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RESUMO 

Fungos do gênero Paracoccidioides compreendem os agentes etiológicos da 

Paracoccidioidomicose (PCM), a micose sistêmica mais prevalente na América latina. Estes 

patógenos apresentam como característica o dimorfismo térmico.  Em temperaturas entre 

22ºC à 26ºC Paracoccidioides spp. crescem como micélio; já no hospedeiro à 36ºC estes 

fungos apresentam-se como levedura. A transição morfológica da fase de micélio ou 

conídios para levedura é essencial para o desenvolvimento da doença no hospedeiro. Em 

vários fungos, pequenos RNAs regulatórios denominados microRNAs-like tem sido 

descritos durante as diferentes fases morfológicas, sugerindo um possível papel regulatório 

em etapas essenciais para o desenvolvimento fúngico no ambiente e no hospedeiro. Desta 

forma o presente trabalho tem como objetivos a descrição in silico das proteínas envolvidas 

na via de silenciamento gênico pós-transcricional mediado por microRNAs-like em 

Paracoccidioides spp.,  a identificação in silico de microRNAs-like no genoma deste fungo 

e a caracterização dessa classe de RNAs presentes nas diferentes  fases e na transição 

dimórfica através de RNAseq, além da categorização dos possíveis processos biológicos 

regulados por microRNAs-like.  Análises in silico revelaram a presença de proteínas 

homólogas a dicers e argonautas em P. brasiliensis (Pb18 e Pb03) e P. lutzii. Além disso, 

os transcritos que codificam para estas proteínas são induzidos na fase parasitaria. Através 

de ferramentas de bioinformática, baseado em similaridade de sequências detectou-se 18 

potencias microRNAs-like conservados no genoma deste fungo e  destes 5 microRNAs-like 

com os maiores e menores valores de MFE foram validados por PCR qualitativa, 

demonstrando assim que este patógeno retém em seu genoma regiões de gênese de 

microRNAs-like. Posteriormente a esta etapa, os transcritos que codificam para dicers e 

argonautas foram analisados em estádios morfológicos de P. brasiliensis Pb18, através de 

qRT-PCR. Os dados de expressão gênica relevaram que a maquinaria de silenciamento 

mediado por microRNAs-like é diferencialmente expressa entre os estádios morfológicos 

deste fungo. Os dados do sequenciamento das bibliotecas de pequenos RNAs nas fases de 

micélio, transição e levedura, permitiram a identificação de 48 microRNAs-like e deste 44 

foram diferencialmente expressos. Análises dos microRNAs-like com maior expressão na 

fase de levedura, demonstram que estas moléculas regulam processos essenciais para a 

sobrevivência do patógeno, como a via para produção de energia, resposta a agentes 



oxidativos,  determinação de polissacarídeos na parede celular, além de influenciaram nos 

processos de divisão celular e morfogênese.  De modo geral os dados apontam para 

conservação de um mecanismo de regulação gênica pós-transcricional neste patógeno e tal 

fenômeno pode influenciar no desenvolvimento deste fungo durante a fase miceliana, na 

forma parasitária e durante a transição dimórfica. 

Palavras-chave: microRNAs-like, Paracoccidioides brasiliensis, micose, transição 

dimórfica, levedura. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 

Fungi of the genus Paracoccidioides comprise etiologic agents of Paracoccidioidomycosis 

(PCM) the main systemic mycoses in Latin America. These pathogens presents thermal 

dimorphism. At temperatures from 22ºC to 26ºC Paracoccidioides spp. grow as mycelium 

and in the host or at 36ºC they are yeast cells. The morphological transition from mycelium 

or conidia to the yeast phase is essential for development of disease in the host. In fungi 

small regulatory RNAs have been described during different morphological phases 

suggesting a possible regulatory role of those microRNAs in steps essential for fungal 

growth on the environment and host. In this way, the present work aims to perform in silico 

description of proteins involved in the post-transcriptional gene silencing pathway mediated 

by microRNAs-like in Paracoccidioides spp., in silico identification of microRNAs-like in 

the genome and the characterization of this class of RNAs in the different phases and in the 

dimorphic transition through RNAseq, besides the categorization of possible biological 

processes regulated by microRNAs-like. In silico analyzes revealed the presence of 

homologous proteins to dicers and argonauts in P. brasiliensis (Pb18 and Pb03) and P. lutzii. 

In addition, the transcripts encoding these proteins are induced in the parasitic phase. 

Through bioinformatics tools based on sequence similarity, we detected 18 potential 

microRNAs-like conserved in the genome of those fungi and of these, 5 microRNAs-like 

with the  higher and lower MFE values were validated by qualitative PCR, thus 

demonstrating that this pathogen retains in its genome regions of microRNAs-like genes. 

Subsequently to this step the transcripts coding for dicers and argonauts were analyzed in 

morphological stages of P. brasiliensis Pb18, through qRT-PCR. Gene expression data 

showed that the microRNAs-like mediated silencing machinery is differentially expressed 

between the morphological stages of this fungus. Sequencing data of the microRNA-like 

libraries in mycelium, transition and yeast phases allowed the identification of 48 

microRNAs-like and 44 of these were differentially expressed. Analysis of the microRNAs-

like with higher expression in the yeast phase, demonstrated that these molecules regulate 

processes essential for the survival of the pathogen, such as the pathways for energy 

production, response to oxidative agents, determination of polysaccharide in the cell wall, 



besides influencing in the processes, of cell division and morphogenesis. In synthesis, , the 

data point to the conservation of a mechanism of post-transcriptional gene regulation in this 

pathogen and such phenomenon may influence the development of this fungus in mycelia, as 

well as, in the parasitic form and during the dimorphic transition. 

Keyworlds: microRNAs-like, Paracoccidioides brasiliensis, mycose, dimorphic transition, 

yeast.  





 1.INTRODUÇÃO 

1.1 Características dos microRNAs e Biogênese 

 Pequenos RNAs de eucariotos com possível função regulatória são classificados 

em três tipos: microRNAs (microRNAs), RNAs de interferência (siRNA) e RNAs 

associados às proteínas Piwi (piRNAs). Pequenos RNAs já foram descritos em animais, 

plantas e fungos como moléculas efetoras do silenciamento gênico. São moléculas 

sequência-específicas, sendo o mecanismo de silenciamento efetuado em resposta a um 

RNA dupla fita (dsRNA). A diferença entre as três classes de pequenos RNAs é devida 

ao seu mecanismo de biogênese, processamento e função dentro da célula 

(GROSSHAN; FILIPOWICZ, 2008).  

 MicroRNAs (microRNAs) são uma classe de pequenos RNAs não codificantes 

de proteínas ou peptídeos (npcRNAs), conservados evolutivamente. Possuem em torno 

de 20-25 nucleotídeos e atuam como silenciadores pós-transcricionais regulando vários 

processos biológicos por interferirem na tradução do RNA mensageiro (mRNA), 

(GROßHANS; FILIPOWICZ, 2008). Descrito pela primeira vez por Lee e 

colaboradores (1993), o microRNA lin-4 demonstrou ser essencial nas primeiras etapas 

do desenvolvimento larval de Caenorhabditis elegans, regulando a tradução do gene 

lin-14 por um mecanismo antisentido entre o microRNA e a região não traduzida (3' 

UTR) do mRNA alvo. Em 2000 Reinhart e colaboradores, descreveram um segundo 

microRNA presente em C. elegans denominado let-7,  sendo este pequeno RNA capaz 

de promover a regulação da expressão de outros genes incluindo lin-14, lin-28, lin-41, 

lin-42 e daf-12.   

 Posteriormente, microRNAs foram identificados em organismos invertebrados 

como Drosophila melanogaster e em órgãos de vertebrados. Embora, alguns 

microRNAs foram comuns  a ambos animais e insetos, o perfil de expressão destes 

pequenos RNAs foi diretamente relacionado ao tipo de tecido e ao estágio de 

desenvolvimento  analisado. Dessa maneira, foi demonstrado que microRNAs podem 

possuir um papel regulatório não apenas no tempo de desenvolvimento larval como 

visto em C. elegans mas também apresentar funções regulatórias em tecidos específicos 

(LAGOS-QUINTANA et al., 2001).  

 Genes de microRNAs são frequentemente localizados em regiões intergênicas e 

transcritos similarmente a genes codificantes de proteínas (NOZAWA; MIURA; NEI, 



2011) em alguns casos genes codificantes de microRNAs são localizados em regiões de 

íntrons ou éxons (YANG et al., 2013).  A regulação da biogênese de microRNAs 

envolve fatores transcricionais e fatores acessórios. Trabalhos revelam que a abundância 

de um microRNA é controlada através da transcrição, estabilidade e processamento dos 

pri-microRNAs (XIE, 2015). Proteínas acessórias DDX5 e DDX17, juntamente com 

Drosha e DGCR8 são envolvidas na formação do complexo microprocessador nuclear 

de pri-microRNAs. Essas proteínas acessórias atuam de duas formas: Primeiro 

estabilizando este complexo para o correto processamento do pri-microRNAs e também 

servem como mediadores de sinal que conectam a atividade do microprocessador 

nuclear com outras vias de sinalização sob várias circunstâncias, como em casos de 

dano ao DNA ou durante a formação de microRNAs com função de  supressão tumoral, 

aumento a atividade do complexo com intuito de inibir o crescimento do tumor. Além 

disto, a estabilidade e o processamento dos pri-microRNAs no núcleo são regulados 

pela edição desta molécula. Proteínas ADARs 1 e 2 editam moléculas de RNA trocando 

a adenosina pela inosina, esta mudança na estrutura do pri-microRNA, suprime a 

atividade de Drosha e reduz a estabilidade da molécula de pri-microRNA, favorecendo 

o reconhecimento e degradação desta molécula por nuclease. A concentração das 

proteínas envolvidas no processamento de microRNAs como argonautas também 

variam entre os diferentes tecidos e células, por exemplo em células tronco 

embrionários, a proteína argonauta 2 sofre ubiquitinação e degradação no proteassoma,  

tal evento bloqueia o silenciamento gênico pós-transcricional mediado por microRNAs 

(revisado por SHEN & HUNG, 2015). 

 A via de biogênese de microRNAs em plantas (VOINNET, 2009) e  mamíferos 

é bem elucidada. Em plantas como Arabidopsis thaliana a produção de um microRNA 

envolve duas etapas de clivagem do microRNA primário e do pre-microRNA, no 

núcleo, pela enzima dicer-1 (REINHART et al., 2002), posteriormente a esta etapa a 

enzima (HEN1) adiciona um grupo metil à extremidade 3' do duplex 

microRNA/microRNA*, estabilizando a molécula. O duplex é então transportado do 

núcleo para o citoplasma através de Hasty (HST), uma proteína homologa à exportina 5 

(PARK et al., 2005). Em A. thaliana a principal proteína efetora de silenciamento 

mediado por  microRNAs é argonauta 1,  a qual possui atividade de endonuclease e é 

capaz de suprimir a expressão de genes alvos por clivagem do RNAm ou inibição da 

tradução (BAUMBERGER; BAULCOMBE, 2005). Estudos mostram que o 



crescimento normal da planta e suas funções fisiológicas requerem um controle rigoroso 

dos níveis e da atividade dos microRNAs (XIE, 2015) (Figura-1A). 

 Sabe-se que em mamíferos microRNAs são originados de um precursor de RNA 

codificado no genoma (GROßHANS; FILIPOWICZ, 2008). A transcrição destas 

regiões pela RNA polimerase II (Pol II) (VOINNET, 2009) produz longas fitas simples 

de RNAs que, por complementariedade de bases, formam RNA dupla fita (dsRNA) com 

estrutura semelhante a grampos, chamados de microRNAs primários (pri-microRNAs) 

(GROßHANS, FILIPOWICZ, 2008). No núcleo, a enzima do tipo ribonuclease III 

Drosha e seu cofator DGCR8 são responsáveis por processar os microRNAs (primários) 

e produzir estruturas em dupla fita, também em forma de grampo (hairpin) com 

aproximadamente 70 nucleotídeos denominados precursores de microRNAs (pre-

microRNAs) (HE; HANNON, 2004). Tais moléculas são transportadas para o 

citoplasma através da exportina 5 (YI et al., 2005), onde são processados pela enzima 

Dicer. A clivagem por esta enzima gera os microRNAs maduros que variam entre 21 a 

25 nucleotídeos, constituídos por moléculas de RNA dupla fita microRNA/microRNA* 

(HE; HANNON, 2004). Um das fitas do duplex, o microRNA*, é degradada, enquanto 

a outra é associada ao complexo de indução do silenciamento (RISC) (HE; HANNON, 

2004). Membros da família das proteínas argonautas constituem o núcleo central do 

RISC e são associadas aos microRNAs antes e após o reconhecimento do mRNA alvo 

(BARTEL; LEE; FEINBAUM,  2004). Em muitos casos, os microRNAs ligam-se à 

região 3' UTR do mRNA por um mecanismo de complementaridade de bases 

imperfeita, causando repressão da tradução do mRNA, sem degradação de sua fita (HE; 

HANNON, 2004) (Figura-1B). 

 



 
 

Figura-1 Via canônica para produção de microRNAs em plantas e mamíferos.  Homólogos com 
funções similares são representados pela mesma cor (Adaptado de Zhang et al., 2018). 

Já em fungos como Neurospora crassa o mecanismo de produção de 

microRNAs-like é parcialmente semelhante ao realizado por plantas e mamíferos. 

Quatro vias distintas para a produção de microRNAs-like neste fungo foram descritas 

por (Lee e colaboradores, 2010). O milR-1 é produzido através de um longo milRNA 

primário (pri-milRNA) onde proteínas dicers dcr1/dcr2p clivam o pri-milRNA 

formando um RNA dupla fita (dsRNA) denominado precursor de milRNAs.  Após esta 

etapa o precursor de milRNAs, liga-se à argonauta qde-2p e esta proteína recruta a 

exonuclease QPIp para processamento do pré-microRNA e formação do microRNA 

maduro.  Além disso, análises de linhagens mutantes para qde-1p (RNA-Polimerase-

dependente de RNA) e qde-3p (RecQ helicase) revelaram que estas proteínas não são 

necessárias para a biossíntese de milR-1, o qual é processado por enzimas dicers e 

argonauta. 

Ainda em N. crassa, o mecanismo para a produção de milR-3 requer a presença 

de dicers (dcr1p/dcr2p). Para a síntese de milR-4 o mecanismo é parcialmente 

dependente de dicers indicando possivelmente a presença de outra nuclease envolvida 



no processamento de milR-4. Ao contrário de milR-1 a  produção do milR-3 e milR-4 

não requer a presença de qde-2p evidenciando um mecanismo independente de qde-2p 

para síntese deste dois microRNAs. A biogênese de milR-2 é independente de dicers,  

embora a proteína argonauta qde-2p, com seu sítio catalítico, seja necessária para a 

produção de pre-milRNA e milR-2 maduro, entretanto para a síntese de milR-2 a 

proteína QPIp, não é empregada. Desta forma, o pri-milR (milR-2) é processado por 

uma nuclease desconhecida e o pre-milR associa-se com qde-2p, que através da sua 

atividade catalítica é envolvida na geração do microRNA-like maduro.  Em N. crassa a 

proteína mitocondrial MRPL3p contendo um domínio de Ribonuclease III poderia atuar 

na biogênese de microRNAs-like que não são dependentes do processamento por dicers 

(LEE et al., 2010) (Figura-2).  

 

Figura 2- Diagrama representativo das quatro vias de produção de microRNAs-like em N. crassa 
(Lee et al., 2010). 

Assim como em N. crassa, em Mucor circinelloides diferentes vias para 

produção de pequenos RNAs são presentes, empregando proteínas dicers, argonautas e 

RNA polimerase dependente de RNA. Além disso, uma via não canônica, dependente 

de argonautas e RNA polimerase dependente de RNA, porém independente de dicers é 

presente neste fungo, sendo envolvida no processo de degradação de RNAs 

mensageiros endógenos (TRIEU et al., 2015).  

MicroRNAs-like produzidos por fungos apresentam semelhanças com 

microRNAs de plantas e animais, tais quais, todos são processados a partir de um 



precursor de RNA em forma de braço e alça (stem-loop). Muitos microRNAs-like de 

fungos requerem proteínas dicers e argonauta durantes as etapas de processamento 

(LEE et al., 2010) e  atuam também como reguladores da expressão gênica.  

MicroRNAs-like produzidos por N. crassa (LEE et al., 2010) e Cryptococcus  

neoformans (JIANG et al., 2012) induzem o silenciamento de genes alvo e componentes 

centrais da via são conservados entre diferentes espécies de fungos (DRINNENBERG 

et al., 2009).  

1.2 Descrição e função de microRNAs-like em fungos 

Após a descoberta de microRNAs em C. elegans (LEE et al., 1993) pequenos 

RNAs foram identificados em animais, plantas e algas (GRIMSON et al., 2008, ZHAO 

et al., 2007). Os primeiros microRNAs-like identificados em fungos foram descritos em 

N. crassa (LEE et al., 2010) e C.  neoformans (JIANG et al., 2012). Posteriormente 

microRNAs-like foram identificados em outros fungos, em Aspergillus flavus 

microRNAs-like foram  regulados em resposta à mudanças de temperatura (BAI et al., 

2015). Em Penicillium marneffei microRNAs-like foram identificados nas fases de 

micélio e levedura, tais microRNAs-like foram mais abundantes na fase filamentosa 

deste fungo (LAU et al., 2013). Em Metarhizium anisopliae um perfil de expressão 

diferencial de microRNAs-like foi detectado nas fases de micélio e conídio, sugerindo 

um possível papel regulatório dos microRNAs-like nas diferentes fases de crescimento 

deste fungo (ZHOU et al., 2012). 

 Diferentes microRNAs-like foram identificados em Penicillium chrysogenum, 

análises in silico revelaram genes alvo silenciados por microRNAs-like produzidos por 

este fungo (DAHLMANN, KÜCK, 2015). MicroRNAs-like foram  ainda descritos em 

Fusarium oxyporum (CHEN et al., 2014), Trichoderma reesei (KANG et al., 2013) 

Sclerotinia sclerotiorum (ZHOU et al., 2012), demonstrando assim a presença dessas 

moléculas em diferentes espécies de fungos. Análises do perfil de RNAs contidos em 

vesículas secretadas por C. neoformans, Paracoccidioides brasiliensis (Pb18), Candida 

albicans e Saccharomyces cerevisiae identificaram a presença de mRNA, ncRNA 

incluindo pequenos RNAs com tamanhos de até 250 nt. A busca por homologia entre 

estas sequências de pequenos RNAs e microRNAs de outros organismos depositados no 

mirBASE (http://www.mirbase.org/) permitiram a identificação de 145 sequências  em 

P. brasiliensis, 344 em C. neoformans, 423 em C. albicans e 532 sequências em S. 

cerevisiae que apresentaram homologia com microRNAs de outros organismos (PERES 



DA SILVA et al., 2015). Assim como em células de mamíferos e plantas, a presença de 

microRNAs-like em fungos evidencia um mecanismo conservado entre diferentes 

eucariotos (KANG et al., 2013). 

Mutações de genes envolvidos no fenômeno de RNA por interferência em 

Mucor circinelloides alteraram a função de vários processos biológicos incluindo 

esporulação, crescimento em diferentes variações de pH e autólise. Além disso, um 

conjunto extenso de genes foi regulado entre as linhagens mutantes e selvagens 

(NICOLÁS et al., 2015). Neste fungo a via de RNA por interferência também atua de 

forma não-canônica, promovendo mutações epigeneticas em determinadas linhagens e 

conferindo resistência a antifúngicos, favorecendo assim uma rápida adaptação do 

patógeno a condições de estresse (TRIEU et al., 2015).  

 Elementos essenciais da via de biogênese de pequenos RNAs de interferência 

como a proteína Argonauta e a enzima dicer foram descritos em vários fungos 

pertencentes a diferentes filos, entre eles Aspergillus nidulans, N. crassa, C. 

neoformans, Schizosaccharomyces pombe entre outros (DRINNENBERG et al., 2009). 

Análises do transcriptoma de Paracoccidioides sp. revelaram que este fungo possui 

genes ortólogos aos de N. crassa, os quais codificam as proteínas RNA polimerase 

dependente de RNA, argonauta e dicers, elementos chave da via de biossíntese de 

pequenos RNAs de interferência (ALBUQUERQUE et al., 2005). Análises dos 

genomas de Paracoccidioides spp. revelaram proteínas homólogas às de N. crassa, C. 

neoformans, Aspergillus spp. e Histoplasma capsulatum envolvidas na via de  

silenciamento gênico pós-transcricional (de CURCIO 2018 submetido).  

1.3 MicroRNAs e interação patógeno-hospedeiro 

Pequenos RNAs de interferência como os microRNAs, atuam em vários 

processos biológicos através de um mecanismo de regulação pós-transcricional, 

alterando a expressão de genes envolvidos em eventos de diferenciação e proliferação 

celular, tumorigênese, imunidade celular, atuando também durante o processo de 

interação patógeno-hospedeiro. Weiberg e colaboradores,  2013 demonstraram que o 

fungo fitopatogênico Botrytis cinerea, durante a infecção em Arabidopsis thaliana e 

tomate produz pequenos RNAs capazes de silenciar genes do hospedeiro relacionados 

com a imunidade, desta forma favorecendo a infecção do patógeno em plantas.   

A estratégia de uso de microRNAs produzidos pelo hospedeiro a favor do 

processo infeccioso também tem sido descrita em patógenos humanos. A bactéria 



intracelular Mycobacterium avium, após contato com macrófagos do hospedeiro induz a 

expressão de dois microRNAs produzidos por estas células, o microRNA let 7 e mir-29. 

Tais microRNAs possuem como alvos as proteínas Casp3 e Casp7 respectivamente, 

estas proteínas são membros da família BCL2, as quais são envolvidas na ativação da 

via de apoptose celular. Desta forma a indução destes dois microRNAs inibe a apoptose 

celular, mecanismo utilizado pelo hospedeiro para combater patógenos intracelulares, 

favorecendo assim a infecção por M. avium (SHARBATI et al., 2011). Mycobacterium 

tuberculosis outro patógeno intracelular, regula positivamente a expressão de miR-106b 

produzido por macrófagos esse microRNA possui como alvo a enzima lisossomal 

degradativa catepsina. A indução da expressão deste microRNA manipula as respostas 

do hospedeiro com o intuito de evitar  a exposição da bactéria às enzimas degradativas 

produzidas por macrófagos (PIRES et al., 2017). 

O parasita Leishmania donovani, agente etiológico da leishmaniose visceral, 

altera o perfil de expressão de microRNAs hepáticos envolvidos no metabolismo 

lipídico, através da clivagem da proteína dicer 1 do hospedeiro.  Este processo desregula 

a homeostase lipídica, favorecendo a infecção, visto que pacientes com hipolipidemia 

são mais susceptíveis à doença causada por este parasita (GHOSH et al., 2013). Nos 

estágios iniciais da infecção por Schistosoma spp. a expressão de miR-351 é reduzida 

nos tecidos hepáticos do hospedeiro, entretanto nos estágios mais tardios da infecção 

ocorre a indução da expressão de miR-351 e consequente aumento da fibrose hepática 

esquistossomótica. O uso de um antagonista de miR-351 promoveu a redução da fibrose 

hepática protegendo parcialmente o hospedeiro da esquistossomose letal (HE et al., 

2018).  

Estudos de interação entre macrófagos derivados de medula óssea e Listeria 

monocytogenes demonstram que esta bactéria é capaz de modular a expressão de 

inúmeros microRNAs contidos nos macrófagos, sugerindo que microRNAs podem 

fazer parte de uma resposta imune inata do hospedeiro contra a infecção por este 

patógeno (SCHNITGER et al., 2011). Analises do padrão de expressão de microRNAs 

produzidos por células dendritícas, após o  contato com Aspergillus fumigatus e 

Candida albicans revelaram uma resposta especifica de microRNAs à infecção causada 

por estes fungos, sendo que alguns dos microRNAs induzidos após o contato com estes 

patógenos foram miR-212 e miR-132. Possivelmente a indução da expressão destes 

microRNAs é associada à resposta antifúngica medida por células dendritícas, visto que 



alvos destes pequenos RNAs são associados a genes envolvidos na resposta imune 

durante o processo de infecção no hospedeiro (DIX et al., 2017).  

Em infecções sistêmicas a presença de um agente patogênico frequentemente 

induz uma significativa mudança no perfil de expressão de microRNAs circulantes do 

hospedeiro. Neste contexto Singulani e colaboradores 2017, analisaram o perfil de 

expressão de microRNAs produzidos por pacientes com Paracoccidioidomicose (PCM) 

e indivíduos saudáveis. Os dados do trabalho apontaram para uma indução da expressão 

de oito microRNAs entre os indivíduos com PCM.  Apoptose, resposta imune e adesão 

do fungo as células do hospedeiro são possíveis processos regulados pelos microRNAs 

diferencialmente expressos, demonstrando assim a influência destas moléculas no 

processo de interação patógeno-hospedeiro. Além disso, segundo os autores, a presença 

de microRNAs circulantes no soro de pacientes com PCM pode ser uma possível 

alternativa para a obtenção de  biomarcadores da infecção. Em um modelo de infecção 

pulmonar por P. brasiliensis, microRNAs produzidos pelas células do pulmão do 

hospedeiro foram diferencialmente expressos em 28 e 56 dias após a infecção, 

sugerindo um papel putativo destes pequenos RNAs durante o curso da  micose nos 

pulmões (MARIOTO et al., 2017).  

1.4 Paracoccidioides spp.  

Fungos pertencentes ao complexo Paracoccidioides foram descritos pela 

primeira vez por Adolpho Lutz em 1908, sendo este patógeno isolado de um paciente 

que apresentava lesões na mucosa oral. Paracoccidioides spp. são fungos 

termodimórficos, que quando cultivados em temperaturas entre 22  à 25º C, ou no solo, 

apresentam-se na forma  miceliana. Quando cultivados em temperaturas de 36º a 37ºC 

in vitro ou no hospedeiro, desenvolvem-se na sua forma parasitária caracterizada como 

leveduras (RESTREPO, 1985, BOCCA et al., 2013). Nesta fase morfológica ocorre a 

presença de múltiplos brotamentos originados de uma célula grande e central, com 

aspecto de roda de leme de navio (Figura-3A). Quando em meio de cultura, as leveduras 

apresentam-se como colônias enrugadas e de cor creme, formadas por células de 

tamanho variado (4 a 30 ). Já a forma miceliana, apresenta septos formados por 

conídios terminais ou intercalares (Figura-3B), (BRUMMER et al., 1993). Após 15 dias 

de cultivo a 25ºC, observa-se na fase filamentosa a presença de colónias brancas, 

tornando-se aveludadas e acastanhadas, sendo possível observar-se a presença de hifas 

hialinas septadas, com ramificações (Figura-3B) (MENDES et al., 2017).  



 

Figura 3-Características microscópicas de Paracoccidioides spp. (3A) Uma célula grande e central, 
rodeada por brotamentos periféricos, típico da fase parasitária ou de levedura (3B). Emaranhado de hifas 
hialinas, septadas característica de micélio. Aumento de 40x: Fonte Laboratório de Biologia Molecular-
UFG. 

Os fungos do complexo Paracoccidioides possuem, ao menos, dois nichos 

ecológicos conhecidos, sendo um correspondente à forma miceliana, encontrada no solo 

e outro à sua forma parasitária ou leveduriforme, associada ao hospedeiro. Durante a 

fase leveduriforme estes fungos adaptam-se a um habitat diferente, podendo ocupar 

variados nichos em órgãos internos do hospedeiro, dependendo da sua tolerância à 

mudanças na temperatura, influência hormonal e às respostas do sistema imune do 

hospedeiro. Durante a fase saprobiótica ou miceliana o fungo encontra-se sobre a 

influência de fatores ambientais como umidade do solo, mudança na temperatura e 

competição com outros microorganismos (Figura-4) (BAGAGLI et al., 2008). A 

dispersão e crescimento destes patógenos parecem ser influenciados por alterações 

climáticas. Por exemplo, períodos com altas taxas de umidade favorecem o crescimento 

fúngico e manutenção no solo. Entretanto um breve período de seca remove água da 

camada mais superficial da terra, favorecendo a disseminação dos propágulos 

infectantes (YAMAMOTO et al., 2012). 

 



 
Figura 4- Ciclo biológico hipotético de Paracoccidioides spp. São descritas algumas forças seletivas 
que podem atuar sobre seu suposto nicho ecológico no ambiente saprobiótico e no hospedeiro (adaptado 
de BAGAGLI et al., 2008). 

