying the cryptic species into new
species, P. brasiliensis to S1, P. amaericana to PS2, P. restrepiensis to PS3

and P. venezuelensis to PS4.
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P. brasiliensis and P. lutzii are the agents of Paracoccidioidomycosis
(PCM), a systemic mycosis endemic in Latin American countries [2€. It is a
granulomatous disease that has a slow progression with prevalence in south,
southeast and middle-west regions of Brazil (69,

Despite being described by Adolph Lutz in 1908, the source of infection
is not completely understood because of the fungus habitat is not yet defined [10-
121 1t is believed that fungus occurs in soil because some isolates were obtained
from this source 1318, The first P. brasiliensis isolate was obtained by Shome
and Batista from soil of a livestock farm in Recife, Brazil 3. Negroni isolated
the fungus from a rural area in Argentina 14 and other P. brasiliensis isolates
were obtained in coffee crops by Albornoz % in Venezuela and by Silva-
Vergara and collaborators 11¢lin Minas Gerais, Brazil.

Many factors contribute to the difficulty to isolate P. brasiliensis from
environmental samples [1722 such as the fungus slow growth and high
nutricional demands and the competition with fast growth microorganisms in
culture 17181 In vitro tests have described the inhibitory action of pesticides as
limiting factors for environmental development of P. brasiliensis, suggesting that
presence of these products may be hindering the isolation of the fungus from
environmental samples 2%, Fungal isolation also can be influenced by climate
changes that may decrease sporulation and its concentration in the
environment 22221, The depth of sample collection also can affects the attempts
of isolation, as described by Restrepo [?3 who demonstrated the reduction of
oxygen causes an accelerated mortality of P. brasiliensis.

In order to contribute to the elucidation of the ecology and mapping of

Paracoccidioides presence its indirect detection is performed by the
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identification of natural hosts 431 and, recently, through Polymerase Chain
Reaction (PCR) 119 21 22,32 |n addition, the use of molecular methods in the
analysis of environmental samples has been gaining ground due to the high
sensitivity and capacity of identification of organisms 19 21. 32 Studies were
performed in endemic and non-endemic regions using the ITS regions (Internal
Transcribed Spacer) describing the presence of the cryptic species of P.
brasiliensis S1, PS2 and P. lutzii 222, With this methodology, it was detected
high prevalence in different areas but also it was possible to identify genetic
variants not reported in clinical isolates, thus suggesting greater variability in the
environment [2. Therefore, the objective of this study was to detect P.
brasiliensis in soil samples from the states of Parand and Santa Catarina in

Brazil and identify its occurrence in different environmental locations.

Material and methods

Study area and collection of soil samples

Soil samples were collected in three municipalities in the state of Parana and
two in the state of Santa Catarina (Fig. 1). Soil samples from Parana were
collected during 2016 in Loanda (n=52), Mauéa da Serra (n=10) and in Paiqueré,
District of Londrina (n=40). In Santa Catarina the samples were collected in
2017 in Joacaba (n=36) and in Agua Doce (n=31). All samples were taken up to
8cm deep with a spatula and the material was stored in sterile flasks, between
the collection of each sample the spatula was decontaminate with 70% ethanol

in order to avoid cross contamination.
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All the collection sites have humid subtropical mesothermal climate and
belong to Atlantic forest ecossystem complex. The municipalities of Londrina,
Maua da Serra, Agua Doce and Joacaba are inserted in the Mixed
Ombrophilous Forest, and the municipalities of Londrina, Maua da Serra and

Loanda in Seasonal Semideciduous Forest [33-35],
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Figure 1 - Map of Latin America with the states of Parana and Santa Catarina

highlighted. In blue are the municipalities where the samples were collected.

Attempt of Paracoccidioides spp. Isolation

The soil samples were diluted 1:10 (w:v) in 0.9% saline solution with
chloramphenicol (50ug/mL) and shacked for 5 min/100rpm followed by 1min at
rest, 100uL of the supernatant were poured onto Sabouraud agar dextrose
medium with chloramphenicol (50ug/mL) in duplicate and incubated at 36°C for

30 days.
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DNA extraction of Soil Samples

DNA extraction was performed according to Volossiouk et al 36, with some
modifications: before weighing the samples (0.25g) they were dried at room
temperature for 18h and 2mL of 1% skim milk solution and 1mL of phenol (1
H20:9 phenol + 2% EDTA, v:viw) were used. The supernatant was obtained
(phenol step) and added RNase 20mg/mL 1:100 (v:v) (Thermo Fisher,
Scientific, Waltham, MA, USA) and then incubated at 38°C/30min, followed by
the addition of 500uL of 1 isoamyl alcohol:24 Chloroform:25 Phenol v:v.v,
stirring and centrifugation. Precipitation was performed in alcohol PA -
20°C/overnight. Subsequently, 2 washes were performed with 70% alcohol. The
pellet was eluted in 50uL ultrapure water. Quantification was done using
Nanodrop™ (Thermo Fisher, Scientific, Waltham, MA, USA), and the samples

were diluted to 25ng/uL using ultrapure water.

