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RESUMO

Espécies do génefdanodermaKarst. (Polyporales) tém distribuicdo cosmopoRara

a regiao tropical americana ha registro de 22 ésp&sanodermaocorre em coniferas

e angiospermas, onde comportam-se como saproéfitamo parasitas. Em arvores
leguminosas de arborizacdo urbana espécieGaleodermasédo fitopatogénicas e
provocam a morte de seu hospedeiro e a queda sefmelos e pessoas. Visando
contribuir para a taxonomia do géndeanodermae obter informacdes preliminares
que subsidiem futuro controle de doenca em legusasmaitilizadas em arborizagcéo
urbana foi realizado este trabalho. Neste estutitasoforam realizadas nas cidades de
Séo Paulo e Uberlandia no Brasil e Cali e Palmir&al6bmbia e as espécies do género
Ganoderma d ocorréncia na familia leguminosa foram identdas utilizando a
morfologia dos basidiomas, microestruturas, ultragsa de basididésporos, biologia
molecular e perfil enzimatico. Em arvores legumasoda arborizacdo urbana na cidade
de S&o Paulo, como parasitas, ocorre a espécielat@aoa G. gibbosum (mais
frequentg, ndo citada anteriormente para o Brasil, e as cespélacadasG.
multiplicatum e G. subamboinenseja citadas anteriormente para o Brasil. Para
Ubérlandia foi encontrad@. GibbosumEm Cali, na Colombia, foram encontradas as
espéciess. gibbosum G. multiplicatum,uma espécie indeterminada e o complexo de
espéciesG. parvulum sendo as espécies deste complexo as mais frequéht
multiplicatumé citada pela primeira vez para a Coldmbia. Emmsapgotegidas, sobre
troncos mortos, no Parque Estadual da Cantarei@RP&ulo, SP) foram encontradas
gibbosume G. australee no Parque Estadual das Fontes de Ipiranga @do, BP)G.
australe e G. multiplicatum, ja citado para Parque e para varios locais do Brasi
ultraestrutura do basididosporo das espécies revplatro padrées de ornamentagédo da
parede. A producdo de enzimas ligninoliticas f@liada em treze linhagens, em dois
meios de cultura 1) serragem + gua e 2) serragbti fextrato de malte). Linhagens
saprofitas e parasitas apresentaram atividade étizarligninolitica de fenoloxidases e
lacases, com predominio de lacase nos dois meiasiltiea testados. As linhagens
parasitas apresentaram maior atividade enzimaticsubstrato serragem acrescida de
extrato de malte. Producdo de manganés peroxitiéase)(so foi constatado para uma
linhagem do complex®. parvulum mas analise molecular monstrou que os individuos
testados possuem o gene da MnP. Ha diferencasesptéeimes parasitas e saprobias
guanto a velocidade de crescimento em meio deraubiuatividade enzimatica. As
espécies saprofitas crescem mais lentamente e naesemenor atividade de
fenoloxidases e lacases. Lignina peroxidase naaldtetada. Cento e vinte e nove
sequéncias de espécies @anodermado neotropico produzidas neste trabalho foram
inclusas na base de dados do GenBank e treze s#mpi&@o gene de Manganés
peroxidase constituem as primeiras referéncias.

Palavras-Chave Biologia Molecular, Polyporales, Ultraestrutur@ dbasidiosporo,
lacase, manganés peroxidase, Leguminosae, Neairopic



ABSTRACT

Species of theGanodermaKarst. (Polyporales) have cosmopolitan distributi@2
species have been already recorded for the Amettiopits.Ganodermaspecieccurs

in conifers and in hardwoods of angiosperms, whieeg can behave as saprophytes or
parasites. In leguminous trees in urban arborinatipecies ofGanodermaare
phytopathogenic and they may Kill their hosts amadl bn vehicles and people.
Ganodermaspecies were collected in the cities of Sdo Pantb W@berlandia in Brazil
and Cali and Palmira in Colombia. To contributetie Ganodermaaxonomy and to
obtain preliminary data to future desease contrdeguminosae from urban areas this
study was performed. In this study, the specigh@ienussanodermahat commonly
occur in the legume family were identified by usihg morphology of the basidiome,
microstructures and ultrastructure of basidiospom@®lecular biology, enzymatic
profile, thus providing subsidies to taxonomy auatlife control. In leguminous trees in
urban arborization in Sdo Paulo, as parasite, timelacquered speciés. gibbosumis
the most frequent and it has not been cited in iBemrlier; lacquered specie§.
multiplicatum and G. subamboinensé&ave already been cited in Brazil. In Cali,
Colombia, specie&. gibbosum G. multiplicatumhave been foundan undetermined
species, andG. parvulum complex species, which are the most frequeat.
multiplicatumhas been cited for the first time in Colomdm.protected areas such as
Parque Estadual da Cantareira (Sao PauloGSB)bbosumand G.australehave been
found on fallen logsand in Parque Estadual das Fontes do IpirangaR8élm, SPY.
australeandG. multiplicatumhave been found and they have already been citézain
park and in several sites in Brazil. The ultrasuiue of the basidiospore wall has shown
four ornamentation patterns. Related to the produatf ligninolytic enzymes, out of
the twelve strains evaluated in two culture medipsawdust+ water and B) sawdust+
ME (malt extract), only ten grew up. Saprophyte aparasite strains showed
ligninolytic enzymatic activity of phenoloxidasesdalaccaseswith predominance of
laccase in the two culture media tried. Tlaegsite strains presented higher enzymatic
activity at the substrate sawdust moistened with endract. MnP production was only
confirmed for a strain from the compl€x parvulum,but molecularanalysis showed
that the individuals tested have the MnP gene. &laee differences between parasite
species and saprobes concerning the growth ratkeirculture media, being slower
when the fungus grows in dead trees. There are differences among enzymatic
activities (less quantity of phenoloxidases and¢daes when the fungus grows in dead
trees). Lignin peroxidase was not detected. Oneltaghand twenty nine sequences of
Ganodermaspecies from the Neotropics were produced iactuded in the database
GenBank, and thirteen sequences of manganese gasexgene were deposited for the
first time in this database.