 Acreditava-se que os humanos eram os únicos hospedeiros infectados por 

espécies do gênero Paracoccidioides. Entretanto, vários trabalhos têm mostrado que 

animais podem ser infectados como, por exemplo, cachorros, cavalos (MENDES et al., 

2017) e coelhos (BELITARDO et al., 2014). Além destes, animais selvagens como 

roedores que vivem em áreas endêmicas da PCM são infectados por este fungo e tais 

achados podem ser utilizados como valiosos marcadores epidemiológicos da presença 

destes patógenos no meio ambiente (SBEGHEN et al., 2015). Espécies do complexo 

Paracoccidioides também tem sido isoladas de amostras de solo e aerossóis de áreas 

endêmicas da doença como os estado de Goiás e Minas Gerais (ARANTES et al., 

2016).  

1.5 Classificação filogenética de fungos do complexo Paracoccidioides 

 Fungos do complexo Paracoccidioides são classificados como pertencentes ao 

filo Ascomicota ordem Onygenales e família Ajellomycetaceae, que incluem fungos 

anamorfos como Blastomyces dermatitidis, Histoplasma capsulatum, Emmonsia parva, 

Emmonsia crescens e Lacazia loboi (UNTEREINER et al., 2004,  DUKIK et al., 2017). 

Durante muitos anos vários trabalhos foram realizados no intuito de caracterizar as 

espécies filogenéticas pertencentes ao gênero Paracoccidioides. Em 2006, Matute  e 

colaboradores, empregando técnicas de polimorfismo genético, descreveram três 

espécies filogenéticas distintas dentro do complexo Paracoccidioides brasiliensis. Essas 

espécies foram classificadas como espécie filogenética S1(contendo 38 isolados 

pertencentes ao Brasil, Venezuela, Peru e Argentina), PS2 (com 6 isolados sendo 5 



brasileiros e 1 venezuelano) e PS3 (contendo 21 isolados colombianos). Posteriormente 

análises de diferentes isolados de Paracoccidioides brasiliensis revelaram que Pb01 

difere filogeneticamente dos outros isolados pertencentes às espécies S1, PS2 e PS3 

(CARRERO et al., 2008). 

 Em 2009 Teixeira e colaboradores,  empregando o método de reconhecimento 

de espécies filogenéticas por concordância genealógica descreveram uma possível nova 

espécie dentro do gênero Paracoccidioides, sendo esta denominada como Pb01-like ou 

P. lutzii uma homenagem a Adolpho Lutz, o qual descreveu P.brasiliensis, em 1908. 

Através de análises de dados moleculares foi proposta a divisão do gênero 

Paracoccidioides em duas espécies biológicas, P. brasiliensis e P. lutzii (TEIXEIRA  et 

al., 2009, SALGADO-SALAZAR et al., 2010, THEODORO et al., 2012 e  BOCCA et 

al., 2013). Isolados pertencentes à espécie P. lutzii são endêmicos da região Centro-

Oeste mais especificamente nos estados de Goiás e Mato Grosso.  Uma sobreposição 

geográfica é observada entre a espécie filogenética S1 de P. brasiliensis e P. lutzii 

sugerindo que as espécies sejam simpátricas (TEIXERA et al., 2009) (Figura-5).  

 

 

 

 

 

 

 

 

 

 

Figura 5- Distribuição geográfica de espécies filogenéticas do gênero Paracoccidioides. Os isolados 
Pb01-like são encontrados quase que exclusivamente na Região Centro-Oeste do Brasil, principalmente 
nos estados de Mato Grosso e Goiás.  A espécie filogenética S1 sobrepõe parcialmente na mesma região 
(Teixeira et al., 2009).  



Posteriormente outra nova espécie filogenética dentro do complexo P. 

brasiliensis foi sugerida, sendo esta denominada como PS4, sendo os isolados clínicos 

recuperados de pacientes da Venezuela (BOCCA et al., 2013, TEIXEIRA et al., 2014 

Turissini e colaboradores, 2017 empregando análises morfológicas e moleculares, 

sugeririam uma nova classificação para as espécies filogenéticas do complexo P. 

brasiliensis, como se segue: P. americana para PS2, P. restrepiensis para PS3, P. 

venezuelensis para PS4 e P. brasiliensis sendo usada apenas para S1, além da espécie já 

descrita como P. lutzii (TEIXEIRA  et al., 2009). 

 1.6 Paracoccidioidomicose (PCM)  

Paracoccidioidomicose (PCM) anteriormente conhecida como blastomicose sul 

americana é uma micose sistêmica endêmica causada por fungos do gênero 

Paracoccidioides (RESTREPO, 1985, CATAN, MORALES, 2015, TURISSINI et al., 

2017). A rota de infecção por estes fungos ocorre através da inalação de conídios ou 

propágulos micelianos, que ao atingirem os alvéolos pulmonares realizam a transição 

dimórfica para a fase leveduriforme, a qual pode disseminar-se pelas vias linfática e/ou 

hematogênica para outros locais do organismo hospedeiro (MCEWEN et al.,1987, 

(SHIKANAI-YASUDA et al., 2006).  

Esta micose pode ser classificada em: Paracoccidioidomicose infecção e 

Paracoccidioidomicose doença (Forma: Aguda/subaguda) e (Forma: Crônica). A PCM 

infecção é contraída quando o individuo saudável entra em contato com 

Paracoccidioides spp. e se torna positivo para o antígeno paracoccidioidina. Entretanto, 

não ocorrem manifestações dos sintomas da doença (FRANCO et al., 1987,  

MARQUES, 2013, SHIKANAI-YASUDA et al., 2017).  A forma crônica da doença 

acomete principalmente indivíduos do gênero masculino, relacionados à atividade rural, 

com faixa etária entre 30 a 60 anos de idade, sendo responsável por 90% dos casos da 

doença. A doença crônica é caracterizada como unifocal quando é restrita a apenas um 

órgão, geralmente pulmão e multifocal acometendo mais de um órgão simultaneamente, 

sendo pulmão e mucosa os sítios mais comuns (Figura 6A). Dependendo das condições 

gerais do paciente e dos achados clínicos, a forma crônica da doença pode ser 

subdividida em leve, moderada ou grave. Os pacientes podem morrer ou se recuperar da 

infecção e muitas vezes as lesões pulmonares podem deixar sequelas resultando em 

insuficiência respiratória (FRANCO et al., 1987, MARQUES 2013, SHIKANAI-

YASUDA et al., 2006, SHIKANAI-YASUDA et al., 2017). 



 A forma aguda/subaguda (tipo juvenil) é caracterizada por evolução rápida dos 

sintomas e sinais da doença, ocorrendo a presença de linfadenomegalia, 

hepatoesplenomegalia, manifestações digestivas, envolvimento ósseo-articular e lesões 

cutâneas (Figura 6B). Esta forma clínica é responsável por 5 a 25% dos casos da 

doença, podendo ser mais frequente em certas regiões endêmicas. No Brasil os maiores 

relatos desta forma da micose são dos estados do Maranhão, Minas Gerais, Pará, Goiás 

e São Paulo. A distribuição da doença é igual entre crianças e adolescentes dos gêneros 

feminino e masculino (FRANCO et al., 1987, SHIKANAI-YASUDA et al., 2006, 

SHIKANAI-YASUDA et al., 2017).  

 
Figura 6-Manifestações clínicas da Paracoccidioidomicose (PCM). Aspectos clínicos da forma crônica 
da doença com acometimento peri-oral (3A), Forma aguda da PCM com abscessos em regiões frontal e 
clavicular, resultantes do acometimento ósseo-articular (3B) (Fonte: SHIKANAI-YASUDA et al., 2006 e 
SHIKANAI-YASUDA et al., 2017). 

A PCM não é uma doença de notificação compulsória, sendo que a prevalência, 

incidência e morbidade da doença são estimadas com base em análises epidemiológicas, 

dados de internação hospitalar e dados de mortalidade (SHIKANAI-YASUDA et al., 

2017). Estima-se que cerca de 80% dos pacientes que adquirem esta doença são 

brasileiros, o restante dos casos ocorre principalmente na Colômbia, Venezuela, 

Argentina e Equador. A taxa de letalidade desta doença é de 3% a 5% e o número de 

casos no Brasil, por ano, varia de 3360 a 5600. Análises dos dados epidemiológicos das 

cinco principais regiões do Brasil revelaram que as regiões Centro-Oeste e Norte do 

Brasil têm as taxas mais altas de hospitalização e mortalidade, sugerindo que estas 

regiões são importantes áreas endêmicas da paracoccidioidomicose (MARTINEZ, 

2017). A PCM tem grande impacto médico e social em áreas endêmicas da doença, não 

apenas pelo elevado número de casos, mas também por causa da cronicidade da doença, 

longo período de tratamento e sequelas que frequentemente causam incapacidade para o 



trabalho e baixa qualidade de vida. Entre as doenças crônicas granulomatosa no Brasil a 

PCM é menos comum que a tuberculose, porém com maiores índices que a 

histoplasmose. Entretanto a histoplasmose associada a pacientes com HIV é mais 

prevalente do que a PCM (MARTINEZ, 2015). No Rio de Janeiro após o termino da 

rodovia Raphael de Almeida Magalhães, foi detectado um surto de PCM na sua forma 

aguda, com uma incidência de 8,25 por milhão de pessoas. Possivelmente este fato 

relaciona-se a uma grande área desmatada e maciça quantidade de terra removida, 

expondo a população aos propágulos infectantes deste patógeno, presentes no solo ( 

VALLE et al., 2017)  

O padrão ouro do diagnóstico da PCM é presença de elementos fúngicos 

sugestivos de Paracoccidioides spp. em amostras provenientes de escarro, raspado de 

lesão, aspirado de linfonodos e ou fragmentos de fungo em biopsia de órgãos 

possivelmente acometidos por esta micose.  Como esta micose é uma doença sistêmica, 

o diagnóstico também deve observar os principais órgãos acometidos em cada forma da 

infecção (aguda/crônica), além do estado geral de saúde do paciente. (SHIKANAI-

YASUDA et al., 2006, BOCCA et al., 2013 e SHIKANAI-YASUDA et al., 2017). 

Além disso, testes sorológicos com o antígeno gp-43 são utilizados para diagnósticos da 

PCM, embora alguns espécies dentro do gênero apresentem menor reatividade a este 

exame (CAPELLA MACHADO et al., 2013). 

Diferentes de outros fungos, as espécies do gênero Paracoccidioides são 

susceptíveis ao tratamento com a maioria dos antifúngicos. Vários medicamentos tem se 

mostrado eficazes no tratamento da doença incluindo derivados azólicos (cetoconazol, 

fluconazol, itraconazol, voriconazol), derivados de sulfonamida (cotrimoxazol, 

sulfadiazina, trimetoprima) e anfotericina B. O antifúngico itraconazol na concentração 

de 200 mg tem sido empregado para o tratamento da infecção nas formas leve e 

moderada, com altas taxas de eficácia. A duração do tratamento pode variar de 9 a 18 

meses, com tempo médio de 12 meses, sendo que o paciente deve sempre passar por 

exames clínicos, imunológicos e radiológicos. Os pacientes com a forma grave da 

doença devem fazer uso de anfotericina B em ambiente hospitalar ou de solução 

intravenosa de sulfametoxazol/trimetoprim até a melhora, para o posterior tratamento 

com outros antifúngicos orais (SHIKANAI-YASUDA et al., 2006, BOCCA et al., 2013 

e SHIKANAI-YASUDA et al., 2017).  

 A resistência feminina à paracoccidioidomicose provavelmente está relacionada 

aos eventos iniciais após a infecção e possivelmente estes processos sejam modulados 



por hormônios (ARISTIZABAL et al., 1998) -estradiol em 

mulheres confere resistência à infecção, devido ao fato que este hormônio inibe o 

processo de transição dimórfica de conídio ou micélio para levedura (SALAZAR; 

RESTREPO; STEVENS, 1988, SHANKAR et al., 2011). Análises das respostas 

imunológicas entre camundongos machos e fêmeas com PCM, revelaram um perfil de 

ativação de células do sistema imune diferente entre os dois grupos, macrófagos 

derivados de camundongos fêmeos são mais potentes em produzir óxido nítrico, além 

de induzir a expressão do fator transcricional T-bet e a produção de citocinas do tipo 

Th1. De fato o hormônio sexual feminino estradiol confere proteção ao 

desenvolvimento da PCM por influenciar na ativação das respostas imunológicas do 

hospedeiro (PINZAN et al., 2010). 

1.7 Transição dimórfica no complexo Paracoccidioides  

A virulência de um patógeno não pode ser definida como uma propriedade 

microbiana independente, visto que este mecanismo resulta do processo de interação 

entre o patógeno e hospedeiro. O patógeno possui estruturas como enzimas e 

componentes, presentes na parede celular, capazes de induzir danos ao tecido do 

hospedeiro ou mascarar a resposta imune (CASADEVALL; PIROFSKI, 2009).  No 

intuito de eliminar o patógeno, o hospedeiro produz células de defesa como macrófagos 

e células dendritícas, assim como citocinas, como interferon gama e fator de necrose 

tumoral, além de estimular a produção de espécies reativas de oxigênio e nitrogênio por 

macrófagos (THIND; TABORDA; NOSANCHUK, 2015). Espécies do complexo 

Paracoccidioides utilizam de vários mecanismos para colonizar o hospedeiro e escapar 

da resposta imune (BOCCA et al., 2013). A temperatura é o único fator que desencadeia 

o processo de alteração morfológica em fungos do complexo Paracoccidioides e 

portanto a capacidade de sobreviver em temperaturas mais elevadas e o dimorfismo 

térmico são etapas essenciais para a sobrevivência destes fungos no hospedeiro 

(RESTREPO 1985, revisado por TEIXEIRA et al., 2014). 

 Vários trabalhos têm caracterizado as respostas em nível transcricional destes 

patógenos durante o processo de transição dimórfica. Nunes e colaboradores, 2005 

analisando o perfil de expressão de genes em diferentes tempos da transição dimórfica 

de micélio a levedura em P. brasiliensis Pb18 detectaram 2.583 genes diferencialmente 

expressos. Vários processos celulares foram regulados durante a transição morfológica, 

incluindo aumento da síntese de componentes ribossomais, indução de genes 



codificadores de proteínas de vias de sinalização como os da MAPK, calmodulina, 

proteínas G. Foi detectado também a indução de genes envolvidos em resposta ao 

estresse oxidativo, provável alteração da composição dos polissacarídeos presentes na 

parede celular, através da indução da expressão de genes envolvidos em síntese de 

quitina e repressão de enzimas envolvida na degradação deste polímero, bem como, 

diminuição da expressão de genes codificadores de histonas nos pontos finais da 

transição dimórfica e indução de genes envolvidos na via de catabolismo de 

aminoácidos. O tratamento com Nitisinona, um inibidor de 4-hidroxifenilpiruvato 

dioxigenase, uma enzima envolvida na segunda etapa de catabolismo de aminoácidos 

aromáticos, bloqueou o processo de transição dimórfica de micélio para levedura. 

Avaliação do nível de transcritos durante a morfogênese, de micélio para levedura em 

P. brasiliensis Pb18 revelou um perfil de expressão diferencial de genes. Transcritos 

com maior indução durante este processos incluem aqueles codificadores de ubiquitina, 

HSP70, HSP82, HSP104 e delta-9-dessaturase. A indução destes transcritos durante a 

transição dimórfica relaciona-se aos processos de estabilização de proteínas, adaptação 

ao aumento de temperatura e fluidez da membrana plasmática, respectivamente 

(GOLDMAN et al., 2003). 

Análises do transcriptoma de P. lutzii nos estágios iniciais da morfogênese, de 

micélio para levedura, revelaram a indução de genes envolvidos no remodelamento da 

parede -glucana, além de vários 

transportadores como a permeasse de aminoácidos DIP5p envolvida na captação de 

glutamato, um precursor requerido para a síntese de quitina. Genes envolvidos na 

síntese de ergosterol e fosfolipídios presentes na membrana plasmática de células 

fúngicas também foram induzidos. Transcritos codificadores de proteínas envolvidas 

em vias de sinalização celular foram induzidos, incluindo MAPK, proteína histidina 

quinase, calcineurina, RhoGTPase e a proteína PKC,  tais proteínas são envolvidas na 

biossíntese de parede celular, captação de estímulos ambientais e resposta ao estresse 

(BASTOS et al., 2007). Durante o processo de transição dimórfica em P. lutzii também 

ocorre um aumento da síntese proteica e de modificações pós transcricionais de 

proteínas como ubiquitinação e degradação proteossomal, além da indução de 

glicosiltransferases, proteínas envolvidas na biossíntese de inúmeras moléculas dentro 

das células fúngicas, incluindo os componentes da parede celular (PARENTE et al., 

2008).  



Dados de expressão gênica durante a transição de micélio para levedura e 

durante o processo de germinação de levedura para micélio revelaram indução de genes 

envolvidos na resposta ao estresse, sinalização celular, síntese de parede celular, 

captação de estímulos ambientais e modificação de proteínas (HERNÁNDEZ et al., 

2011). De fato as alterações na parede celular, demonstrado por análises transcricionais, 

corroboram com os dados já descritos na literatura, visto que na fase filamentosa o 

principal polissacarídeo é o -1,3- -1,3-glucana é o principal 

polissacarídeo da parede celular, constituinte da fase de levedura (KANETSUNA, 

CARBONELL, 1970 revisado por MENDES et al., 2017). 

O gene da histidina quinase drk1 é envolvido no processo de dimorfismo 

térmico de fungos como Histoplasma capsulatum e Blastomyces dermatitidis 

(NEMECEK  et al., 2006). Em P. brasiliensis o gene da histidina quinase drk1 é 

altamente expresso em diferentes pontos da transição dimórfica e linhagens deste fungo 

submetidas ao crescimento com o inibidor de drk1 apresentam um atraso no processo de 

transição dimórfica de micélio para levedura (CHAVES et al., 2016). Outros genes 

envolvidos no processo de morfogênese destes fungos são Ras-1 e 2 e o bloqueio do 

processo de farnesilação das proteínas prejudica o crescimento de células 

leveduriformes e favorece o crescimento da forma miceliana (FERNANDES et al., 

2008). As proteínas Hsp-90 e calcineurina de Paracoccidioides spp. são envolvidas no 

processo de transição dimórfica de micélio para levedura e a Hsp-90 também é 

envolvida  na resposta ao estresse devido à  elevação de temperatura (MATOS; 

MORAIS; CAMPOS, 2013). A transição morfológica de membros do complexo 

Paracoccidioides é controlada pelos níveis de Adenosina Monofosfato Cíclico (AMP-

cíclico). Durante o início da transição ocorre um aumento dos níveis de AMP-cíclico. A 

expressão do gene cyr1 que codifica adenilato ciclase (AC) correlaciona-se com os 

níveis de AMP cíclico e a atividade de AC é diferencialmente modulada pelas proteínas 

Gpa1p e Gpb1p, com o intuito de manter a ativação da via de sinalização mediada por 

AMP-cíclico ao longo da mudança morfológica (CHEN et al., 2007). 

 A enzima oxidase alternativa de P. brasiliensis influencia o processo de 

transição dimórfica de conídio para levedura, de fato o silenciamento deste gene reduziu 

a quantidade de células em transição e a viabilidade celular, possivelmente por alterar a 

homeostase celular, devido ao desequilíbrio do potencial redox intracelular 

(HERNÁNDEZ et al., 2015). A proteína paracoccina presente na parede celular, é 

envolvida no processo de crescimento e transição dimórfica, esta proteína é localizada 



em regiões de brotamento em células de levedura e mutações neste gene acarretam na 

diminuição da segregação de células filhas a partir de células mãe (OLIVEIRA et al., 

2017). 

Além das mudanças celulares desencadeadas pela troca de temperatura em 

espécies do complexo Paracoccidioides, os dados transcricionais também 

demonstraram que diferentes genes são expressos em cada estádio especifico destes 

patógenos. Análises do transcriptoma de células de levedura e micélio de P. lutzii 

permitiram a categorização de diferentes classes de genes neste patógeno. Processos 

biológicos realizados pelos transcritos presentes nas bibliotecas de cDNAs incluem 

metabolismo celular, transcrição, divisão celular, além de genes envolvidos em vias de 

sinalização celular relacionadas com o processo de transição dimórfica, gene 

codificadores de MAPK, calmodulina e cAMP/PKA foram anotados.  Alguns genes 

foram altamente expressos em uma das bibliotecas, por exemplo, os genes codificadores 

de hidrofobinas presentes na biblioteca de micélio (FELIPE et al., 2003). O 

metabolismo entre as fases de micélio e levedura também é diferente sendo que o 

micélio possui um metabolismo preferencialmente aeróbio com a indução de genes 

envolvidos no ciclo do ácido cítrico como, por exemplo: isocitrato desidrogenase e 

succinil-CoA sintetase. Em contraste, as células leveduriformes induzem genes 

envolvidos no metabolismo anaeróbico tais quais: álcool desidrogenase I e piruvato 

desidrogenase, e enzimas do ciclo do glioxilato, como isocitrato liase. De forma geral, a 

produção de ATP pela fermentação alcoólica e cadeia respiratória tende a ocorrer 

preferencialmente em células leveduriformes e micélio, respectivamente. Além da 

expressão de genes envolvidos em vias metabólicas, células leveduriformes induzem a 

expressão de genes relacionados à resposta ao choque térmico como Hsps, genes que 

codificam proteínas envolvidas na detoxificação de agentes oxidantes e genes 

envolvidos na síntese de quitina (FELIPE et al., 2005). Além disso, transcritos que 

-1,3-glucosidade, Hex1p e bglp foram induzidos na 

biblioteca de micélio, tais proteínas são envolvidas na manutenção e integridade da 

parede celular. Transcritos que codificam proteínas envolvidas no transporte de ferro 

também foram induzidos na biblioteca de cDNAs de micélio. Na biblioteca de levedura 

os transcritos mais expressos codificam para proteínas envolvidas na síntese ou 

-1,3-glucana sintase e quitina desacetilase, 

respectivamente. Enzimas da via de biossíntese de cisteína foram induzidas nesta 



condição, possivelmente porque na forma parasitaria ocorre a síntese de cisteína, a partir 

de sulfato inorgânico (ANDRADE et al., 2006).  

Dados proteômicos das fases de micélio, transição dimórfica e levedura 

corroboram com os dados obtidos do transcriptoma destes fungos.  De modo geral os 

dados apontam para maior expressão de proteínas da via glicolítica, enzimas do ciclo do 

glioxilato e do metabolismo de lipídeos na fase de levedura. Já em micélio as proteínas 

induzidas são relacionadas ao processo de produção de energia, como aldeído 

desidrogenases, além de proteínas envolvidas na defesa celular contra agentes oxidantes 

como a peroxiredoxina mitocondrial e superóxido dismutase dependente de Manganês. 

No período de 22 horas de transição dimórfica de micélio para levedura ocorre a 

indução de proteínas da via da pentose fosfato, possivelmente para produzir substrato 

para a glicólise que é induzida na fase de levedura, além da indução de proteínas de 

resposta ao choque térmico (REZENDE et al., 2011). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



2. JUSTIFICATIVA 

A paracoccidioidomicose é a micose sistêmica mais prevalente em países como 

Brasil, Venezuela, Equador e Colômbia, com altas taxas de mortalidade, constituindo-se 

em um problema de saúde pública. Vários trabalhos têm demonstrado a plasticidade que 

espécies pertencentes ao complexo Paracoccidioides possuem em adaptarem-se a 

diferentes nichos do hospedeiro. De modo geral, os membros do complexo alteram vias 

metabólicas para sobreviver em um ambiente hostil, como aquele encontrado durante o 

processo infeccioso. Também, alteram a constituição da parede celular para evadir das 

respostas do sistema imune e ativam vias de sinalização para induzir o processo de 

transição dimórfica, essencial para o estabelecimento da doença. Apesar do avanço no 

conhecimento de genes e processos relacionados com a transição dimórfica, os 

mecanismos que controlam esse processo ainda não estão elucidados em membros do 

complexo Paracoccidioides. 

Pequenos RNAs com funções regulatórias como microRNAs têm sido 

identificados em muitos microorganismos  patogênicos e não patogênicos. Tais 

moléculas desempenham papel importante no processo infeccioso, favorecendo ou 

inibindo o desenvolvimento de doenças. Em muitos fungos, microRNAs-like são 

associados a respostas a mudanças ambientas, assim como ao  desenvolvimento 

fúngico, em diferentes fases de crescimento. Estudos revelaram que membros do 

complexo Paracoccidioides possuem todos os genes que codificam as proteínas chave 

para produção de miRNAs e que possivelmente uma via de RNA de interferência seja 

ativa nestes patógenos.  Além disso, microRNAs foram identificados em vesículas 

secretadas por esses fungos. Portanto, visto a relevância do conhecimento de 

mecanismos desenvolvidos por este fungo para sobrevivência e regulação de processos 

biológicos, estudar o papel de microRNAs-like é relevante. Além disso, a possível 

presença de microRNAs-like em diferentes estádios de desenvolvimento do fungo, abre  

perspectivas para investigações da função destas moléculas durante o processo 

infeccioso no hospedeiro. 

 

 

 

 



3. OBJETIVO 

       3.1 Objetivo geral 

         O presente trabalho tem como objetivo geral identificar e caracterizar microRNAs-

like produzidos por P. brasiliensis nas formas miceliana e leveduriforme e durante a 

transição dimórfica, micélio-levedura, a qual precede o processo infeccioso no 

hospedeiro. 

 

      3.2 Objetivos específicos 

Analisar in silico proteínas homólogas em Paracoccidioides spp. envolvidas na via de 

silenciamento gênico pós-transcricional; 

 

     Identificar in silico possíveis microRNAs-like através de ferramentas de bioinformática; 

 

 Confirmar a predição in silico dos possíveis microRNAs-like por  reação de RT-PCR 

qualitativa; 

 

    Quantificar a expressão relativa dos genes que codificam para as proteínas dicers e 

argonautas, em diferentes fases de crescimento deste fungo; 

 

Avaliar o conjunto de microRNAs-like produzidos por micélio, micélio em transição 

para leveduras e células leveduriformes; 

 

Determinar o nível de expressão dos microRNAs-like entre as diferentes fases de P. 

brasiliensis; 

 

Identificar os possíveis alvos dos microRNAs-like entre os estágios específicos e inferir 

os possíveis processos biológicos realizados. 
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Abstract 

Eukaryotic cells have different mechanisms of post-transcriptional regulation. Within these 

mechanisms exist the microRNAs, such molecules promote regulation of the target by 

cleavage or degradation of the mRNA. Fungi of the complex Paracoccidioides are the 

etiological agents of the main systemic mycosis of Latin America. These fungi present a 

plasticity to adapt and survive in different conditions, so the presence of microRNAs-like 

could be part of one of the mechanisms that influence this process. In fact, microRNAs 

produced by the host influence the progression of this mycosis in the lungs besides regulating 

targets involved in apoptosis and immune response. Therefore this work analyzes the 

presence of regions in the genome of this fungus with potential to be regions encoding 

microRNAs-like. Here we show that by analysis of sequence similarity the presence of 18 

potencies regions for microRNAs-like in Pb18 genome. We have too described the 

conservation of dicers and argonauts proteins and the transcripts encoding these proteins are 

induced in the parasitic phase. Therefore, we predict that this work will be a starting point for 

the analysis of the presence of these molecules between the different morphological stages of 

this fungus and its influence on fungal development.  

 

 

 

  



Introduction 

 MiRNAs were originally identified in Caenorhabditis. elegans (Lee et al., 1993), and 

since then have been described in animals, plants and algae (Zhao et al., 2007; Grimson et al., 

2008).  In fungi, the first identified miRNAs-like were described in Neurospora crassa and 

Cryptococcus neoformans (Lee et al., 2010; Jiang et al., 2012). Subsequently, several studies 

demonstrated the presence of miRNA-like structures in different species of fungi such as 

Metarhizium anisopliae, Sclerotinia sclerotiorum, Penicillium marneffei, Trichoderma reesei, 

Fusarium oxysporum, Aspergillus flavus and Penicillium chrysogenum (Zhou et al., 2012 ; 

Zhou et al., 2012; Lau et al., 2013; Kang et al., 2013; Chen et al., 2014; Bai et al., 2015), 

Dahlmann and Kück 2015).  In fungi such as Neurospora crassa different pathways are 

involved in the production of a microRNAs-like, for example the milR-1 are produced 

dependent on protein dicers and argonauts qde-2p, unlike the biogenesis of milR-2 is 

independent of dicers, although protein argonaut qde-2p, with its catalytic site, is required for 

the production of pre-milRNA and mature milR-2 (Lee et al., 2010). 