PCR / Nested PCR reactions

For the amplification in the Nested PCR, primers of the ITS (Internal
Transcribed Spacer) regions were used, arranged between the 18S and 28S
gene regions. The primers ITS 4 (5-TCCTCCGCTTATTGATATGC-3") and ITS
5 (5-GGAAGTAAAAGTCGTAACAAGG-3') Bl were used for the first reaction,
with thermal cycle conditions of 95°C/5min, followed by 35 cycles at 95°C/30s,
60°C/30s, 72°C/45s, and the last step at 72°C/10min. Using the product of the
first amplification, Nested PCR was performed using specific primers for

Paracoccidioides Pb-ITS-E (5'-GAGCTTGAGGTCTGAGACC-3) [ and Pb-
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ITS-T (5-GTATCCCTACCTGATCCGAG-3’) [ this region present fragment of
450pb and the thermal cycle conditions described by Arantes et al. 4. The
Nested PCR, was also employed with the primers specific to P. brasiliensis Pb-
ITS-E and Pb-ITS-R (5-AAGGGTGTCGATCGAGAGAG-3') 19 which present
fragment of 387bp. This reaction was performed with similar cycles to the first
reaction (ITS-4 and ITS-5), changing only the annealing temperature to
62°C/30s. Conditions for PCR with the primers a-TubF (5'-
CTGGGAGGTATGATAACACTGC-3') and a-TubR (5'-
CGTCGGGCTATTCAGATTTAAG-3") [8 were perfomed at 94°C/10min,
followed by 35 cycles at 94°C/30s, 60°C/30s, 72°C/30s, and the last step at
72°C/5min, this primers have an amplification region of 263bp.

For the reaction with the ITS regions, 12.5uL of GoTaq® Green Master
Mix (Promega, Madson, WY, USA), 8uL of RNase-free water, 2.5uL of DNA
(25ng/yL), 1uL of each primer (forward and reverse) at a concentration of
10uM, totaling a volume of 25uL were used. For the reaction of the a-tubulin
region, 10uL TopTag® Master Mix (Qiagen, Hilden, Germany), 5.5uL RNase-
free water, 2.5uL DNA (25ug/uL), 1uL each primer at 10uM concentration, 5uL
of 10XCoralLoad Concentrate, totaling a volume of 25uL. As a positive control,
DNA extracted from the isolate B-339 of P. brasiliensis was used in 10ng/uL
concentration and as negative control the reaction was performed without
addition of DNA. After amplification the products using the Pb-ITS-R/E and a-
TubR/F primers were analyzed by electrophoresis in a 13% polyacrylamide gel

stained with silver.
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DNA Sequencing

For the sequencing (a- tubulin region), representatives of positive samples from
each collection area were selected. These samples were collected at sites with
different environmental characteristics and distant from each other. Totaling 29
samples from Loanda, 6 from Londrina, 4 from Maua da Serra, 5 from Agua
Doce and 10 from Joacaba. The samples were purified with 7,5M ammonium
acetate. The sequencing reaction was performed using the kit BigDye™
(Thermo Fisher Scientific, Waltham, MA, USA) with 1uL of the 10ng/uL sample
and 1uL of each primer at 10pmol. Sequencing was performed on the 3500xL
automatic sequencer (Applied Biosystem). The quality of the sequencing was
tested by Phred/Phrap/Consed software. The sequences obtained were
analyzed and the contigs were assembled through the BioEdit program 39 and
compared to the database of the National Center for Biotechnology Information
(NCBI) (www.ncbi.nlm.nih.gov) wusing as a BLAST nucleotide tool

(http://blast.ncbi.nim.nih.gov/).

Phylogenetic analysis

For a phylogenetic analysis, were used 8 sequences of P. brasiliensis (S1, PS2,
PS3, PS4), 3 of P. lutzii, 4 sequences of the family of Paracoccidioides
(Ajellomycetaceae), as out-group of Candida albicans, all available in database
NCBI (www.ncbi.nlm.nih.gov), in addition to 20 sequences which are the subject
of this study. The sequences were aligned using Mega 7 software and the

phylogenetic tree was automatically constructed by the Jukes-Cantor model,
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with Bootstrap method and Maximum likelihood as statistical method. The
percentage of similarity of the branches of each cluster was supported through

replicates of 1000 Bootstrap.

Results

Attempt of Paracoccidioides spp. isolation
No isolate with microscopic characteristics of Paracoccidioides spp. was

obtained from 167 soil samples.

