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FACIMOTO, César Toshio. Analise do Genoma Completo da Cepa Francisella
noatunensis subsp. orientalis F1 e Predicdo de Candidatos Vacinais Contra
Franciselose em peixes de Aguas Quentes e Frias. 2019. 54 f. Dissertacio
(Mestrado em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina, 2019.

RESUMO

A espécie Francisella noatunensis subsp. orientalis, agente causador da franciselose
em tilapias, tem recebido destaque na tilapicultura mundial devido ao seu carater
emergente e por causar perdas na producdo, principalmente em paises de climas
tropicais. Por outro lado, em regides predominantemente frias, peixes como
bacalhau do atlantico, salmdo e truta tem sido acometidos pela subespécie
Francisella noatunensis subsp. noatunensis. Este estudo tem por objetivo
sequenciar, montar e depositar em bancos de dados publicos o genoma completo de
uma cepa de F. noatunensis subespécie orientalis e predizer in silico candidatos
proteicos imunogénicos conservados entre as subespecies para o desenvolvimento
de uma vacina eficaz contra a franciselose em peixes de aguas quentes e frias. A
cepa F1 foi isolada de um surto em tilapicultura ocorrido no noroeste do estado de
Sédo Paulo em 2015. O DNA foi submetido a sequenciamento de préxima geracgao,
as reads resultantes do sequenciamento foram filtradas, montadas em contigs e
alinhadas com uma cepa referéncia para criacdo de um sccafold. Os gaps
resultantes foram preenchidos atraves da verificagcdo e extensdo das bordas dos
intervalos em mapeamentos sucessivos com as reads. A filogenia foi analisada
utiizando a ferramenta Gegenees e a identificacdo de candidatos vacinais foi
realizada utilizando as ferramentas MEDpipe e Vaxign. As proteinas resultantes
desta ultima analise foram checadas quanto a homologia no genoma completo de
Oreochromis niloticus e F. noatunensis subsp. noatunensis. A funcao das proteinas
identificadas foram preditas utilizando a ferramenta Interproscan. Através da
comparacdo com 12 genomas completos de Francisella spp. disponiveis no
GenBank, a analise de filogenia apresentou uma grande similaridade da cepa F1
com as cepas de F. noatunensis subsp. orientalis isoladas no Brasil, e com uma
cepa isolada na Indonésia. Além disso, 0s grupos de cepas que acometem humanos
apresentaram-se distantes das cepas que acometem peixes. A vacinologia reversa e
andlise das proteinas selecionadas revelaram um total de 5 proteinas
(WP_014715657.1, WP_014714512.1, WP_012280666.1, WP_014714564.1 e
WP_014714557.1) potencialmente expostas ou secretadas, conservadas entre as
duas subspécies de F. noatunensis, imunogénicas e sem homologia com proteinas
do hospedeiro. As proteinas selecionadas que apresentaram resultado na predicao
estdo associadas a mecanismos de sobrevivéncia no interior de macrofagos e
secrecdo de hemolisina. Por fim, os resultados obtidos por este estudo servem de
base para o desenvolvimento de testes in vivo que validem a eficacia dos alvos
vacinais e posteriormente sua aplicacdo no campo.

Palavras-chave: Tilapicultura. Montagem de genoma. Vacina. Vacinologia
reversa.



FACIMOTO, César Toshio. Complete Genome Sequence of Francisella
noatunensis subsp. orientalis F1 Strain Isolated from a Brazilian Tilapia Farm
and Prediction of Universal Vaccine Candidates Against Warm and Cold Water
Fish Francisellosis. 2019. 54 p. Dissertation (Master's Degree in Animal Science) —
Universidade Estadual de Londrina, Londrina, 2019.

ABSTRACT

Francisella noatunensis subsp. orientalis is a pathogen responsible for francisellosis
in tilapia. Due to its emergent nature and high mortality profile, this species is a big
concern to world aquaculture. In tropical countries, F. noatunensis subsp. orientalis is
responsible for francisellosis in tilapia in winter. On the other hand, in cold countries,
Francisella noatunensis subsp. noatunensis causes disease in atlantic cod and trout.
This study aims to sequence, assembly and submit to public databases the complete
genome of a F. noatunensis subspecies orientalis and to predict in silico
immunogenic conserved proteins among the subspecies that can induce an efficient
vaccine against franciselosis in warm and cold waters fish. The F1 strain was isolated
from a tilapia farm francisellosis outbreak in Northwest of Sao Paulo State in 2015.
The DNA sample was submitted to Next-Generation Sequencing, and resulting reads
were filtered, assembled to contigs and aligned to a reference strain to create a
sccafold. Remaining gaps were filled through extensions of the gap borders in
sucessive mappings with raw reads. Phylogeny was performed using Gegenees tool
and the identification of vaccine targets was ran through MEDpipe and Vaxign tools.
Resulting proteins were checked for homology in the complete genomes of
Oreochromis niloticus and F. noatunensis subsp. orientalis. Proteins function were
predited using Interproscan database. Twelve complete genomes of Francisella spp.
availabe at GenBank were compared to the F1 strain in the phylogeny step. The F1
strain displayed a high similarity with other F. noatunensis subsp. orientalis isolated
from Brazil and with a strain isolated in Indonesia. Beyond, clusters of strains that
infect humans were distant from clusters of strains that causes disease in fish.
Reverse  veccinology analysis revealed 5 proteins (WP_014715657.1,
WP_014714512.1, WP_012280666.1, WP_014714564.1 e WP_014714557.1)
potentially surface exposed, conserved in the F. noatunensis species, high
imunogenic and with no host homology. The proteins with predicted functions were
associated with mechanisms of survival within macrophages and hemolysin
secretion. Results obtained in this study allow in vivo research to validate the efficacy
of the vaccine targets found, followed by the development of a subunit vaccine
applicable intilapia farms.

Keywords: Aquaculture. Genome assembly. Vaccine. Reverse vaccinology.
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1 INTRODUCAO

O Brasil é o 4° maior produtor de tilapia no mundo atualmente, ficando
atrds apenas de China, Indonésia e Egito. Além disso, perspectivas sobre o
crescimento da aquicultura mundial apontam que América Latina, Caribe, india e
Sudeste Asiatico terdo um crescimento superior a 100% no periodo de 2010 a 2030.
(KOBAYASHII et al., 2015; PEIXEBR, 2018). Esse crescimento acelerado estabelece
novos desafios a biosseguranca na producado de tilapias. Por sua vez, o controle de
doencas na piscicultura € um dos maiores entraves na tilapicultura atual devido a
perdas econémicas ocasionadas principalmente por estreptococcose e franciselose.