 MicroRNAs act in pathways of cellular differentiation, tumorigenesis, heart disease 

and cellular signalling. Furthermore, several studies have demonstrated how fungi can alter 

the expression profile of host microRNAs. Process regulated by microRNA from host during 

the development mycoses includes cell cycle, macrophage polarization, chemokine 

expression, granulocyte production (Croston et al., 2018).  For example, analyzes of profile 

microRNAs produced by lungs, during the process of germination of A. fumigatus, 

characterized different levels of expression of the microRNA and mRNA between viable and 

non-viable conidia. In this sense, repressed microRNAs in lungs infected with viable conidia 

include miR-29a-3p, miR-30c-5p targeted of these microRNAs include genes involved in the 

inflammatory response such as Clec7, SMAD2/3 and TGF-  The genes Clec7a elicit an 

inflammatory response due to the recognition of -glucan on the hyphal cell wall. The TGF-



signaling pathway includes the transcription factors MDES, in these sense microRNAs that 

regulate these transcripts have been repressed in macrophages In fact, the process of 

germination of conidia induces in of allergic inflammation in the lungs (Croston et al., 2016). 

  Analysis of the expression pattern of microRNAs produced by dendritic cells after 

contact with Aspergillus fumigatus and Candida albicans revealed a specific response of 

microRNAs to the infection caused by these fungi, and some of the microRNAs induced after 

contact with these pathogens were miR-212 and miR-132. The expression of these 

microRNAs is associated with the antifungal response measured by dendritic cells, since 

targets of these small RNAs are associated with genes involved in the immune response 

during the host infection process (Dix et al., 2017).  

 In systemic infections the presence of a pathogen often induces a significant change in 

the expression profile of circulating microRNAs in the host. In this context Singulani and 

collaborators 2017, analysed the expression profile of microRNAs produced by patients with 

Paracoccidioidomycosis (PCM) and healthy individuals. The data of the work pointed to an 

induction of the expression of eight microRNAs among the individuals with PCM. Apoptosis, 

immune response and adhesion of the fungus host cells are possible processes regulated by 

differentially expressed microRNAs, thus demonstrating the influence of these molecules on 

the pathogen-host interaction process. In addition, according to the authors, the presence of 

circulating microRNAs in the serum of PCM patients may be a possible alternative for 

obtaining biomarkers of the infection.  

 The comparison of the histopathological changes observed in the lungs of mice 

infected with P. brasiliensis at 28 and 56 days after infection correlates with the level of 

expression of the microRNAs produced by this organ. In fact, within 28 days of infection, the 

lungs shown the presence of granulomas with infiltrates of giant cells, bordering the fungal 

cells, and the presence of phagocytic cells, however in 56 after the infection the lungs 



presented a low number of yeasts, characteristic of resolution of the infection. In parallel, the 

analyzes of 84 microRNAs involved in inflammatory responses were differentially regulated 

between the two periods of mycosis development. In this sense, microRNAs induced at 56 

days after lung infection could act to reduce damage to lung tissues, as for example the 

MiRNA-26b-5p, this molecule negatively regulates the expression of IL-6 and the presence of 

this interleukin increases in the population of regulatory T cells, in this way this microRNA 

could influence the amount of T cells after 56 infection (Marioto et al., 2017). 

 Paracoccidioidomycosis (PCM) is an endemic systemic mycosis caused by fungi of 

the genus Paracoccidioides (Restrepo, 1985, Turissini et al., 2017). It is estimated that 

approximately 80% of the patients who acquire this disease are Brazilian, the rest of the cases 

occur mainly in Colombia, Venezuela, Argentina and Ecuador. The lethality rate of this 

disease is 3% to 5% and the number of cases in Brazil per year varies from 3360 to 5600 

(Martinez, 2017) 

 Although miRNAs-like have already been described in pathogenic microorganisms,   

and microRNAs produced by the host, are modulated in response to fungal infections, the 

information about the presence of microRNAs-like in Paracoccidioides spp. is limited. In this 

work, we sought to identify, in the genomes of members of the Paracoccidioides genus, 

proteins involved in the post-transcriptional gene silencing pathway mediated by miRNAs, 

and we evaluated the level of expression of transcripts encoding these proteins in the  

parasitic phase of P. brasiliensis Pb18. Using miRNA-like sequences identified in other fungi 

such as (Neurospora crassa, Cryptococcus neoformans and Penicillium marneffei) we 

performed in silico identification of sequences of miRNAs-like in the genome of P. 

brasiliensis Pb18. In general, we identified dicers and argonaut proteins conserved in species 

of the Paracoccidioides complex and identified sequences in the genome of P. brasiliensis 

Pb18 with potential to be regions of microRNAs-like genes To our knowledge, this work it is 



indeed that is an in-dept in silico analysis added of experimental results of the presence of 

microRNA-like coding regions in this important human pathogen. 

Materials and methods 

In silico analysis of homologous proteins in Paracoccidioides spp. involved in the post-

transcriptional gene silencing pathway 

 The sequences of dicer and argonaute proteins, present in the UNIPROT database, 

were used for searching homologous proteins in Paracoccidioides spp. We compared these 

sequences with those described for other fungi species: N. crassa, C. neoformans H99, 

Histoplasma capsulatum, Aspergillus nidulans and A. fumigatus (Galagan et al., 2003; 

Nakayashiki et al., 2006; Janbon et al., 2010). Prediction of similarity and identity among 

homologous proteins was performed using the BLASTp tool from the NCBI database. 

Sequences alignment and protein domain prediction were performed using the CLUSTALX2 

and PFAM databases  respectively (Larkin et al., 2007; Finn et al., 2015). 

 Phylogenetic analysis of RNA-induced silencing complex proteins in fungi 

 RNA-induced silencing complex proteins, dicer and argonaute, from Paracoccidioides 

spp., N. crassa, C. neoformans H99, H. capsulatum, A. nidulans, A. fumigatus and other 

fungi, were used for phylogenetic analysis. A phylogenetic tree was constructed by multiple 

sequence alignments using CLUSTALX2. The tree was generated by neighbor-joining 

method and visualized by TreeView software (Saitou and Nei 1987; Thompson et al., 1997). 

Robustness of branches was estimated using 10.000 bootstrapped replicates. The accession 

numbers for each gene used in this comparison are described in supplementary table 1. 

Culture and maintenance of P. brasiliensis and RNA extraction 

 Yeast cells from P. brasiliensis Pb18 (ATCC 32069) were cultivated in Sabouraud 

media at 36ºC (Sharma et al., 2010). After five days growing in solid media, yeast cells were 



inoculated in liquid media and cultivated for 18 h at 36ºC at 150 rpm, as previously described 

(Silva-Bailão et al., 2014). 

Detection of genes from the RNA-induced silencing complex in P. brasiliensis  

 Detection of genes involved in the post-transcriptional gene silencing pathway was 

performed by qRT- PCR. The primer sequences for amplification of Dicer 1(dcr 1), Dicer 2 

(dcr 2), Argonaute 1 (ago-1), Argonaute 2 (ago-2) and Actina (act) are described in (Table 

S2). In brief, total RNA extracted from P. brasiliensis was treated with DNAse (RQ1 RNase-

free DNase, Promega) and subjected to in vitro reverse transcription (SuperScript III First-

recommendation. cDNA were used in the qRT-PCR reaction in the Step OnePlus platform 

(Applied Biosystems), using a mixture of SYBR green PCR master mix (Applied Biosystems, 

Foster City, CA). Normalization of the values was performed using the gene encoding the 

actin protein (GenBank XP_010761942). The standard curves were generated by dilution of 

the cDNA at 1:5 and the relative expression levels of the transcripts were calculated using the 

standard curve method for relative quantification (Bookout et al., 2006).  

In silico prediction of miRNAs-like molecules in P.brasiliensis genome 

 For in silico prediction of miRNAs-like molecules in the genome of P. brasiliensis, 

search in the literature was performed in order to obtain sequences of mature miRNAs-like 

described in other fungi, including Fusarium oxysporum, P.marneffei, Aspergillus flavus, 

Trichoderma reesei, Metarhizium anisopliae, C. neoformans, N.crassa and in extracellular 

vesicles of C. neoformans, Candida albicans, Saccharomyces cerevisiae and P. brasiliensis 

(Lee et al., 2010; Jiang et al., 2012; Zhou et al., 2012; Lau et al., 2013; Kang et al., 2013; 

Chen et al., 2014; Peres da Silva et al., 2015; Bai et al., 2015).  

 Data of miRNA-like described in the literature were subjected to Blastn against the P. 

brasiliensis Pb18 genome, using the task blastn-short option of the Blastn program (Camacho 



et al., 2009). Using a threshold with E-value <0.10, the alignments were obtained with at least 

16 bp, and identities above 95%. The results were converted into GFF files, through a custom 

script written in Perl. The GFF file contains information about the position of genes, or any 

other element in the reference genome. The InrsectBED tool from package BEDTools 

(Quinlan and Hall 2010) was employed for identifying the position of the blast hits in relation 

to the annotation of the P. brasiliensis genome. Only the sequences of mature miRNAs-like 

which were not recorded in gene regions were considered for further analysis. After these 

steps, one Fasta file containing the sequences of the mature miRNAs-like that aligned to the 

genome of Pb18 in non-gene regions was generated. The data in Fasta file format was 

obtained considering 35 pb or 50bp above or below the alignment region.  

 These sequences were analyzed for their secondary structure, seeking to identify those 

that form secondary hairpin structures, similar to those of known pre-miRNA. The sequences 

in the Fasta file were submitted for analysis in the RNAFold database. The sequences of 

potential miRNAs were manually revised using the following parameters: (A) The minimum 

size of the pre-miRNA could not be less than 45 nucleotides; (B) The pre-miRNA folded into 

the perfect stem-loop hairpin secondary structure; (C) The values of the minimum free energy 

(MFE) of folding should be at least -7 kcal/mol; (D) Maximum mismatch of six between the 

miRNA/miRNA* duplex, (*) the similar-sized fragment derived from the opposing arm of the 

pre-microRNA. These criteria were adopted to predict the true microRNAs-like (Dehury et 

al., 2013).  As the size of the pre-miRNA is variable and, in our study, unknown, in some 

cases, we adjusted the size of the retrieved regions upstream and downstream (35-50 bp) of 

the alignment to search for a typical miRNA hairpin structure with RNAfold (Lorenz et al., 

2011a, Lorenz et al., 2016b). Manual checking of real pre-microRNAs has already been used 

in other bioinformatics works, such as the work of Dehury et al., 2013. All MFEs were 

expressed as negative kcal/mol. Adjusted MFE (AMFE) represented the MFE of 100 



nucleotides. It was calculated by (MFE÷length of RNA sequence) x100. The minimal folding 

free energy index (MFEI) was calculated by the equation: MFEI = AMFE/(G+C)% (Zhang et 

al., 2006).  

Polyadenylation, Reverse Transcription and Poly(T) adaptor RT-PCR 

 After the in silico prediction of similar microRNAs-like in the genome of P. 

brasiliensis Pb18, five potential candidates were chosen for the validation experiments. This 

choice was based on the MFE values. We chose the predicted microRNAs-like between the 

highest MFE values: Pb-milR-11/Superconting_2.3:1128222-1128358(-); Pb-milR-7/ 

Superconting_2.6:955763_955879(+); Pb-milR-6/Superconting_2.5:587199-587317(-) and 

Pb-milR-1/Superconting_2.14:171583_171670(+). We also chose a candidate with the lowest 

MFE value Pb-milR-4/Superconting_2.12:21200_21275(-). Validation experiments of 

microRNAs-like employed the the poly a tail method (Balcells et al., 2011). Initially, yeast 

and mycelium cells of Pb18 were cultured in Sabouraud medium (Sharma et al., 2010) for 18 

h and the RNA of both conditions was extracted by the method of TRIzol® reagent (Sigma). 

Total extracted RNA was treated with DNAse (RQ1 RNase-free DNase, Promega). The 

 polymerase (Biolabs); for 

polyadenylation reaction the following reagents w   of 

 of PoliA polymerase corresponding to 2 units 

was performed with the following steps: 37ºC for 75 min, 65ºC for 25 min according to 

manufacturer's instructions. After this step, the polyadenylated RNAs were submitted to the 

r the 

synthesis of cDNA the  of 

 mM Mgcl2; 



synthesis were: 42ºC for 2 h and 15 min and 85ºC for 10 min. The qualitative RT-PCR was 

for 5 min. After, this step the products from reaction were visualized on 3% agarose gel, and 

the size of the bands of the potential microRNAs-like present on the agarose gel were 

calculated by linear regression. The primers used for the amplification of microRNAs-like 

were described in Table S2.  

Results  

In silico analysis indicates the presence of proteins involved in post-transcriptional gene 

silencing in Paracoccidioides spp.  

The steps for in silico prediction of proteins involved in gene silencing by RNA 

interference as well as potential miRNAs-like are shown in the flowchart of the overall study 

depicted in (Figure S1). Our analysis allowed the identification of dicers and argonaute 

proteins in Paracoccidioides spp. (Table 1). We observed that P. brasiliensis (Pb18), P. 

americana (Pb03) and P. lutzii (Pb01) present two dicers (Dcr-1p and Dcr-2p) and two 

argonaute (Ago-1 and Ago-2) proteins. C. neoformans Serotype D presents two paralogous 

genes for argonaute (ago1 and ago2) and dicer (dcr1 and dcr2). On the other hand, C. 

neoformans serotype A (H99) contains single genes for argonaute (ago1) and two paralogous 

genes for dicers (dcr1 and dcr2) (Janbon et al., 2010). Studies with N. crassa demonstrated 

the presence of two genes that encode for dicer (qde-2 and dcr) and two that code for 

argonaute (Sms-2 and Sms-3) (Galagan et al., 2003). Analysis demonstrated that A. nidulans 

genome has only one gene that codes for dicer (ANID_10380) and one that codes for 

argonaute (ANID_01519), while A. fumigatus contains homologue genes that encode for two 

dicers (AFUA_5G11790/AFUA_4G02930) and two argonaute proteins 

(AFUA_3G11010/AFUA_8G05280) (Nakayashiki et al., 2006; Janbon et al., 2010). The 



comparison of the amount of proteins involved in post transcriptional gene silencing in fungi 

of the Paracoccidioides complex are similar to that seen in other fungi. Furthermore, analysis 

of identity indicates major similarity amongst proteins from Paracoccidioides spp., H. 

capsulatum and A. fumigatus (Table 1).



Table 1. In silico prediction of proteins potentially involved in post-transcriptional gene silencing machinery in Paracoccidioides spp. 

Proteins a Identity/e-value b Identity/e-value b Identity/e-value b Identity/e-value b Identity/e-value b Identity/e-value b 

Argonaut 1 c C. neoformans 
(H99) CNAG_04609 

N. crassa 
NCU09434 

A. fumigatus Af230 
Afu3g11010 

A. nidulans  
 

H. capsulatum H143 
HCDG_08528 

H. capsulatum G186AR 
HCBG_06692 

P. brasiliensis (Pb18) PADG_00716 28%/2 e-81 40%/0.0 54%/0.0 ND 76%/0.0 76%/0.0 

P. americana (Pb03) PABG_02302 28%/2 e-82 40%/0.0 54%/0.0 ND 74%/0.0 74%/0.0 

P. lutzii PAAG_11422 28%/ 2e-80 40%/9e-179 54%/0.0 ND 74%/0.0 74%/0.0 

Argonaut 2 c C. neoformans N.crassa 
NCU04730 

A. fumigatus Af230 
Afu8g05280 

A. nidulans  
ANID_01519 

H. capsulatum H143 
HCDG_00823 

H. capsulatum G186AR 
HCBG_03944 

P. brasiliensis (Pb18) PADG_03108 ND 37% 2 e-177 50%/0.0 49%/0.0 
 

78%/0.0 76%/0.0 

P. americana (Pb03) PABG_00673 ND 37%/7e-175 50%/0.0 49%/0.0 
 

78/00 76%/0.0 

P. lutzii PAAG_03231 ND 37%/7e-175 50%/0.0 49%/0.0 
 

78%/0.0 77%/0.0 

Dicer 1 c C.neoformans 
CNAG_02745 

N.crassa 
NCU08270  

A. fumigatus  
Afu5g11790 

A. nidulans  
 

H. capsulatum H143 
HCDG_06891 

H. capsulatum G186AR 
HCBG_01751 

P. brasiliensis (Pb18) PADG_11946  29%/2 e-38 39%/0.0 53%/0.0 ND 62%/0.0 72%/0.0 

P. americana (Pb03) PABG_04917 24%/ 4e-37 40%/0.0 54%/0.0 ND 67%/0.0 70%/0.0 

P. lutzii PAAG_11489 24%/3e-33 38%/0.0 53%/0.0 ND 65%/0.0 71%/0.0 

Dicer 2 c C. neoformans N.crassa 
NCU06766 

A. fumigatus  
Afu4g02930 

A. nidulans  
ANID_10380 

H. capsulatum H143 
HCDG_06620 

H. capsulatum G186AR 
HCBG_01136 

P. brasiliensis (Pb18) PADG_07189 ND 32%/0.0 38%/0.0 37%/0.0 70%/0.0 68%/0.0 



P. americana (Pb03) PABG_05105 ND 32%/0.0 38%/0.0 37%/0.0 70/0.0 68%0.0 

P. lutzii PAAG_00072 ND 34%/0.0 39%/0.0 37%/0.0 70%/0.0 69%/0.0 

a) Predicted name of the protein involved in the post-transcriptional gene silencing mediated by miRNAs; 
b) The sequence identity values and e-value were obtained through the BLASTp tools of the NCBI database;  
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome) 
c) Proteins of Paracoccidioides spp. homologous to C. neoformans (H99), N.crassa, A. fumigatus, A. nidulans, H capsulatum G186AR and H143 strains. 
N.D. (non described). 



Phylogenetic analysis of Ago-1p and Ago-2p, Dcl-1p and Dcl-2p showed that the 

corresponding sequences present in Paracoccidioides spp. are closely related to Blastomyces 

dermatittidis, H. capsulatum, P. chrysogenum and Aspergillus spp. (Supplemental Fig S2). 

With phylogenetic distances of 0.98 to 1 from this homology found in phylogenetic analysis, 

we can infer that the proteins are orthologous, possibly having a similar function between 

different fungi.  In fact, a study by Lau and colleagues (2013) shows that Dcl-2p from P. 

marneffei is more closely related to those of the thermal dimorphic pathogenic fungi H. 

capsulatum, B. dermatitidis, P. brasiliensis and C. immitis than to P. chrysogenum and 

Aspergillus spp. 

Post-transcriptional gene silencing machinery is highly conserved in Paracoccidioides 

spp. and other fungi species. 

 Prediction of protein domains performed using the PFAM database allowed the 

identification of conserved domains in dicers and argonauts (Figure 1). It is important to 

highlight that the main components involved in miRNAs processing and gene silencing 

includes RNA polymerase (Pol II), dicer and the silencing complex induced by RNA (Bartel 

et al., 2004). Studies analyzing domains from the canonical dicer of N. crassa Dcr-2p 

demonstrated the presence of DEAD box, Helicase C, ribonuclease 3 and dicer dimerization 

domains. Dicer 1 from N. crassa contains at its N-terminal region a RESIII domain instead of 

DEAD box. The homologue from C. neoformans has only  the ribonuclease 3 and dicer 

dimerization domains (Janbon et al., 2010). Analysis of Dcr-1p protein from Pb18 and P. 

lutzii (Pb01) indicates similarity to the homologue protein found in C. neoformans, since it 

possesses just dicer dimerization and Ribonuclease III domains (Figure 1A). On the other 

hand, analysis of the same homologue in Pb03 demonstrated higher similarity to dicer 

dimerization, Ribonuclease III and RESIII domains found in the N. crassa homologue (Figure 



1A). Therefore, we can conclude that the general domain arrangement in of this protein is not 

fully conserved in members of the complex Paracoccidioides. 

Furthermore, analysis of protein domains from Paracoccidioides spp. demonstrated 

that Dcr-2p contains the Dicer dimerization, DEAD/DEAH box, Helicase C, and 

Ribonuclease domains similar to those present in other dimorphic and filamentous fungi, 

except H. capsulatum (H143) (Figure 1B). Comparing the members of the Paracoccidioides 

complex, depicted in (Figure 1), it is evident that Dcr-2p is conserved among members of 

those organisms. 

Previous studies described the dicer dimerization domain as being similar to the 

binding domain of dsRNA , while the DEAD/DEAH box helicase domain 

interacts with the pre-miRNA loop, helping the alignment of this molecule to the RNase III 

domain for precise cleavage of pre-miRNA (Tsutsumi et al., 2011). Additionally, the Helicase 

C domain binds to the dsRNA loop region and checks the size. Furthermore, this domain also 

measures the distance between two adjacent nucleotides in the region of the 3` mRNA 

molecule, with the loop region verifying the pre-miRNA sequence before cutting (Tsutsumi et 

al., 2011). Dicers proteins have a Ribonuclease III domain responsible for the cleavage of 

pre-miRNA, generating a duplex of small RNAs with two adjacent nucleotides in the 3` end 

(Zhang et al., 2004). In this regard, our data suggest that these proteins are able to process 

double-stranded RNA, since we identified conserved domains among dicers from 

Paracoccidioides spp. 

 Our data also indicate that Ago-1p from Paracoccidioides spp. contains PIWI, PAZ, 

ArgoL1, ArgoL2, ArgoMid2 and ArgoN domains (Figure 1C), while Ago-2p contains PIWI, 

PAZ, ArgoL1, ArgoL2 and ArgoN domains (Figure 1D). Analysis of argonaute proteins from 

N. crassa, P. chrysogenum, P. marneffei and C.neoformans indicates the presence of PAZ and 

PIWI domains that are conserved among different species of fungi and that play a role in 



RNA interference processes (Nakayashiki 2005; Joshua-Tor 2006; Janbon et al., 2010; Lau et 

al., 2013; Dahlmann and Kück 2015). Interestingly, the PIWI domain present in argonaute 

shows a tertiary structure similar to the RNase H family and has been described as being 

involved in targeting mRNA cleavage, while the PAZ domain is responsible for the binding 

and transfer of small RNAs for the RISC complex (Lingel et al., 2003; Yan et al., 2003; Song 

et al., 2004).  

 

Figure 1- Domains identified in proteins involved post-transcriptional gene silencing pathway. (A-D) 
Domains present in dicers and Argonauts proteins from Pb18, P.lutzii (01) and Pb03. The access numbers of the 
proteins are as follows. Dicer 1: (PADG_11946; PABG_04917; PAAG_11489; NCU08270; Afu5g11790; 
CNAG_02745; HCBG_01751; HCDG_06891), Dicer 2: (PADG_07189; PAAG_00072; PABG_05105; 
ANID_10380; NCU06766; HCDG_06620; Afu4g02930; HCBG_01136) Ago1: (PADG_00716; PAAG_11422; 
PABG_02302; NCU09434; CNAG_04609; Afu3g11010; HCBG_06692; HCDG_08528) Ago2: (PADG_03108; 
PAAG_03231; PABG_00673; Afu8g05280; NCU04730; HCBG_03944; ANID_01519; HCDG_00823).
 



 After in silico prediction of proteins involved in gene silencing mediated by miRNAs-

like, the identification of transcripts encoding these proteins was performed by qRT-PCR. We 

performed this study in Pb18, a highly investigated species in the Paracoccidioides complex. 

The transcripts were assessed in yeast cells cultivated at 18 h of growth. As observed in 

(Figure 2), transcription of dicers and argonauts are clearly detected in yeast cells after 18 h of 

growth. Detection of the transcripts encoding argonaute and dicer proteins reinforce our in 

silico data, depicting the active pattern of transcription of the cognate genes. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-Genes involved in the processing of microRNAs-like are induced in the parasite phase of Pb18. 
Quantitative RT-PCR was performed with transcripts of Pb18 yeast cells cultivated in liquid sabouraud medium 
for 18 hours. Expression values of genes involved in the processing of microRNAs (dcr-1, dcr-2, ago-1, ago-2) 
were calculated using actin as endogenous control. Data are expressed as mean ± standard deviation from 

-test (*p.0.05). 
 

Identification of miRNAs-like sequences in P. brasiliensis Pb18 genome 

 In order to identify putative miRNAs-like in the genome of P. brasiliensis (Pb18) we 

analyzed similarity between microRNA-like sequences characterized in fungi or present in 



vesicles secreted by these microorganism with regions of the genome of P. brasiliensis Pb18. 

The sequences of miRNAs-like were obtained from literature as described in Materials and 

Methods.  In the first group we analyzed the microRNAs-like ones characterized in other 

fungi, from this analysis we obtained the following results. We identified 134 potential 

miRNAs-like sequences, as demonstrated in (Table S3). Remarkably, amongst these miRNA-

like sequences, our analysis demonstrated that 20 sequences aligned in the genome of P. 

brasiliensis with identity higher than 95% (Tables S3). Moreover, the analyzed sequences 

demonstrated a higher percentage of alignment with A. flavus (7.5%) and N. crassa (5%) 

genomes (Figure S3). Furthermore, we observed that seven sequences of the miRNAs-like 

matched all the criteria as described in the methodology (Dehury et al., 2013) to be 

considered mature miRNA-like in P. brasiliensis (Pb Table 2).



Table 2. Potential miRNAs-like identified in the genome of P. brasiliensis Pb18. 

Mature microRNA 
sequence (a) 

Superconting (b)  Pre-microRNA sequence (c) Microorganism of 
origin/MFE (d) 

GGGAGAGGGGGCCGUUG Super.:2.14:171583-
171670(+) 

GUCUAGUAGCACCAGCUAAGGGCCCUAGAACCACUGGGAGAGGGGGCCGUUGCACACUGGCGGGACAGGGCAAGGGAAGCCGAAGGU Aspergillus flavus- 
milR-23/(-26.50) 

UGGCCGAGUGGUUAAGGC Super.:2.6:1302632-
1302720(+) 

AGUUAUGAAACUAGUGUUAAAAAUGGCAAGAUGGCCGAGUGGUUAAGGCGUACCGUUCAAGUCACAUGAACACUUGGAAA Fusarium oxysporum- 
milRNA_2a/Fox_milRNA_2
b/(-14.10) 

GAGAUGGCCGAGCGGUCC Super.:2.9:314534-
314645(-) 

GAACCGUUUCCAACAAGCAAUGGGUGAGAUGGCCGAGCGGUCCAA Aspergillus flavus- 
milR-9/(-10.10) 

UAGGAUUAGGAUUAGG    Super.:2.12:21200-
21275(-) 

UUAGGAUUAGGAUUAGGGUCAGUUAAGGAUUAGGGUCUGAGAAAUAUGAUAAAAUCGCUACCG Penicillium marneffei-milR-
MC7/(-7.60) 

GCGGAGAGGGGUGGAA Super.:2.14:159610-
159726(-) 

UAAAUGAGUGAGUGACCUUGCUAUCACAUACCUUUUUAUAUAGCGGAGAGGGGUGGAAGUAGUUAAUUUAUCAUUUUGUAGUUAAUUUAUUUAGCCAACG Aspergillus flavus- 
milR-6/(-18.90) 

AAAUCACCUUCACCUUCA Super.:2.5:587199-
587317(+) 

UUUUGCCUCGCUUUAUUGUGUGCGAGUGUUGGGGCAGAUUUCGAGUAUUAAAAUCACCUUCACCUUCAAGGGGCUUAAUAGCACUUCUUUGAUGUAUGGUG
UUUUACCAUAUUUAUUA 

Neurospora crassa- 
milR-4/(-26.70) 

GCGGACGCGAUGGUGG Super.:2.6:955763-
955879(+) 

CAUGGCCUGCAUGUGGGAUGCAGAAAUGAGGAGGUGAUUUGCGGACGCGAUGGUGGCCGUUGUUCUGUUCACUUUUUG Penicillium marneffei-milR-
MC17/(-28.56) 

AUCCAGUUCUCUGAGGG Super.:2.4:375376-
375459(+)  

CUCGGUGCAUAUCAGUCGAACUACGGGUCAAAUCCAGUUCUCUGAGGGCUAUCCAUUUCUUUUCAACCCAGAUCGCGUUGGAG Saccharomyces  
Cerevisiae+/(-16.90) 

UGAAGAGAAGAAGAUU Super.:2.1:2819136-
2819194(-)  

CAUGAAGAGAAGAAGAUUAUUUCAGCACAGCUUAAUCUUAUCAGUCCUCUUCU Candida albicans+/(-10.50) 

AGGCUGCAAAAGGGUU Super.:2.2:933701-
933788(+)  

CUUUGAGUUUGCCAUCCACGGUUGAUGUGAAGGUGAGGCUGCAAAAGGGUU Candida albicans+/(-10.10) 

AAGUGCUUAUAGUGCAG Super.:2.3:3234806 -
3234851(+)  

AUCUGCUAAGCAGUUGUCAUAGUUCUCAAGUGCUUAUAGUGCAG Candida albicans+/(-14.30) 

ACUAGGUAGUCCUUGA Super.:2.10:310754-
310813(+)  

CAGCUGCUUUGUUAAAUAACUAGGUAGUCCUUGAGUAACCAGAAAGGUUAGCAAUGGUG Paracoccidioides 
brasiliensis+/(-15.19) 

GCUAUUCAUGUGCAAGA Super.:2.2:145338-
145371(-)  

GCAAACGGUGAGCGGCUUUUGAUAUAGCUAUUCAUGUGCAAGA C, albicans/C.neoforman+s 
(-9.60) 

UUUGGCUGGGGCGGGU Super.:2.3:493694-
493765(+)  

GGUUGAAAAAGUUGGGCGAUGUUUUUUGGCUGGGGCGGGUUUGGCCGAGGAUGAGAGAGGUAGGAUGACUA S.cerevisiae/C.albicans/ 
C. neoformans+/(-15.20) 

GGACUGGAUUCUUGAA Super.:2.1:2632865-
2632931(+)  

GGGGAUUGGCGGUGGGUGGAGGACUGGAUUCUUGAAAAGAGGCUUCCAAGGCUCCCAUGCU Paracoccidioides 
brasiliensis+/(-25.80) 

AUGACAAACUGUUGAU Super.:2.2:40705-
40781(+)  

GAAUCUGAACAGUGCGUGCUUCUAGAAGGGGGGAAUUCCUCAAGGAUGACAAACUGUUGAUUGCCCCACCCAAUGA Cryptococcus 
neoformans+s/(-26.30) 

UGUGCAUGUGCAUGUG Super.:2.3:1128222-
1128358(-)  

CCGCACUGGCUAUAAGCAGGGGACAUACUCCGUACAUAUAUGUGCAUGUGCAUGUGCAUGUGCAUGUGCAUGUGCAUGCAGAGAUAAACCUCUG Saccharomyces 
cerevisiae+e/(-33.30) 

AUGGUGGAAGAACAAGU Super.:2.5:97640-
97771(-)  

AAAUCGGUCUCUACUUCGUAACAUGAUCUUUUAUCUUCUCGUCUUUCUUGAUGGUGGAAGAACAAGUGUUUGGGGGGGGGCAGGGUGUUGGGAGUGAGGUU Saccharomyces cerevisiae+/(-
27.80) 

a)Sequence predicted of miRNAs performed by in silico analyzes; 
b)Alignment region;  
c) Predicted sequence of pre-miRNAs obtained by in silico analyzes;  



d) Name of miRNAs-like described in other fungi in the genome or in vesicles/ Minimum Free Energy predicted by RNAfold.    
* a small variation in the position of the supercontings occurred in some cases due to the removal of some bases after alignment for better prediction of the secondary structure.  
+ The  microRNAs with similarity to P. brasiliensis, C. albicans, C. neoformans and S. cerevisiae were described in secreted vesicles and classified by the authors Silva et al., 2015  
based only on similar sequences present in mirBase.