Detection at P. brasiliensis in soil samples

The soil sample was considered positive for Paracoccidioides when a band of

450pb, related to the ITS amplification region, was obtained using the Pb-ITS-
E/T primers (Figure 2). Of the samples collected in the state of Parana, 93%
were considered positive and 82% of those collected in Santa Catarina (Table

1).

Fig 2 - Representative electrophoresis gel showing the PCR amplicon of the soil
samples using the primers Pb-ITS-T/E. 1) 100pb molecular weight marker 2-8)
Soil samples. 9) Positive control, isolated B-339. 10) Negative control, no DNA
template. The arrow indicates a region of amplification of 450bp.
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Table 1 — Detection of P. brasiliensis by Nested PCR in soil samples from the

states of Parana and Santa Catarina (with Pb-ITS-T/E primers).

. Number of Number of % positive
Location samples positive samples samples
Loanda 52 50 96
Londrina 40 38 95
Maua da Serra 10 7 70
Parana 102 95 93
Agua Doce 31 23 74
Joacgaba 36 32 89
Santa Catarina 67 55 82
TOTAL 169 150 89

Regarding the collection sites, the samples were classified according to

the presence of water, large amount of organic matter, root of trees or from

animals burrows. The same sample was included in two groups, when it

matched both characteristics. In general, the positive samples were found in

places with presence of water and in burrow, however we cannot affirm that this

variant is significant due to the inequality of the number of samples between the

groups. However, it can be observed that the positivity is high for the four

parameters (presence of water, organic, root of trees and burrow) in the five

areas studied (Table 2).

Table 2 — Percent detection of P. brasiliensis by Nested PCR in soil samples
collected from different sites in the states of Parana and Santa Catarina.

Location Burrow (%) Water (%) Organic Matter (%) Root (%)
Loanda 97 100 92 100
Londrina 100 100 94 100
Maua da Serra 100 100 75 33
Agua Doce 75 100 40 0
Joacaba 93 85 85 100
TOTAL 93 94 82 85
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Identification of the sequences obtained

The Pb-ITS-R/E primers were used to identify P. brasiliensis in soil samples
with positive detection for Paracoccidioides. Among the 150 samples detected
using the Pb-ITS-T/E primers, 129 remained positive after amplification using

the Pb-ITS-R/E primers (Figure 3).

Fig 3 - Representative electrophoresis gel showing the PCR amplicon of the soil
samples using the primers Pb-ITS-E/R. 1) 100pb molecular weight marker 2-8)
Soil samples. 9) Positive control, isolated B-339. 10) Negative control, no DNA
template. The arrow indicates a region of amplification of 387bp.

The a-tubulin region was used to identify the genus Paracoccidioides
including the cryptic species of P. brasiliensis. All samples amplified through
the Pb-ITS-E/T regions remained positive for a-tubulin (Figure 4). All sequences
obtained by amplification of the a-TubF/R primers from Loanda-PR, Maua da
Serra, Londrina, Agua Doce and 9 from Joacaba, presented 100% similarity
with the isolated EMP54 (access KT251022.1) and strain C1l (access
DQO003815.1). And 1 sequence of Joacaba that showed 100% similarity with
isolate EMP29 (access KT251020.1).

Due to the number of sequences of P. brasiliensis, the soil model in this

study, a phylogenetic tree was constructed with 20 representative sequences.

All sequences from Loanda, Londrina, Maua da Serra, Agua Doce and 4 from
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Joacaba were grouped as PS3 in the phylogenetic tree. A sequence obtained in
Joacgaba was grouped as S1 (Figure 4). The clusters of the phylogenetic tree
are supported by high bootstrap values, which contribute to the identification of

the cryptic PS3 and S1 species of P. brasiliensis (Figure 5).

Fig 4 - Representative electrophoresis gel showing the PCR amplicon of soil
samples using the primers a-TubR/F. 1) 100pb molecular weight marker. 2-8)
Soil samples. 9) Positive control, isolate B-339. 10) Negative control, no DNA
template. The arrow indicates amplification region of 263bp.

Discussion

Although several Paracoccidioides spp. isolates have been obtained by direct
culture of clinical samples, this method presents difficulties when applied to
environmental samples. In this study it was not possible to isolate
Paracoccidioides from soil samples. Mendelovici et al *% analyzed 45 soil
samples in Venezuela by direct cultivation and no isolate of P. brasiliensis was
obtained. Attempts of P. brasiliensis isolation in 887 soil samples from an
endemic area of Paracoccidiodomycosis in Brazil were also unsuccessful 1,
This difficulty was also described by Arantes et al., that observed a great
positivity in soil samples by PCR but was unsuccessful in isolating

Paracoccidioides [21],
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Fig. 5 - Phylogenetic tree based on the a-tubulin region. The sequences
obtained in the NCBI database have access numbers at the beginning. The
collected samples are identified by the city of origin. The values obtained from
one thousand bootstrap replicates are displayed next to the branches. The
Maximum Likelihood tree was automatically constructed was inferred in the
MEGA 7 software using the Jukes-Cantor nucleotide substitution model.