A franciselose é uma doenca granulomatosa de grande importancia na
aquicultura mundial devido a alta mortalidade causada no plantel e a auséncia de
medidas de controle dessa enfermidade. Os surtos associados a este patdgeno se
manifestam devido a diminuicdo brusca da temperatura do ambiente, induzindo o
hospedeiro a estresse térmico e favorecendo o crescimento da bactéria (LEAL et al.,
2014). A transmissdo se da pelo contato direto entre animais, agua ou ragao
contaminada e a bactéria pode persistir por até 2 dias no ambiente na auséncia do
hospedeiro (SOTO; ABRAMS; REVAN, 2012). O tratamento dessa enfermidade
ainda é limitado quanto a disponibilidade e a eficacia de farmacos. Além disso, ndo
ha vacina disponivel no mercado para a profilaxia da franciselose, embora alguns
estudos tenham obtido moderado éxito no seu desenvolvimento (SOTO et al,
2011d; SOTO; FERNANDEZ; HAWKE, 2009).

O género Francisella spp. possui grande importancia na saude humana
e animal, uma vez que as estirpes abrigadas por esse género acometem humanos e
estdo presentes no ambiente. Devido a baixa dose infectante da Francisella
tularensis, esse patdogeno tem sido classificado como arma biolégica devido a
capacidade de ser utilizado na forma de aerossol (PECHOUS; MCCARTHY; ZAHRT,
2009; OYSTON; SJOSTEDT,; TITBALL, 2004). A ocorréncia em humanos causa a
tularemia, e a infeccdo se da por picada de artrépode, inalacdo, ingestdo de tecidos
de animais contaminados ou contato com agua ou solo contaminado (KILIC et al.,
2015).

Os estudos direcionados a espécies que acometem humanos estdo em
constante desenvolvimento, em consonancia com isso, cada vez mais estudos

utilizando abordagens in silico tem sido produzidos nos ultimos anos. Os resultados
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in silico colaboram grandemente na investigacdo da franciselose, no entanto, as
particularidades das espécies associadas a esta doenca em peixes ainda precisam
ser investigados de maneira mais aprofundada.

Desde o estabelecimento de técnicas de sequenciamento de proxima
geracdo (NGS), uma grande quantidade de genomas completos tem sido
disponibilizada em bancos de dados publicos, tornando os estudos genémicos mais
acessiveis e permitindo que anos de trabalho na bancada fossem reduzidos a
meses ou dias no computador. Nesse contexto, mais ferramentas in silico tem sido
desenvolvidas (WORLD HEALTH ORGANIZATION, 2002). Através do uso de dados
de sequénciamento gendmico e ferramentas de analise bioinformatica, vacinas de
subunidades ja foram desenvolvidas e tiveram bons resultados experimentais para
outras espécies bacterianas utilizando pipelines de vacinologia reversa (RAPPUOLI,
2001; GIULIANI et al., 2006; SETTE; RAPPUOLI, 2010).

Embora exista uma boa cobertura de estudos genémicos sobre F.
tularensis, ainda h& escassez de resultados de gendbmica direcionados a F.
noatunensis, principalmente na busca de alvos vacinais. Portanto, o objetivo deste
trabalho é sequenciar, montar e depositar em bancos de dados o genoma completo
da cepa F. noatunensis subsp. orientalis F1 e predizer in silico candidatos proteicos
imunogénicos conservados entre as subespécies para o desenvolvimento de vacina

eficaz contra a franciselose em peixes de aguas quentes e frias.
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2 REVISAO DA LITERATURA

2.1 TILAPICULTURA

No ano de 2017 o Brasil produziu 357 mil toneladas de tilapia,
ficando atrds apenas de China, Indonésia e Egito (Figura 1). A tildpia é a epécie de
maior producdo no pais, com 51.7% do total da producédo de peixes cultivados, e é
responsavel pela movimentacdo de U$1.5 bilhdes ao ano (PEIXEBR, 2018).
Segundo Kobayashi et al., 2015, avaliando dados do banco mundial, estima-se que
América Latina, Caribe, india e Sudeste Asiatico tenham um crescimento maior que
100% no periodo de 2010 a 2030, e que a producdo de peixes de cultivo
ultrapassem peixes de captura até o ano de 2021.

Devido a rusticidade da tilapia e a abundancia de recursos, o Brasil
tem demonstrado um amplo crescimento na aquicultura liderado pelos estados do
Parana, Rondbnia, Sdo Paulo e Mato Grosso principalmente quando considerados
0S peixes nativos de cultivo. No entato, esse crescimento acelerado estabelece

novos desafios a biosseguranca da cadeia de producédo de tilapias.

Figura 1 Os maiores produtores de tilapia, em T (2016).

. a=Ng
,
@ 06'

fonte Relatério Intrafish 2016 e (*) Peixe BR 2017

7\ 7\ 7\ 7\ ‘ 7\
=(01): (02): (03)= =(04) (05) 2(06) (07): 08)=
CHINA INDONESIA EGITO BRASIL* FILIPINAS TAILANDIA BANGLADESH VIETNA
1 800 357 311,7 3( 200 188
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Fonte: PeixeBR (2018).

2.2 GENERO FRANCISELLA SPP.



15

O género Francisella spp. é parte da familia Francisellacea e abriga
microrganimos adaptados a diversos hospedeiros e habitats, podendo causar
tularemia em humanos e franciselose em peixes. Bactérias do género Francisella
spp. apresentam morfologia de cocobacilos, Gram negativos, aerbébicos e
apresentam crescimento em temperaturas de 20 a 37°C (Figura 2)(OTTEM et al.,
2007, 2009; SOTO et al., 2011b; JATOBA; KLIPP; HOPPE, 2016; ORTEGA et al.,
2016) Embora pouco definida, a taxonomia do género Francisella spp. pode ser
classificada em: F. tularensis, que engloba as subespécies tularensis, mediasiatica,
novicida e holarctica; F. halioticida; F. hispaniensis; F. noatunensis, que engloba as
subespécies noatunensis e orientalis; F. persica e F. philomiragia (LARSSON et al.,
2005; HUBER et al., 2010; BREVIK et al., 2011; VESTVIK et al., 2013; KINGRY;
PETERSEN, 2014; RELICH et al., 2015; LARSON et al., 2016; SEBASTIAO et al.,
2017; TIMOFEEV et al., 2017).

Figura 2 Fotomicrografia de cepas de F. noatunensis subsp. orientalis isoladas no
Brasil.

FNO24 FNO190

Photomicrograph

Fonte: Gongalves, 2016.