   Analysis of the predicted secondary structure of those sequences corroborate with the 

features of a pre-miRNA hairpin and free energy folding (Table 2 and Figure 3A). In fact, all 

the Fasta sequences were analyzed in relation to these two characteristics by RNAFold. 

Additional analysis was performed using miRNAs-like sequences previously described to be 

present in secreted vesicles (Peres da Silva et al., 2015). From a total number of 1477 miRNA 

sequences described in vesicles of other fungi species only 100 sequences aligned in the 

genome of P. brasiliensis with identity higher than 95% (Table S4). It is important to note 

that in many cases, the same miRNAs-like aligned in more than one region in the P. 

brasiliensis genome. From the total of 100 sequences that aligned in the genome of P. 

brasiliensis, only 11 presented all the criteria to be considered potential miRNAs-like 

(Dehury et al., 2013)   (Table 2 and Figure 3B). The microRNAs-like predicted in silico in P. 

brasiliensis Pb18 already described in other fungi are listed in (Figure 3A), whereas the 

microRNAs present in vesicles with similarity are demonstrated in (Figure 3B). 



 

Figure 3- Representation of the newly-identified potential pre-miRNAs in P. brasiliensis. The matured 
miRNA portion is highlighted in the black bar. The structures were generated using the RFOLD program. The 
actual size of the precursors may be slightly shorter or longer than shown in the figures. The structures are 
colored according to the base pairing probabilities, the red color denotes high probability and the purple color 
demonstrates the low probability of a given base being paired or not, as represented in the color bar. 
 
 Here, in silico prediction approach based on the comparison with miRNAs-like data 

described in other fungi or present in secreted vesicles allowed the characterization of 18 

potential miRNA-like sequences in the genome of P. brasiliensis (Pb18), with identity values 

above 95%, values of negative folding free energies between -7.60 kcal/mol and -33.30 

kcal/mol (Tables 2 and 3) and hairpin formation. Previous reports have evaluated the Minimal 

folding Free Energy Index (MFEI) and the calculation of the Adjusted Minimal folding Free 

Energy (AMFE) (Zhang et al., 2006). It is noteworthy that MFEI values found in plants vary 



between 0.81 and 0.96, while their AMFE values are between 26 and 44 kcal/mol (Mishra et 

al., 2015). In this work, we observed lower MFEI and similar AMFE values when compared 

to those described in plants (Table 3). We also evaluated other features of miRNA precursors 

such as the amount of uracil and adenine in their sequences. In fact, previous reports 

demonstrated that miRNA precursors have a higher percentage of these bases in their 

sequences (Zhang et al., 2006). As demonstrated in (Table 3), the majority of the miRNAs 

precursors described in P. brasiliensis have high proportion of uracil and adenine in their 

sequence.  

Table 3. Characteristics of miRNAs-like predicted in this study. 

Number of 
microRNAa 

Supercontingb Lengthc  MFEd AMFEe MFEIf (G+C)%g (A+U)%h 

Pb-milR-1* Super.:2.14:171583-171670(+) 17 -26.50  30.45 0.48 63.2% 36.80% 

Pb-milR-2 Super.:2.6:1302632-1302720(+) 18 -14.10 17.62 0.42 41.25% 58.75% 

Pb-milR-3 Super.:2.9:314534-314645(-) 18 -10.10 22.44 0.40 55.6% 44.44% 

Pb-milR-4* Super.:2.12:21200-21275(-) 16 -7.60  12.06 0.31 38.1% 61.9% 

Pb-milR-5 Super.:2.14:159610-159726(-) 16 -18.90 18.9 0.55 34% 66% 

Pb-milR-6* Super.:2.5:587199-587317(+) 18 -26.70  22.62 0.58 39% 61% 

Pb-milR-7* Super.:2.6:955763-955879(+) 16 -28.56  36.61 0.69 52.56% 47.43% 

Pb-milR-8 Super.:2.4:375376-375459(+)  17 -16.90 20.36 0.41 49.50% 50.60% 

Pb-milR-9 Super.:2.1:2819136-2819194(-)  16 -10.50 20.19 0.56 35.8% 64.2% 

Pb-milR-10 Super.:2.2:933701-933788(+)  16 -10.10 19.80 0.4 49.00% 51.00% 

Pb-milR-11* Super.:2.3:1128222-1128358(-)  16 -33.30  35.42 0.73 47.87% 51.06% 

Pb-milR-12 Super.:2.10:310754-310813(+)  16 -15.19 25.74 0.63 40.67% 59.32% 

Pb-milR-13 Super.:2.2:145338-145371(-)  17 -9.60 22.32 0.50 44.2% 55.8% 

Pb-milR-14 Super.:2.3:493694-493765(+)  16 -15.20 21.4 0.41 52.11% 47.88% 

Pb-milR-15 Super.:2.1:2632865-2632931(+)  16 -25.80 42.29 0.73 57.40% 42.60% 

Pb-milR-16 Super.:2.2:40705-40781(+)  16 -26.30 34.60 0.71 48.60% 51.40% 

Pb-milR-17 Super.:2.3:3234806-3234851(+)  17 -14.30  32.5 0.79 40.90% 59.1% 



Pb-milR-18 Super.:2.5:97640-97771(-)  17 -27.80  27.52 0.58 47% 54% 

a) Name of predicted microRNA-like in the genome of P. brasiliensis (Pb18); 
b) Region of alignment; 
c) Size of mature microRNA-like; 
d) Minimum free energy predicted by RNA fold; 
e) AMFE: adjust minimal folding free energy (kcal/mol); 
f) MFEI: minimal folding free energy index; 
g) Percentage of nucleotides (G/C) present in the pre-microRNA sequence; 
h) Percentage of nucleotides(A/U) present in the pre-microRNA sequence. A small variation in the position of 

the supercontings occurred in some cases due to the removal of some bases after alignment for better 
prediction of the secondary structure. 

* microRNAs-like used for the validation experiments. 

 In general, the in silico analyzes, based on similarity of sequences allowed the 

identification of 18 potential microRNA-like coding regions, such sequences exhibited 

microRNAs-like characteristics such as hairpin structure, MFE values similar to those already 

described for microRNAs-like from other microorganisms, large amount of uracil, 

demonstrating that possibly these coding regions of microRNAs-like were conserved in the 

genome of this fungus.  

Experimental validation of predictions of bioinformatics 

 The validation of our prediction data of bioinformatics were performed by qualitative 

RT-PCR, as depicted in (Figure 4), in which are presented the amplification of five potential 

microRNAs-like based on the highest and lowest MFE values. It is possible to detect the 

presence of three amplification products, putatively, the pri-microRNA, pre-microRNA and 

mature microRNA-like. Some articles in the literature have used this method to detect 

microRNAs in different cell types (He et al., 2005; CHIBA et al., 2012). Therefore, the 

presence of these amplification products suggests potential microRNAs-like conserved in the 

genome of this human pathogen, confirming the data predicted by bioinformatics. 

 

 



 

Figure 4- Qualitative RT-PCR of microRNAs-like predicted by bioinformatics tools. Five potential 
microRNAs-like based on the highest and lowest MFE values were used for the validation experiments, each 
sample ran individually on agarose gel 3%, the band sizes were predicted by the linear regression calculation. 
The RNA was obtained from P. brasiliensis Pb18. 
 

Discussion 

 Proteins involved in the machinery of genetic silencing by RNA interference (dicers 

and argonauts) are conserved in fungi of different phyla including Ascomycota, 

Basidiomycota and Zygomycota (Drinnenberg et al., 2009). Our analysis demonstrated that 

the number of proteins involved in the post-transcriptional gene silencing pathway in 

Paracoccidioides spp. are in line with data described in literature for other fungi such as C. 

neoformans, A. fumigatus and N. crassa that also present two paralogous genes for dicer and 

argonaute in their genomes (Galagan et al., 2003; Nakayashiki et al., 2006; Janbon et al., 

2010). In this regard, the conservation of domains in proteins involved in RNA interference in 

Paracoccidioides spp. demonstrates that these organisms retains components involved in the 

processing of miRNAs-like, as seen in other fungi (Lee et al., 2010; Jiang et al., 2012). In 

addition, after the phylogenetic analysis of our data, proteins involved in the processing of 

microRNAs-like in Paracoccidioides spp. were phylogenetically related to dimorphic fungi, 

and possibly dimorphic fungi would have conserved such proteins to perform similar 

functions (Lau et al., 2013). The gene expression data reinforces the information, which in 

addition to retaining the complement of the microRNA-like processing in fungi of the 



Paracoccidioides complex, support the concept that these genes are active in the parasitic 

form of the pathogen. 

 Different dicers and argonauts proteins are required to produce microRNAs-like in 

fungi such as N. crassa. These proteins are specifically involved in the production of 

microRNAs-like between mycelium and yeast. For example, the dicer 2 protein is specifically 

involved in the production of two microRNAs-like exclusive of the mycelium phase from P. 

marneffei (Lau et al., 2013). In addition, microRNAs-like too can be processed in canonical 

form using both dicers and argonauts proteins (Lau et al., 2013). In fact our data demonstrate 

the expression of dicers and argonauts in the yeast phase of this pathogen and in this same 

condition five microRNAs-like were identified, therefore possibly the expression of the 

transcripts encoding the proteins involved in the microRNAs process, correlates with the 

identification of these small RNAs. However which proteins are specifically involved in the 

production of these microRNAs-like is still not elucidated, and such question will be 

investigated. 

 The analysis of in silico prediction of microRNAs-like in P. brasiliensis Pb18 

suggesting that this fungus retains regions in the genome responsible for the genesis of mature 

miRNAs. It has already been described in the literature that mature sequences of miRNAs are 

conserved in different kingdoms, demonstrating the importance of the conservation of those 

post-transcriptional gene regulation mechanisms (Lee et al., 1993; Chen et al., 2014). In fact, 

Peres da Silva and colleagues 2015 predicted possible miRNAs-like present in vesicles 

secreted by P. brasiliensis (Pb18), using a strategy based on similarity of sequences (Peres da 

Silva et al., 2015). Furthermore, 22 miRNA-like sequences were identified in the genome of 

Humulus lupulus employing in silico prediction of miRNAs based on similar sequences 

present in the miRBase database (Mishra et al., 2015). 



 The potential miRNAs-like predicted in this work originated from precursors which 

forms hairpin structures. During the formation of a mature miRNA, precursor molecules 

generate hairpins which are subsequently processed by dicer to form miRNA/miRNA* duplex 

(Bartel et al., 2004). Previous reports demonstrated negative folding free energies of the 

precursors of PM-milR-M1 and PM-milR-M2 from P. marneffei of -17.86 kcal/mol and -

23.88 kcal/mol respectively (Lau et al., 2013). In A. flavus values vary between -19.4 

kcal/mol and -140.2 kcal/mol, and in M. anisopliae they vary between -20 kcal/mol and -

105.32 kcal/mol( Bai et al., 2015; Zhou et al., 2012). In this context, values of negative 

folding free energies described in the present work are in agreement to those described in 

fungi, although in some cases the free energy values were lower. Interestingly, we obtained 

sequences of microRNA-like precursors of size similar to those described for other fungi 

(Zhou et al., 2012). For example, in C. neoformans the sizes of the precursors of the miR1 

and miR2 are approximately 70 nucleotides (Jiang et al., 2012). 

 Additionally we found low MFEI and similar AMFE values in the sequences of the 

microRNA-like precursors. Although those indexes have not been described for miRNA-like 

precursors present in fungi, we hypothesize that the observed differences may be a result of 

the lower base complementarity between the precursor sequences present in fungi genome 

when compared to plants, where the complementarity of bases could be greater (Mishra et al., 

2015). In general, the data also demonstrate a higher amount of uracil in microRNA-like  

precursors as already described in the literature (Zhang et al., 2006).

 The experimental validation of some like microRNAs-like in this work allowed the 

characterization of sequences ranging in size from 26 to 57 bp. In other fungi, smaller sizes 

for mature microRNAs-like were seen as for example N. crassa (Lee et al., 2010) and C. 

neoformans (Jiang et al., 2012), P. marneffei (Lau et al., 2013), where detection of 

microRNAs-like was performed by Northern Blot. In this work the Poly(T) adaptor RT-PCR 



method (Balcells et al., 2011) adds a Poly A tail in the microRNA-like molecule, and possibly 

this process confers a larger size to the mature microRNA-like. 

  In brief the data of the work, demonstrate the conservation of proteins involved in the 

mechanism of gene regulation post-transcriptional in different species of the complex 

Paracoccidioides. The transcript that coding this protein were detected in the parasitic phases 

of one of the most prevalent species in Latin America and sequences of microRNAs-like were 

conserved in region of the genome from P. brasiliensis Pb18. Furthermore, five sequences 

beyond of the conserved in the genome were expresses.  Therefore, our results point to the 

ability of species of the complex Paracoccidioides to produce microRNAs-like. In fact, 

several works demonstrate the plasticity that these fungi possess in surviving in different 

conditions, such as those found in the environment or in the host and during the transition 

from mycelium to yeast, stage that preceding the infectious process. For example, these 

pathogens alter the constitution of the cell wall and plasma membrane, change the metabolic 

pathways for energy production besides altering the cellular morphology (Nunes et al., 2005, 

Felipe et al., 2005, Bastos et al., 2007, Rezende et al., 2011). However the molecular 

mechanisms that control these processes are still not fully elucidated and the confirmation of 

the capacity of these fungi to produce microRNAs-like, opens door to the function of these 

molecules in the regulation of biological processes essential for the survival of these 

pathogens under different conditions such as those found in the host or between the different 

morphological stages. 
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The following online material is available for this article: 
 

 
 
 
Figure S1- Flowchart of study design used for the prediction of miRNAs-like in the genome of P. 
brasiliensis. 
 



 
 
 



 
 
Figure S2- Phylogenetic tree of the dicer and argonaute proteins from P. brasiliensis (Pb18), P. americana 
(Pb03) and P. lutzii (Pb01). (A) Argonaute-1p (B) Argonaute-2p; (C) Dicer-1p; (D) Dicer-2p. The Phylogenetic 
tree was constructed by multiple sequence alignments using CLUSTALX2 and was generated by neighbor-
joining method. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S3- Aligment analysis of miRNAs-like in the genome of P. brasilensis. MiRNAs-like described in 
fungi demonstrated identity to regions of the P. brasiliensis Pb18 genome. The dark gray bars represent the 
percentage of miRNAs-like aligned in the genome of P. brasiliensis and light gray bars demonstrate the 
percentage of miRNAs-like that did not align to the Pb18 genome.  



Supplementary table 1-Access number of the proteins used to construct the phylogenetic trees

 
 

Supplementary table 2. Oligonucleotide sequences used in the present study. 

Genes Forward sequences Reverse sequence 

dcr 1 GGAGATTGAAGCTACTGAGAC TCTGGCAGACACTATTTACAAC 

dcr 2 GAGGGAGGCAACCAACTATC TTAGAAACCACCTCGTCCTTG 

ago-1 CCATGGCTGCAGTGTCAGTA AAACACCATCGCGGAAGTAGT 

ago-2 CGACTATTTCAGACGCACATAT GGGTTAAGCTTAGCATTTGCC 

Act CGTCCTCGCCATCATGGTAT TCTCCATATCATCCCAGTTCG 

Super.:2.3:1128222-1128358(-) GCAGTGTGCATGTGCAT GGTCCAGTTTTTTTTTTTTTTTCAC 

Super.:2.5:587199-587317(+) CGCAGAAATCACCTTCAC 
 

GGTCCAGTTTTTTTTTTTTTTTGAAG 
 

Super.:2.6:955763-955879(+) GGCGGACGCGATG GTCCAGTTTTTTTTTTTTTTTCCAC 

Super.:2.12:21200-21275(-) CAGCGCAGTAGGATTAGGAT GGTCCAGTTTTTTTTTTTTTTTCCT 

Super.:2.14:171583-171670(+) GGAGAGGGGGCCG GGTCCAGTTTTTTTTTTTTTTTCAAC 

(*) all primers described in table S2 were constructed for this work, except the actin primer.



Suplementary table 3. Identified miRNAs-like homologues to other fungi species, in the genome of P. brasiliensis Pb18. 

Query ida Sequenceb  Subject idc Identity 
(%)d 

Alignment 
lengthe 

Mismatchesf  Gap 
opensg 

 Evalueh  Bit scorei Organismj Referencek 

Afl-milR-13 CUUUCUGGUUGAUGGCGUCGGA Supercontig_2.7 100 16 0 0 0.048 32.2 A.flavus Bai et al..  
2015 

Afl-milR-23 GAGGGGAGAGGGGGCCGUUG Supercontig_2.14 100 17 0 0 0.009 34.2 A.flavus   

Afl-milR-23 GAGGGGAGAGGGGGCCGUUG Supercontig_2.1 95 20 1 0 0.036 32.2 A.flavus   

Afl-milR-33 GGCGAGAUGGCCGAGCGGUC Supercontig_2.3 100 16 0 0 0.036 32.2 A.flavus   

Afl-milR-33 GGCGAGAUGGCCGAGCGGUC Supercontig_2.9 100 17 0 0 0.009 34.2 A.flavus   

Afl-milR-6 GAGGGCGGAGAGGGGUGGAA Supercontig_2.14 100 16 0 0 0.036 32.2 A.flavus   

Afl-milR-7 GUGGGAGGUUGAGUGGGUGGUA Supercontig_2.3 100 16 0 0 0.048 32.2 A.flavus   

Afl-milR-9 GGCGAGAUGGCCGAGCGGUCC Supercontig_2.3 100 17 0 0 0.011 34.2 A.flavus   

Afl-milR-9 GGCGAGAUGGCCGAGCGGUCC Supercontig_2.9 100 18 0 0 0.003 36.2 A.flavus   

fox_milRNA_2 GACAACGUGGCCGAGUGGUUAAGGC Supercontig_2.2 100 18 0 0 0.004 36.2 F. oxysporum Chen et al.. 
2014 

fox_milRNA_2 GACAACGUGGCCGAGUGGUUAAGGC Supercontig_2.6 100 18 0 0 0.004 36.2 F. oxysporum   

fox_milRNA_4 UGGAUGAAUCAAGCGUGGUAUGA Supercontig_2.9 100 16 0 0 0.054 32.2 F. oxysporum   

fox_milRNA_8 CUUGAGACCCGGGUUCAAUUCCCGGC Supercontig_2.8 95.65 23 1 0 0.001 38.2 F. oxysporum   

man-milR-10 AGGGAUCUAGAAAAGAAGGCUU Supercontig_2.8 100 16 0 0 0.048 32.2 M. anisopliae Zhou et al.. 
2012 

man-milR-14 UUAAAGAUGUGGAAAAGAAGGC Supercontig_2.3 100 17 0 0 0.012 34.2 M. anisopliae   

man-milR-5 UUAACAAGGCGUCGAGGGAUA Supercontig_2.1 100 16 0 0 0.042 32.2 M. anisopliae   

milR-18 TTGGCAGGAATGTGGTGGACGAACA Supercontig_2.3 100 17 0 0 0.017 34.2 N. crassa Yang et al.. 
2013 

milR-1 TAAGCCGCGAGTACGCCTCCGGACT Supercontig_2.3 100 16 0 0 0.066 32.2 N. crassa   

milR-4 TTCCCAAATCACCTTCACCTTCACC Supercontig_2.12 100 17 0 0 0.017 34.2 N. crassa   

milR-4 TTCCCAAATCACCTTCACCTTCACC Supercontig_2.5 100 18 0 0 0.004 36.2 N. crassa   

milR-6 GGCCGATTTCCTCGTCAGTCA Supercontig_2.1 100 16 0 0 0.042 32.2 N. crassa   

PM-milR-MC17 UGGCGGACGCGAUGGUGGAGG  Supercontig_2.6 100 16 0 0 0.042 32.2 P. marneffei Lau et al.. 
2013 

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.1 100 16 0 0 0.036 32.2 P. marneffei   



PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.12 100 16 0 0 0.036 32.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.12 100 16 0 0 0.036 32.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.12 100 17 0 0 0.009 34.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.2 95 20 1 0 0.036 32.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.4 100 17 0 0 0.009 34.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.5 100 16 0 0 0.036 32.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.5 100 17 0 0 0.009 34.2 P. marneffei   

PM-milR-MC7 UAGGAUUAGGAUUAGGAUUA  Supercontig_2.5 95 20 1 0 0.036 32.2 P. marneffei   

PM-milR-YC1 UGCCAUUGCUAAGUCAAGG  Supercontig_2.3 100 17 0 0 0.008 34.2 P. marneffei   

Tre-milR-2 TCTCTGTTGGAGTTGAGGGGG Supercontig_2.2 100 16 0 0 0.042 32.2 T. reesei Kang et al.. 
2013 

miR1 TCCTGAACTTGATCACCATTGA - - - - - - - Cryptococcus 
neoformans 

Jiang et al.. 
2012 

miR2  TCGACACCTTCATCGTAA - - - - - - - Cryptococcus 
neoformans 

 