The ITS regions occur in multiple copies in fungal genome, favoring the
detection of target sequences 9. High levels of positivity were detected (93%

and 82% respectively), in soil samples from Parana and in Santa Catarina,
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especially when compared to the detection in environmental samples of 34% in
the state of Sdo Paulo 24, and similar to those found in the states of Goias and
Rondonia 221,

Seroepidemiological studies were carried out in several species of
animals in the state of Parana, and infection by P. brasiliensis and in all the
animals studied was detected in all species 243l In Londrina (northern
Parana), 95% of soil samples were positive by PCR. In this region, it was
detected infection by P. brasiliensis in sheep [?7], goats 9, horses [*4, rabbits
[30] cats [28], swine 3%, and dogs “3l. Recently, PCM disease was diagnosed in a
dog from the Northern Parana State [*6l. In Maua da Serra, 70% of the analyzed
samples were considered positive by Nested PCR. In this same area, Sbeghen
et al. Y observed seropositivity to P. brasiliensis in small wild mammals and
detected P. brasiliensis in an animal by molecular analysis using the same gene
region analyzed in the present study. At the collection site in the municipality of
Loanda, 96% of the samples were positive. Loanda is near to the state of Mato
Grosso do Sul, state that was observed positivity against P. brasiliensis gp43 in
dairy cattle 471,

Regarding the state of Santa Catarina, it was observed a PCR positivity
of 74% soil samples in the municipality of Agua Doce and 89% in Joagaba.
Losnak et al. 8 collected road killed wild animals in Santa Catarina and
detected P. brasiliensis in rodents using the Pb-ITSR/E primers. The molecular
detection of P. brasiliensis in environmental samples in the state and the
description of infection in wild animals are an alert to the public health of Santa
Catarina because indicates the occurrence of the fungus in a region with an

economy based on agriculture 49,
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Parana presents the highest number of PCM cases in humans among
the southern states 8., From 1998 to 2006, 280 cases of the disease were
reported in Parana and 187 in Santa Catarina ®. The low number of PCM
cases, when compared to the high percentage (89%) of positive soil samples
detected by Nested PCR, could be explained by the hypothesis that
Paracoccidioides is widely distributed in the environment, however, with low
virulence or due to low sporulation 2181 as suggested in the study of Arantes et
al.?2, In vitro studies in Soil Extract Agar medium showed the difference of
sporulation among the cryptic species of P. brasiliensis, S1 showed high
production of conidia 28], while PS4 showed low production 18 and PS3 and
PS4 2 showed no production.

The habitat of Paracoccidioides is correlated to moist, temperate or hot
climates, with rainy summers and dry winters, associated with moderate
precipitation rates, native or disturbed vegetation areas, fertile soils, and high
altitudes [7- 11. 2250-56] ' Many of these characteristics are found in the areas where
the soil samples were collected. The relationship of vegetation and soil
disturbance with cases of PCM infection was described in indigenous
populations after the implementation of the coffee crops 758 and in
environmental impacts caused by the construction of dams %61, P, prasiliensis
was more frequently isolated from armadillos in sites with presence of riparian
forest, eucalyptus and pine reforestation and near water sourcesPl. In the
present study, the samples were collected in preserved areas near to anthropic
vegetation, such as soybean cultivation in Londrina and Maua da Serra, corn in
Agua Doce, pinus and eucalyptus in Loanda and Joacaba, as well as beef and

dairy cattle farms in Loanda, Agua Doce and Londrina. Moreover, the samples
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that were classified by the presence of large amounts of organic matter (leaves,
decomposing trunks) showed 82% positivity and in the presence of root of trees
85%.

Soil in animal burrows provides a balanced environment, which may
favor the development of the fungus, since the site is not under large variations
of abiotic factors [°%. These burrows were found at all study sites and samples
were taken near the entrance and further down, however, no significant
difference was observed. Detection of P. brasiliensis at these sites was 93%.
The molecular detection of Paracoccidioides in soil samples was also reported
by Theodoro et al. [*9 and Arantes et al. [21.22],

Of the samples collected in the presence of water, 94% were positive,
however the difference was not significant, probably due to the unequal number
of samples among the groups. In Loanda there were no rivers in the collection
area, the few sites found such as swamp and puddles, were positive after
Nested PCR. These data reinforce that water is associated with the presence of
Paracoccidioides in the environment. However, further studies should be carried
out to understand the role of water in fungal development, participation of its
biological cycle and host infection. The growth of the fungus in distilled water
has already been described by Bedout 62 and infection in dolphins by yeasts
with molecular similarity with P. brasiliensis has been reported in Japan 63 and
the United States [4. To explain infection in these animals, that this
phenomenon is caused by global climatic changes, causing the expansion of
the ecological niche of P. brasiliensis 64,