2.3 FRANCISELOSE

A ocorréncia de franciselose em peixes se da principalmente devido a
espécie F. noatunensis subsp. orientalis e F. noatunensis subsp. noatunensis. Os
animais acometidos apresentam letargia, melanose, exoftalmia, e natacdo erratica
(JEFFERY et al., 2010; SOTO et al,, 2011c; ASSIS et al., 2017). Dentre os fatores
que predispdem a franciselose, o estresse térmico tem um papel fundamental, pois a
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doenca se manifesta principalmente em estacbes frias (LEAL; TAVARES;
FIGUEIREDO, 2014). Embora a temperatura seja um fator essencial a ocorréncia da
doenca, tilapias podem desenvolver franciselose a partir de doses infectantes baixas
como por exemplo 23 UFC/mL em 10L (SOTO et al., 2014). Casos de F.
noatunensis ocorrem com maior frequéncia em peixes pesando menos de 100g
(SOTO et al.,, 2014; ASSIS et al., 2017) e 6bitos ocorrem a partir de 2 dias (ASSIS et
al., 2017). Em estudos realizados com zebrafish, cepas de Francisella spp.
produziram lesdes em figado, baco, pancreas e rim, com apresentacao de estagios
iniciais de granuloma (Figura 3). A resposta do hospedeiro foi avaliada atravées da
expressdo génica, que apresentou aumento da expressao (upregulation) de genes
associados a producéo de interleucina-1-beta (IL-18), interferon-gama (IFN-y) e fator
de necrose tumoral (TNF) em peixes zebrafish inoculados via intraperitoneal
(VOJTECH et al., 2009).

Figura 3 Rim cranial e baco de tildpia com apresentacdo de granulomas de
franciselose

Fonte: Laboratério de Bacteriologia em Peixes/DMVP/CCA, Universidade Estadual de Londrina

2.4 CONTROLE E PREVENCAO
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Estudos de sensibilidade & antibidticos relatam a resisténcia de uma
cepa de Francisella spp. isolada em peixe resistente a trimetoprim, sulfametazol,
penicilina, ampicilina, cefuroxima e eritromicina, e susceptibilidade a ceftazidima,
tetraciclina, gentamicina e ciprofloxacina (OTTEM et al., 2007). De acordo com Soto
et al. 2010, a incorporagdo da dose de 15mg/Kg de florfenicol na racao fornecida
para animais desafiados demonstrou uma taxa de 100% e 86.7 % de sobrevivéncia
nos grupos 1 e 3 dias apos infeccdo, respectivamente. Estudos com a oxitetraciclina
no tratamento de peixes relatam que a dose de 30-50mg/Kg de peso vivo
incorporados na racao colaboram na reducdo da mortalidade do plantel (CHERN,;
CHAO, 1994).

A vacinagdo em patdgenos intracelulares apresentam baixa eficacia
quando o patébgeno € capaz de evadir os mecanismos de formagdo do
fagolisossomo, o0 que impede a sua lise e apresentacdo antigénica via ativacao de
MHC. Apés a fagocitose, as bactérias do género Francisella spp. sdo capazes de
degradar a membrana fagossbmica, liberando o microrganismo no citosol. A
replicagdo da bactéria no interior da célula leva a lise da Ultima, liberando as
bactérias ao meio extracelular (FULLER et al., 2008, 2009; PECHOUS; MCCARTHY;
ZAHRT, 2009). Embora ainda ndo disponivel, a producdo de uma vacina com genes
mutantes tem sido considerada. Estudos demonstraram que o gene iglC tem papel
importante na viruléncia da bactéria, que apresenta upregulation no momento da
infeccdo, portanto uma vacina atenuada utilizando o gene igIC inativado tem
apresentado 90% de protecdo contra F. noatunensis subsp. orientalis (SOTO;
FERNANDEZ; HAWKE, 2009; SOTO etal., 2011a; LAMPE et al., 2017).

2.5 ILHAS DE PATOGENICIDADE

Os genes responsaveis pela sobrevivéncia da bactéria no interior da
célula tem sido analisados através de estudos de genémica comparativa. Por sua
vez, verificou-se que existem sitios no genoma de Francisella spp. que estao
associados a invasdo, sobrevivéncia da bactéria no interior da célula e fuga do
fagolisossomo. Essas regides sdo conhecidas por Francisella Pathogenicity Islands
(FPIs), e consistem de agrupamentos de genes que foram identificados em estudos

de expressdo de proteinas de Francisella spp. no momento da infeccdo. Dentre eles,
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IgIABCDEFGHIJ, pdpABCE, dotU, vgrG e anmK (Figura 4)(NANO; SCHMERK,
2007; BROMS; SJOSTEDT; LAVANDER, 2010; FARON et al., 2013). Law et al.,
2014 observou que a delecdo de genes como o iglC e pdpA, que sdo componentes
do FPI, reduziu a habilidade da bactéria invadir e replicar em células epiteliais, esses
mesmos genes quando introduzidos de volta ao genoma, restauraram parcialmente
as habilidades de invasdo e crescimento intracelular. Resultados semelhantes

também foram obtidos por Robertson et al., 2013 que testou a delecéo do gene iglE.
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Figura 4 llhas de Patogenicidade do Género Francisella (FPI). Representacdo das

ilhas genbmicas de F. novicida, loci, ORFs e nomenclatura do genes.
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2.6 SAUDE PUBLICA

Em saulde publica, a espécie F. tularensis possui grande importancia
devido ao seu potencial infeccioso, podendo causar a tularemia em humanos mesmo
em baixas contagens de microrganismos (OYSTON; SJOSTEDT, TITBALL, 2004).
As ocorréncias em humanos geralmente acometem individuos de &reas rurais,
cacadores, trabalhadores da industria de couro ou carne. A tularemia também pode
ser adquirida pela picada de artrépode, inalacdo, ingestdo de tecidos de animais
contaminados como roedores e coelhos, ou contato com agua ou solo contaminado
(KINGRY; PETERSEN, 2014; KILIC et al., 2015). Na Turquia, Kilic et al., 2015 relata
uma alta similaridade entre cepas de Francisella spp. obtidas em amostras de agua
e cepas identificadas de casos clinicos na mesma localidade. Na China, cepas de
Francisella spp. foram isoladas de sistemas de ar condicionado e as andlises
comparativas dessas amostras apresentaram 95% de identidade com cepas de F.
philomiragia e F. noatunensis (QU et al., 2013).