Key words: Molecular biology, Polyporales, ultrastucture from the basidiospores,
laccase, manganés peroxidase, leguminous, Neotrapic



LISTA DE SIGLAS

AFLPS = Polimorfismo no comprimento de fragmentos ampldims
ATP6 = ATP sintase

BCR = Podridéo basal da raiz

BDA = Batata dextrose agar

CAS = Cromoazurol S

CC = Cidade de Cali

CEL = Celulase

CBMI = Celulose cristalina

CCIBT = Colecao de cultura do instituto de Botanica de Xdulo
CMC = Carboxi metil Celulose

CTRA= Parque Estadual da Cantareira

CUVC = Herbario Universidad del Valle

ERP =Ecoparque Rio Pance

FAPESP =Fundacédo de Amparo a Peaquisa do Estado de Saw Paul

Gapdh = Gliceraldeido 3-foasfato deidrogenase
GH = Glicosidase Hidrolase

IBT = Instituto de Botanica de S&o Paulo

IGR = Regiao intergénica

ITS 1, 2=Regido espgadora do ADN ribossomal
KDa = Kilodaltons

KEW = Herbario do Royal Kew Garden

58S =Gene58S

LAC = Lacase peroidase

LiP = Lignina peroxidase



LME = Enzimas modificadoras da lignina

LSU (25-28S) =Subunidade longa do ADN ribosomal nuclear
MCMC = Inferencia Bayesiana

ME = Extrato de malte = EM

MEA = Extrato de malte agar

ML = Maxima verosimilhanca = Maxima likelihood

MnP = Manganés peroxidase

MP = Maxima parsimonia

Mn-SOD = Gene do manganés peroxido dismutase
PEC =Parque Estadual da Cantareira

PEFI = Parque Estadual das Fontes do Ipiranga

PCR =Reacao em cadeia da polimerase

PER = Peroxidase

PESM =Parque Estadual da Serra do Mar - Nucleo Santanirg
PODs = Peroxidases ligninoliticas Clase Il

RBBR = Rhemazol Brilliant Blue

RPB1= RNA polimerase 1

RPB2 = RNA polimerase 2

SAS= Estatistical Analysis Software

SP =Herbario do Instituto de Botanica de S&o Paulo
SPC =Cidade de S&o Paulo

SSU (12 -18S) Subunidade pequena do ADN ribosomal
Tef 1 = Fator de alongamentool

UB = Cidade de Ubérlandia

VP = Peroxidase versatil
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1.INTRODUCAO

1.1. A familia Ganodermataceae

Ganodermataceae € uma familia derivada de PolypmeaensuFries que inclui
fungos com himenéforo poroide e basidiésporo pecuaracterizado por apresentar uma
parede dupla, formada por uma interna verrucosananentada, espessada e usualmente
colorida e parede externa fina e hialina (Ryvard@d4; Cannon & Kirk 2007). O tipo de
ornamentacdo do esporo tem sido a caracteristicsa nelavante para a separacao genérica
(Ryvarden 1991). Donk em 1948 usou caracteres @naie e bioquimicos criando trés
familias naturais, Bondarzewiaceae, Ganodermataeelgmenochaetaceae, para agrupar
espécies poroides de acordo com a cor do basidomarfologia do basididésporo. Estas
familias e outras segregadas por Donk foram beltaace apresentam caracteres distintivos
(Hibbett & Donoghue 1995).

Ganodermataceae comprende os gen@msuroderma Ganoderma Haddowia e
HumphreyaRyvarden 1991, Zhao & Zhang 2000, Kekal 2008).

As abordagens moleculares iniciadas nos anos ¥ @&atamento taxonémico dos
fungos (Hibbettet al. 2007) propem um sistema de classificacéo filogeméue coloca o
géneroGanodermalentro da ordem Polyporales da classe Agaricoragcet

A filogenia para Polyporales obtida por anélise @DNA ribossomal, dos genes
codificadores de proteinas rpbl, rpb2, tefl e dwg®m completo sugerem que Polyporales
esta formado por quatro clados. Trés bem suportenidsecidos como clado antrodia, clado
nacleo polipordide e clado phlebioide e um denodwnaelado residual polypordide pouco
suportadoGanodermaesta incluso no clado nacleo poliporéide (Bindeal. 2005, Justo &

Hibbett 2011, Miettineret al.2011, Sjokviset al.2012, Bindeet al. 2013).



1.2. O género Ganoderma

1.2.1. Histdrico
O géneroGanodermaKarst. foi criado por P. Karsten em 1881, paraméecer um

fungo lacado e estipitadd?olyporus lucidusW. Curtis: Fr., espécie tipo do género

Ganodermagpriginalmente coletado em Peckham, &area localiaadsul de Londres. Steyaert

(1961) designou a prancha No 224 da Flora Londs@ele Curtis como o tipo da espécie, em
conformidade com o artigo 10 do Cddigo Internadiatea Nomenclatura Botanica adotada
pelo 8° Congresso Internacional de Botanica ensPmiho de 1954. O material tipo esta
perdido (Richteet al 2015).