The sequences obtained from soil samples of Loanda, Maua da Serra,

Londrina, Agua Doce, and 4 of Joacaba were grouped in the PS3 cluster, these
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sequences showed 100% similarity with the EMP54 isolate. EMP54 was
isolated from soil in Caracas, Venezuela and belongs to the cryptic species PS3
651, Many authors have described the PS3 group as restricted to Colombia -3,
however, Roberto et al. 163 described the occurrence of the cryptic PS3 species
in Venezuela and Brazil and highlighted the importance of the analysis of more
isolates to explore the distribution of the species. This is the first report of PS3
cryptic species detection in environmental samples from Brazil. The sequence
5-Joacaba was identified as S1, this sample was collected in a river in the
border of the study area. The cryptic species S1 has a description in the South
of Brazil after identification of the isolate EMP93, from a patient [6°. This data is
not surprising given the extensive sympatric between the species of
Paracoccidioides, described after analysis of nuclear regions, which describes
PS3 and PS4 as sister species and sister species S1 of the PS3/PS4 group .
The results of the amplification of the soil samples obtained in Parana
and Santa Catarina state highlight the wide geographic distribution of P.
brasiliensis, the presence of cryptic species S1 and PS3 in Santa Catarina, PS3

in Paran& and the close relationship of fungus with water and burrows.
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O presente manuscrito esta formatado segundo as normas do periodico
Mycoses. Os resultados obtidos estdo descritos no manuscrito intitulado

“‘Detection of antibodies to Paracoccidioides brasiliensis in bovine milk”.
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Detection of antibodies to Paracoccidioides brasiliensis in bovine milk

Abstract

Paracoccidioides brasiliensis  and Paracoccidioides lutzii cause
Paracoccidioidomycosis (PCM), an endemic systemic mycosis in Latin America.
Brazil is the country with the highest number of registered cases, being mainly
reported, in the South, Southeast and Midwest Regions, predominantly in rural
male workers. P. brasiliensis infection has been reported in domestic and wild
animals mainly by serological methods. Milk is an interesting alternative
diagnostic specimen for detection of antibodies. Therefore, the objective of this
study was to evaluate P. brasiliensis infection in cattle by analysis of bovine milk
samples by indirect ELISA using gp43 as antigen. The milk samples (n=136)
were collected in farms from Santa Catarina State and 76% positivity was
observed. The result obtained indicates the presence of P. brasiliensis in the
area of study and that milk samples can be useful for detection of the infection
in cattle.

Keywords: ELISA, Epidemiology, Paracoccidioidomycosis

Introduction

Paracoccidioides brasiliensis and P. lutzii are the etiological agents of
Paracoccidioidomycosis (PCM) 12, that is considered the eighth cause of death
due to infectious diseases in Brazil. Brazil is the country with the highest
number of PCM reported cases, mainly in the South, Southeast and Midwest
regions [Bl. The disease affects mainly rural workers with a higher incidence
between 30 and 50 years of age 451,

Some isolates of P. brasiliensis were obtained from soil samples, the
possible fungus habitat 6-°1, However, this was not confirmed due to the lack of

reproducibility, and clear evidence on interactions with abiotic and biotic factors
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[10-11] |solation of the fungus from environmental samples has several limiting
factors, making it difficult to study the ecology of Paracoccidioides [12-15],

The detection of P. brasiliensis infection in different animal species may
contribute to discovery of the fungus habitat. The infection by P. brasiliensis has
been reported in several domestic and wild animals [16-21, Studies carried out by
Silveira et al. 24, observed that bovines immunized with P. brasiliensis
inactivated cells developed a humoral immune response against gp43, the main
antigen used in the diagnosis of PCM and that serum samples from dairy cattle
showed positivity to gp43.

Dairy herds when kept on pasture are usually rotated to new foraging
areas in a rotational grazing system and it allows them to move frequently all
over the property, increasing the probability of contact with P. brasiliensis. Milk
is an interesting alternative diagnostic specimen for detection of antibodies,
therefore, the objective of this study was to detect antibodies to P. brasiliensis in

milk samples from cattle in small properties of Santa Catarina, Southern Brazil.

Material and Methods

Study area

The Midwestern macro-region of the State of Santa Catarina, southern Brazil,
has a humid mesothermal climate with the average temperature of 16°C and
belong to Atlantic forest ecosystem complex [23-25, Agriculture and animal
husbandry are the main regional activities, majority represented by small-scale

farmers 26, The municipality of Agua Doce has an altitude of 847-1,316m
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(latitude: 26° 59'5, longitude: 51°33'2) and 1313 km2 which borders. The
municipality of Treze Tilias has an 796m (latitude: 27° 00'0, and longitude

51°24'2) and territory of 185.21km2 (Figure 1).