De acordo com (SOTO et al, 2009), os fatores determinantes de
viruléncia da F. noatunensis e F. tularensis sdo semelhantes, 0 que sugerem a
utilizacdo de tilapias como modelo de infeccédo de F. tularensis. No entanto, € pouco
provavel que humanos venham a ser infectados através do manuseio ou consumo
de carne de/ tilapia. Nenhum dos subgrupos de F. noatunensis € capaz de
sobreviver a temperaturas acima de 30°C, portanto ndo estao adaptados a humanos.
Também ndo ha manifestacdo de doenca em camundongos experimentalmente

infectados com a espécie F. noatunensis (MIKALSEN et al., 2009).

2.7 GENOMICA COMPARATIVA

A gendmica comparativa objetiva identificar similaridades e diferencas
entre 0s organismos através da comparacdo do seu material genético. Esta
abordagem colabora na identificacdo de regides codificantes no genoma, que por
sua vez, permite a caracterizacdo da provavel funcdo dessas regides codificantes,
plasticidade gendmica e estabelecimento de relacdes filogenéticas entre espécies e
cepas (SVASHANKARI, SHANMUGHAVEL, 2007; OGIER et al., 2010). A busca por
genes compartilhados entre humanos e outros organismos possibilita a

experimentacdo de novas terapias em organismos modelo, obtendo resultados
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similares. Além disso, os sistemas de producéo intensivos tem favorecido a taxa de
recombinacdo de bactérias causadoras de doengas, por sua vez, permitindo uma
rapida adaptacdo a diferentes ambientes e hospedeiros, promovendo 0 surgimento
de cepas zoondticas (WOODCOCK et al., 2017).

A utilizacdo da gendmica comparativa em procariotos permite uma
maior definicdo da diversidade gendmica entre espécies correlatas e intra-espécies.
Um estudo com 45 genomas de Francisella spp. desenvolvido por Sjodin et al.,
2012, demonstrou através da analise do core gendmico que as espécies F.
tularensis e subespécies que geralmente infectam mamiferos pertenceriam a um
agrupamento diferente da F. noatunensis, sugerindo que estas duas espécies teriam
evoluido independentemente por adaptacdo ao hospedeiro, e que seu ancestral
comum teve origens em um ambiente marinho. Sridhar et al. 2012, através de
comparacdo das caracteristicas genémicas de cepas de Francisella que acometem
mamfiferos e do ambiente, observou que cepas nao virulentas para humanos
possuem apenas uma ilha de patogenicidade, com uma baixa contagem de
elementos de insergéo (IS)(Tabela 1).

A grande diversidade de genomas bacterianos disponiveis em banco
de dados atualmente permite estudos aprofundados na area de filogenémica,

pangendmica e plasticidade genémica.
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Tabela 1 Principais Caracteristicas de genomas sequenciados de Francisella spp.
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ORFs 2289 1966 1781 1750 1852 1932
Protein
coding genes 1595 1911 1719 1406 1604 1555
Structural
RNAS 39 48 48 47 48 49
IS elements 0 8 29 85 78 116
Pathogenecity
Island 1 1 1 2 2 2
Pseudogenes 252 3 14 297 200 328

Fonte: Sridhar,2012

2.8 FILOGENOMICA

Com o avancgo e acessibilidade das técnicas moleculares, os estudos de
filogenética foram amplamente aprofundados permitindo avaliar diferencas a nivel de
nucleotideos e utilizando genomas completos. O uso de genomas completos permite
novas abordagens para a analise de genomas, pois leva em consideracdo o
conteudo e ordem génica; ortologia; e, estrutura da fita de DNA (DELSUC,;
BRINKMANN; PHILIPPE, 2005). Portanto, enquadram-se tais modelos de
experimentacdo como sendo filogendmicos, devido a juncdo dos estudos de
gendmica e filogenética (OCANA; DAVILA, 2011; CHAN; RAGAN, 2013).

A reconstrucdo de arvores filogendmicas e inferéncia de divergéncias
evolucionarias podem ser realizadas utilizando a ferramenta Gegenees. O Gegenees

€ um software que quebra 0s genomas estudados em sequéncias pequenas
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utiizando tamanhos pré-definidos, realiza pesquisas de similaridade utilizando
BLAST, identifica genes comumente compartilhados entre os genomas e cria uma
matriz de distancia baseada na porcentagem de similaridade entre os conteludos
varidveis dos genomas em questdo (Figura 5)(AGREN et al, 2012). Outra
abordagem interessante € a utilizacdo dos genomas para identificacdo de sitios
polimérficos em uma estratégia de tipagem de sequéncia multilocus de genoma
inteiro  (whole-genome MultiLocus Sequence Typing ou wgMLST), também
conhecida como metodologia gene a gene (MAIDEN et al., 1998; KLUYTMANS-VAN
DEN BERGH et al., 2016).

Figura 5 Arvore filogenética utilizando o genoma completo de cepas de Francisella
spp.
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Fonte: Laboratério de Bacteriologia em Peixes/DMVP/CCA, Universidade Estadual de Londrina
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2.9 VACINOLOGIA REVERSA

A vacinologia reversa baseia-se na predicdo de proteinas que podem
produzir imunogenicidade no hospedeiro utilizando a(s) sequéncia(s) gendémica do
patogeno (RAPPUOLI, 2000), diferentemente das metodologias tradicionais que se
baseiam no cultivo do patégeno e isolamento individual (RAPPUOLI; COVACCI,
2003). A producdo de vacinas por meétodos convencionais possui algumas
limitacdes, como: patdégenos nado cultivaveis, bactérias intracelulares que requerem
cultivos de alto custo, falhas na inativacdo dos microorganismos, reversdo da
viruléncia (vacinas vivas atenuadas), ou antigenos nao expressos Ou expressos em
pequenas quantidades (MOVAHEDI;, HAMPSON, 2008). A primeira vacina
desenvolvida utilizando esta metodologia ja estd licenciada para uso contra o
sorogrupo B de Neisseria meningitis (SERRUTO et al., 2012).

Através da andlise de genomas de patdgenos disponiveis em bancos
de dados, a vacinologia reversa permite o0 levantamento de genes candidatos
vacinais pela predigéo in silico para entdo estes serem clonados e testados in vitro e
in vivo. Esta predicdo considera proteinas ancoradas na membrana ou secretadas
pelo patdégeno, devido a interacdo direta dessas estruturas com o sistema imune do
hospedeiro permitindo a adesé&o, invasao, dano ao tecido hospedeiro, resisténcia e
evasao do sistema imune do hospedeiro (SANTOS et al., 2011). Para essa predicao,
todos os genes do organismo sao considerados independentes de serem expressos
ou ndo. No entanto, antigenos ndo proteicos (polissacarideos e glicolipidios) néao
podem ser estimados (RAPPUOLI, 2001).