Quanto a taxonomia do grupo, varios conceitos ge®iforam desenvolvidos por
diferentes autores a partir de caracteres prinoipale morfoldégicos. Desse modo Patouillard
(1889), baseando-se na parede dupla do basidigspesoreveu e reconheceu 48 espécies
para o género e crioAmaurodermapara as espécies com esporos esféricos a subesféri
com parede uniformemente espessada. No mesmo arsteiX (1889) criou o género
Elfvingia baseado enBoletus applanatu®ersoon, para separar as espeécies néo lacadas de
Ganoderma Murrill (1902, 1920) reconheceu os géneBanodermae Elfwingia, emendou
Amaurodermeae criouTomophagugara incluirPolyporus colossubr. (Murrill 1905) o qual
posteriormente foi considerado sinbnimoGienodermapor Furtado (1965), Steyaert (1972)
e Ryvarden (1991). O conhecimento dos géneBanodermae Amauroderma foi
documentado no Neotrdpico e na América do Sul mTki1933) e Furtado (1965). Na Asia
Imazeki (1939), propoOElfvingia P. Karst. como subgénero @anodermae em 1952 elevou
a nivel genéricalrachydermalmaz. para acomodds. tsunodae(Yasuda) Trott. Steyaert
(1972) propbs trés novos génerblmddowia Humphrew e Magoderna.Zhaoet al. (1989)
segregaramo subgéneroGanodermade acordo com a cor do contexto (Moncalvo &

Ryvarden 1997).



Ao longo da histoéria, diversas abordagens tantoasi®picas, de estudos culturais,
bioquimicos, ecoldgicos, genéticos, molecularesauévos estdo ajudando a compreender
diferentes aspectos do grupo, mas ha muitos preisi@nda.

1.3. Aspectos biologicos do género Ganoderma

1.3.1. Macromorfologia
Macromorfologicament&anodermaapresenta basidioma anual a perene, cuja forma

pode ser dimidiada, circular, reniforme, flabeladagulada, imbrincada ou convexa a
aplanada. A superficie desse basidioma possuiutaitgrossa, opaca ou lacada (Ryvarden
2004). Quanto a unido ao substrato as espéci€anedermgodem apresentar estipe ou nao
(sésseis). Experimentosn“vitro” tém demonstrado que o desenvolvimento do estme, s
tamanho e a insergéo do estipe ao substrato, pseleaontrolados pela duragéo e intensidade
de exposicao a luz & concentracdo de dioxido de carbono, portantordikgmas condicdes
ambientais e nadevem ser consideradas para circunscrever o géideen 1990, Moncalvo
2000). Por outro lado, o desenvolvimento do estgpabém depende da localizagdo no
hospedeiro, sendo mais provavel que a partir da dai uma arvore se desenvolva um
basidioma com estipe, do que um basidioma formadpante alta do caule um sem estipe
(Chenn 1993).

O basidioma possui contexto de consisténcia fierfédorosa, homogéneo quanto a
coloracdo ou com variacao de castanho-claro artas{alrpura-escuro. Em geral, o contexto
€ mais claro na superficie e mais escuro no cefrgontexto pode apresentar também

incrustacdes ou linhas resinosas continuas ouTrtace6-Torre®t al.2012).

1.3.2. Micromorfologia
O géneroGanodermaesta bem circunscrito pelo basididsporo truncadipsoéide,

com poro germinal apical, parede ornamentada, dapaterna (exosporio) fina e hialina e a

interna (endosporio) de cor castanha-escura, sépam cristas internas (Ryvarden 2004).



As espécies d&anodermasao formadas por varios tipos de hifas: genegtiva
esqueléticas e conectivas (Furtado 1962, Steyd&80,1Corner 1983). Haddow (1931)
observou pileocistidios pela primeira vez, e osuugara separar espécies. Posteriormente
Furtado (1962), Teixeira (1962a, b) e Steyaert 119667, 1980), confirmaram a importancia
dos diferentes tipos de pileocistidios para a s&jdar de espécies. Lohwag (1941) observou
que as espécies do comple&o lucidum tinham pileocistidios com terminacdes infladas,
apresentando entdo uma derme tipo himenodermeaeitgqgue as espécies do compl€xo
applanatum-australdinham pileocistidios parecidos a uma hifa ou sgj@ derme tipo
tricoderme. Segundo Steyaert (1980), trichodermeesponde a characoderme.

A presenca de clamiddsporos € uma caracteristipartemte para a identificacdo de
espécies, corroborado também por estudos filogersétholeculares. Apenas algumas poucas
espécies dé&anoderma comoG. colossum G. subamboinense G. weberianum formam
clamiddsporos no basidioma (Hong & Jung 2004, Diaulteli & Langer 2009).

Na opinido de Moncalvo (2000), a grande prolifecagie nomes (espécies de
Ganoderma se deve a varias espécies diferenciadas a plticaracteres pleomorficos,
dependentes das condi¢cdes ambientais e estagiesdavilvimento. Basidiomas jovens em
ativo crescimento em geral apresentam cores maiasck brilhantes na superficie do que
espécimes com varios dias ou semanas que tenhamexgibstos a repetidos periodos de
chuva ou seca, cobertos com p0, atacados por sngetcolonizados por algas.

Quanto ao tamanho dos basidiésporos, considerado dam caracteres mais
discriminantes, também existem divergéncias ergr@axonomistas uma vez que em espécies
comoG. tornatum o tamanho varia com a latitude e altitude onadees&ontradas. O mesmo
ocorre com outros caracteres como a cor do cont&ttucidum apresenta contexto mais
escuro em linhagens coletadas em latitudes maisub@o continente europeu (Steyaert

1972).



Portanto, os caracteres macro e micromorfolégiémsissuficientes para identificar
espécies d&anodermgRyvarden 1995).

1.3.3. Estudos de ultraestrutura

O valor dado as caracteristicas morfolégicas pa@sdi dos esporos deanoderma
especialmente a ornamentacéo da parede, foi urtecatdizado inicialmente por Patouillard
(1889) para separar as espécies do género.