Agua Doce

Figure 1. Location of the municipalities where the milk samples were collected.

Milk samples

The milk samples (ImL of per animal) were collected manually (n=136) from
holstein cows in three properties of Agua Doce (n=104) and one farm of Treze
Tilias (n=32). Samples of milk and serum from six animals from the School
Farm of the State University of Londrina were collected for the ELISA indirect
assay with gp43 and the serum sample were compared with negative bovine
serum controls for gp43 kept in the laboratory 22, Milk samples from cows of
the School Farm seronegative to P. brasiliensis were used as negative control.
This study was developed after receiving authorization from the Animal Ethics

Committee of the State University of Londrina (No. 25313.2017.20).
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P. brasiliensis Gp43

P. brasiliensis, isolate B-339, was cultured at 36°C on Sabouraud dextrose
agar. The exoantigen was produced according to Camargo et al. 271, and
quantified protein by NanoDrop (Thermo Fisher Scientific, Waltham, MA, USA)
and Gp43 was purified from P. brasiliensis exoantigen by immunoaffinity

chromatography, as described by Puccia and Travassos 28,

Indirect ELISA with gp43

In brief, 96-well polystyrene flat-bottom microtiter plates were coated with
purified gp43. The milk samples were diluted 1:10 (v:v) in PBS and anti-bovine
IgG conjugate (Sigma, St Louis, MO, USA) was used as secondary antibody.
H202/tetramethylbenzidine was used as substrate/cromogen solution and the
reaction was stopped with 4N H2SO4. The absorbance was measure at 450nm
and the samples with two-fold or more the absorbance of the negative control

were considered positive.

Statistical analysis

In relation to the difference of the positivity of the samples between the
properties was used the statistical analysis through Qui-square test using
GraphPad Prism® 6.0 program. To verify if there was a difference of

absorbance of the positive samples between the properties, one-way ANOVA
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was used with post-test of Tukey. The difference was considered significant

when P value was less than 0.05.

Results

Of the 136 milk samples analyzed, 103 were considered positive (76%), with
absorbance between 0.1 and 0.5 (Figure 2), corresponding to 80% positivity in
the samples of Agua Doce and 62% of Treze Tilias. Percentage by property is

showed in Table 1.

Absorbance
=
=
1
L ]

0.0

Properties
Figure 2. Distribution of the absorption of milk drinks by properties. 1,2,3) Agua
Doce properties. 4) Treze Tilias property. The line indicates the cut-off value.

Table 1. Positivity of milk samples, from different rural properties, against P.
brasiliensis gp43 evaluated by indirect ELISA.
County Property Number of samples  Positivity to Gp43

(n) (%)

Agua Doce | 25 22 88
I 36 29 80

1 43 32 74

Treze Tilias v 32 20 62

Total 5 136 103 76
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Discussion

The infection of cattle by P. brasiliensis was previously reported in Brazil
and Uruguay by means of skin test with paracoccidioidin and serological
methods 2930 Milk is an interesting alternative diagnostic specimen for
detection of antibodies, because is non-invasive and easy to perform. The Elisa
assay was applied in bovine milk samples to detect specific antibodies to
Toxoplasma gondii B4, for the Bovine Leukemia Virus 132, as well as the
detection of serum in the detection of antibodies specific for
Bovine Viral Diarrhea Virus (BVDV) [33],

The percentage of positivity (76%) to P. brasiliensis Gp43 observed in
the present study was high when compared to other studies with cattle in
paracoccidiodomycosis endemic areas 222230 Costa and Fava-Netto reported
44.8% positivity in cattle from Sdo Paulo State, Brazil [2° and Gutierrez et al.
observed positivity of 2.3% in dairy cattle from Colombia 2%, using skin test with
P. brasiliensis crude polysaccharide antigen. Silveira et al. analyzed 400 serum
samples from cattle in the state of Mato Grosso do Sul and observed 17.5%
positivity in ELISA with purified gp43 122,

Epidemiological studies suggest that the habitat of Paracoccidioides is
related to mild temperatures, humidity, presence of water, high altitudes and
native forests [11183435] characteristics found in the Midwest macro-region of
Santa Catarina [23-?%, Beside these climatic specifications, we emphasize the
animals in the four analyzed properties had free access to the bodies of water.
There was no significant difference in positivity between the properties, possibly

due to the small distance between them (between 5 and 20km), therefore they
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have the same climatic and environmental characteristics 123251, In addition, the
management and feeding systems are similar.

The reported cases of human PCM are classically related to rural
workers [36:371 Agriculture is the main economic activity of Midwest macro-region
in state of Santa Catarina, mainly composed by small scale farmers 2. In a
survey conducted by between 1998 and 2006, the state of Santa Catarina
registered 187 hospitalizations by PCM; more than the bordering state, Rio
Grande do Sul registered 87. In relation to mortality, 133 deaths by PCM were
reported in the state of Santa Catarina between 1980 and 1995 [38],

Although the southern region of Brazil is considered an endemic region
for PCM B, further studies are necessary to map the risk regions. Losnak et al.
(39 surveyed road-killed wild animals in the state of Santa Catarina, and
detected P. brasiliensis in rodents, confirming the presence of the pathogen in
the state.