Para identificar os candidatos proteicos, busca-se por genes
compartilhados em comum a todas especies (core genoma), pois estes podem
induzir uma resposta imune em todas as variacdes de sorotipo ou de antigénicas das
linhagens consideradas. Em seguida, a localizacdo subcelular das proteinas preditas
sdo identificadas (pan-exoproteoma e proteinas de membrana) e andlises quanto a
probabilidade de adesdo e a propriedade de ligagdo a MHC | e Il nos dados
resultantes. Por dltimo, pode-se realizar uma busca por fatores de viruléncia
associados a ilhas de patogenicidade, pois estas regifes abrigam candidatos

proteicos de maior imunogenicidade (SOARES et al., 2016).
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3 HIPOTESE

E possivel identificar alvos vacinais conservados entre as duas
subespécies de F. noatunensis para estudos de vacinologia em peixes de aguas

quentes e frias.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Sequenciar, montar e depositar em bancos de dados publicos o0 genoma completo
de uma cepa de F. noatunensis subsp. orientalis e predizer in silico candidatos
proteicos imunogénicos conservados entre as cepas F. noatunensis subsp. orientalis
e F. noatunensis subsp. noatunensis para o desenvolvimento de vacina eficaz contra

a franciselose em peixes de aguas quentes e frias.

4.2 OBJETIVOS ESPECIFICOS

e Montar o genoma completo da cepa F1 utlizando dados de
sequenciamento de nova geracao;

¢ |dentificar a localizacdo subcelular de proteinas presentes na cepa F1;

¢ Investigar os mecanismos que envolvem as potenciais proteinas alvos de
vacina;

e Testar in silico a imunogénicidade das proteinas alvo obtidas pela

vacinologia reversa.
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Abstract

Francisella noatunensis subsp. orientalis is a Gram negative bacteria that causes
granulomatous infections in fish from low water temperatures and has been responsible for
large number of deaths in tilapia farms. F. noatunensis has been reported in many countries in
the last decade. However, studies about the phylogenomic relationships between isolates are
necessary due to the emerging nature of the disease. This study aims to present the complete
genome of the F. noatunensis F1 strain isolated in 2015 from a tilapia farm in the S&o Paulo
state, Brazil. The genome is a circular chromosome with a final length of 1,854,333 bp,
containing 32.26% G+C DNA content, 1,440 protein-coding genes and 369 pseudogenes. In
addition, a prediction of conserved vaccine targets was performed between the two subspecies
of F. noatunensis that causes the disease in tropical and cold water fish species. Five proteins
conserved between F. noatunensis subsp. orientalis and Francisella noatunensis subsp.
noatunensis were predicted to be good vaccine candidates for the development of a
recombinant vaccine against francisellosis. Further, this genome provides additional valuable
data to better understand the agent’s evolution and epidemiology in Brazil.
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5.1 Introduction
World aquaculture has increasingly intensified and diversified over the years, and this,
resuted in the recognition of ‘“new” infectious agents, previously considered unknown
diseases [1]. In recent years, bacteria from the Francisella genus, Francisella noatunensis
subsp. noatunensis, and Francisella noatunensis subsp. orientalis, have been associated with
bacteriosis in fish species from cold and warm waters, respectively [2-4]. Francisella spp.
infections are characterized as an acute (with few clinical signs and high mortality), a
subacute, or a chronic (non-specific clinical signs with varying degrees of mortality)
syndrome [1]. In Brazil, francisellosis losses in Nile Tilapia (Oreochromis niloticus)
cultivated in cage tanks are reported since 2012 and the mortality rates are up to 60%. The
most common clinical signs associated with infections are: anorexia, melanosis,
exophthalmia, erratic swimming, skin ulcers (primarily at the base of the fins) and gill pallor
[5].

This pathogen affects mainly fry, fingerling, and young adult fish,
exhibiting multifocal granulomas in internal organs, mostly in liver, spleen, and kidney [2,6].
Cases of F. noatunensis subsp. orientalis in farm-raised tilapia have been reported in Taiwan
[7], Costa Rica [2], Indonesia[8], UK [9], USA [10], and Brazil [11].
Research on Francisella spp. phylogenomic relationships and diversity are in constant
development, at the same pace whole genomes are made public available. Due to its
importance to aquaculture, F. noatunensis gained more attention in recent years, however,
only few whole genomes are deposited in public databases for study. In this paper, we
describe the whole genome features and vaccine candidates for the F1 strain isolated from a
fish farm outbreak in the state of So Paulo, Brazil in 2015.

5.2 Organism Information

5.2.1 Classificationand features

Bacteria from genus Francisella, are part of the Francisellaceae family and Thiotrichales
order. Bacteriology assays characterize them as strictly aerobic, intracellular facultative,
nonmotile, Gram negative coccobacilli of 0.5-1.5 um (Table 1 and Figure 1). In addition,
these bacteria are considered fastidious microorganisms that require Cysteine Heart Agar with
Hemoglobin (CHAH) for growth, not growing on MacConkey agar. They are adapted to
temperatures ranging from 6 to 28 ° C, with ideal growth between 17 and 22°C [12].
Francisella spp. is typically catalase positive and cytochrome oxidase negative. Biochemical
characterization showed negative for: nitrate reduction, urease, raffinose fermentation,
esculin, adonitol, arabinose, rhamnose, mannitol, cellobiose, melibiose, glucuronate,
malonate,  para-phenylalanine  deaminase, = 5-ketogluconate,  palatinose,  galacturonate,
tetrathionate reductase, raffinose, C14 lipase, valine arylamidase, cystine arylamidase, trypsin,
a-chymotrypsin, agalactosidase, b-glucuronidase, a-mannosidase, a-fucosidase, and acid
production from lactose. Also, resulted positive for the following biochemical tests: b
lactamase, alkaline phosphatase, acid phosphatase, C4 esterase, C8 esterase, lipase, naphthol-
AS-BI-phosphohydrolase, and acid production from maltose [13].

Non-specific clinical signs of this bacteriosis in fish include loss of appetite,
lethargy, erratic swimming, and exophthalmia. More specific signs of the disease are observed
internally such as: presence of a large number of white nodules on the gills, spleen, Kkidney,
gonads, liver and heart.

In the present study, a histopathologic exam of the ocular globe, cranial
Kidney and spleen was performed using hematoxylin and eosin staining (HE).
Microscopically, we observed a large accumulation of inflammatory cells promoting an
increase in nodular volume between the choroid and the sclera (Figure 3A), with areas of well
vascularized stroma, marked monophyletic and polymorphonuclear infiltrate (Figure 3B),
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alternating with some that are clearly granulomatous (Figure 3C), composed of epithelioid
cells and macrophages containing intracytoplasmic coccoid bacteria (Figure 3D). The same
lesion was also present in other histological sections, extending discreetly to the retrobulbar
periocular tissues. Granulomatous lesions were also observed on the spleen and cranial
Kidney.