Atkinson (1908) através da microscopia Otica, exiua superficie externa da parede
do esporo de varias espécies e concluiu que agaradisa e ndo equinulada ou verrucosa
como se acreditava. O autor observou também qaeealg externa hialina era perfurada por
equinulas curtas, rugosas e finas, que se projei@mendospoério até a superficie externa do
exosporio. Verificou-se entdo que a camada hiadimaenos firme em consisténcia do que a
camada pigmentada (endospoério) e que quando ocesgoa esta camada colapsa, e a
ornamentacao aparece em esporos vistos de pedlefRs Joung 1973).

Heim (1962) e Steyaert (1967b) baseados na ornagémnida parede, propuseram a
existéncia de quatro tipos de parede: verrugoseequinulada simples; com equinulas
grosseiras unidas por pontes finas; reticuladayutee e totalmente reticulada, hexagonal
regular.

Pegler & Joung (1973) estudaram a parede de quegpecies britanicas de
Ganodermacom microscopia de varredura e 6tica e observaamuase todas pareciam ter
uma parede equinulada simples, sendo que as eaggiietdm finas erfs. resinaceune G.
applanatume moderadamente espessadas @npfeifferi e G. valesiacum.Através de
microscopia de varreduestes mesmos autores foram os primeiros em obsEgparos com
cavidades longitudinais e@® adspersune G. applanatum.

Basidiosporos com cavidades longitudinais forameotzslos também em cole¢des

identificadas comdG. applanatum G. formosanume G. neojaponicumde Taiwan (Hseu
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1990, Yeh 1999), em Gaustraleda Nova Zelandia (Buchanan & Wilkie 1999), &m
lobatumda Argentina (Gottlielet al. 1999b).

A ultraestrutura de espécies do compléxolucidum revelou que uma membrana
perisporial continua cobre todo o esporo, a excdgdaberturas circulares que se distribuem
ao acaso variando em diametro &mlucidum (0.2-0.6um),G. valesiacum(0.3-0.9um) €G.
pfeifferi (0.1-0.4um) e em numero (Pegler & Joung 1973).

Adaskave & Gilbertson (1988), analisaram a paremldakidiosporo de varias espécies de
Ganodermapor microscopia de varredura e observaram que tadasspécies estudadas
tinham aberturas, mas em algumas espécies estasra® pronunciadas. Basidiésporos de
G. tsugaeapresentaram mais aberturas e as depressdes décsaperam mais pronunciadas
enquanto os esporos d&. colossum apresentaram aberturas e depressfées menos
pronunciadas, e os esporosGleneredithaeapresentaram depressdes circulares mais amplas.

Segundo Ryvarden (1991), devido a alta complexisaideoanatdmica do esporo e o
basidioma de séssil a estipitado, este género padeonsiderado relativamente jovem, em
processo de evolucado e, portanto, ainda ndo safreuforte especiacdo. Através de estudos
moleculares um baixo nivel de divergéncia nuclémidia subunidade ribossomal longa
(LSU) foi observado e deu suporte as inferénciagottmgicas (Moncalvaet al. 1995a).

Este género provavelmente € um dos grupos de fupgigsoroides mais confusos
taxonomicamente; havendo mais de 250 combina¢cGeemdaturais publicadas (Moncalvo
et al. 1995a). A falta de uma boa delimitacdo das espé@xierre por varias razoes, entre as
quais citam-se: espécies descritas de uma ou pawstagdes; de uma Unica localidade;
sinonimia controversa e inexisténcia de muitosstipdrios nomes sao ilegitimos ou cairam
em desuso e algumas citagdes ndo consideram as cegprioridade (Moncalvo & Ryvarden

1997).



1.3.4. Estudos culturais, intercompatibilidade e menzimas

A caracterizagdo morfoldgica do micélio foi outerrémenta utilizada visando a
identidade das espéci@dobles (1948, 1958) elaborou uma chave de muléptalha para 11
caracteres diagndésticos (presenca ou ausénciaidi@ses extracelulares, tipo de septacdo da
hifa, ocorréncia de estruturas especiais ou adassnos esporos, cor de hifa e micélio de
entrecruzamento, mudancas de cor em meio de &ga,de crescimento, formagdo dos
basidiomas, odor, relagdo com o hospedeiro e amntgidade) para comparar e separar
espécies d&anodermaAlguns grupos de espécies segregados coincidicamos géneros
estabelecidos, enquanto que outros grupos queigaréomogéneos em suas caracteristicas
de cultura, pertenciam a dois ou mais géneros assificacdo convencional. Diante das
limitacdes, esta tentativa pouco a pouco foi abaada.

Nakasone (1990) usou e melhorou o sistema de cdatbkgenvolvido por Nobles
(1965), para descrever 277 culturas de fungos pessdos, nao poroéides.

O critério de interfertilidade, que em Basidiomgse€ realizado através de testes de
pareamento entre monocariontes, tem complementad@studos de morfologia e de
caracterizacdo das culturas &anodermaAdaskaveg e Gilbertson (1987) através de testes
de interfertilidade, encontraram reacfOes de incoimpdade possibilitando delimitar
individuos de diferentes genotipos em populacdésraia deG. lucidume G. tsugae.Hseu
(1990) demonstrou que colecdes destas duas espéidsia correspondem a espécies
diferentes. Alguns exemplos mostram coeréncia entegfertilidade e andlise filogenética,
mas ha também casos de incongruéncias (Vilgalyar&l13994).

Na procura por outros métodos para identificar @spéemGanoderma Gottlieb et
al. (1998) avaliaram o padrdo isoenzimatico de 133amentos de 10 espécies de
Ganoderma mas nenhum padrdo de bandas foi detectado pargrums definidos

morfologicamente.