The results of the present study indicate the presence of P. brasiliensis in
the studied area and that milk samples can be useful for detection of the PCM

infection in cattle.
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CONCLUSOES

O isolamento de P. barsiliensis de amostras ambientais € dificil, fato
evidenciado neste trabalho, pois, ap0s o cultivo de 169 amostras de solo néo
foram obtidos isoldados, provavelmente devido a inibicdo pelos demais
microrganismos. No entanto, P. brasiliensis foi detectado apés PCR em 89%
das amostras de solo analisadas, neste sentido, fica evidente que tecnicas
moleculares podem auxiliar no esclarecimento ecoldgico. Utilizando a regido a-
tubulina foi identificado a presenca da espécie criptica PS3 no Parana e em
Santa Catarina, resultado que contribui com achados anteriores da presenca
do grupo PS3 no Brasil. Em contribuicdo, a deteccdo de anticorpos em leite
bovino em Santa Catarina reforca a presenca de P. barsiliensis no estado e
comprova que a técnica pode ser utilizada para levantamento
ecoepidemioldgico. Os resultados permitiram concluir que P. brasiliensis tem
ampla distribuicdo geografica e que as caracteristicas ambientais dos locais
estudados (temperatura, umidade, areas nativas e perturbadas) estdo de
acordo com a literatura. Correlacionando os locais de coleta, fica evidente que
no meio ambiente a presenca de agua esta estritamente relacionada com a
presenca de Paracoccidioides. Outro fator evidenciado foi a positividade em
solo de tocas de tatu, que como descrito, pode contribuir para a prote¢cdo no

desenvolvimento de Paracocciddioides sob alteragcfes climéaticas.
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ANEXO A

ANALISES DAS SEQUENCIAS POSITIVAS APOS PCR COM AMPLIFICACAO
DA REGIAO a-TUBULINA.
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Figura 1 - Cromatograma de sequéncia obtida de uma amostra de solo com os
primers a-TubF/R.
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Fig 2- Comparacdo das sequencias obtidas do solo com as depositadas no
NCBI. 1) Solo Loanda, 2) Solo Mauéa da Serra, 3) Solo Londrina, 4) Solo Agua
Doce, 5) Solo Joagaba 1, 6) Solo Joacaba 5, 7) DQ003815.1 P. brasiliensis
PS3, 8) KT251020.1 P. brasiliensis S1, 9) DQ003789.1 P. brasiliensis Sla, 10)
DQO003805.1 P. brasiliensis S1b, 11) DQ003795.1 P. brasiliensis PS2, 12)

KC732780.1 P. lutzii.

nucleotideos em vermelho, verde e roxo mistakes.

No alinhamento, os tracos azuis indicam gaps; 0s
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As sequéncias foram comparadas no banco de dados do NCBI, as de
Loanda apresentaram 100% de similaridade para o isolado EMP54, acesso
KT251022.1. As amostras de Maua da Serra, Londrina, Agua Doce e as
sequéncias 1, 2,3,4 de Joacgaba s&o 100% similares a C1 acesso DQ003815.1.
A sequéncia 5 de Joacaba foi 100% similar ao isolado Bl, acesso DQ003789.1.
Todos séo isolados de de P. brasiliensis. Em cinza esta destacado a regido dos

primers a-TubF/R

>Sequéncia solo 1 Mauad da Serra

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

> Sequéncia solo 2 Maud da Serra

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 3 Mauad da Serra

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 1 Londrina

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262



>Sequéncia solo 3 Londrina

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 4 Londrina

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 5 Londrina

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 1 Agua Doce

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 2 Agua Doce

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 3 Agua Doce

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262



>Sequéncia solo 1 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 2 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 3 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 4 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAGA

......... |.262

>Sequéncia solo 6 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 7 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262
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>Sequéncia solo 8 Joagaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT

CATACCTCCCAG
......... |.262
Tabela 1 - Descrigdo dos alinhamentos significativos para sequéncias
de Mauéa da Serra, Londrina, Agua Doce e Joacaba
Max score Total Query cover E value Ident Accession
score
484 484 99% 4e-133 100% AY013314.1
484 484 99% 4e-133 100% DQ003815.1

vg
>Sequéncia solo 2 Londrina

TGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTC
ATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCA
AACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGT
AATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTATCATA

CCTCCCAG
....... 208
Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias
de Londrina
Max score Total Query cover E value Ident Accession
score
385 385 99% 3e-103 100% AY013314.1
385 385 99% 3e-103 100% DQ003815.1