This genus also contains species that infect humans, such as Francisella
tularensis (the agent responsible for tularemia), and Francisella philomiragia, both associated
with chronic and necrotizing granulomas. Although the available genomes of species from the
genus Francisella have relatively similar features, their genomes are highly rearranged [14].

Twelve whole genome strains in the Francisella genus were submitted to
Gegenees V2.2.1 [15] analysis with high accuracy, generating a heatmap. A phylogenetic tree
was drawn through SplitsTree4 set to EqualAngleRoot split and UPGMA methods in order to
estimate the phylogenetic distance of our strain among other species in the genus.

5.3 Genome sequencing information
53.1 Genome project history
The F1 strain was selected for sequencing due to the emerging nature of this pathogen in
global aquaculture. It was also selected due to its high mortality profile in aquatic
environments [3,4].

The genome project is housed in the Genomes OnLine Database (GOLD)
[16] project ID Gp0177338 and complete genome sequence and annotation data were
uploaded in the DDBJEMBL/GenBank under the accession number CP018051. Sequencing
and partial assembly were performed at the Laboratory of Cellular and Molecular Genetics
(LGCM), Minas Gerais, Brazil. Final assembly, reverse vaccinology and comparative
genomics were performed at the Laboratory of Bacteriology in Fish (LABBEP), Paran,
Brazil. Table 2 presents a summary of the information collected during this project and its
association with MIGS version 2.0 compliance [17].

5.3.2 Growth conditions and genomic DNA preparation

The F1 strain was obtained from the Northwest region of the state of Sdo Paulo in 2015.
Swabs of kidney tissue were sampled aseptically, streaked onto cysteine heart agar
supplemented with 1 % bovine hemoglobin (HIMEDIA, India) and incubated at 28 °C for 47
days [13]. Genomic DNA was obtained through phenol-chloroform-isoamylic alcohol
extraction protocol [18].

5.3.3 Genome sequencing and assembly

Genome sequencing of the F1 strain was performed with the MISEQ platform (lllumina®,
USA). Reads were uploaded in FASTQ format to CLC Genomics Workbench 8 (Qiagen,
USA) software, for trimming and assembly steps.

Reads with average phred scores below 30 and presenting any ambiguities
were discarded. The last 10 nucleotides of each 3’ end and reads smaller than 50 bp were also
discarded. Owerall, 2,524,734 reads were processed, resulting in 2,492,893 reads after
trimming.

The F1 strain assembly ab initio resulted in 12 contigs obtained, with a N50
value of 304,012. The maximum length was 478,741 bp and the minimum 1,782 bp. A total
of 11 gaps were filled by iterative reads mapping against gap margin of scaffold to complete
the whole genome sequence.

In order to build the scaffold draft of the genome, reads were processed
through CONTIGuator 2.7 software [19], utilizing the FNOO1l (CP012153) strain as a
reference. Remaining gaps were processed through CLC Genomics Workbench 8.02. During



38

the step, the reads were mapped multiple times lining up the reads with gap terminations all
the way through the genome in pursue of overlapping regions that would merge contigs
together. All the raw sequencing data was mapped and the absence of contamination with
other genomes was confirmed by the coverage and the low number of unmapped reads (less
than 0,1%).

5.34 Genome annotation

Automatic structural and functional annotation (to predict genes, rRNAs and tRNAs) of the
genome was performed with the NCBI Prokaryotic Genome Annotation Pipeline (PGAP)
[20].

5.4 Genome Properties

The complete genome of F1 strain comprises a single circular chromosome 1,854,333 bp in
length, with 32.26% G+C content, 7 rRNA operons, 37 tRNA genes and 369 pseudogenes
(Table 3). The following data was annotated for the F1 strain: 1,235 genes with functional
prediction and 357 CDSs classified as hypothetical proteins by COG database [21]. The
distribution of genes into the COG functional categories is presented in Table 4.

54.1 Extended insights

Phylogeny of the F1 strain was compared with other strains among genus Francisella
downloaded from GenBank. Accession numbers and hosts are displayed at Table 3. This
approach was performed in order to evaluate evolutionary relationship of Francisella spp.
completed genomes deposited at GenBank, and also, to identify F1 vaccine candidates with
reverse vaccinology methodology.

Phylogenetic analysis was performed using Gegenees V2.2.1 [15] with high
accuracy, generating a heatmap (Figure 2) displaying the similarity in non-conserved regions
among whole genome Francisella strains. The heatmap presented all F. noatunensis subsp.
orientalis strains forming a cluster with high similarity, while the only F. noatunensis subsp.
noatunensis (GenBank accession number CP022207) strain evaluated, displayed a relatively
low similarity with the F. noatunensis subsp. orientalis cluster, similar with another study
using the Francisella genus [22]. Also, F. philomiragia O_319 029 strain, presented a higher
similarity with the F. noatunensis subsp. noatunensis strain, which indicate a close
relationship between these species [22]. The results obtained from Gegenees were exported to
SplitsTree4 V4.14.6 [23] aiming to create a phylogenetic tree using EqualAngleRoot and
UPGMA methods. The phylogenetic tree (Figure 4A) give an overview of the phylogenetic
distances within Francisella genus. In agreement with another study with whole genome
analysis [24], species that infect fish, are grouped in a different cluster from species that infect
mammals, suggesting an independent evolutionary path through host adaptation of these
clusters. Noteworthy, F. halioticida DSM_23729, a Giant Abalone strain, was closer to the
phylogenetic tree root, reinforcing the hypothesis that Francisella spp. species originated
from a marine habitat [24]. Interestingly, F. halioticida DSM_ 23729, showed a closer
ancestral relationship with human strains instead of marine species. An enlarged view of the
F. noatunensis cluster (Figure 4B) presented a high similarity between strains isolated in
Latin America and Toba 04 strain isolated from Indonesia. Although, the cluster branch
displays Toba_04 slightly out of the group, which may allow us to speculate a possible path of
dissemination/introduction of F. noatunensis subsp. orientalis in the American continent.