Afl-milR-4 GUGGAGGAUUGGGACGGGGU - - - - - - - A.flavus   

Afl-milR-5  CUUUGGAGGGAUUGGUGGGA - - - - - - - A.flavus   

Afl-milR-8  UUUUGUGGAAUCUGCCUCGCGCU - - - - - - - A.flavus   

Afl-milR-10  CUGGAUUCGUCCCGGGAACCC - - - - - - - A.flavus   

Afl-milR-11  AGCGGUCUAAGGCGCACGGUUCA - - - - - - - A.flavus   

Afl-milR-12  CUUCUAUCUCGUCGGGGGUCA - - - - - - - A.flavus   

Afl-milR-14  AAAGGGGCAUGGGUAGUAUGA - - - - - - - A.flavus   

Afl-milR-15  CUGGUCGGGUUUGAUGAUGGA - - - - - - - A.flavus   

Afl-milR-16  AUUGCUUGCAUGUUCGUUCUGGA - - - - - - - A.flavus   

Afl-milR-17  CUUUCUCAUAUAUACGUCGGAA - - - - - - - A.flavus   

Afl-milR-18  CCAUGAUACUUUGUUGGUCGGA - - - - - - - A.flavus   

Afl-milR-19  AGCGAGACGACCUGCCUGGCA - - - - - - - A.flavus   

Afl-milR-20 CAUCUCUCUUGUCGGUUCGAGA - - - - - - - A.flavus   

Afl-milR-21 AUGGGGGUCUGUAUGUGAUGGA - - - - - - - A.flavus



Afl-milR-22  GGAAGUUGAUCUUGAUUGUUGGA - - - - - - - A.flavus   

Afl-milR-24 UGGCUAUCGAUCGAUCGUCGGA - - - - - - - A.flavus   

Afl-milR-25 GUGUAGGGUGUGGUAGUGCUC - - - - - - - A.flavus   

Afl-milR-26 CCUGUCUAUCGAGGAUUGUUGGA - - - - - - - A.flavus   

Afl-milR-27 GGAUGAUAGGUCGGGAUGAGA - - - - - - - A.flavus   

Afl-milR-28 UAGCUAUCUCGUGACAGACAAU - - - - - - - A.flavus   

Afl-milR-29 ACUCCUUGGGCGCAUCGUUGGA - - - - - - - A.flavus   

Afl-milR-30  UUACUGUACAUAAGCUAGACA - - - - - - - A.flavus   

Afl-milR-31 CAAGGAUUGUGAUUGUUCUGGA - - - - - - - A.flavus   

Afl-milR-32 CUUGUUCGUCGGGGGGAUGGCA - - - - - - - A.flavus   

Afl-milR-34 AAGGCGGACGUUGGCGGCUGAUA - - - - - - - A.flavus   

Afl-milR-35 GGCGGACUGCUUCAAACGACGGA - - - - - - - A.flavus   

Afl-milR-36 ACUUUAGAUGGUCGUGUUGGGGA - - - - - - - A.flavus   

Afl-milR-37  CAUUGUUUAAGCGUCGUUGGAA - - - - - - - A.flavus   

Afl-milR-38 CCAUGGGAUUCUAAUCGUCGGA - - - - - - - A.flavus   

Afl-milR-39 GGUUUUGAUGAUCGUGUCGGA - - - - - - - A.flavus   

Afl-milR-40 CCUAUCGGCAUUGUGAGACGGA - - - - - - - A.flavus   

Afl-milR-41 GUCGUGGUAAGUGUGGCGUCGGA - - - - - - - A.flavus   

Afl-milR-42 GUUCUCAGCACGAUCGGCCGGA - - - - - - - A.flavus   

Afl-milR-43 CCUAGGACAAGGGCGCACAGAGU - - - - - - - A.flavus   

Afl-milR-44 GUAUCAAUGACAGAUCGUAAGGA - - - - - - - A.flavus   

Afl-milR-45 AGGCGACUGGUACAUGUAUGG - - - - - - - A.flavus   

Afl-milR-46 AUGGCAUUGAAUCGGUCGGGA - - - - - - - A.flavus   

Afl-milR-47 AUGUAGUACUGCAUCGUUCUGGA - - - - - - - A.flavus   

Afl-milR-48 UGGGUGGUGGGGUGGCGAUGGCU - - - - - - - A.flavus   

fox_milRNA_1 UGCUAGGGUAGAGAAUUUUUGCAGGC - - - - - - - F. oxysporum   



fox_milRNA_2  GGCAUUGUGUUCGCACGCGUAGGUUCG - - - - - - - F. oxysporum   

fox_milRNA_3a GGUGUGGUGUAUCGGUUUAUCAUUCCGC - - - - - - - F. oxysporum   

fox_milRNA_3b  CCGGUGUGGUGUAUCGGUUAUCAUUCCGC - - - - - - - F. oxysporum   

fox_milRNA_5  UCCGGUAUGGUGUAGUGGC - - - - - - - F. oxysporum   

fox_milRNA_6  GUUCCGUGGUCUAGUUGGUUAUGGCAUCU - - - - - - - F. oxysporum   

fox_milRNA_7  CUUCCGUAGUAUAGUGGUCAGUAUGCA - - - - - - - F. oxysporum   

man-milR-1  UAUCUUGUGGACUAAUAGGUA - - - - - - - M. anisopliae   

man-milR-2  UACAAGGGCACGAGCAAGGU - - - - - - - M. anisopliae   

man-milR-3  UUGUCGAGGCAUACCACUAUU - - - - - - - M. anisopliae   

man-milR-4  UCGAGGAGCAGAAGCUGAUCUU - - - - - - - M. anisopliae   

man-milR-6  UUUGGAGAGGCUGCUGUGUUU - - - - - - - M. anisopliae   

man-milR-7  GCGGGUGCUGAGAAAGCGUUUA  - - - - - - - M. anisopliae   

man-milR-8 UUGCAUGAUGAGACUUAUUU - - - - - - - M. anisopliae   

man-milR-9 UGCCUAGGCAGGGUAGAUCAG - - - - - - - M. anisopliae   

man-milR-11  UGCAGGGGAGCAUCGUCGUUG - - - - - - - M. anisopliae   

man-milR-12  AGACCUCGUUGAUGCUGGCAUU - - - - - - - M. anisopliae   

man-milR-13 CGACGACUCUGGCGAGGACAA - - - - - - - M. anisopliae   

man-milR-15  GAUGUCGAAUCGUGCCGGGGCUC - - - - - - - M. anisopliae   

milR-2  TGTCCTGGTACTTTCATCCGGCTGT - - - - - - - N. crassa   

milR-3  TGAACGAGCGGTTGTTGT - - - - - - - N. crassa   

milR-5  AAGCAAGATCCGGACATTC - - - - - - - N. crassa   

milR-7  TGCGGTGCTTTCCTTGCCCT - - - - - - - N. crassa   

milR-8  AAACGCTCTACCGGGTTGCTGTTAGA - - - - - - - N. crassa   

milR-9 GAGCTTGTCGCCTTCAA - - - - - - - N. crassa   

milR-10 CACTCGTGTGCTGTAGCGGGACTA - - - - - - - N. crassa   

milR-11  TGACCGGGCGGTTGTTGTT - - - - - - - N. crassa   



milR-12  TCATCCGATCATGTCACATTGTC - - - - - - - N. crassa   

milR-13  TGGGAATGTGAGGCGTTTG - - - - - - - N. crassa   

milR-14  TGCCGTGTCGTAGCATCGAAGTCAA - - - - - - - N. crassa   

milR-15  TTATTTGCCAAATCAACACTCGG - - - - - - - N. crassa   

milR-16  TACTTGATTCACAGCGTCTATAC - - - - - - - N. crassa   

milR-17 CGGCATCAGCGTGTTCA - - - - - - - N. crassa   

milR-19 GATACACGCTAGATGTCCCT - - - - - - - N. crassa   

milR-20  TACTCTGTGTGCTCGGTGTGGTT - - - - - - - N. crassa   

milR--21 ATCCTGGCTTCCTTTGCCTG - - - - - - - N. crassa   

milR-22  TGGAGGGTGATATATGGTTTGCCAG - - - - - - - N. crassa   

milR-23  TGCAATCTAGTCGCGTTCCCTCTT - - - - - - - N. crassa   

milR-24  TGCGGGGCATTGAGTGGTCGACG - - - - - - - N. crassa  

milR-25  CGACGCGGAGAAGAAGGGGATTG - - - - - - - N. crassa  

PM-milR-M1 GAGAAACGCCUUAUGAUCGAC  - - - - - - - P. marneffei  

PM-milR-M1*  UGACUCGAAGAGCCUCUA  - - - - - - - P. marneffei  

PM-milR-M2  GUCCUAUAGUAAAGCCAGUC  - - - - - - - P. marneffei  

PM-milR-M2*  AUUUCUAGGCUAUAAAAGCUU - - - - - - - P. marneffei  

PM-milR-MC3  UGAUAUCAAAGUGGGCUAUC  - - - - - - - P. marneffei  

PM-milR-MC4  UCAAGUCAACCCUUACUC  - - - - - - - P. marneffei  

PM-milR-MC5 UUGCUAUGAUGAAAGCUGAGCA - - - - - - - P. marneffei  

PM-milR-MC6 AACGUUUAAAUUUCCGAUACAAUU  - - - - - - - P. marneffei  

PM-milR-MC8  UUUCUACAGCUGCUGAACGUC  - - - - - - - P. marneffei  

PM-milR-MC9 UUGGCGUUGGGUGUAAUUG  - - - - - - - P. marneffei  

PM-milR-MC10  UCGACUGGCUCACCUGAUGCC  - - - - - - - P. marneffei  

PM-milR-MC11  UCGAUGUACUUCCUUGUGGA  - - - - - - - P. marneffei  

PM-milR-MC12  UGUUCAUCGAUCUGCUGUAGA  - - - - - - - P. marneffei  



PM-milR-MC13  UGCCACUCGAUCAUCUUGGG  - - - - - - - P. marneffei  

PM-milR-MC14  UAAGAGCUGUACAUAUGUAAG  - - - - - - - P. marneffei  

PM-milR-MC15  AUCCGGAUCGAGUUAUUCAC  - - - - - - - P. marneffei  

PM-milR-MC16  CAUAAGGUCGAGAGUCUCGCA - - - - - - - P. marneffei  

PM-milR-YC2  CAGCGGUGAUGACAACC  - - - - - - - P. marneffei  

PM-milR-YC3  CCGCUUCUAAAAUUGCUAGAGC  - - - - - - - P. marneffei  

PM-milR-YC4  UUGCUAUGAUGAAAGCUGAGCA  - - - - - - - P. marneffei  

PM-milR-YC5 UUUCUUGUCUACCUUUCGAGU  - - - - - - - P. marneffei  

PM-milR-YC6  UUCUCGGUGGCGAUGUCCAUU  - - - - - - - P. marneffei  

PM-milR-YC7  CCUUCAGAUCUGGGCUAUGCCC - - - - - - - P. marneffei  

Tre-milR-1 AGCCGGCTGTTGACGTAGGTGA - - - - - - - T. reesei  

Tre-milR-3 GGGAGAATGCGCCGTGATTGT - - - - - - - T. reesei  

Tre-milR-4  AGCAGCGACGGCGGAACTCTGC - - - - - - - T. reesei  

Tre-milR-5 CCCGTTTATCTGATCAACGCCG - - - - - - - T. reesei  

Tre-milR-6  CGGAGCTGGAGGAGGACTGCGA - - - - - - - T. reesei  

Tre-milR-7 TCAAGGGGAATCTGAGGCAG - - - - - - - T. reesei  

Tre-milR-8 CTCGAGGGAAGTGGAGATGGA - - - - - - - T. reesei  

Tre-milR-9 TGGCATGTTAGACAAGTTGCG - - - - - - - T. reesei  

Tre-milR-10  AGGCTGTACTGTAGGGCAG - - - - - - - T. reesei  

Tre-milR-11 TGGAGACGTGGAGCCGGA - - - - - - - T. reesei  

Tre-milR-12  GGTGCGGGCTGGCGGCGG - - - - - - - T. reesei  

Tre-milR-13  CCAGCAGGACTATGACGACG - - - - - - - T. reesei  

a) Identifier of the miRNAs-like; 
b) Sequence;  
c) Alignment region; 
d) Percent of the identity between the sequences; 
e) Size of alignment between the sequences of miRNAs-like and the genome region of P. brasiliensis (Pb18); 
f) Number of different bases between the aligned sequences; 
g) Absence of complementary bases between the sequences; 



h) Likelihood sequence analyzed to align randomly to other sequences in the database. false positive rate; 
i)  ln K)/ln 2; 
j) Microorganism which miRNA-like have been described; 
k) Articles describing miRNAs-like in fungus; 
 (-) Absence of alignment in genome of P.brasiliensis (Pb18); 
 (*) microRNA star. 

 
 
 
Supplementary table 4. Identification of miRNAs-like described in fungi vesicles with identity in the genome of P. brasiliensis Pb18. 

Query ida Subject idb % 
Identityc 

Alignment 
lengthd 

Mismatchese Gap 
opensf 

Evalue g Bit 
scoreh 

Fungi vesiclei Referencej 

aae-miR-309b-5p Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae Silva et.al. 2015 
aca-miR-1388-5p Supercontig_2.4 95 20 1 0 0.048 32.2 S. cerevisiae/ C. albicans   
aca-miR-20a-5p Supercontig_2.3 100 17 0 0 0.012 34.2 C. albicans   

aca-miR-5419 Supercontig_2.1 100 16 0 0 0.042 32.2 C.neoformans/S. cerevisiae   
aly-miR166g-5p Supercontig_2.4 100 16 0 0 0.042 32.2 C.neoformans   
aly-miR166g-5p Supercontig_2.9 100 16 0 0 0.042 32.2 C.neoformans   
aly-miR167b-3p* Supercontig_2.8 100 16 0 0 0.054 32.2 S. cerevisiae   
aly-miR4233 Supercontig_2.1 100 17 0 0 0.011 34.2 C. albicans   

aly-miR4233 Supercontig_2.2 100 16 0 0 0.042 32.2 C. albicans   
aly-miR4233 Supercontig_2.29 100 16 0 0 0.042 32.2 C. albicans   
aly-miR4233 Supercontig_2.4 100 16 0 0 0.042 32.2 C. albicans   
aly-miR4233 Supercontig_2.8 100 16 0 0 0.042 32.2 C. albicans   
ame-miR-3754 Supercontig_2.2 100 16 0 0 0.054 32.2 P. brasiliensis   

ame-miR-3772 Supercontig_2.2 100 16 0 0 0.054 32.2 C. albicans/ C.neoformans   
ath-miR2938 Supercontig_2.7 100 16 0 0 0.042 32.2 C. albicans   
ath-miR414 Supercontig_2.10 100 17 0 0 0.011 34.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.1 100 16 0 0 0.042 32.2 C. albicans/ P. brasiliensis   

ath-miR414 Supercontig_2.11 95.24 21 1 0 0.011 34.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.11 95.24 21 1 0 0.011 34.2 C. albicans/ P. brasiliensis   



ath-miR414 Supercontig_2.11 95.24 21 1 0 0.011 34.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.13 95.24 21 1 0 0.011 34.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.14 100 17 0 0 0.011 34.2 C. albicans/ P. brasiliensis   

ath-miR414 Supercontig_2.1 95 20 1 0 0.042 32.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.1 95 20 1 0 4.20E-02 32.2 C. albicans/ P. brasiliensis   
ath-miR414 Supercontig_2.1 95 20 1 0 0.042 32.2 C. albicans/ P. brasiliensis   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 3.60E-02 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 3.60E-02 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 16 0 0 3.60E-02 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.10 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.10 100 18 0 0 0.002 36.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 3.60E-02 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.1 100 19 0 0 6.00E-04 38.2 S. cerevisiae   



ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.11 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.11 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.12 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.12 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 3.60E-02 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.13 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.13 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.15 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.16 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.16 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.17 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.17 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.18 100 19 0 0 6.00E-04 38.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 3.60E-02 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0   874569 0.036 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.2 100 19 0 0 6.00E-04 38.2 S. cerevisiae   



ath-miR5021 Supercontig_2.21 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.21 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.21 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.23 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.23 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.24 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.24 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.24 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.25 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.25 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.25 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.25 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.25 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   



ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.3 100 19 0 0 6.00E-04 38.2 S. cerevisiae   
ath-miR5021 Supercontig_2.3 95 20 1 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.4 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.4 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   



ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.5 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.5 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   



ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 17 0 0 0.009 34.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   

ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.6 100 18 0 0 0.002 36.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   



ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   

ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5021 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
ath-miR5023 Supercontig_2.7 100 16 0 0 0.042 32.2 C. albicans/ C.neoformans   
ath-miR864-3p* Supercontig_2.5 100 16 0 0 0.048 32.2 C.neoformans   

bdi-miR399b Supercontig_2.3 100 16 0 0 0.042 32.2 C. albicans   
bdi-miR529-3p* Supercontig_2.1 100 16 0 0 0.042 32.2 C.neoformans   
bdi-miR529-3p* Supercontig_2.5 100 16 0 0 0.042 32.2 C.neoformans   



bmo-miR-2768-5p Supercontig_2.3 100 17 0 0 0.012 34.2 C. albicans   
bmo-miR-3250 Supercontig_2.3 100 17 0 0 0.011 34.2 C. albicans/ P. brasiliensis   
bmo-miR-3250 Supercontig_2.3 100 18 0 0 0.003 36.2 C. albicans/ P. brasiliensis   

bmo-miR-3250 Supercontig_2.6 100 16 0 0 0.042 32.2 C. albicans/ P. brasiliensis   
bmo-miR-3306 Supercontig_2.7 100 16 0 0 0.06 32.2 C.neoformans   
bmo-miR-3382-3p* Supercontig_2.1 100 16 0 0 0.066 32.2 P. brasiliensis   
bmo-miR-3425 Supercontig_2.2 100 16 0 0 0.066 32.2 C. albicans   

bmo-miR-3430 Supercontig_2.1 95.24 21 1 0 0.017 34.2 C. albicans   
bta-miR-1284 Supercontig_2.3 100 16 0 0 0.048 32.2 C. albicans   
bta-miR-2304 Supercontig_2.10 100 16 0 0 0.036 32.2 C.neoformans   
bta-miR-2304 Supercontig_2.4 100 16 0 0 0.036 32.2 C.neoformans   
bta-miR-2437 Supercontig_2.8 100 16 0 0 0.042 32.2 C. albicans   

cfa-miR-214 Supercontig_2.6 100 17 0 0 0.012 34.2 C.neoformans   
cin-miR-367-5p Supercontig_2.2 100 17 0 0 0.009 34.2 C.neoformans/C. albicans   
cin-miR-4171-5p Supercontig_2.11 100 16 0 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  

cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.32 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  

cin-miR-4171-5p Supercontig_2.8 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.8 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
cin-miR-4171-5p Supercontig_2.8 95 20 1 0 0.036 32.2 C.neoformans/C. albicans/S. cerevisiae  
csi-miR3946 Supercontig_2.13 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   
csi-miR3946 Supercontig_2.2 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   

csi-miR3946 Supercontig_2.3 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   
csi-miR3946 Supercontig_2.6 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   
csi-miR3946 Supercontig_2.6 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   



csi-miR3946 Supercontig_2.8 100 16 0 0 0.06 32.2 C.neoformans/S. cerevisiae   
csi-miR3946 Supercontig_2.8 100 17 0 0 0.015 34.2 C.neoformans/S. cerevisiae   
der-miR-13b Supercontig_2.11 100 16 0 0 0.048 32.2 P.brasiliensis/C.neoformans/S. cerevisiae 

dme-miR-2491-3p* Supercontig_2.10 100 17 0 0 0.008 34.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.10 100 17 0 0 0.008 34.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.10 100 18 0 0 0.002 36.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.1 100 16 0 0 0.03 32.2 S. cerevisiae   

dme-miR-2491-3p* Supercontig_2.1 100 17 0 0 0.008 34.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.1 100 17 0 0 0.008 34.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.1 100 18 0 0 0.002 36.2 S. cerevisiae   
dme-miR-2491-3p* Supercontig_2.11 100 17 0 0 0.008 34.2 S. cerevisiae   

dme-miR-2491-3p* Supercontig_2.12 100 17 0 0 0.008 34.2 S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.10 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 21 0 0 5.00E-05 42.1 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 100 21 0 0 5.00E-05 42.1 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   



dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.10 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.11 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.11 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.11 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.11 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.11 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.11 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   



dme-miR-4968-3p* Supercontig_2.12 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   



dme-miR-4968-3p* Supercontig_2.12 95.24 21 1 0 1.20E-02 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 16 0 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 16 0 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.13 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.13 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 100 19 0 0 8.00E-04 38.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.13 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.13 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.14 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.14 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.15 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.17 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.17 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.17 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   



dme-miR-4968-3p* Supercontig_2.17 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.17 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.17 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.17 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.17 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.18 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.18 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   



dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.1 95.45 22 1 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.19 95 20 1 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 4.80E-02 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   

dme-miR-4968-3p* Supercontig_2.2 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
dme-miR-4968-3p* Supercontig_2.2 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   



dpe-miR-13a Supercontig_2.11 100 16 0 0 0.048 32.2 C.neoformans   
dps-miR-2565-5p Supercontig_2.3 100 16 0 0 0.048 32.2 S. cerevisiae   
dps-miR-968-3p* Supercontig_2.3 100 16 0 0 0.06 32.2 C. albicans   

dre-miR-216a Supercontig_2.18 100 17 0 0 0.012 34.2 C. albicans   
dwi-miR-13a Supercontig_2.11 100 16 0 0 0.048 32.2 C. albicans   
gga-miR-1457 Supercontig_2.2 100 16 0 0 0.048 32.2 C. albicans   
gga-miR-1458 Supercontig_2.1 100 16 0 0 0.042 32.2 S. cerevisiae   

gga-miR-1692 Supercontig_2.1 100 17 0 0 0.009 34.2 C. albicans/S. cerevisiae/C.neoformans 
gga-miR-1692 Supercontig_2.2 100 17 0 0 0.009 34.2 C. albicans/S. cerevisiae/C.neoformans 
gga-miR-1814 Supercontig_2.12 100 16 0 0 0.036 32.2 C.neoformans   
gga-miR-29a-5p Supercontig_2.4 100 17 0 0 0.012 34.2 C. albicans   
gga-miR-3540 Supercontig_2.5 100 16 0 0 0.048 32.2 S. cerevisiae   

gga-miR-466 Supercontig_2.1 100 17 0 0 0.014 34.2 C.neoformans   
gga-miR-466 Supercontig_2.11 100 16 0 0 0.054 32.2 C.neoformans   
gga-miR-466 Supercontig_2.17 100 16 0 0 0.054 32.2 C.neoformans   
gga-miR-466 Supercontig_2.3 100 16 0 0 0.054 32.2 C.neoformans   
gga-miR-466 Supercontig_2.8 100 16 0 0 0.054 32.2 C.neoformans   

gra-miR482 Supercontig_2.6 95 20 1 0 0.048 32.2 C.neoformans   
hsa-miR-320a Supercontig_2.9 100 16 0 0 0.048 32.2 C. albicans   
hsa-miR-3620-5p Supercontig_2.10 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.10 100 19 0 0 8.00E-04 38.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.10 100 20 0 0 2.00E-04 40.1 C.neoformans/S. cerevisiae   

hsa-miR-3620-5p Supercontig_2.1 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.3 100 16 0 0 0.048 32.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.4 100 17 0 0 0.012 34.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.4 95.24 21 1 0 0.012 34.2 C.neoformans/S. cerevisiae   
hsa-miR-3620-5p Supercontig_2.6 100 18 0 0 0.003 36.2 C.neoformans/S. cerevisiae   

hsa-miR-3620-5p Supercontig_2.6 100 19 0 0 8.00E-04 38.2 C.neoformans/S. cerevisiae   
hsa-miR-3925-5p Supercontig_2.2 100 16 0 0 0.048 32.2 C. albicans   
hsa-miR-3976 Supercontig_2.31 100 16 0 0 0.06 32.2 C.neoformans   



hsa-miR-4507 Supercontig_2.10 95 20 1 0 0.036 32.2 C.neoformans/S. cerevisiae   
hsa-miR-4507 Supercontig_2.10 95 20 1 0 0.036 32.2 C.neoformans/S. cerevisiae   
hsa-miR-4507 Supercontig_2.3 100 16 0 0 0.036 32.2 C.neoformans/S. cerevisiae   

hsa-miR-4507 Supercontig_2.4 100 17 0 0 0.009 34.2 C.neoformans/S. cerevisiae   
hsa-miR-4507 Supercontig_2.6 95 20 1 0 0.036 32.2 C.neoformans/S. cerevisiae   
hsa-miR-4539 Supercontig_2.6 100 16 0 0 0.048 32.2 C. albicans   
hsa-miR-5194 Supercontig_2.11 100 16 0 0 0.048 32.2 S. cerevisiae   

hsa-miR-5195-3p* Supercontig_2.4 100 17 0 0 0.011 34.2 S. cerevisiae   
hsv2-miR-H13 Supercontig_2.12 100 16 0 0 0.048 32.2 S. cerevisiae   
mml-miR-938 Supercontig_2.31 100 16 0 0 0.048 32.2 C.neoformans   
mml-miR-938 Supercontig_2.31 100 16 0 0 0.048 32.2 C.neoformans   
mmu-let-7e-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C. albicans/C.neoformans   

mmu-miR-1895 Supercontig_2.10 95.24 21 1 0 0.012 34.2 S. cerevisiae   
mmu-miR-1903 Supercontig_2.12 100 16 0 0 0.048 32.2 S. cerevisiae   
mmu-miR-1903 Supercontig_2.2 100 16 0 0 0.048 32.2 S. cerevisiae   
mmu-miR-1903 Supercontig_2.3 100 16 0 0 0.048 32.2 S. cerevisiae   
mmu-miR-1903 Supercontig_2.3 100 16 0 0 0.048 32.2 S. cerevisiae   

mmu-miR-1903 Supercontig_2.4 100 17 0 0 0.012 34.2 S. cerevisiae   
mmu-miR-1903 Supercontig_2.7 100 16 0 0 0.048 32.2 S. cerevisiae   
mmu-miR-297a-5p Supercontig_2.2 95.24 21 1 0 0.012 34.2 C. albicans   
mmu-miR-297a-5p Supercontig_2.3 100 16 0 0 4.80E-02 32.2 C. albicans   
mmu-miR-297a-5p Supercontig_2.3 100 17 0 0 1.20E-02 34.2 C. albicans   

mmu-miR-339-5p Supercontig_2.3 100 16 0 0 5.40E-02 32.2 C. albicans   
mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 4.20E-02 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 4.20E-02 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 4.20E-02 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 4.20E-02 32.2 S. cerevisiae   

mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 4.20E-02 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.32 100 16 0 0 0.042 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.8 100 16 0 0 0.042 32.2 S. cerevisiae   



mmu-miR-383-3p* Supercontig_2.8 100 16 0 0 0.042 32.2 S. cerevisiae   
mmu-miR-383-3p* Supercontig_2.8 100 16 0 0 0.042 32.2 S. cerevisiae   
mmu-miR-466f-5p Supercontig_2.3 100 18 0 0 0.003 36.2 C. albicans   

mmu-miR-466h-3p* Supercontig_2.1 100 17 0 0 0.008 34.2 C.neoformans   
mmu-miR-466h-3p* Supercontig_2.11 100 18 0 0 0.002 36.2 C.neoformans   
mmu-miR-466h-3p* Supercontig_2.2 100 16 0 0 0.03 32.2 C.neoformans   
mmu-miR-466h-3p* Supercontig_2.3 100 16 0 0 0.03 32.2 C.neoformans   

mmu-miR-466h-3p* Supercontig_2.3 100 18 0 0 0.002 36.2 C.neoformans   
mmu-miR-466h-3p* Supercontig_2.6 100 17 0 0 0.008 34.2 C.neoformans   
mmu-miR-466h-5p Supercontig_2.3 95 20 1 0 0.048 32.2 C.neoformans   
mmu-miR-466h-5p Supercontig_2.6 100 16 0 0 0.048 32.2 C.neoformans   
mmu-miR-466j Supercontig_2.1 100 19 0 0 9.00E-04 38.2 S. cerevisiae   

mmu-miR-466j Supercontig_2.11 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.11 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.2 100 17 0 0 0.014 34.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae   

mmu-miR-466j Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 17 0 0 0.014 34.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 18 0 0 0.003 36.2 S. cerevisiae   
mmu-miR-466j Supercontig_2.3 100 20 0 0 2.00E-04 40.1 S. cerevisiae   

mmu-miR-466j Supercontig_2.3 95.24 21 1 0 0.014 34.2 S. cerevisiae   
mmu-miR-466k Supercontig_2.6 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.8 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.18 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.3 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   

mmu-miR-466k Supercontig_2.3 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.3 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.4 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   



mmu-miR-466k Supercontig_2.4 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-466k Supercontig_2.5 100 16 0 0 0.054 32.2 C.neoformans/S. cerevisiae   
mmu-miR-467a-3p* Supercontig_2.22 100 16 0 0 0.048 32.2  S. cerevisiae   

mmu-miR-467a-3p* Supercontig_2.4 100 16 0 0 0.048 32.2  S. cerevisiae   
mmu-miR-467a-3p* Supercontig_2.9 100 16 0 0 0.048 32.2  S. cerevisiae   
mmu-miR-467g Supercontig_2.10 100 18 0 0 0.003 36.2 C. albicans/ P. brasiliensis   
mmu-miR-467g Supercontig_2.12 100 17 0 0 1.10E-02 34.2 C. albicans/ P. brasiliensis   

mmu-miR-467g Supercontig_2.16 100 16 0 0 4.20E-02 32.2 C. albicans/ P. brasiliensis   
mmu-miR-467g Supercontig_2.27 100 16 0 0 0.042 32.2 C. albicans/ P. brasiliensis   
mmu-miR-467g Supercontig_2.3 95 20 1 0 0.042 32.2 C. albicans/ P. brasiliensis   
mmu-miR-467g Supercontig_2.4 100 16 0 0 0.042 32.2 C. albicans/ P. brasiliensis   
mmu-miR-467g Supercontig_2.5 100 18 0 0 0.003 36.2 C. albicans/ P. brasiliensis   

mmu-miR-467g Supercontig_2.7 100 17 0 0 0.011 34.2 C. albicans/ P. brasiliensis   
mmu-miR-669f-3p* Supercontig_2.10 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.13 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.16 100 17 0 0 0.014 34.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.2 100 16 0 0 0.054 32.2 S. cerevisiae   

mmu-miR-669f-3p* Supercontig_2.22 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.3 95 20 1 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.4 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.4 100 18 0 0 0.003 36.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.7 100 16 0 0 0.054 32.2 S. cerevisiae   

mmu-miR-669f-3p* Supercontig_2.9 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-3p* Supercontig_2.9 100 16 0 0 0.054 32.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.11 100 16 0 0 0.06 32.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.2 100 17 0 0 0.015 34.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.3 100 16 0 0 0.06 32.2 S. cerevisiae   

mmu-miR-669f-5p Supercontig_2.3 100 16 0 0 0.06 32.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.3 100 16 0 0 0.06 32.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.3 100 16 0 0 0.06 32.2 S. cerevisiae   



mmu-miR-669f-5p Supercontig_2.3 100 17 0 0 0.015 34.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.3 100 17 0 0 0.015 34.2 S. cerevisiae   
mmu-miR-669f-5p Supercontig_2.3 100 20 0 0 2.00E-04 40.1 S. cerevisiae   

mmu-miR-669f-5p Supercontig_2.6 100 16 0 0 6.00E-02 32.2 S. cerevisiae   
mtr-miR5227 Supercontig_2.1 100 16 0 0 0.048 32.2 C. albicans   
oan-miR-1346 Supercontig_2.10 100 16 0 0 0.03 32.2 C.neoformans   
oan-miR-1351-3p* Supercontig_2.1 100 16 0 0 0.042 32.2 S. cerevisiae/C.albicans/C.neoformans 

oan-miR-1418-5p Supercontig_2.3 100 16 0 0 0.042 32.2 C.neoformans   
oan-miR-1420e-5p Supercontig_2.3 100 17 0 0 0.014 34.2 P. brasiliensis   
oan-miR-1421n-2-5p Supercontig_2.1 100 17 0 0 0.012 34.2 P. brasiliensis   
oan-miR-1422q-5p Supercontig_2.7 100 16 0 0 0.048 32.2 S. cerevisiae   
osa-miR1438 Supercontig_2.1 100 16 0 0 4.80E-02 32.2 C. albicans   

osa-miR1438 Supercontig_2.1 100 16 0 0 4.80E-02 32.2 C. albicans   
osa-miR1438 Supercontig_2.5 100 16 0 0 4.80E-02 32.2 C. albicans   
osa-miR1438 Supercontig_2.9 100 16 0 0 4.80E-02 32.2 C. albicans   
osa-miR1438 Supercontig_2.9 100 17 0 0 0.012 34.2 C. albicans   
osa-miR156k Supercontig_2.1 100 16 0 0 0.042 32.2 S. cerevisiae   

osa-miR156k Supercontig_2.8 100 16 0 0 0.042 32.2 S. cerevisiae   
osa-miR2921 Supercontig_2.14 100 16 0 0 0.06 32.2 C.neoformans   
osa-miR2921 Supercontig_2.46 100 16 0 0 0.06 32.2 C.neoformans   
osa-miR399c Supercontig_2.3 100 16 0 0 0.042 32.2 C.neoformans   
osa-miR5144-5p Supercontig_2.17 100 16 0 0 0.042 32.2 C.neoformans/S. cerevisiae   

osa-miR821c Supercontig_2.12 95 20 1 0 0.06 32.2 P. brasiliensis   
osa-miR821c Supercontig_2.4 100 16 0 0 0.06 32.2 P. brasiliensis   
pab-miR482d Supercontig_2.1 100 16 0 0 0.042 32.2 S. cerevisiae   
pma-miR-130e Supercontig_2.3 100 16 0 0 0.054 32.2 P.brasiliensis   
pma-miR-20a-5p Supercontig_2.3 100 17 0 0 0.014 34.2 C. albicans/C.neoformans   

ppt-miR1047-5p Supercontig_2.10 100 16 0 0 0.042 32.2 P. brasiliensis   
ppy-miR-1228 Supercontig_2.7 100 16 0 0 0.036 32.2 S. cerevisiae   
rno-let-7e-3p* Supercontig_2.2 100 16 0 0 0.048 32.2 C. albicans/C.neoformans   



rno-miR-483-5p Supercontig_2.13 100 16 0 0 0.048 32.2 C.neoformans   
rno-miR-483-5p Supercontig_2.2 100 16 0 0 0.048 32.2 C.neoformans   
rno-miR-483-5p Supercontig_2.6 95.24 21 1 0 0.012 34.2 C.neoformans   

rno-miR-487b-5p Supercontig_2.3 100 16 0 0 0.054 32.2 S. cerevisiae   
sbi-miR821e Supercontig_2.4 100 18 0 0 0.003 36.2 C.neoformans   
sha-miR-23b Supercontig_2.11 100 16 0 0 0.03 32.2 C. albicans   
sme-miR-2149-5p Supercontig_2.2 100 16 0 0 0.042 32.2 C.neoformans   

smo-miR1097 Supercontig_2.2 100 16 0 0 0.042 32.2 C. albicans   
ssc-miR-664-5p Supercontig_2.2 100 16 0 0 0.054 32.2 P. brasiliensis   
tgu-miR-200a-5p Supercontig_2.26 95 20 1 0 0.042 32.2 C.albicans/S. cerevisiae   
tgu-miR-2976 Supercontig_2.11 100 16 0 0 0.042 32.2 C. albicans/C.neoformans/ P.brasiliensis 
vvi-miR3631c Supercontig_2.7 100 17 0 0 0.012 34.2 C neoformans/S. cerevisiae   

vvi-miR3631d Supercontig_2.7 100 17 0 0 0.012 34.2 S. cerevisiae/ P. brasiliensis   

a) Identifier of the microRNAs; 
b) Sequence;  
c) Percent of the identity between the sequences; 
d) Size of alignment between the sequences of microRNAs and the genome region of P. brasiliensis (Pb18); 
e) Number of different bases between the aligned sequences; 
f)   Absence of complementary bases between the sequences; 
g) Likelihood sequence analyzed to align randomly to other sequences in the database. false positive rate; 
h)  ln K)/ln 2; 
i)   Microorganism which microRNAs have been described; 
j) Article describing microRNAs in fungi vesicles; (*) microRNA star. 
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Abstract 
MicroRNAs are molecules involved in the mechanism of post transcriptional gene 
regulation. Several studies have demonstrated that these molecules play determining 
role during the infection process. In pathogenic fungi microRNAs-like have been 
described at different morphological stages and such molecules regulate targets 
involved in morphogenesis, energy production mechanism of DNA repair. 
Paracoccidioides  spp.  are the etiological agents of the main systemic mycosis in Latin 
America. Fungi of the Paracoccidioides complex present a plasticity to colonize 
different niches. In fact those fungi remodel pathways involved in cellular metabolism, 
production of structural cell wall components. However, the mechanisms that regulate 
the expression of genes and proteins in those pathogens are not fully elucidated.
Therefore, the present work characterizes the microRNAs-like produced by P. 
brasiliensis, Pb18 in yeast cells, mycelium and during the dimorphic transition, through 
high performance sequencing and bioinformatics analyzes. Here we demonstrate that 
transcripts encoding proteins involved in microRNA-like biogenesis are differentially 
expressed between each morphological stage. In addition, new generation sequencing 
data allowed the description of 48 microRNAs-like present in the cDNA libraries, and 
of the total, 44 were differentially regulated among the libraries. Differential expression 
data revealed a similar profile of regulated microRNAs-like between the mycelial and 
dimorphic transition phases (22 hs),  however in the parasitic yeast phase occurs a 
complete remodeling of the expression of these small RNAs. Analyzes of the targets of 
the microRNAs-like, with higher expression in yeast cells, revealed differentially 
regulated cellular processes. Data demonstrate that microRNAs-like presumably 
regulate the polysaccharide present in the yeast cell wall, by the repression of proteins 