Caracteres da macro e Micromorfologia, estudo dadeados esporos, culturas e

isoenzimas ndo sao suficientes para delimitar e&spéo génerGanoderma.
1.3.5. Estudos moleculares e filogenéticos

Nos ultimos anos a classificagdo dos fungos e dganesmos em geral mudou, de
uma abordagem puramente morfoldégica para um trat@menolecular, suportado pelas
andlises de sequéncias nucleotidicas de DNA qumitgeinferir o parentesco, as relagcdes e
tendéncias evolutivas entre os taxons. A descobdartécnica PCR por Kary Mullis em 1983
(Batlett & Stirling 2003) tornou disponivel sequirscde “primers” que permitem amplificar
varios segmentos de DNA nuclear e mitocondrial ¢&/i al. 1990). Aliado a métodos de
analise estatistica, protocolos, procedimentosugpamentos, essas novas abordagens tém
contribuido para entender as mudancas genéticasogueem durante a especiacao (Gallardo
2011).

A andlise filogenética dos fungos esta permitindteoum sistema de classificagdo
mais estavel e de maior significado evolutivo. @emajuda tem sido obtida para constatar a
existéncia de espécies cripticas que dificiimerdte separadas por andlises morfolégicas
tradicionais, mas que estdo reprodutivamente iaslad que sdo molecularmente diferentes
(Hawksworth 2012).

Os estudos filogenéticos em fungos sao realizados @ DNA ribossomal, pois 0s
genes ribossomais sdo menos sujeitos as variagde®id. O DNA que codifica para RNA
ribossomal aparece como um cluster de genes quepstem e esta formado pelos genes
codificantes 18S, 5,8S e 28S, separados pelosaspag ITS1 e ITS 2 (Berbee & Taylor
2001).

Os genes 18S, 5.8S e 28S sao parte estruturadbalssoma e se caracterizam por ser
altamente conservados. Destes trés genes, o 18Baésa@onservado e usado para comparar

organismos distantemente relacionados. O gene &3mjais variavel e, portanto, Gtil para
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comparar diferentes géneros e em alguns caso<ermifsr espécies (Fungaro 2000). Os
espacadores ITS 1 e ITS 2, junto com a regidogateca (IGR) sdo as regides mais variaveis
e portanto sdo as mais indicadas para a separa@spédcies (Moncalhet al. 1995a).

A regido ITS é considerada como o0 "codigo de baroas marcador padrdo mais
frequentemente usado em estudos de sistematageriia e identificacdo de fungos em nivel
de espécie (Begeroet al. 2010).

Para os estudos moleculares do gér@anodermaa regido ITS do rDNAwuclear
tem demonstrado possuir a variacdo da sequéncieotigiica suficiente para a sistematica e
identificacdo das diferentes espécies. Pelo comtraas sequéncias codificadas pela
subunidade pequena nuclear (18S ou nSSU), da slamienionga nuclear (25-28S ou nLSU)
do rDNA ribossomal e a subunidade pequena mitocan@d?2S ou mtSSU) nao oferecem a
variacdo nucleotidica suficiente para inferir rékes; filogenéticas entre espécies de
GanodermgMoncalvoet al. 1995a).

Estudos filogenéticos das regides ITS e LSU, radbz com 14 taxa deanoderma
mostraram alto nivel de substitucdo nucleotidicaeswacador ITS 2, 0 que sugere que esta
regido evoluiu mais rapido do que ITS 1, mas enmosudéneros a divergéncia nucleotidica da
regido ITS 1 € maior do que em ITS 2. A variac&oaespecifica foi < 2%, enquanto a
divergéncia nucleotidica interespecifica foi > @¥%oficalvoet al. 1995). Na regido LSU foi
observada uma baixa variacdo nucleotidica junémdéncia a alta transicdo, o que sugere que
as espécies déanodermadivergiram recentemente e suporta as observa@édydarden
(1991) e Moncalvet al (1995).

Hong & Hung (2004) realizaram estudos filogenétidas regido mtSSU rDNA e
encontraram que esta regido possui informacéaoldefilagenético no dominio conservado e
no dominio variavel. As 37 espécies @anodermaestudadas formaram seis grupos

monofiléticos masGanoderma lucidunmostrou-se polifilético de acordo com a origem
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geografica. Neste mesmo trabalho, as relacdes cbhospedeiro assim como a presenca de
clamiddsporo foram importantes para a sistematiogémero.

Apesar do grande aporte filogenético para a sigteandle fungos oferecido pelos
genes nucleares do rDNA ribossomal, aspectos algefiia de Basidiomycota, como o baixo
suporte dos noés internos, ndo foram resolvidosd@iet al. 2005). Uma alternativa para
resolver este baixo suporte nos nds de Basidiorayéob uso de genes codificadores de
proteinas. Alguns exemplos destes genes sao: AftBssi (atp6), gliceraldeido 3-fosfato
deidrogenase (gapdh), RNA polimerase (rpbl e rghR)bulina, actina, fator de elongacéao
1-a (tefl) e 0 gene do manganés superoxido dismudBeSOD). Mathenyet al. (2007)
estudaram a filogenia de 160 taxa de Basidiomycmastrando que os genes rpb2 e Tef-1
produziram bons resultados com altos valores dergup

Utilizando os genes rpbl, rpb2, Tef; hITS e mSSUCao et al (2012) propuseram o
nomeG. lingzhi para uma espécie muito utilizada em cultivos ceoiaisr do leste da Asia e
conhecida com. lucidum

Recentemente o desenvolvimento da tecnologia deese@mento de préxima
geracdo permitiu o sequenciamento do genoma camplas espéciess. lucidum G.
meredithiaee G. applanatum \(Vang et al. 2015a, 2015p Espera-se que novas informagdes
subsidiem muitos aspectos biolégicos e questdasioeladas com a filogenia e evolucdo de
Ganodermaassim como os diferentes mecanismos de degradiaclignina e a sintese de
compostos farmacolégicos.