In order to find vaccine candidates, a reverse vaccinology approach was
performed using the complete genome of F1 strain. All protein sequences of F1 genome were
submitted to MEDpipe [25] analysis, classifying them as cytoplasmic (CYT), secreted (SEC),
membrane (MEM) or potentially surface exposed (PSE) proteins. In total, 188 proteins were
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assigned as MEM, 1053 CYT, 49 SEC and 158 PSE. Only SEC and PSE proteins are used in
reverse vaccinology studies, due to the close contact with host immunity [26]. A MED
(maturity epitope density) score analysis was performed to evaluate the immunogenicity of
the protein candidates. One hundred of the highest MED scores proteins candidates were
checked for protein conservation and presence of premature stop codons. Using BLASTP,
protein sequences were compared with other proteins belonging to F. noatunensis subsp.
orientalis and F. noatunensis subsp. noatunensis aiming to find conserved proteins intra and
inter-subspecies. Protein candidates with more than 90% identity and 90% similarity were
considered conserved. Premature stop codons were checked in the amino acid FASTA file of
the F1 strain and, when present, these proteins were disposed from analysis. Only 8 SEC and
40 PSE proteins attended these criteria. The highest and lowest MED scores picked were
55.27 and 11.05 respectively. Selected protein sequences were included Into a FASTA amino
acid file and submitted to the webtool Vaxign [27], in order to verify adhesivity score of
interactions between selected proteins and host. Among the 48 proteins submitted, only 5 had
binding this score higher than 0.51 and have no similarity with human, mice and pig. In this
study, proteins were also checked for similarity with Oreochromis spp. proteins, to avoid
interactions with the host immunity, and none of them presented considerable coverage or
identity with host proteins (more than 50%). The highest adhesivity scores were displayed by
proteins  classified as SEC (WP_014715657, locus_tag BMT43 RS09195 and
WP_014714512, locus_tag BMT43_RS02215) and the remaining proteins were classified as
PSE (Table 6). Only WP _014714564.1 (locus_tag BMT43_RS06520) and WP _014714557.1
(locus_tag BMT43 RS06560) were assigned to a protein function domain through
Interproscan analysis (https//www.ebi.ac.uk/interpro/search/), which classified these proteins
as MCE family protein and HIlyD family secretion protein respectively. The MCE family
proteins are related to survival in macrophages, and are reported in live vaccines of attenuated
mutant strain, yielding in reduction of virulence in guinea pigs to Mycobacterium tuberculosis
[28]. HIyD, alongside with other membrane proteins, form a transport apparatus for
hemolysin secretion. Further studies argue that this system is suitable to development of
vaccine heterologous antigens [29]

55 Conclusions

In this study, we present the complete genome of a F. noatunensis subsp. orientalis F1 strain
isolated from an outbreak in the state of Sao Paulo, Brazil. Our results resemble other strains
isolated in Brazil, due to similar count of RNA genes and CDS, mainly the high number of
pseudogenes, which suggests genome decay in this species. The phylogenetic approach
displayed a high similarity among species in the F. noatunensis cluster. Interestingly,
Toba 04 strain is slightly distant from F. noatunensis subsp. orientalis American isolates,
suggesting that the Indonesian strain was not directly “introduced” in the American continent.
Noteworthy, F. noatunensis subsp. noatunensis strain was relatively out of this cluster, closer
to a F. philomiragia isolate. The vaccinology study, demonstrated five potential proteins that
may induce immune response to F. noatunensis both subspecies without affecting the host,
suggesting the potential for vaccine development against francisellosis in fish (in tropical and
cold regions).
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Table 1. Classification and general features of Fno strain F1 (FIELD et al., 2008)

MIGS Evidence
ID Property Term code
Classification Domain Bacteria TAS [30]
Phylum Proteobacteria TAS [31]
Class Gammaproteobacteria TAS [32]
Order Thiotrichales TAS [33]
Family Francisellaceae TAS [34]
Genus Francisella TAS [35]
Species Francisella noatunensis subsp. orientalis TAS [36]
Strain F1 IDA
Gram stain Gram-negative TAS [36]
Cell shape Pleomorphic TAS [36]
Motility non-motile TAS [36]
Sporulation Not reported NAS
Temperature . °
range Mesophilic (15-34 °C) TAS [36]
Optimum <25°C TAS [36]
temperature
pH range; Not reported NAS
Optimum
Carbon
SoUrce Not reported NAS
MIGS-6 Habitat Host (Nile tilapia) NAS
) : : - 0
MEIS(;S Salinity Survive different salinities (0 to 35 %) TAS [37]
MIGS-22  OXeen Strictly aerobic TAS [36]
requirement
MIGS-15 B.'Ot'c . Intracellular facultative pathogen TAS [13]
relationship
MIGS-14 Pathogenicity Pathogenic for fish TAS [13]
miGs-4  Crodraphe Brazil, State of So Paulo, NAS
ocation
Sample
MIGS-5 collection 2015 NAS
time
MIGS-
4.1 Latitude not reported NAS
MIGS- Longitude not reported
4.2
M A%S Depth not reported NAS
M ;(28 Altitude not reported NAS

aEvidence codes — IDA: Inferred from Direct Assay; TAS: Traceable Author Statement (i.e., a direct
report exists in the literature); NAS: Non-traceable Author Statement (i.e., not directly observed for
the living, isolated sample, but based on a generally accepted property for the species, or anecdotal
evidence). These evidence codes are from the Gene Ontology project.
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Table 2. Genome sequencing project information.

MIGS ID Property Term
MIGS-31 Finishing quality Finished
MIGS-28 Libraries used One palred-ar_ld Ilbrar_y (mean size 300 bp, DNA
insert size of ~200bp)
MIGS-29 Sequencing platforms lllumina MiSeq
MIGS-31.2 Fold coverage 146.0x
MIGS-30 Assemblers CLC genomics workbench v8.02
: NCBI Prokaryotic G Annotati
MIGS-32 Gene calling method roxanyo IC. 'enome Anotation
Pipeline
Locus Tag BMT43
Genbank ID CP018051.1
Genbank Date of November 22, 2016
Release
GOLD ID Gp0177338
BIOPROJECT PRINA352676
MIGS 13 Source I\_/Ifalterlal F1
Identifier