-glucan synthesis and chitin degradation. Also, repressing oxidative 
phosphorylation in yeast cells is presumed, since this metabolic step is preferentially 
used in the mycelial phase. Proteins involved in oxidative stress response present in 
mitochondria, hyphae production and cell division were also repressed by yeast-cells 
induced microRNAs-like; meantime these proteins were not regulated by microRNAs-
like present in the cDNA libraries of mycelium and mycelium-to-yeast transition. 
Therefore, this work describes potential post-transcriptional regulation mediated by 
microRNAs-like in P. brasiliensis and its influence on the adaptive processes of this 
thermal dimorphic fungus. 
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Introduction 

MicroRNAs are small RNAs ranging in size from 21 to 24 nt, which action is 

regulate the expression of target genes involved on different processes such as cell 

proliferation and tumorigenesis. Regulation of gene expression by microRNAs is an 

evolutionarily conserved mechanism. Several studies have demonstrated the importance 

of those molecules during the development of infection by pathogens, in the human host 

(He et al., 2018; Pires et al., 2017; Sharbati et al., 2011). In fungi microRNAs-like are 

regulated in conditions, such as changes in environmental temperature (Bai et al., 2015),

growth as different morphologies (Lau et al., 2013; Zhou et al., 2012).  

 In Penicillium chrysogenum, the milR-21 was predicted to bind to at least three 

mRNA targets that are involved in DNA-repair mechanisms. The targets of other 

microRNAs-like produced by this fungus include cytochrome P450 protein, putative 

proline-rich call wall protein, PLC-like phosphodiesterase and many hypothetical 

proteins (Dahlmann and Kück, 2015).   In  Aspergillus fumigatus microRNAs-like have 

as target proteins involved in control of metabolism, transport, signal transduction, as 

well as one protein which is responsible for ustiloxin B biosynthesis (Bai et al., 2015). 

MicroRNA-like produced by Metarhizium anisopliae have as targets proteins involved 

in sporulation and probably, microRNAs-like may influence the process of conidia 

formation (Zhou et al., 2012). The thermal dimorphic fungus Penicillium marneffei 

microRNAs-like target proteins such as benzoate 4-monooxygenase, cytochrome P450 

and  the protein RanBP10 involved in the process of cellular mitosis (Lau et al., 2013). 

Species of the Paracoccidioides complex (Bocca et al., 2013; Carrero et al., 

2008; Matute et al., 2006; Teixeira et al., 2009; Turissini et al., 2017), are 

thermodimorphic fungi that cause systemic mycosis with the highest prevalence in Latin 

America. Countries such as Brazil, Ecuador and Venezuela have high incidence of the 

disease, mainly in rural workers, causing health problems with high mortality rates and 

often leaving sequels on the patients (Bocca et al., 2013; Coutinho et al., 2002; do Valle 

et al., 2017; Shikanai-Yasuda et al., 2006, 2017). Several studies have demonstrated the 

plasticity that species belonging to the Paracoccidioides complex possess in adapting to 

different niches including the human host.  

Transcriptional studies in members of the Paracoccidioides complex revealed 

remodeling of genes during the dimorphic transition event, a process that precedes 



colonization in the host. In fact during this event there is a remodeling of 

polysaccharides present in the cel -glucan 

biosynthesis genes (Bastos et al., 2007). In addition proteins involved in cellular 

signaling pathways such as MAPK and calmodulin are induced (Nunes et al., 2005). 

Specific genes have also been described as essential during the dimorphic transition 

including histidine kinase drk1 (Chaves et al., 2016), Ras-1 and 2 (Fernandes et al., 

2008) and blocking the function of these genes and proteins by specific inhibitors 

impairs the dimorphic transition process. In addition, cyclic AMP levels also influence 

the morphogenesis of those fungi (Chen et al., 2007).

In addition to the cellular changes triggered by temperature in species of the 

Paracoccidioides complex, transcriptional data also demonstrated genes that are 

expressed at each specific stage of these pathogens. The metabolism between the 

mycelium and yeast phases is also different, since mycelium has a metabolism 

preferably aerobic, in contrast to yeast cells that present higher expression of genes such 

that one encoding for alcohol dehydrogenase I, involved in anaerobic metabolism. 

Genes encoding enzymes of the glyoxylate cycle such as isocitrate lyase, were also 

preferentially expressed in yeast cells (Felipe et al., 2005). Proteomic data comparing  

mycelium, dimorphic transition from mycelium to yeast  and yeast cells, corroborate the 

data obtained from the transcriptome analysis of members of the Paracoccidioides 

complex.  In general, the data point to a higher expression genes encoding to glycolytic 

pathway enzymes, to glyoxylate cycle enzymes and enzymes of lipid metabolism in the 

yeast phase. In the mycelium phase, the induced proteins are related to aerobic energy 

production, in addition to proteins involved in cell defense against oxidizing agents such 

as mitochondrial peroxiredoxin and superoxide dismutase dependent on manganese. 

After 22 hours of dimorphic transition from mycelium to yeast cells, occurs induction of 

the pentose phosphate pathway proteins, possibly to produce substrate for the glycolysis 

that is induced in the yeast phase, in addition to the induction of heat shock response 

proteins (Rezende et al., 2011). Although, transcriptional and proteomic data reveal a 

fine regulation of genes and proteins in the specific morphological stages and during the 

dimorphic transition, the mechanisms regulating the expression of these genes and 

proteins are not fully elucidated

In Paracoccidioides spp. proteins involved in biogenesis of microRNAs-like and 

silencing of target genes are conserved, being similar to those of other fungi. In 

addition, the transcripts encoding those proteins are produced in the yeast phase of this 



pathogen. Based on analyzes of sequence similarity we described the presence of 

microRNAs-like, homologues to those produced by other fungi, conserved in the 

genome of this pathogen (Curcio et al., 2018 submitted) . Considering the relevance of 

the knowledge of mechanisms developed by members of the Paracoccidioides complex, 

for survival and regulation of biological processes, the study of microRNAs-like is of 

relevance. Therefore, the objective of this study was characterize the presence and 

differential expression of microRNAs-like in Paracoccidioides brasiliensis. in different 

stages of development, as well as, biological processes regulated by microRNAs-like. 

This study can open doors for future investigations of the function of those molecules in 

the process of infection in the host. 

Material and Methods 

Fungus strain and developmental phases 

Paracoccidioides brasiliensis Pb18 (ATCC 32069) in the yeast and mycelium 

phases was cultivated and maintained in solid Sabouraud medium (Das et al., 2010) 

temperatures of 36ºC and 22ºC respectively. The components of Sabouraud dextrose 

agar medium (HIMEDIA) are as follows: Peptone 10% (w/v), dextrose 4% (w/v), 1.5% 

(w/v) agar. After, five days of culture in solid medium, Pb18 yeast cells were inoculated 

in Sabouraud liquid medium at 36° C for 18 h, under agitation (150 rpm). After 

maintenance for 15 days in solid medium, the mycelium of Pb18 was inoculated in 

Sabouraud liquid medium for 18 h under agitation at 150 rpm, at 22°C. For the 

transition experiments, the mycelium of Pb18, grown in solid Sabouraud medium for 15 

days, was inoculated into Sabouraud liquid medium for 96 h at 22°C. The transition 

from mycelium to yeast was performed by changing the temperature from 22ºC to 36ºC. 

The definition of the transition time for the subsequent experiments was obtained by 

counting the yeast appearing cells in  Chamber. Cultures were evaluated at 

0, 22, 48, 72 and 96 h after the temperature change. 

 

RNA extraction and analysis of the expression of transcripts by quantitative real-

time PCR (qRT-PCR) 

The mycelial and yeast forms inoculated on Sabouraud for 18 h and during the 

dimorphic transition (22 h) were centrifuged at 12 000 x g for 10 min at 4 °C, with the 

supernatant being discarded. The cells were lysed with glass beads in the presence of 



TRIzol (TRI Reagent, Sigma-Aldrich, St. Louis, MO) and RNA extraction was 

performed according to the manufacturer's specifications.  

RNA samples collected, as described above, were used for gene expression and 

for high-performance sequencing data. Oligonucleotide primers for dicers and argonauts 

(Curcio et al., 2018, submitted) were used in the analysis of transcripts. Total RNA was 

incubated with DNAse (RQ1 RNase-free DNase, Promega) and subsequently subjected 

to reverse transcription in vitro (SuperScript III First-Strand Synthesis SuperMix; 

Invitrogen, Life Technologies). Synthesized cDNAs were used in the RT-PCRq reaction 

using Step OnePlus platform (Applied Biosystems) with a mixture of SYBR green PCR 

master mix (Applied Biosystems, Foster City, CA). Normalization of the values was 

performed using the gene encoding the actin protein (GenBank XP_010761942). The 

standard curves were generated by dilution  at  1: 5 of the  cDNA and the relative 

expression levels of the transcripts were calculated using the standard curve method for 

relative quantification (Fernandes et al., 2008). Statistical comparisons were performed 

- . 

RNAs integrity, small RNA libraries construction and next-generation sequencing 

(NGS) 

The integrity and quality of the RNA samples were evaluated using 1% (w/v) 

agarose gel electrophoresis, Nanodrop (Life Technologies) to check for RNA purity 

(OD260/ OD280), Qubit ® 2.0 (Life Technologies) for quantification and the 2100 

BioAnalyzer (Agilent) system for determination of RNA integrity. Subsequently the 

Biotechnologies) and sent for sequencing. Mycelial, transition and yeast libraries were 

constructed with the NEBNext® Multiplex Small RNA Library Prep Set for Illumina 

(Illumina KIT). Initially adapters were ligated into the 3 'and 5'-regions of the RNA 

molecules, then cDNAs were synthesized, amplified, purified and size selected from an 

agarose gel. The sequencing of the samples was performed by a company, GenOne 

Biotechnologies, using the Illumina HiSeq 2500 platform. 

Sequence analyses for prediction of microRNA-like  

Sequences in FASTQ format were obtained for each library: mycelium, mycelia 

transition to yeast cells and yeast cells phases. Initially, the quality of the sequences was 

evaluated with the FastQC program. Poor quality sequences, as well as the adapters 



used for library preparation, were removed with the Trimmomatic program (Bolger et 

al., 2014).  After processing the sequences, they were submitted to BLASTx (States and 

Gish, 1994) against the nr database (https://blast.ncbi.nlm.nih.gov/) in order to confirm 

that the sequences of the RNAseq were from P. brasiliensis Pb18. The processed 

sequences were then mapped into the reference genome of P. brasiliensis present in 

NCBI (https://www.ncbi.nlm.nih.gov/genome/334?genome_assembly_id=212342) with 

the mapper.pl script of the mirDeep2 program (Friedländer et al., 2012). The output 

mapping file was analyzed by the miRDeep2.pl script to search for pre-miRNA 

structure in the Pb18 genome. Basically, mirDeep2 searches for genome locations with 

many reads mapped and with self-complementary, hairpin structure characteristic of the 

pre-microRNA (Friedländer et al., 2012). When a pre-microRNA is predicted, 

mirDeep2 outputs its sequence, including the predicted mature and star sequences in 

FASTA format.  

miRNAs-like differential expression analyses with RNA-Seq and prediction of 

target genes  

The numbers of reads mapped to each miRNA-like were evaluated with the 

quantifier.pl script of mirDeep2. The result was a counting matrix, with each miRNA-

like in the rows and libraries (mycelium, transition and yeast phases). This count matrix 

was used for statistical tests of differential expression among libraries using DESeq2 

(Love et al., 2014), a package of the R/Bioconductor. A likelihood ratio test (LRT) was 

performed to compare the full model (including all the phases) against the reduced 

model (only intercept). This LRT was used to find any difference among the phases. In 

addition, Negative Binomial Wald Tests were performed to compare all the three phases 

in a pairwise manner. The potential targets of miRNA-like candidates were predicted 

using 3' UTR sequences from all P. brasiliensis Pb18 genes. The 3' UTR sequences 

were obtained with a custom Perl script that retrieved the first 200 bp sequences from 

all the Pb18 transcripts  downloaded from the NCBI database 

(https://www.ncbi.nlm.nih.gov/genome/334?genome_assembly_id=212342) (Brown et 

al., 2015). The search f

was performed by the RNAhybrid program (Rehmsmeier et al., 2004), with the 

following parameters: -f 2,7 for requiring complete complementary at the seed region 

(positions 2-7 of the microRNA); -e -20 requiring a minimum free energy of the 

predicted hybridization  below -20 kcal/mol; -p 0.05 for a 5% p-value cutoff (Lewis et 



al., 2005). The functional classification of the targets was performed through the 

Blast2GO (Conesa et al., 2005) and Funcat2 programs. 

Results 

RNA extraction and regulation of the genes encoding proteins involved in the 

processing of microRNAs-like. 

The steps used in this work for prediction of microRNAs-like in P. brasiliensis 

Pb18 are shown in the workflow chart (Supplementary Figure 1). The procedure of 

extracting RNAs of the different phases of P. brasiliensis Pb18 was carried out with the 

purpose of identifying microRNAs-like produced by this pathogen. The time of 

extraction of RNA in the transition phase from mycelium to yeast cells was determined 

by counting yeast cells at 0, 22, 48, 72, 96 h after temperature shift. Based on this time 

course analysis, the time of 22 h of transition was selected for the experiments of gene 

expression and sequencing of microRNAs-like. It was verified that at 22 h after the 

temperature shift, yeast cells were detected (Supplementary Figure 2). After 

determination of RNA extraction time, expression levels of transcripts coding for dicers 

and argonauts were evaluated among the different morphological stages.  The transcript 

coding for dcr-1 depicted similar expression in the transition event and in yeast cells. 

dcr2 depicted similar expression in mycelium and yeast cells, although a decrease in 

expression was observed during mycelium to yeast transition (Figure 1 A-D). The 

transcripts coding for ago-1 and ago-2 have decreased expression during the dimorphic 

transition.  It is noteworthy, that the expression of dcr-1 and ago-1 predominates in 

yeast cells; ago-2 is predominant in mycelium, whereas dcr-2 has similar expression in 

mycelium and yeast cells. 

 

 

 

 

  

 



 

Figure 1- Analysis of expression of genes involved in post-transcriptional gene silencing (A) dcr 1, (B) dcr 2 
(dicer),  (C) Ago 1, (D) Ago 2 (Argonaut) in mycelium, transition from mycelium  to yeast and  yeast cells of Pb18 by 
real time PCR. The data were normalized with the transcript encoding actin. The T-test was used for statistical 

 

Processing of data from RNA sequencing 

Due to differential regulation of the genes encoding proteins involved in 

processing of microRNAs-like (dicers and argonauts) we constructed the small-RNA 

libraries at the times: 22 hours of transition from mycelium to yeast and 18 hours of 

growth in liquid sabouraud medium for mycelium and yeast cells. The cDNAs were 

sequenced with the Hiseq2500 Illumina platform in biological triplicates. The number 

of raw small-RNA sequences obtained ranges from 18.205.091 to 22.443.544 among 

libraries (Supplementary table 1). All cDNA libraries generated sequences of high 

quality with the vast majority of the bases having PHRED Score above 30, indicating an 

average of one sequencing error per 1000 base pairs. In supplemental figure S3, the 

quality data of one of the mycelial libraries is presented. Although the RNAseq data 

presented high quality, additional processing was performed with the Trimmomatic 

for the different conditions before and after processing is presented in Supplementary 

Table 1.  

Identification of P. brasiliensis putative microRNAs-like by deep sequencing and 

differential expression analyzes 



After obtaining the RNAseq data and processing the sequences, they were 

mapped in the genome of P. brasiliensis employing the mirDeep2 program. The number 

of reads mapped between libraries ranged from 1.203.138 at 1.782.745 (data not 

shown). The mapped sequences were also analyzed by miRDeep2 in order to evaluate 

the presence of sequences with potential to be precursors of microRNAs-like and 

generate mature microRNAs-like. Table 1 shows the precursor, mature and star 

sequences of the microRNAs among the three conditions. Among the libraries, 48 

microRNAs-like were identified with a mirDeep2 score above 5, recommended to 

increase the likelihood of true positive predictions. In fact, 3 microRNAs-like described 

in the in silico analyzes demonstrate high similarity with sequences of the microRNA-

like identified in libraries (data not show). The sequences of all the precursors presented 

characteristics of hairpin with minimum free folding energy values similar to those 

described in other microorganisms  (Figure Supplementary 4) (Jiang et al., 2012; Lau et 

al., 2013).  

 

 

 



Table 1- MicroRNAs-like identified in all the libraries. 

Libraries miRDeep2 
score 

Mature Sequence Star Sequence Precursor Sequence 

M/T/Y/Supercontig_2.45_44026-     5.20 ugcuguggaaaguuugacug ugcaagcuuuuugacuucugag ugcuguggaaaguuugacugucagaaaucugugagauguuuuauuugaagauauuaaauuuauuucucugcaagcuuuuugacuucugag 

M/T/Y/Supercontig_2.10_30105+ 8.60 uuauuuuuggaacuuuuu auuaguucggagucugg auuaguucggagucuggguauggcuuucuuucuguaaugguuuuguuauguuauuuuauuuuuggaacuuuuu 

M/T/Y/Supercontig_2.10_30363+ 9.00 ugaaaagagaugcacuucagaga uuugacaauuucuugauuuu uuugacaauuucuugauuuuguuaauuauuacugaguaacuaaaaaaacagaguuuauuugaaaagagaugcacuucagaga 

M/T/Y/Supercontig_2.14_35344+ 13.00 gucagugaaaggauauguauagauu auuuacacacgacuuccugacuc gucagugaaaggauauguauagauugaaauguauuuacacacgacuuccugacuc 

Mycelium/Supercontig_2.34_43474+ 34.00 gauacaaucacaugucugaga ucagacaguaacugugu ucagacaguaacuguguuuauaauaaguuggcagugaucuuugauggcaucuuugacaauaaaaaaauauugagagauacaaucacaugucugaga 

M/T/Y/Supercontig_2.9_29173- 53.00 uaagacagacucugaacagu uuucauagcaucucuguuggc uaagacagacucugaacaguuuuuucacuaauauuuuaauaugugaucaugucuuucauagcaucucuguuggc 

M/T/Y/Supercontig_2.27_42084+ 66.00 auguuuugaacucagaugugu agagacugacagagcuacagagc auguuuugaacucagaugugugagaaauuaggcauuaagagaugacucuucacagccuaucacucagagacugacagagcuacagagc 

M/T/Y/Supercontig_2.24_41376- 79.00 aggucugucaagauugaugau ucagcaaucaagcagcaaguu ucagcaaucaagcagcaaguugagaugucaucuucucugagacuaucuggaggucugucaagauugaugau 

M/T/Y/Supercontig_2.6_22054+ 88.00 uagauagaugaauugagcuu uuuaguauucucgucgcagcu uuuaguauucucgucgcagcuaucuaguagauagaugaauugagcuu 

M/T/Y/Supercontig_2.1_2922- 110.00 gugggcaggcguggaugu uuuuacuguuugcugacuguugu gugggcaggcguggaugugggaagcgauuuaauuuuacuguuugcugacuguugu 

M/T/Y/Supercontig_2.2_8815- 120.00 ugacuggagaagaugagagga ugcaucugauucuccaucugu ugcaucugauucuccaucugucaucuguaugcuguuuucagaggggagaagcagccaacauccaaugacuggagaagaugagagga 

M/T/Y/Supercontig_2.22_40198+ 150.00 uaucaauuuuauacagacuag uagucauaaaagaaagcagcu uaucaauuuuauacagacuaguaagaaagacuauagaguuucuaucucuuauauagucauaaaagaaagcagcu 

M/T/Y/Supercontig_2.28_42699- 170.00 aguuggguuguugggcccuagu uagcuagcuucaaccucaacaaca aguuggguuguugggcccuaguagccugggcgaccacuccaccgcacgugaugaacccuauauagcuagcuagcuucaaccucaacaaca 

M/T/Y/Supercontig_2.13_34964- 290.00 uuuuuucuguuuuucuguuuuu aauaaaaaaauaaaaaa aauaaaaaaauaaaaaaucuaaaaaugaaccucaauuucauguuuuuuuuuuuuucuguuuuucuguuuuu 

M/T/Y/Supercontig_2.25_41493+ 340.00 uguggggcgaggcaguaauugu ucagccaagcucuauaacagua uguggggcgaggcaguaauuguggugacugaaaugcuuaaucuuauaccaacaucagccaagcucuauaacagua 

M/T/Y/Supercontig_2.4_17514- 390.00 ucagaugaugaaaaagaugcugaca ucagacuggucucugcuga ucagacuggucucugcugaaucuccacugcggcaaauggaaguuucagaugaugaaaaagaugcugaca 

M/T/Y/Supercontig_2.15_36048+ 1100.00 ucugggggggguauggu uuucuucccuccuggacgaucag ucugggggggguaugguaauggcuuccucuccggaauugagaauccugucuuuuagugcuuucuucccuccuggacgaucag 

M/T/YSupercontig_2.3_11421+ 1300.00 uagaagcauaugacccucuacuc uagcuaucaccaagcucuau uagcuaucaccaagcucuauaccacaugucugucuagagcauccagucaugcugauggaauagaagcauaugacccucuacuc 

M/T/Y/Supercontig_2.4_16040- 1300.00 ugggagagagcuuauaggga uuuguauaacaguucug ugggagagagcuuauagggaugugaucaggauugauuaagauguuuuuguauaacaguucug 

M/T/Y/Supercontig_2.34_43490+ 1700.00 ugagucugaugagaagcuga agcaacuuaucagaaugau ugagucugaugagaagcugaucagcaacuuaucagaaugau 

M/T/Y/Supercontig_2.1_1681+ 1900.00 uaauccgacgucgaguc acgugaugaggguuaggccua acgugaugaggguuaggccuaaucaggcgccgagccuaauccgacgucgaguc 

M/T/Y/Supercontig_2.20_39100+ 2100.00 auucucugugagcucaguga uucuucuugcaguaguagc auucucugugagcucagugauuaucuguugagacuucugcuuugcagagcaguuucugacaaugugaucuuucuucuugcaguaguagc 

M/T/Y/Supercontig_2.12_33015+ 2200.00 uaugugcagcaugugaaugu ugggacugcaugagcauga uaugugcagcaugugaaugucccaguuuucuacucagagaccugggacugcaugagcauga 

M/T/Y/ Supercontig_2.27_42386+ 2400.00 cuuuacaaaguuggacauuc ugaacugacucaauggggu ugaacugacucaauggggugaaauacuuuacaaaguuggacauuc 



M/T/Y/Supercontig_2.9_28895+ 2600.00 uggauuauaaccaccugcaug aagcuugaugggaugaa aagcuugaugggaugaaaggcggugcuggggccugccuggauuauaaccaccugcaug 

M/T/Y/Supercontig_2.5_20695- 5000.00 ugggcauaacaugauagac cuggaauuaguuaucaaaa ugggcauaacaugauagaccuggucugagccacucuggaauuaguuaucaaaa 

M/T/Y/Supercontig_2.1_3999- 5300.00 uagacgugugaguugcucugu uugaguagacucucgcuucgug uagacgugugaguugcucuguugacgaaaguuuugaagcuauugcaaguugaguagacucucgcuucgug 

M/T/Y/Supercontig_2.5_19148+ 5600.00 ugaugcugugcucaaugc uguugaguguugcauuagaugu uguugaguguugcauuagauguugaguugaacaucauguuuaaugcuaugucugaugcugugcucaaugc 

M/T/Y/Supercontig_2.5_19199+ 5600.00 uuacugugguugagaucugu ugcaauucagcuauaguuu ugcaauucagcuauaguuucuuauaaaucacugauagaaguugucaaauucuagaaaugauugaacaucuuuuacugugguugagaucugu 

M/T/Y/Supercontig_2.2_5957+ 5900.00 uaggccuaaucgggcgccgagc ucggucgcgcgcugagccu uaggccuaaucgggcgccgagccuaauccgacgucgagucuaauuaggcgccgggccucggucgggcucggucgcgcgcugagccu 

M/T/Y/Supercontig_2.19_38665- 6700.00 ugauaguaauuaacauaugggc ugugugugaugugcuguugag ugauaguaauuaacauaugggcaaaggcaugugauaauauacugauuuguuaucucugucugcucaucugucugugugugaugugcuguugag 

M/T/Y/Supercontig_2.12_33897- 7200.00 gaaaaguagucucucuucuua aagaaugcugcagagauu gaaaaguagucucucuucuuacuuugaacauuaaaagugcuuuugaugcuguacucagagaaagaaugcugcagagauu 

M/T/Y/Supercontig_2.19_38040+ 7600.00 ugagguugaaugauucuacuga uguagaucuaaucucau ugagguugaaugauucuacugaguguagaucuaaucucau 

M/T/Y/Supercontig_2.20_39013+ 8600.00 uaucagacugcagaagagaua aucacauugcacucuguaugaaaga aucacauugcacucuguaugaaagagaaccacccugagugauaucagacugcagaagagaua 

M/T/Y/Supercontig_2.10_31175- 9900.00 uaauacccucacucaucaua uagguggcugugguguuuga uaauacccucacucaucauauagguggcugugguguuuga 

M/T/Y/Supercontig_2.24_41413- 12000.00 cauuauagaucaugcuucugcagu ugcuaucaaaaugacugagaug ugcuaucaaaaugacugagaugagugauuacucauuauagaucaugcuucugcagu 

M/T/Y/Supercontig_2.38_43800- 14000.00 uaauucaucugaugcuuucuu ugaggucagugucagacuga ugaggucagugucagacugaagcucuauauuaaaauuaacauucuucuguaggagagguaauucaucugaugcuuucuu 

M/T/Y/Supercontig_2.10_31197- 14000.00 uauaucaggguguguguuggc aaccccugauugguaggaaca uauaucaggguguguguuggcagcaagauauugcaaagagccaaccccugauugguaggaaca 

M/T/Y/Supercontig_2.5_19191+ 14000.00 ugauaguaauuaacauaugggu ugugugaugugcuguugaa ugauaguaauuaacauaugggugauggcaugugacaauauauugauuuguugccucugucugcccaucugucuaugugugaugugcuguugaa 

M/T/Y/Supercontig_2.12_33986- 15000.00 uaacuguggaaagaagcagu uguuuccucccaggucaguc uaacuguggaaagaagcagucucaaugaaguucauauucaucaucuguggugcuguuuccucccaggucaguc 

M/T/Y/Supercontig_2.9_29703- 15000.00 uaugguagaggauuuuguga acaggguguuuugcuugaa uaugguagaggauuuugugacugaggugcugugggaaguuugacugucagagacccacaggguguuuugcuugaa 

M/T/Y/Supercontig_2.1_4130- 19000.00 uaaccaugucgaucugcaga ucgcggaacccggcagguuggu ucgcggaacccggcagguuggugcauauauauauguucauuggcgggaagccgggcauuuaagaaugcuguaaccaugucgaucugcaga 

M/T/Y/Supercontig_2.21_39987- 27000.00 uauucuauucaugcuguuua cacagacagaaucagauu cacagacagaaucagauugaaugaacuucugagagagcucuuugauaucccagcagggcuuucacaaggcucaucagucucaucuauucuauucaugcuguuua 

M/T/Y/Supercontig_2.16_36617+ 28000.00 ugucauggaucucauaguugag ucagcucaccacuucugcaaug ucagcucaccacuucugcaaugcucagaugacugcaagcauuuucuugucauggaucucauaguugag 

M/T/Y/Supercontig_2.12_34136- 38000.00 uggacuugauauugcaguuugu ugaguucucaucaaaucccuuu ugaguucucaucaaaucccuuucaguggacuugauauugcaguuugu 

M/T/Y/Supercontig_2.8_26162+ 53000.00 uaagacgcgaacuguuugaggu uauccaacgguucccauuuggcgu uaagacgcgaacuguuugagguuucguagaauuauccaacgguucccauuuggcgu 

M/T/Y/Supercontig_2.21_39922- 63000.00 uuagggucaauguguggucua uaccagcagagggacauucuga uaccagcagagggacauucugaaaucuccggccauccacccagagguuuagggucaauguguggucua 

M/T/Y/Supercontig_2.12_33984- 76000.00 uagggucuggacacuucagu uuguucaguuugaucucuc uuguucaguuugaucucucuuuguuucacaucugucugaugcucaggcuuagggucuggacacuucagu 

*Score mirdeep: Log-odds score assigned to the hairpin by mirDeep2. 