1.4. Consideracao taxondmica atual do género Ganouk

Atualmente,Ganodermaesta dividido em dois subgéner@anodermagpara espécies
lacadas com uma palicada de hifas infladas na fcipedo pileo eéElfvingia para as espécies
nao lacadas sem a palicada de células claviformesiperficie do basidioma. A espécie tipo

para o subgénei@anodermas Polyporus lucidugCurtis) Fr. e o basionimoBoletus lucidus
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Curtis. O subgéner&lfvingia esta tipificado porG. applanatum(Pers.) Pat., sinbnimo
Elfvingia applanata (Pers.) P. Karst. e seu basionimdBéletus applanatuslers. que €
oriundo da Europa e o material tipo esta no hesbdei Rijks em Leiden, Holanda (Richter
2015). Espécies do subgéndéifvingia muitas vezes produzem basidiomas bastante grandes
e visiveis e sdo, portanto, muito mais frequentéenencontradas no campo do que aquelas
do subgéner@anodermaque por sua vez sdo muito cultivadas para findicmais (Richter
et al 2015).
Dentro do complexd@. Applanatum-australelo subgénerdlfvingia, G. australe

(Fr.) Pat. pode ser distinguido d& applanatumpor apresentar basidiésporos maiores
(Moncalvo & Ryvarden 1997)Ganoderma austral&@ comum nos tropicos e nunca foi
registrado na Europa. O espécime tipoGleaustralendo existe mais e o0 Unico material
depositado em Kew Royal Botanic Gardens (Kew) sebeenome € improvavel que
corresponda a colecao original (Ryvarden & Gillmert$993).
1.5. Ganoderma no Neotrépico

Ganodermaé um género cosmopolita com 60-80 espécies lacadis40 espécies
nao lacadas (Moncalvo 2000). Ndo se conhece exatanze sua distribucdo geografica.
Ganodermaé encontrado em bosques de coniferas e angiosperanAmeérica do Norte e
Canada (Gilbertson & Ryvarden 1986), na China (Zh&89) e na Europa (Ryvarden &
Gilbertson 1993). Embora as regides tropicais sefaenos estudadas e os trabalhos
filogenéticos estejam apenas comecando, espéciggmero ocorrem no leste da Africa
(Ryvarden & Johansem 1980), Asia tropical (Imaze%89), Malasia (Corner 1983) e no
Neotropico (Donk 1933, Furtado 1965, Ryvarden 2004 regido tropical provavelmente
teve origem esse género uma vez que grande nuredéxahs foram descritos nos tropicos.
Acredita-se que ocorreu uma iiradiacdo das regegestoriais para outras regides e que as

condi¢cdes ambientais determinaram uma alta divesithiologica (Moncalvet al 1995b).
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O géneroGanodermaé considerado 0 mais representativo e o0 de maaam
distribuicdo em Ganodermataceae.

Os dois paises do neotropico com mais estudossanodermasédo o Brasil e a
Argentina. As primeiras contribuicdes no Brasilaior os estudos realizados por Torrend
(1920), Teixeira (1962a), Steyaert (1962), Furté®65) e Corner (1983). Entre as grandes
contribuicbes para conhecer este género na Argefiglniram os trabalhos de Bazzalo &
Wright (1982), Gottlieb et al. 1998, Gottlieb & Wyt (1999a e b).

Ryvarden (2000), baseado em material tipo, desorgwa&ra varias regides do
neotrépico 13 espécies lacadas. Dentre eBmnoderma concinnumRyvarden, G.
longistipitatum Ryvarden eG. multicornum Ryvarden sdo novas espéciesGanoderna
orbiformumuma nova combinacéo. Ryvarden (2004) agregou measpecies, totalizando 20
espécies para 0 neotropico.

Para o Brasil, espécies lacadas e néo lacadasdémencionadas, incluindo espécies
consideradas restritas a Europa, cdtucidume G. applanatum(Patouillard 1889, Torrend
1920, Steyaeart 1962, 1980; Furtado 1967; Fidal§68;l Bononiet al 1981, 2008;
Loguercio-Leite 2005, Loguercio-Leite & Wright 199Rajchernberg & Meyer 1990; Silva
& Minter 1995; Gerber 1996; Gerber & Loguercio-leeit997; Gbes-Neto 1999, Ryvarden
2000, 2004, Meijer 2001, 2003; Gilbertoni & Cahaiti 2003; Goes-Netet al. 2003;
Loguercio-Leiteet al. 2005; Groposo & Loguercio-Leite 2005; Torres-Ter& Guzman-
Davalos 2005, 2012; Dreschsler-Sargosil. 2008, 2009; Torres-Torrex al. 2008; Baltazar
& Gilbertoni 2009; Gilbertoni & Drechsler-Santos 1) Westphalenet al. 2010, Gomez-
Silva & Gilbertoni 2011; Gugliottat al. 2011, Gomez-Silvatal. 2011, Torres-Torrest al.