Project relevance fish pathogen




Table 3. Genomes used in phylogeny analysis
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Species Strain Accession (?\LIZE) GC% Genes Protein Host Country
F. noatunensis Atlantic
subsp. FSC772 CP022207.1 1.93382 32.7 1891 1754 Salmon Chile
noatunensis
F. noatunensis
subsp. F1 CP018051.1 1.85433 32.3 1889 1448 Tilapia Brazil
orientalis
F. noatunensis
subsp. FNOO1 CP012153.2 1.86244 32.3 1900 1452 Tilapia Brazil
orientalis
F. noatunensis
subsp. FNO12 CP011921.2 1.86221 32.3 1899 1446 Tilapia Brazil
orientalis
F. noatunensis
subsp. FNO190 CP011923.2 1.86221 32.3 1900 1451 Tilapia Brazil
orientalis
F. noatunensis
subsp. FNO24 CP011922.2 1.86232 32.3 1899 1446 Tilapia Brazil
orientalis
F. noatunensis
LADL-- I Costa
s:ubsp._ 07-285A CP006875.1 1.85899 32.3 1896 1422 Tilapia Rica
orientalis
F. noatunensis
subsp. Toba 04 CP003402.1 1.8472 322 1886 1418 Tilapia  Indonesia
orientalis
F.halioticida  DoM=2°  CP0221321 219743 312 2351 2096 P japan
729 Abalone
F. tularensis
subsp. Schu S4 NC 006570 1.89278 32.3 1834 1556 Human Human
tularensis
F. persica FSC845 CP012505.1 1.51668 31.4 1485 1067 Tick Egypt
R 03190 poog3a31 204493 326 1986 1876  Water  onied
philomiragia 29 States



http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=8126#_blank

Table 4. Genome statistics

Attribute Value % of Total?
Genome size (bp) 1,854,333 100
DNA coding region (bp) 1,329,162 71.67
DNA G+C content (bp) 601,242 32.26
DNA scaffolds 1 100
Total genes 1,857 100
Protein-coding genes 1,440 77.54
RNA genes 48 2.58
Pseudo genes 369 19.87
Genes with function prediction 1,235 66.5
Genes assigned to COGs 1,331 71.67
Genes assigned Pfam domains 1,572 84.65
Genes with signal peptides 96 5.17
Genes with transmembrane hélices 585 315

CRISPR repeats 0 0
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2The total is based on either size of genome in base pairs or the genes in the annotate genome



Table 5. Number of genes associated with general COG functional categories.

Code Value %oage

Description

J 143 9.93

A 1 007
K 52 361
L 71 493
B 0 00
D 18 125
V 14 097
T 17 118
M 115  7.98
N 04 027
U 27 187
0 63  4.37
C 85 5.0
G 75 520
E 111 7.70
F 63 437
H 80 555
| 65 451
P 43 2.98
Q 39 2.70
R 116 8.05
S 96  6.66
- 526  36.52

Translation, ribosomal structure and biogenesis
RNA processing and modification

Transcription

Replication, recombination and repair
Chromatin structure and dynamics

Cell cycle control, Cell division, chromosome
partitioning

Defense mechanisms

Signal transduction mechanisms

Cell wallmembrane biogenesis

Cell motility

Intracellular trafficking and secretion
Posttranslational modification, protein turnover,

chaperones
Energy production and conversion

Carbohydrate transport and metabolism
Amino acid transport and metabolism
Nucleotide transport and metabolism
Coenzyme transport and metabolism
Lipid transport and metabolism
Inorganic ion transport and metabolism

Secondary metabolites biosynthesis, transport and
catabolism

General function prediction only

Function unknown

Not in COGs

4The percentage is based on the total number of protein coding genes in the annotated genome
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®The total does not correspond to the final quantity of CDSs for each genome because some genes are
associated with more than one COG functional category



Table 6. Vaccine candidates

Protein Protein Note
Accession
WP_014715657 DUF3568
WP_014714512 DUF3573

WP_ 012280666 @ MULTISPECIES:
hypothetical protein
WP_014714564 MCE family
protein
WP_014714557 HiyD family
secretion protein
aDUF — Domain of Unknown Function

Locus_tag

BMT43_ RS0
9195
BMT43 RS0
2215
BMT43_RS0
7125
BMT43_RSO
6520
BMT43 RS0
6560

Adhesin Location
Probability
0.701 SECRETED

0.664 SECRETED

0.577 PSE
0.565 PSE
0.551 PSE
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Figure legends

Figure 1. Photomicrograph of the F.

Organism

1: F. halioticida DSM 23729

2. F. tularensis subsp tularensis SCHU S4

3: F. persica FSC845

4:F. philomiragia 0_319_029

5: F. noatunensis subsp noatunensis FSC772

6: F. noatunensis subsp orientalis FNO24

7: F. noatunensis subsp orientalis FNO190

8: F. noatunensis subsp orientalis FNO01

9: F. noatunensis subsp orientalis FNO12
10: F. noatunensis subsp orientalis LADL-07-285A
11: F. noatunensis subsp orientalis F1

12: F. noatunensis subsp orientalis Toba04
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noatunensis subsp. orientalis Fl1strain.

00.0 80.08 59.87 59.86 59.88 59.88 59.88 59.87 59.8
84.47-63.41 634 634 6341 6341 63.41 63.35
65.41 65.78 100 : 99.84 99.85 9

65.52 65.76 99.96 1000 99

65.36 65.73 99,96 99,95
65.39 65.78 99:88 99,9

65.5 65.83 199,98 99,95 9905
85.42 65.72 99,97

65.3 65.67 99,89 99,89 |
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Figure 2. Heatmap based on whole genome of selected Francisella spp.
Heatmap of similarity among non-core regions of Francisella spp. genomes using Gegenees
all in all fragmented comparison with high accuracy.
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Figure 3: Ocular globe of Nile tilapia (Oreochromis niloticus) infected by F. noatunensis
subsp. orientalis strain F1.

A) Presence of marked nodular inflammatory reaction between choroid (arrow) and sclera (*).
Hematoxylin and Eosin, 4x. B) Accentuated accumulation of polymorphonuclear and
mononuclear inflammatory cells in well vascularized stroma (arrows) with granulomatous
formation (*). Hematoxylin and Eosin, 20x. C) Granulomatous area composed of vacuolated
macrophages and epithelioid cells. Hematoxylin and Eosin, 40x. D) Granulomatous portion
evidencing the presence of intracytoplasmic cocoid bacteria (arrows). Hematoxylin and Eosin,
100x.
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Figure 4: Phylogenetic tree based on whole genome of Francisella spp. strains using
EqualAngleRoot and UPGMA methods. A) Phylogenetic tree comparing different species in
the Francisella genus evidencing the distance of strains. B) A zoomed view of the Fno

cluster.
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6 CONCLUSAO

Foi possivel concluir a montagem do genoma completo da cepa F.
noatunensis subsp. orientalis (Genbank ID: CP018051.1).

O genoma completo da cepa F. noatunensis subsp. orientalis F1 apresentou
alta similaridade com cepas isoladas na América Latina. Uma menor
similaridade foi identificada com uma cepa proveniente da Indonésia.

As  proteinas  WP_014715657, WP_014714512, WP_012280666,
WP_014714564 e WP_014714557 identificadas e analisadas in silico séo
bons candidatos a vacina de subunidade contra as subespécies F.

noatunensis subsp. orientalis e F. noatunensis subsp. noatunensis.