Analyses with DESeq2/R indicated that the vast majority of the predicted 

microRNAs-like were differentially expressed among developmental phases of the 

fungus (mycelial, transition and yeast). Among the 48 predicted microRNAs-like, 44 

were differentially expressed between the conditions, with a false discovery rate of 5% 

(FDR <0.05). Between the mycelial and transition libraries 16 microRNAs-like were 

differentially expressed, with seven induced in the mycelium library and nine in the 

transition library (Table supplementary 2). Comparisons between mycelial and yeast 

cells libraries identified 39 microRNAs-like differentially regulated, with 19 induced in 

the yeast cells and 20 in mycelium (Table supplementary 3). Between yeast and 

transition libraries, 38 microRNAs-like were differentially expressed, with 18 induced 

during transition and 20 in yeast cells (Table supplementary 4).  Figure 2 shows a heat-

map with the expression profile of the differentially regulated microRNAs-like among 

libraries. In general, microRNAs-like expression profiles were similar between 

mycelium and dimorphic transition (22 h) phases, explaining why only 16 microRNAs 

were differentially regulated between these two libraries. However in the parasitic, yeast 

phase occurs a complete remodeling of the expression profile of the microRNAs-like, 

possibly to assist in the process of adaptation to this new morphological stage. 

Figure 2- Heat map of differentially expressed microRNAs-like. The differentially expressed miRNAs-like are 
those with values of padj <0.05.Changes in the level of microRNAs-like between the different morphological stages 
are demonstrating in the heat map. For each library, biological triplicates were constructed, down-regulated 
microRNAs-like are shown in red in the heat map and up-regulated microRNAs-like are shown in green (Y)-Yeast 
cells (M)-Mycelium, (T)-Transition. 



 
 

MicroRNAs-like with higher differential expression in the yeast cells were 

chosen for analysis of biological processes regulated by those molecules. The choice of 

microRNAs-like with higher expression values between mycelial versus yeast cells and 

transition versus yeast cells libraries considers the Padj < 0.00001 and log2FoldChange 

> 4. Table 2 shows the microRNAs-like that showed all the criteria described above. 

Table 2- MicroRNAs-like with the highest values  in the yeast libraries. 

Supercontig log2foldchange P-value Padj Up-regulated Down-regulated 
Supercontig_2.15_36048 -6.203401859 2.31E-50 5.67E-49 Yeast Mycelium/Transition 
Supercontig_2.25_41493 -4.130461472 6.59E-43 8.07E-42 Yeast Mycelium/Transition 
Supercontig_2.4_17514 -8.946602967 3.34E-71 1.64E-69 Yeast Mycelium/Transition 
Supercontig_2.1_4130 -4.639213062 7.57E-29 7.42E-28 Yeast Mycelium/Transition 
Supercontig_2.1_2922 -7.651258173 2.32E-16 1.26E-15 Yeast Mycelium/Transition 
Supercontig_2.10_30105 -9.782396983 1.09E-14 5.34E-14 Yeast Mycelium/Transition 
Supercontig_2.6_22054 -4.685124996 9.82E-10 2.83E-09 Yeast Mycelium/Transition 
Supercontig_2.14_35344 -8.405374165 4.35E-07 1.12E-06 Yeast Mycelium/Transition 

 

Biological processes regulated by microRNAs-like 

Some microRNAs-like had more than 700 targets, such as the microRNA 

present in the Supercontig_2.25_41493, Supercontig_2.1_2922 and 

Supercontig_2.15_36048. It is known that microRNAs have several targets. Curiously 

the microRNA-like (Supercontig_2.10_30105) presented only a single target, annotated 

as involved in protein fate (folding and transport) similar to the results found in P. 

chrysogenum (Dahlmann and Kück, 2015) (Figure S5). However, most of the 

microRNAs-like presented around 18 to 150 targets (data not shown).   

The predicted targets silenced by microRNAs-like induced in the yeast phase are 

involved in biogenesis of cellular components such as the cell wall, including chitinase 

3, cell wall glucanase (Scw4p), 42 kDa endochitinases, in addition to having target 

proteins present in the respiratory chain such as mitochondrial ATP synthase, NADH 

dehydrogenases, cytochrome c oxidase. Proteins of the oxidative stress response 

including, thioredoxin, Mn superoxide dismutase mitochondrial (SOD5) and SOD2 

were predicted to be silenced by microRNAs-like induced in the yeast phase. 

MicroRNAs-like that exhibited as predicted targets proteins involved in the 

development of hyphae, cell division and morphogenesis such as Gpa2p and 

hydrophobin were repressed in the mycelial library and during the 22 h dimorphic 



transition (Table 3). In this way, the broad extent of differentially expressed 

microRNAs-like in the parasitic phase of this fungus is relevant as it can point to a 

potential involvement of microRNAs-like in the infection process of the fungus for 

disease establishment.   

 

 

 

 

 

 

 

 

 

 

 



Table 3-Biological process regulated by microRNAs-like induced in yeast cells. 

BIOGENESIS OF CELLULAR COMPONENTS 

MicroRNA-like up-regulated down-regulated Target 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_07744/42 kDa endochitinase 

Supercontig_2.14_35344 Yeast Mycelium/Transition PADG_04922/cell wall glucanase (Scw4) 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05303/beta-1,6-glucan boisynthesis protein (Knh1), 

Supercontig_2.15_36048 Yeast Mycelium/Transition PADG_02143/cell wall biogenesis Mhp1 

Supercontig_2.15_36048 Yeast Mycelium/Transition PADG_06374/chitinase 3 

CELL RESCUE, DEFENSE AND VIRULENCE 

Supercontig_2.1_2922 Yeast Transition/Mycelium PADG_01755_Fe/Mn Superoxide dismutase (SOD2) 

Supercontig_2.1_2922 Yeast Transition/Mycelium PADG_06322_Cytochrome c peroxidase 

Supercontig_2.1_2922 Yeast Transition/Mycelium PADG_06887_Thioredoxin 

Supercontig_2.4_17514 Yeast Mycelium/Transition PADG_01954_Fe/Mn superoxide dismutase  mitochondrial(SOD5) 

Supercontig_2.14_35344 Yeast Mycelium/Transition PADG_04912_Thioredoxin-dependent peroxidase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_01755_FE/Mn Superoxide dismutase (SOD2) 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_04587/peroxiredoxin HYR1 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_06887/thioredoxin 

Supercontig_2.15_36048+ Yeast Mycelium/Transition PADG_01755_Fe/Mn Superoxide dismutase (SOD2) 

CELL FATE 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_07875/hydrophobin 1 

CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION MECHANISM 



Supercontig_2.15_36048+ Yeast Mycelium/Transition PADG_04598/small G- GPA2 

METABOLISM    

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_04274/polysaccharide synthase Cps1p 

ENERGY    

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_00288/NADH-ubiquinone oxidoreductase 21 kDa subunit 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_00577/electrontransfer flavoprotein-ubiquinone 
oxidoreductase 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_01941/mitochondrial hypoxia responsive domain-containing 
protein 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_02454/NADH-ubiquinone oxidoreductase 178 kDa subunit 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_03039/MICOS complex subunit MIC60 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_03516/NADH dehydrogenase iron-sulfur protein 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_04397/cytochrome c subunit Vb 

Supercontig_2.1_2922 Yeast Mycelium/Transition PADG_11513/NADH-ubiquinone oxidoreductase 19 kDa subunit 

Supercontig_2.4_17514 Yeast Mycelium/Transition PADG_02454/NADH-ubiquinone oxidoreductase 178 kDa subunit 

Supercontig_2.4_17514 Yeast Mycelium/Transition PADG_08052/cytochrome P450 

Supercontig_2.4_17514 Yeast Mycelium/Transition PADG_11807/ferric reductase transmembrane component 3 

Supercontig_2.15_36048+ Yeast Mycelium/Transition PADG_00399/short-chain dehydrogenase 

Supercontig_2.15_36048+ Yeast Mycelium/Transition PADG_00492/NADH dehydrogenase (ubiquinone) Fe-S protein 5 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_01433/isoflavone reductase family protein 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_02623/NADH-ubiquinone oxidoreductase B12 subunit 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_04699/NADH-ubiquinone oxidoreductase subunit 



Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_04729/ATP synthase subunit mitochondrial 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_05343/NADH dehydrogenase 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_05402/mitochondrial F1F0 ATP synthase subunit F 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_05750/cytochrome c oxidase polypeptide VI 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_06116/cytochrome c oxidase subunit 6a 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_07481/H /K ATPase alpha subunit 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_07789/ATP synthase subunit mitochondrial 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_08054/malate NAD-dependent 

Supercontig_2.15_36048+ Yeast Micellium/Transition PADG_12182/ATP NAD kinase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_00316/short chain dehydrogenase/reductase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_00492/NADH:ubiquinone oxidoreductase 11.5kD subunit 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_00577/electron transfer flavoprotein-ubiquinone 
oxidoreductase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_00968/mitochondrial protein Fmp25 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_01569/oxidoreductase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_02048/nitroreductase family protein 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_02817/short chain dehydrogenase (AtsC) 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_04248/NADH-ubiquinone oxidoreductase subunit GRIM-19 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_04729/ATP synthase D chain, mitochondrial 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_04878/NADH-ubiquinone oxidoreductase 40 kDa subunit 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05006/dehydrogenase with different specificities 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05403/NADH-ubiquinone oxidoreductase 21 kDa subunit 



Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05407/external NADH-ubiquinone oxidoreductase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05436/ubiquinol-cytochrome c reductase iron-sulfur subunit 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_05750/cytochrome c oxidase subunit Va 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_06494/dihydrolipoyl dehydrogenase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_07081/electron transfer flavoprotein subunit alpha 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_07210/malate dehydrogenase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_11426/cytochrome P450 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_11806/metalloreductase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_12403/short chain oxidoreductase/dehydrogenase 

Supercontig_2.25_41493 Yeast Mycelium/Transition PADG_12404/short-chain dehydrogenase/reductase SDR 



 
 
Discussion 

 Differential expression of biogenic machinery of small RNAs  

Proteins involved in the processing of microRNAs are conserved in different 

kingdoms. In P. marneffei, human thermodimorphic pathogenic fungus, analyzes of the 

expression of the mRNA coding for ago-2 revealed a significant increase in the 

expression of this gene in the mycelium phase in relation to yeast,  the same results 

were obtained for dcr2 (Lau et al., 2013). In contrast, dcr-1 mRNA expression was 

induced in yeast compared to mycelium. In the present work the gene expression data of 

ago-2, dcr-1 and dcr-2 are similar to that described in P. marneffei (Figure 1). In 

general, the data point to induction of the expression of genes coding for dicers and 

argonauts among the different morphological phases. Furthermore in N. crassa (Lee et 

al., 2010) and P. marneffei (Lau et al., 2013) different protein dicers are involved in the 

processing of microRNAs-like. For example the PM-milR-M1 and PM-milR-M2 from 

P. marneffei produced only in the filamentous phase, were dependent on dicer 2 protein 

for their biogenesis, the dicer 1 protein is not essential. Possibly in P. brasiliensis this 

mechanism also happens, what means, this differential expression could be due to the 

use of different proteins in the processing of microRNAs-like.  

Remodeling of the cell wall in the parasitic phase, mediated by microRNAs-like. 

 During the infection process in the host, species of the Paracoccidioides 

complex change the composition of polysaccharide in the cell wall. In this sense, the 

cell wall of the yeast phase is composed mainly of chitin and -1,3-glucan (Kanetsuna 

and Carbonell, 1970).  Several microRNAs-like induced in the yeast phase had target 

proteins involved in biogenesis, integrity and remodeling of the cell wall (Table-3). For 

example, the microRNA-like present in the supercontig_2.1_2922 possess as target the 

42 kda endochitinase protein. In fact in, P.lutzii, the CTS1p  endochitinase was induced 

in the transition from yeast to mycelium, in order to remove chitin from the cell wall, to 

favor the budding of hyphae in the filamentous phase of this fungus (Bonfim et al., 

2006). The chitinase 3 was also regulated by microRNAs-like induced in the yeast cell 

(Table 3). In P. lutzii the chitinase 3 was identified only in the cell wall of mycelium in 

proteomic studies (Araújo et al., 2017). In Candida albicans, to the activity of chitinases 

was higher in the hypha and the synthesis and hydrolysis of chitin were induced during 



yeast-hypha morphogenesis (Selvaggini et al., 2004). As chitinases are involved in the 

degradation of chitin, possibly the induction of this microRNA-like in the parasitic 

phase is related to the fact that chitin is present in a higher concentration in this stage 

and therefore, the induction of the protein that degrades this component is not 

necessary. 

Other microRNAs-like induced in the yeast phase had as targets, proteins 

involved in cell wall integrity and morphogenesis, such as cell wall glucanase (Scw4p). 

This protein presented similarities with the cell wall glucanase (Scw4p) and glycosyl 

hydrolase 17 family from A. fumigatus and Saccharomyces cerevisiae respectively. In 

the pathogenic fungus A. fumigatus mutation in the gene encoding the Scw4p protein, 

results in a decrease of the -glucan in the cell wall, reduction of filamentous growth 

and higher sensitivity to cell wall stressors, possibly due to the alteration in the 

constitution of the cell wall polymer (Millet et al., 2018). Similar results have also been 

found in S. cerevisiae (Cortés et al., 2002). In P. lutzii, -1,3-glucanosyltransferase 

(GEL3p) transcript and protein expression levels were increased in the mycelium phase 

in comparison to the yeast phase (Castro et al., 2009). Moreover, the Gel1p protein was 

associated with the argonaute protein in this fungus, as detected by two-hybrid assays 

(De Sousa Lima et al., 2012). 

 Moreover, -1,6-glucan biosynthesis (Knh1) and cell wall biogenesis (Mhp1) 

proteins  were  also regulated by microRNAs-like induced in the yeast phase. In S. 

cerevisiae the Mhp1 protein is involved in synthesis of -1-6-glucans (Lai et al., 1997); 

this polymer is present in the cell wall in the yeast phase in small amounts (Puccia et 

al.,2011). In the fission yeast S. pombe, Bgs1p/Cps1p protein was identified as a 

putative beta 1,3-glucan synthase; phenotypic analyzes demonstrated that the protein 

encoded by this gene is involved in the synthesis of  1,3 glucan, polarized growth and 

germination of spores. In the present work this protein was probably down-regulated by 

microRNA-like produced in the yeast phase (Table 3). As -1,3-glucan is the main 

polysaccharide of the mycelia phase, the induction of proteins involved in the 

biosynthesis of this polymer is not necessary for yeast cells, since -1,3 glucan is a 

polysaccharide with higher immunogenic potential (Kanetsuna and Carbonell, 1970; 

Mendes et al., 2017). In this sense, microRNAs-like can regulate the polymer present in 

the cell wall at each morphological stage by the induction or repression of proteins 

involved in its biosynthesis. 



Regulation of processes involved in energy production by microRNA-like and 

response to oxidizing agents 

 The mycelial phase uses preferentially aerobic metabolism for energy 

production, compared to cells in the yeast phase (Nunes et al., 2005). Several proteins 

involved in the production of energy through the respiratory chain, including NADH-

dehydrogenase, flavoproteins and ATP-synthase mitochondrial were predicted to be 

silenced by microRNAs-like induced in the yeast phase. During  the respiration process, 

occurs the formation of reactive oxygen species (ROS). In this sense, microRNAs-like 

predicted to target RNAs encoding proteins involved in the maintenance of intracellular 

redox potential and action against oxidizing agents including Mn/Fe superoxide 

dismutase (SOD2), thioredoxins, Fe/Mn mitochondrial superoxide dismutase (SOD5), 

peroxiredoxin and aldehyde dehydrogenase, were repressed in the mycelium phase and 

during the dimorphic transition. In Paracoccidioides spp., some proteins such as 

peroxiredoxin (PRX) and Mn/Fe superoxide dismutase (SOD2), were induced in the 

mycelial phase (Rezende et al., 2011) in different points of the dimorphic transition 

from mycelium to yeast, and genes involved in response to oxidative stress and 

maintenance of intracellular redox potential were also induced (Nunes et al., 2005). 

 In fact, growth under metabolic conditions that favor the production of reactive 

oxygen species and the dimorphic transition process are stressful conditions to  which 

these pathogens must adapt. In this way, the microRNAs-like that had these proteins as 

targets were down-regulated during the dimorphic transition and in the mycelial phase. 

On the other hand, in yeast cells that suffer less from the action of reactive oxygen 

species (Rezende et al., 2011) the expression of proteins to respond to oxidative stress is 

not a demanding requirement.  Therefore, the differential expression of microRNAs-like 

in P. brasiliensis in the mycelium, dimorphic transition and yeast phases may be part of 

a mechanism of post-transcriptional regulation that controls the amount of proteins 

involved in the response to oxidative stress and energy production at each 

morphological stage. 

 Cell growth and morphogenesis 

  Several induced microRNAs-like in the parasitic form have as targets proteins 

involved in morphogenesis and cell growth (Figure 3 and Table 3). Hydrophobins are 

small hydrophobic proteins, involved in different cellular processes in fungi such as cell 



growth and development. In A. fumigatus (RodA) hydrophobin is involved in the 

permeability, hydrophobicity, and immune-inertia of the cell (Valsecchi et al., 2017). In 

Paracoccidioides spp. the mRNA from hydrophobins 1 and 2 were detected only in 

mycelial phase and during the first 24 h of mycelium to yeast transition (Albuquerque et 

al., 2004; Goldman et al., 2003). Interestingly, the microRNA-like which has 

hydrophobin 1 as the target, was repressed in the mycelial and dimorphic transition  

cDNA libraries.  

  The mechanism of formation of pseudohifas in S. cerevisiae during nitrogen 

deprivation involves the Ras2p protein, which activates adenylyl cyclase to produce 

cyclic adenosine monophosphate. In addition to Ras2p, another Gpa2p protein, which 

belongs to the G-protein family is involved in the development of pseudohifas in S. 

cerevisiae, and mutations in this gene blocked the formation of pseudohifas and reduced 

levels of intracellular cyclic AMP (Kübler et al., 1997; Lorenz, 1997). In P. brasiliensis 

the microRNAs-like having Gpa2p as target, were induced in the parasitic phase, 

however in the filamentous phase and during the dimorphic transition such microRNAs-

like were repressed, preventing hypha development.  

  Figure 3 summarizes the pathways potentially regulated by microRNAs like. In 

general, the microRNAs-like induced in the yeast phase, regulate the polymer present in 

the cell wall, by the repression of proteins  involved in the degradation of chitin and 

- -1,6 glucan. Furthermore, these microRNAs-like are 

predicted in yeast cells, to repress oxidative phosphorylation, in addition to proteins 

involved in the response oxidizing agents generated by the electron transport chain 

(Figure 3). Therefore P. brasiliensis possibly produces microRNAs-like as a mechanism 

of post-transcriptional gene regulation that favors the morphological, metabolic and 

adaptive changes carried out by this fungus in order to promote infection. 

 
 
 
 
 
 



 
 
 
Figure 3-Predicted targets for microRNAs-like, that were induced in the yeast phase. Cell wall constitution, 
morphogenesis, formation of hyphae and response to oxidizing agents, are some of the processes regulated by 
microRNAs-like. Green arrows indicate up-regulated microRNAs-like and red arrows indicate down-regulated 
proteins and biological processes by microRNAs-like in yeast cells. N=cell nucleus; VC=vacuole; GC=Golgi 
complex. 
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Supplementary material 

 

Supplementary Figure 1- Work flow chart. Stages for characterization of microRNAs-like in mycelial, dimorphic 
transition and yeast cDNA libraries. 

 



 

Supplementary Figure 2- Yeast cells appearing at the transitional times of Paracoccidioides brasiliensis Pb18 
Mycelia was transferred from 22ºC to 36ºC and aliquots were taken at different times to count the number of yeast 
cells in the culture. (A)-Cellular morphology obtained at different times of the temperature shift (Increase of 100X). 
(B)-The number of yeast cells appearing in the culture after temperature shift. 

 

Supplementary figure 3- Distribution of Phred quality score of sequences from the library M1_raw.fg. The 
majority of the sequences presented Phred score> 30. 



 

 



 



 



 

Supplementary Figure 4- Secondary structure of microRNAs-like identified. The secondary structure of the 
microRNAs-like and the negative free energy values were predicted using the RNA fold tool. The structure in form of 
hairpin were common to all pre-microRNAs-like. Besides, the predicted values of MFE for pre-microRNAs of P. 
brasiliensis were similar to those already described for other pre-microRNAs present in fungi. The color scale 
indicates the likelihood of matching between the bases.





 

Supplementary Figure 5- Biological processes regulated by microRNAs-like of P. brasiliensis Pb18. Biological 
processes regulated by microRNAs-like induced in yeast cells, include metabolism, energy, biogenesis of cellular 
components among others. 

 

 

 

 

 

 

 



Supplementary Table 1- Number of sequences obtained and percentage of sequences eliminated 
after removal of the adapters with the Trimmomatic program. 

Filesa # Raw reads  b reads processed c % processed d 

Mycelium-1_raw.fq 22.324.904 22.319.687 0.02% 
Mycelium-2_raw.fq 22.443.544 22.434.973 0.04% 
Mycelium-3_raw.fq 21.041.055 21.012.106 0.14% 
Transition-1_raw.fq 22.243.452 22.194.102 0.22% 
Transition-2_raw.fq 25.225.653 25.146.729 0.31% 
Transition-3_raw.fq 25.256.164 25.198.165 0.23% 
Yeast-1_raw.fq 18.205.091 18.191.337 0.08% 
Yeast-2_raw.fq 19.110.427 19.092.755 0.09% 
Yeast-3_raw.fq 19.580.516 19.566.999 0.07% 
a) Sequence files obtained after RNAseq; 
b) Total number of sequences obtained; 
c) Number of sequences remaining after removal of adapters; 
d) % of sequences removed with the Trimmomatic program. 

 
Supplementary table 2- Differentially expressed microRNAs-like between the mycelial and transition libraries. 