2012). Torres-Torrest al. (2012) e Gugliottt al. (2013).
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Gottlieb et al. (1988), realizaram estudos isoenzimaticos incluintha espécie do
complexoapplanaturraustrale e Gottlieb & Wright (1999a) analizaram a ultraestra da
ornamentacao do esporo para uma espécie laGadessiliformeambas coletadas no Brasil.
Estudos moleculares no género realizados por Men&IBuchanan(2008), considerando a
regido ITS do DNA incluiram uma colecdo do complapplanaturaustraledo Brasil Para
as especies lacadas, Limiaal. (2014) atraves de analise filogenética do DNAggmmal das
regides ITS e LSU, identificaram as espé@eshalceumG. multiplicatum G. orbiforme G.
parvulume G. aff. oerstedii

Na Colémbia, o género tem sido menos estudado;ntemi®, estudos baseados na
morfologia citam a existéncia d& australe G. adspersumG. amazonenses. applanatum
G. brownie G. chalceum G. concinnum G. fornicatum G. lucidum G. nitidum e G.
neurosporun{Ryvarden 2004, Vasco-Palacios & Franco-Molana3}01
1.6. Aspectos ecologicos do género Ganoderma

Espécies d&anodermabcorrem em sua maioria como saprobias sobre tsomcotos
em avancado estado de decomposicdo, onde crescgadaedo celulose, hemicelulose e
lignina. Ganodermae outros fungos Basidiomycetes sdo 0s Unicos myas que possuem
a capacidade de produzir enzimas oxidativas e litides para degradar lignina e séo
denominados fungos de podriddo branca. Esses possuapacidade de romper ligacdgs C
Cs, p-arilo, G, Ca, incluindo C-C aromatico, reduzindo lignina a 30HO0 (Kirk 1981, Chen
et al 1982 & Hatakka 1994).

A atividade ligninolitica apresentada pelos fundesgodriddo branca tem importancia
ecoldgica para a ciclagem do carbono e para varaxessos biotecnoldgicos de producgéo de
polpa de papel, bioconverséo de residuos agricaliasentos, industria téxtil, corantes e em

biorremediagao de substancias poluentes (ElisaghiGachlishvili 2009).
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As enzimas que se expressam durante a degradati§oida sédo a lignina peroxidase
(LiP) (EC1.11.1.14), manganés peroxidase (MnP) (EC1.13), lacas€dEC 1.10.3.2) e
peroxidases versateis (EC 1.11.1.16).

A lignina peroxidase [(EC 1.11.1.14), 1,2-bis (8jmethoxyphenyl) propane-1,3-diol:
hydrogen-peroxide oxidoreductase] ou LiP, foi déscta pela primeira vez em
Phanerochaete chrysosporiufBasidiomycete). Varias isoformas sdo conhecidatane em
outras espécies de podriddo branca e a sua expréssitiada. As isoenzimas de LiP séo
glicoproteinas com peso molecular de 38-46 kDatgooelétrico de 3.2-4.0, pH 6timo
proximo de 3. A estrutura cristalina de LiP é glabucom uma dimens&o de 50 x 40 x 40 A.
Seu centro ativo € constituido por um grupo hemer@2009, Zhowet al. 2012). LiP oxida
substratos fendlicos e ndo fendlicos e ndo temcdgpeade pelo substrato (Janusk al
2013).

Durante o ciclo catalitico o Fe (lll) do grupo hementido no centro ativo da LiP &
oxidado pelo peroxido de hidrogénio até um compastermediario | (Fe IV), ou forma
cationica radical da ferroporfirina. Subsequenteamaste composto intermediario | através
de duas reacbes de reducdo consecutivas por deaderelétrons presentes no substrato
retornam a enzima a seu estado nativo. O ageniéorgabde ser o alcool veratrilico (VA). A
primera reducédo do composto | por transferéncia dietron gera o composto Il e um cétion
radical VA (VA"). Uma segunda reducdo de tetorna a enzima ao estado de oxidagdo
férrico, completando o ciclo catalitico (RenganatBaGold 1986).

Manganés peroxidase [EC 1.11.1.13, Mn (ll): hydmpgeroxide oxidoreductase,
MnP], tem sua expressao regulada pela presencandd)Mo meio de cultura, e é estimulada
por acidos como glycolato, malonato, glucuronathgdroxybutyrato. Mn foi purificada de
P. chrysosporiume é uma glicoproteina acida com um ponto isoelétrico4ds, peso

molecular médio de 45 kDa. MnP apresenta uma skriessoenzimas codificadas por um
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cluster de genes estreitamente relacionados. @&se em MnP € grande por ser de aplicacédo
em fabricacédo de polpa de madeira, biobranqueaneehbimrremediacao (Janusizal 2003).

A estrutura cristalina da MnP € muito parecida eoda LiP, seu centro ativo esta constituido
também por um grupo heme porfirina (Wong 2009).

No ciclo catalitico da MnP, esta oxida Mn (Il) aNll), que por sua vez oxida uma
variedade de fendis monomeéricos, incluindo coraritesn como compostos fenolicos da
lignina. O ciclo catalitico implica na oxidacdo B (1) pelo composto | (MnP - I) e um
composto Il (MnP - 1) para se obter Mn (111) (Wo2§09).

Lacase (EC 1.10.3.2, benzenediol: oxygen oxidatede) ou LaC é parte da
familia multicobre oxidase, € uma polifenol oxidasen cobre (Hakulinert al. 2002). A
enzima Lac parece onipresente em todos os funggodieddo branca e produzem varias
isoenzimas codificadas por 4, 5 até 8 genes. Lama@senta um peso molecular de 60-80
kDa, ponto isoelétrico de 2.8—-413acase oxida compostos fendlimsao fendlicosaminas
aromaticas, usando o oxigénio molecular como acedptal de elétrongGiardinaet al
2010).

O centro ativo da lacase contém ions cobre. Durartatalise a lacase oxida dois
fendis, com abstracdo de um elétron, medjsela reducdo de CBa CU*, que por sua vez
reduz Q a HO, permitindo que a enzima atue de forma cickearaz 2004)

As peroxidasesversateis sdo enzimas que combinam propriedadestueais e
funcionais de LiP e de MnP, mas atualmente pouboesseugene ou regido promotora €
conhecido (Janus al.2013).

A expressdo de enzimas ligninoliticas € influergigoor grande numero de
isoenzimas, com diferentes cinéticas e caractasstfisico-quimicas e diversas funcdes

durante o ciclo de vida dos fungos. Uma série tlmrdaambientais afetam fortemente os
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padroes de expresséo isoenzima em fungos de podnidéca (Pribnovet al. 1989, Gold &
Alic 1993).