>Sequéncia solo 5 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGTAAACAGAGGA
CTTGATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT

CATACCTCCCAG
......... |.262
Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias
de Maud da Serra, Londrina, Agua Doce e Joacaba
Max score Total Query cover E value Ident Accession
score
484 484 99% 4e-133 100% DQ003789.1
479 479 99% 2e-131 99% DQ003836.1

>Sequéncia solo 1 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213
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>Sequéncia solo 3 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGGC
ATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATCAA
TATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAACATA
AAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAATTGGA
AGTTCTGAA

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 10 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 11 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 12 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213

>Sequéncia solo 13 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213
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>Sequéncia solo 15 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213

>Sequéncia solo 17 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 19 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 20 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... |..213

>Sequéncia solo 22 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213

>Sequéncia solo 23 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213
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>Sequéncia solo 24 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGTTCTGAA

......... [..213

>Sequéncia solo 25 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT

TGGAAGTTCTGAA

......... [..213

Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias

de Loanda

Max score Total Query cover E value Ident Accession

score

394 394 100% 6e-106 100% AY013314.1
394 394 100% 6e-106 100% DQ003815.1
385 385 97% 3e-106 100% KT251022.1

>Sequéncia solo 2 Loanda

TCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGGCAT
GAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATCAAT
ATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAACATA
AAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAATTGG
AAGTTCTGAA

TCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGGCAT
GAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATCAAT
ATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAACATA
AAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAATTGG

AAGTTCTGAA

......... 210

Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias

de Loanda

Max score Total Query cover E value Ident Accession

score

388 388 100% 6e-106 100% AY013314.1
388 388 100% 6e-106 100% DQ003815.1
385 385 99% 3e-106 100% KT251022.1

>Sequéncia solo 4 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGT
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>Sequéncia solo 6 Loanda

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGT

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGT

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT
TGGAAGT

TATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAGACAGTGG
CATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGACTTCATC
AATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAACTGCAAAC
ATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCAGTGTAAT

TGGAAGT

...... 207

Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias

de Loanda

Max score Total Query cover E value Ident Accession

score

383 388 100% le-102 100% AY013314.1
383 388 100% le-102 100% DQ003815.1
374 385 97% 7e-100 100% KT251022.1

>Sequéncia solo 8 Loanda

CGAGTACGTAGACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAG
CAAACAGAGGACTTCATCAATATCAGCACATACCTGAATACCATGTTCCA
GGCAATACAACTGCAAACATAAAAACAACATATCAGTGTCATTGGCGATC
AAAATTTGCCAGTGTAATTGGAAGT

......... [eeeeeeeo oo 174
Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias
de Loanda
Max score Total Query cover E value Ident Accession
score
324 324 100% 6e-85 100% AY013314.1
324 324 100% 6e-85 100% DQ003815.1

324 324 100% 6e-85 100% KT251022.1
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>Sequéncia solo 18 Loanda

ATCCGAGTACGTAGACAGTGGCATGAGACAACAAACAAAGCCGCAATGGA
AAGCAAACAGAGGACTTCATCAATATCAGCACATACCTGAATACCATGTT
CCAGGCAATACAACTGCAAACATAAAAACAACATATCAGTGTCATTGGCG
ATCAAAATTTGCCAGTGTAATTGGAAGTTCTGAA

......... S O I I 4

Tabela 1 - Descricdo dos alinhamentos significativos para sequéncias

de Loanda

Max score Total Query cover E value Ident Accession

score

340 340 100% 6e-90 100% AY013314.1
340 340 100% 6e-90 100% DQ003815.1
340 340 100% 6e-90 100% KT251022.1

>Sequéncia solo 26 Loanda

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 27 Loanda

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 28 Loanda

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262



>Sequéncia solo 6 Londrina

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 4 Mauad da Serra

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 4 Agua Doce

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 5 Agua Doce

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 9 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262

>Sequéncia solo 10 Joacaba

GTCGGGCTATTCAGATTTAAGTCGTATTAACCTTATATCCGAGTACGTAG
ACAGTGGCATGAGACAACAAACAAAGCCGCAATGGAAAGCAAACAGAGGA
CTTCATCAATATCAGCACATACCTGAATACCATGTTCCAGGCAATACAAC
TGCAAACATAAAAACAACATATCAGTGTCATTGGCGATCAAAATTTGCCA
GTGTAATTGGAAGTTCTGAAGAAGGACATAAGATATATAGGCAGTGTTAT
CATACCTCCCAG

......... |.262
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Tabela 1 - Descrigdo dos alinhamentos significativos para sequéncias
de Loanda
Max score Total Query cover E value Ident Accession
score
388 388 99% 3e-104 100% AY013314.1
388 388 99% 3e-104 100% DQ003815.1
383 383 98% le-102 100% KT251022.1