MicroRNA log2FoldChange P-value Padj Mycelium Transition 
Supercontig_2.24_41376 3.68526619 5.39E-08 1.32E-06 up-regulated down-regulated 
Supercontig_2.13_34964 2.742853216 4.42E-05 0.000360582 up-regulated down-regulated 
Supercontig_2.24_41413 1.877923863 1.69E-05 0.000275626 up-regulated down-regulated 
Supercontig_2.20_39100 1.52208736 0.000395761 0.002154701 up-regulated down-regulated 
Supercontig_2.12_33897 1.467721833 8.99E-09 4.41E-07 up-regulated down-regulated 
Supercontig_2.27_42386 0.758278151 0.004103583 0.013405039 up-regulated down-regulated 
Supercontig_2.12_33986 0.724459365 0.002162186 0.008264669 up-regulated down-regulated 
Supercontig_2.34_43490 -0.884522917 0.015466832 0.044580869 down-regulated up-regulated 
Supercontig_2.21_39922 -1.052103515 0.002192667 0.008264669 down-regulated up-regulated 
Supercontig_2.12_33015 -1.071172378 0.000376871 0.002154701 down-regulated up-regulated 
Supercontig_2.1_1681 -1.289143579 0.000694309 0.003402113 down-regulated up-regulated 
Supercontig_2.1_4130 -1.297792105 0.001737498 0.007739762 down-regulated up-regulated 
Supercontig_2.10_31197 -1.397530425 0.000323701 0.002154701 down-regulated up-regulated 
Supercontig_2.4_16040 -1.415804598 3.56E-05 0.000348634 down-regulated up-regulated 
Supercontig_2.3_11421 -1.484382105 0.00324939 0.011372864 down-regulated up-regulated 
Supercontig_2.10_31175 -1.52396594 3.52E-05 0.000348634 down-regulated up-regulated 

 

Supplementary table 3- Differentially expressed microRNAs-like between the mycelium and yeast libraries 

MicroRNAs  log2Fold    Change  P-value Padj Mycelium Yeast 
Supercontig_2.1_3999 7.105539883 3.90E-06 9.09E-06 up-regulated down-regulated 
Supercontig_2.13_34964 3.766658482 0.001721 0.002635 up-regulated down-regulated 
Supercontig_2.12_33986 3.595863626 1.55E-20 1.26E-19 up-regulated down-regulated 
Supercontig_2.3_11421 3.358609866 0.002898 0.004303 up-regulated down-regulated 
Supercontig_2.9_29703 3.328281386 2.09E-17 1.28E-16 up-regulated down-regulated 
Supercontig_2.38_43800 2.873597128 1.15E-13 5.14E-13 up-regulated down-regulated 
Supercontig_2.12_33015 2.488816656 8.61E-11 2.81E-10 up-regulated down-regulated 



Supercontig_2.21_39987 2.292888588 3.79E-12 1.55E-11 up-regulated down-regulated 
Supercontig_2.12_33897 2.235612998 1.09E-11 3.82E-11 up-regulated down-regulated 
Supercontig_2.20_39013 2.165306965 3.65E-08 9.93E-08 up-regulated down-regulated 
Supercontig_2.27_42386 2.136995738 3.12E-10 9.54E-10 up-regulated down-regulated 
Supercontig_2.19_38665 1.748336489 1.35E-07 3.48E-07 up-regulated down-regulated 
Supercontig_2.21_39922 1.581192154 1.46E-05 3.25E-05 up-regulated down-regulated 
Supercontig_2.22_40198 1.515221863 5.61E-05 0.000119 up-regulated down-regulated 
Supercontig_2.20_39100 1.27630446 0.022857 0.028717 up-regulated down-regulated 
Supercontig_2.5_19191 1.182651353 9.40E-05 0.000177 up-regulated down-regulated 
Supercontig_2.12_33984 0.998962297 0.013267 0.01757 up-regulated down-regulated 
Supercontig_2.19_38040 0.947519019 0.001028 0.00168 up-regulated down-regulated 
Supercontig_2.19_38377 0.947519019 0.001028 0.00168 up-regulated down-regulated 
Supercontig_2.5_19199 0.85284238 0.00506 0.007084 up-regulated down-regulated 
Supercontig_2.4_16040 -1.034768702 0.018781 0.024218 down-regulated up-regulated 
Supercontig_2.5_19148  -1.357115575 6.05E-05 0.000119 down-regulated up-regulated 
Supercontig_2.1_1681 -1.746689046 5.94E-05 0.000119 down-regulated up-regulated 
Supercontig_2.10_31197 -2.085442673 1.46E-07 3.57E-07 down-regulated up-regulated 
Supercontig_2.28_42699 -2.155123246 0.000248 0.00045 down-regulated up-regulated 
Supercontig_2.2_5957  -2.403349581 1.03E-11 3.82E-11 down-regulated up-regulated 
Supercontig_2.10_30363 -2.764054592 0.00417 0.006009 down-regulated up-regulated 
Supercontig_2.8_26162 -3.322413362 0.001303 0.002059 down-regulated up-regulated 
Supercontig_2.10_31175 -3.323271785 6.99E-19 4.89E-18 down-regulated up-regulated 
Supercontig_2.9_28895 -3.519352138 9.74E-44 1.59E-42 down-regulated up-regulated 
Supercontig_2.27_42084 -3.876847871 0.006697 0.009115 down-regulated up-regulated 
Supercontig_2.25_41493  -4.130461472 6.59E-43 8.07E-42 down-regulated up-regulated 
Supercontig_2.1_4130 -4.639213062 7.57E-29 7.42E-28 down-regulated up-regulated 
Supercontig_2.6_22054 -4.685124996 9.82E-10 2.83E-09 down-regulated up-regulated 
Supercontig_2.14_35344 -5.592115216 0.000433 0.000759 down-regulated up-regulated 
Supercontig_2.15_36048 -6.203401859 2.31E-50 5.67E-49 down-regulated up-regulated 
Supercontig_2.1_2922 -7.651258173 2.32E-16 1.26E-15 down-regulated up-regulated 
Supercontig_2.4_17514 -8.946602967 3.34E-71 1.64E-69 down-regulated up-regulated 
Supercontig_2.10_30105 -9.782396983 1.09E-14 5.34E-14 down-regulated up-regulated 

Supplementary table 4- Differentially expressed microRNAs-like between the transition and yeast libraries 

MicroRNAs log2FoldChange P-value Padj Transition Yeast 
Supercontig_2.3_11421 4.842991972 1.71E-05 3.50E-05 up-regulated down-regulated 
Supercontig_2.1_3999 4.586334264 0.002885831 0.004159 up-regulated down-regulated 
Supercontig_2.9_29703 3.56892224 8.78E-20 7.17E-19 up-regulated down-regulated 
Supercontig_2.12_33015 3.559989034 1.60E-20 1.57E-19 up-regulated down-regulated 
Supercontig_2.12_33986 2.871404261 1.21E-13 5.37E-13 up-regulated down-regulated 
Supercontig_2.38_43800 2.673060952 5.05E-12 1.77E-11 up-regulated down-regulated 
Supercontig_2.21_39922 2.633295669 5.17E-13 2.11E-12 up-regulated down-regulated 
Supercontig_2.21_39987 2.491237442 4.46E-14 2.43E-13 up-regulated down-regulated 
Supercontig_2.19_38665 2.151157228 8.65E-11 2.82E-10 up-regulated down-regulated 
Supercontig_2.20_39013 1.884230016 1.65E-06 3.85E-06 up-regulated down-regulated 



Supercontig_2.12_33984 1.814350811 6.85E-06 1.46E-05 up-regulated down-regulated 
Supercontig_2.27_42386 1.378717587 4.94E-05 8.65E-05 up-regulated down-regulated 
Supercontig_2.22_40198 1.342383031 0.000358179 0.000532 up-regulated down-regulated 
Supercontig_2.5_19199 1.281489704 2.50E-05 4.71E-05 up-regulated down-regulated 
Supercontig_2.5_19191 1.088019598 0.000326243 0.0005 up-regulated down-regulated 
Supercontig_2.19_38040 1.048697659 0.000279322 0.000442 up-regulated down-regulated 
Supercontig_2.19_38377 1.048697659 0.000279322 0.000442 up-regulated down-regulated 
Supercontig_2.12_33897 0.767891165 0.019761828 0.025482 up-regulated down-regulated 
Supercontig_2.5_19148 -1.379826126 4.50E-05 8.16E-05 down-regulated up-regulated 
Supercontig_2.10_31175 -1.799305845 1.49E-06 3.66E-06 down-regulated up-regulated 
Supercontig_2.24_41413 -2.258741535 3.54E-07 9.64E-07 down-regulated up-regulated 
Supercontig_2.2_5957 -2.506802813 1.29E-12 4.85E-12 down-regulated up-regulated 
Supercontig_2.9_29173 -2.624338846 0.005765853 0.007848 down-regulated up-regulated 
Supercontig_2.28_42699 -2.65450368 6.80E-06 1.46E-05 down-regulated up-regulated 
Supercontig_2.10_30363 -2.768651883 0.003964359 0.00555 down-regulated up-regulated 
Supercontig_2.45_44026 -2.963340515 0.037644752 0.047297 down-regulated up-regulated 
Supercontig_2.1_4130 -3.341420956 9.37E-16 6.56E-15 down-regulated up-regulated 
Supercontig_2.9_28895 -3.413511419 1.81E-41 2.96E-40 down-regulated up-regulated 
Supercontig_2.25_41493 -3.954881202 6.78E-40 8.31E-39 down-regulated up-regulated 
Supercontig_2.24_41376 -4.360254307 3.22E-07 9.27E-07 down-regulated up-regulated 
Supercontig_2.8_26162 -4.412715167 1.95E-05 3.82E-05 down-regulated up-regulated 
Supercontig_2.6_22054 -4.588081284 1.52E-09 4.65E-09 down-regulated up-regulated 
Supercontig_2.27_42084 -5.653748698 8.79E-05 0.000148 down-regulated up-regulated 
Supercontig_2.15_36048 -6.025314084 8.27E-48 2.03E-46 down-regulated up-regulated 
Supercontig_2.1_2922 -6.840924204 8.47E-14 4.15E-13 down-regulated up-regulated 
Supercontig_2.10_30105 -8.005471413 1.12E-14 6.84E-14 down-regulated up-regulated 
Supercontig_2.4_17514 -8.053057542 3.08E-61 1.51E-59 down-regulated up-regulated 
Supercontig_2.14_35344 -8.405374165 4.35E-07 1.12E-06 down-regulated up-regulated 





1.DISCUSSÃO 

 MicroRNAs são parte de um mecanismo de regulação gênica pós transcricional 

e tais moléculas fazem um fino ajuste da expressão protéica. Sabe-se que microRNAs 

possuem diferentes alvos, além de organizarem-se em agrupamentos para promover o 

silenciamento de um conjunto específico de genes (LAU et al., 2001). Após a 

descoberta de microRNA em C. elegans (LEE et al., 1993), tais moléculas foram 

caracterizadas em diferentes reinos, incluindo os fungos. Alguns trabalhos na literatura 

tem demonstrado que fungos patogênicos como C. neoformans (JIANG et al., 2012) e 

P. marneffei (LAU et al., 2013) produzem microRNAs-like em diferentes estágios 

morfológicos e tais moléculas são capazes de promover o silenciamento de genes alvos. 

Espécies do complexo Paracoccidioides são fungos termodimórficos (RESTREPO, 

1985), que causam a principal micose sistêmica na América Latina com altas taxas de 

incidência no Brasil (SHIKANAI-YASUDA et al., 2006, SHIKANAI-YASUDA et al., 

2017). Vários estudos têm caracterizado as mudanças na expressão de genes e proteínas 

durante a transição dimórfica, micélio e levedura (NUNES et al., 2005, BASTOS et al., 

2007, REZENDE et al., 2011). Entretanto, os mecanismos que controlam a expressão de 

genes e proteínas entre cada fase deste patógeno ainda não são totalmente esclarecidos. 

Portanto este trabalho, emprega diferentes abordagens para caracterizar sequências 

preditas de microRNAs-like neste importante patógeno.  

 No Capítulo 2 foi apresentada uma descrição das proteínas envolvidas no 

processamento de microRNAs-like entre diferentes espécies do complexo 

Paracoccidioides, além da descrição de microRNAs-like presentes no genoma deste 

patógeno. Proteínas dicers e argonautas envolvidas na maquinaria de silenciamento 

genético pós-transcricional são conservadas em fungos de diferentes Filos, incluindo 

Ascomycota, Basidiomycota e Zygomycota (DRINNENBERG et al., 2009).  Análises 

de predição in silico demonstraram que o número de proteínas envolvidas na via de 

silenciamento gênico pós-transcricional em espécies do complexo Paracoccidioides 

estão de acordo com os dados descritos na literatura para outros fungos como, C. 

neoformans, A. fumigatus e N. crassa. Tais microorganismos apresentam dois genes 

parálogos para dicers e argonautas em seu genoma (GALAGAN et al., 2003, 

NAKAYASHIKI; KADOTANI; MAYAMA; 2006, JANBON et al., 2010. Em 

Paracoccidioides spp. essas proteínas conservam domínios, já descritos em proteínas de 

outros fungos, nos quais microRNA-like foram caracterizados (LEE et al., 2010, JIANG 



et al., 2012). Análises filogenéticas das proteínas envolvidas no processamento de 

microRNAs-like em Paracoccidioides spp. revelaram que essas proteínas são 

filogeneticamente conservadas entre fungos dimórficos como B. dermatitidis e P. 

Marneffei. Os dados de expressão gênica reforçam a informação que, além de conservar 

a maquinaria de silenciamento gênico pós-transcricional, os transcritos que codificam 

estas proteínas são induzidas na forma parasitária deste patógeno. 

 Após a etapa de descrição das proteínas envolvidas no processamento de 

microRNAs-like e análises de expressão dos transcritos, análises in silico foram 

realizadas com intuito de caracterizar microRNAs-like presentes no genoma de P. 

brasiliensis. Trabalhos anteriores, já descreveram a identificação de miRNAs presentes 

em vesículas secretórias, com base em similaridade de sequência entre diferentes 

organismos (DEHURY et al., 2013, PANDA et al., 2014). Neste presente trabalho, 

foram preditas sequências de possíveis microRNA-like no genoma de P. brasiliensis, 

usando sequencias de microRNAs-like já caracterizados em outros fungos ou presentes 

em vesículas secretadas por estes microorganismos. Do total de sequências analisadas, 

18 foram preditas para serem sequências de potencias microRNA-like.  Desta forma os 

dados sugerem que este fungo retém regiões no genoma responsáveis pela gênese de 

microRNAs-like. Como descrito na literatura, sequências maduras de miRNAs são 

conservadas entre diferentes reinos, demonstrando a importância desse mecanismo de 

regulação de gênica pós-transcricional (LEE et al., 1993, CHEN et al., 2014). De fato, 

Peres da Silva e colaboradores (2015), predisseram possíveis sequências de 

microRNAs-like em vesículas segregadas por P. brasiliensis (Pb18), usando uma 

estratégia baseado em similaridade de sequências. Além disso, 22 sequências de 

potencias microRNAs foram identificadas no genoma de Humulus lupulus empregando 

predição in silico de miRNAs baseado em sequências similares presentes no banco de 

dados miRBase (MISHRA et al., 2015).  

 Potenciais microRNA-like preditos neste trabalho originaram-se de precursores 

que formam estruturas semelhantes a um  grampo (hairpin). De fato, durante a formação 

de um microRNA maduro, os precursores de microRNAs, adquirem uma estrutura em 

foram de grampo que é posteriormente processada por enzimas dicers para formar o 

duplex miRNA/miRNA* (BARTEL; LEE; FEINBAUM, et al., 2004). Trabalhos 

anteriores, demonstraram que valores de energia livre mínima (MFE) dos precursores de 

microRNAs-like em P.marneffei  variam entre -17,86 kcal/mol e -23,88 kcal/mol (LAU 

et al., 2013). Em A. flavus os valores variam entre -19.4 kcal/mol e 140.2 kcal/mol e em 



M. anisopliae os valores ficaram entre -20 kcal/mol e -105.32 kcal/mol (BAI et al., 

2015, ZHOU et al., 2012). Desta forma os valores de energia livre de dobramento 

descritas neste presente trabalho estão de acordo com os descritos para outros fungos.. 

Além disso, obtivemos sequências de pre-microRNAs variando de 57 a 118 

nucleotídeos com um tamanho médio de 71 nt. Trabalhos anteriores descrevem pre-

microRNAs com um tamanho médio entre 68 a 208 nt em fungos (ZHOU et al., 2012). 

Por exemplo, em C. neoformans os tamanhos dos precursores de miR1 e miR2 foram 

aproximadamente 70 nt (JIANG et al., 2012). 

 Além dessas características, os valores de AMFE (ajuste de energia livre de 

dobramento, MFEI (índice mínimo de energia livre de dobramento) (ZHANG et al., 

2006) e a porcentagem de uracila/adenina na sequência pré-microRNA foram 

analisados. Conforme observado em nossos dados, encontramos valores de MFEI 

baixos e AMFE similares a sequências de precursores de microRNA-like descritos em 

plantas (ZHANG et al., 2006). Possivelmente essas diferenças sejam resultado de uma 

menor complementaridade de bases entre as sequências precursoras de microRNAs em 

fungos quando comparado ao pre-microRNAs de plantas, onde a complementaridade 

das bases poderia ser maior (MISHRA et al., 2015). Os dados também demonstram uma 

maior quantidade de uracila em precursores de microRNAs-like, como já descrito na 

literatura (ZHANG et al., 2006). 

 Após a predição in silico de microRNAs-like por ferramentas de bioinformática, 

foram realizadas análises confirmatórias por RT-PCR qualitativa de alguns microRNAs-

like preditos. Empregando esta estratégia detectou-se microRNAs-like maduros, com 

tamanhos entre 26 até 57 pares de base, confirmando as análises in silico. Em outros 

fungos, como N. crassa, (LEE et al., 2010) C. neoformans (JIANG et al., 2012) e P. 

marneffei (LAU et al., 2013) tamanhos menores de microRNAs-like maduros foram 

caracterizados empregando a técnica de Northern blot. Possivelmente esta diferença 

seja relacionada ao fato que, neste trabalho, o método para identificação de microRNAs-

like, adiciona adeninas na molécula de RNA e este processo confire um tamanho maior 

aos  microRNAs-like maduros. 

 Portanto, os dados apresentados neste trabalho demonstraram que as proteínas 

envolvidas na via de processamento de miRNAs são conservadas em Paracoccidioides 

spp. e relacionadas filogeneticamente com outros fungos dimórficos. Além disso, foi 

demonstrado que os transcritos que codificam essas proteínas são expressos na forma 

parasitaria de Paracoccidioides spp. As análises de bioinformática permitiram prever 18 



moléculas de microRNA-like presentes no genoma de P. brasiliensis e os dados de 

predição de bioinformática foram validados experimentalmente. Em resumo, os dados 

descritos neste trabalho contribuem para adição de informações sobre moléculas 

presumivelmente envolvidas na regulação de gênica pós-transcricional e abre portas 

para a investigação de como essas moléculas funcionam em estádios específicos desse 

patógeno e durante a interação com o hospedeiro. 

 No Capitulo 3 foram apresentadas as análises de microRNAs-like presentes em 

diferentes estágios morfológicos de P. brasiliensis,  através da construção de bibliotecas 

de pequenos RNAs e sequenciamento de alta performance. Inicialmente foram 

realizadas análises da expressão de genes que codificam proteínas envolvidas na 

biogênese de microRNAs-like. Proteínas envolvidas no processamento de microRNAs 

são conservadas em diferentes reinos. No fungo patogênico termodimórfico P. 

marneffei analises da expressão do gene codificante de ago-2 revelaram um aumento 

significativo na expressão deste transcrito na fase de micélio em relação à levedura, os 

mesmos resultados foram obtidos para dcr-2 (LAU et al., 2013). Em contraste, a 

expressão do mRNA de dcr-1 foi mais induzida em levedura em comparação com o 

micélio. No presente trabalho, os dados de expressão gênica de ago-2, dcr-1 e dcr-2 são 

semelhantes aos descritos em P. marneffei. Em geral, os dados apontam para a indução 

da expressão de genes que codificam para dicers e argonautas entre as diferentes fases 

morfológicas. Além disso, em N. crassa (LEE et al., 2010) e P. marneffei (LAU et al., 

2013), diferentes proteínas dicers são envolvidas no processamento de microRNAs-like. 

Por exemplo, PM-milR-M1 e PM-milR-M2 de P. marneffei produzidos apenas na fase 

de micélio, são dependentes da proteína dicer-2 para sua biogênese, enquanto a proteína 

dicer-1 não é envolvida na biogênese destes dois microRNAs-like. Possivelmente em P. 

brasiliensis, este mecanismo também ocorra e essa expressão diferencial dos transcritos 

poderia ser atribuída ao emprego de diferentes proteínas no processamento de 

microRNAs-like. 

 Vários estudos sobre o processo de dimorfismo térmico e desenvolvimento em 

estádios morfológicos específicos dos fungos pertencentes ao complexo 

Paracoccidioides spp. demonstram uma plasticidade destes fungos patogênicos para 

adaptar-se e sobreviver sobre diferentes condições ambientais (NUNES et al., 2005, 

BASTOS  et al., 2007, REZENDE  et al., 2011). Neste sentido o presente trabalho focou 

nos possíveis alvos silenciados por microRNAs-like induzidos na fase de levedura, visto 

que esta é a fase parasitaria do hospedeiro.  Sabe-se que durante o processo de infecção 



no hospedeiro, as espécies do complexo Paracoccidioides alteram a composição do 

polissacarídeo presente na parede celular. Nesse sentido, a parede celular da fase 

levedurifor -1,3-glucana (KANETSUNA 

et al., 1970, PUCCIA et al., 2011). Vários microRNAs-like induzidos na fase de 

levedura tiveram como alvos proteínas envolvidas na biogênese, integridade e 

remodelamento da parede celular. Por exemplo, o microRNA-like presente  no 

supercontig_2.1_2922 possui como alvo a proteína endoquitinase de 42 kda.  P. lutzii 

induz a expressão da endoquitinase (CTS1p) durante a  transição de levedura para 

micélio, com o intuito de remover a quitina da parede celular, favorecendo o surgimento 

de hifas na fase filamentosa deste fungo (BONFIM et al., 2006). 

 A quitinase 3 também foi regulada por microRNAs-like induzidos na biblioteca 

de levedura. Em P. lutzii, a proteína quitinase foi identificada apenas no proteoma da 

parede celular do micélio (ARAÚJO et al., 2017). Em C. albicans a atividade de 

quitinases foi maior na hifa, do que em leveduras e a síntese e hidrólise de quitina foram 

induzidas durante a morfogênese de levedura para hifa (SELVAGGINI et al., 2004). À 

medida que as quitinases estão envolvidas na degradação da quitina, possivelmente a 

indução desses microRNAs-like na fase parasitária esteja relacionada ao fato de que a 

quitina está presente em maior concentração nesse estágio e portanto, a presença de 

proteínas que degradam esse componente não é necessário. 

 Outros microRNAs-like induzidos na fase leveduriforme tem presumivelmente, 

como  alvos, proteínas envolvidas na integridade da parede celular e morfogênese, como 

uma  glucanase de parede celular (Scw4p). Esta proteína em P. brasiliensis é homóloga 

à glucanase de parede celular (Scw4p) e à proteína da família 17 glicosil- hidrolase de 

A. fumigatus e S. cerevisiae, respectivamente. No fungo patogênico A. fumigatus, a 

-

glucana na parede celular, além de reduzir o crescimento filamentoso e promover maior 

sensibilidade aos agentes estressores de parede celular, possivelmente devido à 

alteração na constituição do polímero presente na parede celular (MILLET et al., 2018), 

Resultados semelhantes também foram encontrados em S. cerevisiae (SESTAK et al., 

2004). 

 -1,6-glucana (Knh1) e a proteína de 

biogênese da parede celular (Mhp1) são também reguladas, presumivelmente, por 

microRNAs-like induzidos na fase leveduriforme. Em S. cerevisiae, a proteína Mhp1 é 

-1-6-glucana (LAI et al., 1997) sendo que este polímero está 



presente na parede celular na fase parasitária de P. brasiliensis, em pequenas 

quantidades (revisto em PUCCIA et al., 2011). Na levedura de fissão S. pombe a 

proteína Bgs1p/Cps1p foi identificada como uma putativa beta1,3-glucana sintase e 

análises fenotípicas demonstraram que a proteína codificada por este gene é envolvida 

-1,3 glucana e germinação de esporos (CORTÉS et al., 2002). No 

presente trabalho esta proteína também foi predita para ser reprimida por microRNA-

-1,3-glucana é o principal polissacarídeo da 

fase miceliana, a indução de proteínas envolvidas na biossíntese deste polímero não é 

-1,3-glucana é o polissacarídeo com 

maior potencial imunogênico (KANETSUNA, CARBONELL, 1970, MENDES et al., 

2017). Nesse sentido, os microRNAs-like poderiam regular o polímero presente na 

parede celular em cada estádio morfológico, pela indução ou repressão de proteínas 

envolvidas em sua biossíntese ou degradação. 

 Diversos microRNAs-like induzidos na forma parasitária, foram preditos para 

terem como alvos proteínas envolvidas na morfogênese e no crescimento celular. As 

hidrofobinas são pequenas proteínas hidrofóbicas, envolvidas em diferentes processos, 

como crescimento celular e desenvolvimento. Em A. fumigatus, a hidrofobina (RodAp) 

está envolvida na permeabilidade e hidrofobicidade da célula (VALSECCHI et al., 

2017). Em Paracoccidioides spp. o mRNA das hidrofobinas 1 e 2 foi detectado apenas 

na fase filamentosa e durante as primeiras 24 h de transição de micélio para levedura 

(GOLDMAN et al., 2003, ALBUQUERQUE et al., 2004). Interessante, o microRNA-

like que tem hidrofobina 1 como alvo, foi reprimido na biblioteca micélio e transição 

dimórfica. 

 O mecanismo de formação de pseudohifas em S. cerevisiae durante a privação 

de nitrogênio envolve a proteína Ras2p, que ativa adenilil ciclase para produzir 

adenosina monofosfato cíclico. A presença desta molécula é essencial para a ativação de 

proteínas envolvidas nas vias de sinalização que regulam a morfogênese deste fungo 

como, por exemplo, a via da MAPK. Além de Ras2p, outra proteína Gpa2p, que 

pertence à família das proteínas G é envolvida no desenvolvimento de pseudohifas em 

S. cerevisiae e mutações neste gene bloquearam a formação de pseudohifas e reduziram 

os níveis de AMP cíclico intracelular (KÜBLER et al., 1997, LORENZ, 1997). Em P. 

brasiliensis o microRNAs-like que possui Gpa2p como alvo foi induzido na fase 

parasitária, entretanto na fase de filamentosa e durante a transição dimórfica tal 

microRNAs-like  foi reprimido. Muito provavelmente porque na fase parasitária em que 



as células adquirem a morfologia de levedura, o processo de formação de hifas é 

bloqueado. 

 A fase miceliana, utiliza preferencialmente o metabolismo aeróbio para a 

produção de energia, em comparação com as células na fase de levedura (NUNES et al., 

2005, FELIPE et al., 2005).Várias transcritos codificantes de proteínas envolvidas na 

produção de energia através da cadeia respiratória, incluindo NADH-desidrogenases, 

flavoproteínas e ATP-sintase mitocondrial foram preditos para serem silenciados por 

microRNAs-like induzidos na fase de levedura. A fosforilação oxidativa começa com a 

entrada de elétrons na cadeia respiratória, as desidrogenases captam estes elétrons 

provenientes das reações catabólicas e os canalizam para aceptores universais de 

elétrons o NAD+ ou NADP+ e FMN ou FAD (nucleotídeos de nicotinamida ou 

nucleotídeos de flavina, respectivamente). Os elétrons passam por uma séria de 

carregadores ligados à membrana mitocondrial, que agem sequencialmente aceitando ou 

doando elétrons. Proteínas carregadores de elétrons presentes na cadeia respiratória são 

ubiquinonas, citocromos e proteínas ferro-enxofre. ATP-sintase mitocondrial é uma 

enzima localizada na membrana interna da mitocôndria, sendo responsável por catalisar 

a síntese de ATP através da fosforilação oxidativa, utilizando o NADH ou FADH2 para 

fosforilação do ADP para ATP (NELSON; COX, 2014).  

 Entretanto durante o processo de respiração, ocorre a formação de espécies 

reativas de oxigênio (EROS). Neste sentido, microRNAs-like que foram preditos para 

terem como alvos  proteínas envolvidas na manutenção do potencial redox intracelular e  

ação contra agentes oxidantes incluindo, superóxido dismutase de Mn/Fe (SOD2), 

tiorredoxinas, superóxido dismutase mitocondrial de Fe/Mn (SOD5), peroxirredoxina e 

aldeído desidrogenase foram reprimidos na fase de micélio e durante a transição 

dimórfica. Em Paracoccidioides spp., algumas proteínas como a peroxirredoxina (PRX) 

e a superóxido dismutase de Mn/Fe (SOD2), foram induzidas na fase de micélio 

(REZENDE et al., 2011) e em diferentes pontos da transição dimórfica de micélio para 

levedura. Genes envolvidos na resposta ao estresse oxidativo e manutenção do potencial 

redox intracelular também foram induzidos (NUNES et al., 2005). Portanto 

possivelmente na fase de levedura onde as espécies reativas de oxigênio, gerados pela 

cadeia transportadora de elétrons estejam em menor quantidade nas células, as proteínas 

de resposta a estes agentes sejam silenciados, devido a menor necessidade de combater 

agentes oxidantes. 
 



2.CONCLUSÃO 

 Durante o processo de infecção no hospedeiro, microorganismos adquiriam 

mecanismos capazes de colonizar os tecidos infectados e promover o desenvolvimento 

da doença. Em fungos patogênicos o dimorfismo térmico é um fator de virulência que 

demonstrada à plasticidade destes organismos em sobreviver e adaptar-se ao 

crescimento sobre diferentes temperaturas e em ambientes hostis. Dentre desta classe 

encontra-se os fungos pertencentes ao complexo Paracoccidioides. Tais fungos são os 

agentes etiológicos da principal micose sistêmica da América latina, embora a micose 

causada por estes fungos seja caracterizada como um problema de saúde pública os 

mecanismos adaptativos para a sobrevivência deste patógeno ainda não são totalmente 

elucidados. 

 Neste sentido a análise e compreensão dos mecanismos moleculares empregados 

por estes patógenos durante seus estágios morfológicos, agregam conhecimento sobre o 

processo de infecção no hospedeiro assim como durante a fase saprofítica e transição 

dimórfica. O presente trabalho caracteriza pela primeira vez a presença de microRNAs-

like em P. brasiliensis, através de ferramentas de bioinformática  microRNAs-like 

descritos em outros fungos, foram conservados em regiões do genoma deste patógeno, 

além disso, proteínas envolvidos no processamento de microRNAs-like são conservadas 

entre as espécies deste complexo, demonstrando que tais fungos conservam toda 

maquinaria de silenciamento gênico pós-transcricional. Análises de expressão 

diferencial de  microRNAs-like entre os diferentes estágios morfológicos corroboram 

com os dados de expressão gênica e proteíca já descrito por outros pesquisadores. Os 

processos regulados por microRNAs-like incluem alteração dos polímeros presentes na 

parede celular, etapa essencial para escape das respostas imunológicas do hospedeiro, 

produção de energia através de vias anaeróbicas e aeróbicas nas fases de levedura e 

micélio respectivamente, combate a espécies reativas de oxigênio gerados pela 

fosforilação oxidativa, ativação de proteínas envolvidas no ciclo, morfogênese e 

formação de hifas.  Desta forma, os dados do presente trabalho agregam mais 

informações sobre os mecanismos de regulação pós-transcricional empregados por estes 

patógenos para sua sobrevivência. 

 

 

 
 



3. PERSPECTIVAS 
 
As perspectivas que surgiram a partir dos resultados deste trabalho são:  

-like com maiores valores de expressão 
diferencial entre os estágios de micélio e transição dimórfica; 

-like produzidos por este 

patógeno; 

-like, durante a infecção em 

pneumócitos; 

 Obter linhagens silenciadas para o genes codificadores de microRNAs-like e avaliar o 

impacto deste silenciamento no crescimento em diferentes estágios morfológicos; 

Realizar ensaios de virulência em modelo murino de infecção com as linhagens 

silenciadas para genes codificadores de microRNAs-like; 
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