Estudos gendmicos sobre os sistemas de degraddifidados pelos fungosie
podriddo branca para a degradacdo da madeiraarawelque existem ao redor de 61-148
copias de genes que codificaara enzimasarboidratoativas (Cazymes), que representam de
14 a 17 familias de genes, e atuam sobre a celalislina. Em fungos de podridéao
marrom, outro grupo de fungos Basidiomycetes qugadia polissacarideos da madeira, o
genoma tém 32 a 68 copias de genes para cazymeésael familias de genes. Os estudos
moleculares também relatam a presenca de enzingwedutasesHastwoodet al. 2011).

Esses estudos moleculares também demonstraranodoe @s fungos de podridao
branca apresentam glicosidase hidrolases (GH), litsmiGH6 e GH7, que incluem
celobiohidrolases, envolvidas no ataque a celwdstlina, que estdo ausentes em fungos de
podridao parda (exceto Boletale®utros genes encontrados sao 0s genes que codfjiaiaa
enzimas GH61, que apresentam mecanismos oxidatevaegradacdo dependentes de cobre
para degradar a celulose cristalina e ligacdes (DBWbb quais aumentam a concentracéo da
enzima sobre a superficie da celulose cristalif@uffaset al. 2012).

Algumas espécies déanodermasdao parasitas facultativas que podem crescer em
troncos em decomposicdo como saprofita até encomtnahospedeiro mais susceptivel e
estabelecer uma relacdo parasita (Turner 1984hodermaé um sério patdégeno de plantas
cultivadas comdelaeis guineensisAfifin et al. 2000 Wong et al. 2012 Naheret al. 2013,
Coccus nuciferaKandanet al. 2009), Camellia sinensigSankararet al 2005, Tompon &
Kunasakdaul 2014) Eevea brasiliensigLim 1977). Na india, 144 espécies de arvores séo
hospedeiras d&anoderma(Sankararet al. 2005). Como parasita ocasiona grandes perdas
econbmicas em florestas de coniferas e em anginapeque fornecem madeira em zonas

temperadas (Gilbertson & Ryvarden 1987, RyvarddiP0ralvez a relacdo parasitica mais
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estudadaseja entreGanodermae Elaeis guineensigpalmeira de 6leoja que é o principal
patogeno e produz uma doenca devastadora queaaf@iae a parte basal do caule conhecida
como podriddo basal do caule (BCR). Esta doencaito nmportante em palma de 6leo em
paises do sudeste asiatico, especialmente na Bladsidonésia, os maiores produtores de
Oleo de palma do mundo (Woegjal. 2012). Calcula-se que as perdas econémicas psacau
da BSR excedem os 500 milhdes de dolares por amongnaet al. 2012). As plantacfes de
palmeira de 6leo tem se expandido na Asia e eno®ulbcais, porque o 6leo é usado na
alimentacéo, na manufatura de alguns produtosi® goecursor de biodiesel (Hushiarietn

al. 2013, Naheet al. 2013).

Quanto a identidade do agente causal da BCR emepalrde 0leo na Malasia e
Indonésia sdo citadas 15 espécie$sdaodermaTurner 1981). Inicialmente se pensou que
se tratava d&. lucidum (W. Curt.: Fr.) Karst. (Thompson 1931). Outro$athos citarant.
boninensePat., G. miniatocinctumSteyaert,G. chalceum(Cooke) Steyaert(s. tornatum
(Pers.) Bres.G. zonatumMurill e G. xylonoidesSteyaert (Steyaert 1967). Posteriormente,
atraves de testes de interfertilidade, analisesostopicas e de varredura, assim como analise
molecular do DNA ribossomal da regido ITS por téande PCR (Polymerase Chain
Reaction) e AFLPS (polimorfismo no comprimento dagmentos amplificados)G.
boninensemostrou ser a Unica espécie responsavel por pgrodutoenca (Ho & Nawawi
1985, Pilottiet al. 2004, Utomo & Niepold 2005).

Recentes estudos mostraram alto nivel de variag@étiga entre monocariontes @e
boninense 0 que sugere qué. boninenseé geneticamente heterogéneo, por estar em
diferentes localizacdes geograficas ou pelo cruntondos isolados ao longo de geracdes
(Pilotti 2003). Deste modo, o agente patogénicceps®ml proveniente de uma mesma espécie
contendo uma grande variacdo genética ou de espgEstieitamente relacionadas (Zakatia

al. 2005). Através do método de multipla PCR-DNA e a#acteristicas morfolégicas
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encontrou-se que além @& boninenseG. zonatume G. miniatocinctumestdo associados
com a podridao basal do caule (BCR) em palmei@eatena Malasia (Wonet al. 2012).
1.7. Importancia medicinal-econémica

Os basidiomas de espécies @anodermatém sido amplamente utilizados na
medicina tradicional chinesa devido a presencaamepostos ativos de uso farmacologico
para o tratamento de diversas doencas, ao pontsed@r convertido numa milionaria
industria nos dltimos anos (ket al. 2013). Ganodermaucidumtem demonstrado potencial
no tratamento de doencas como cancer, diabetesiadtame da Imunodeficiéncia adquirida
(SIDA) (Sanodiyaet al 2009) possuindo propriedades analgésicas e dearge muscular
(Zhanget al. 2011). Os extratos d8. lucidumaumentam a secrecao de citocinas de células
do sistema imunoldgico que levam ao aumento dalate celular e sobrevivéncia de células
imunitarias relacionadas com macrofagos e linféc{®achet al. 2009, Mantovani & Sica
2010). No folclore chiné&anodermaesta associado a fortuna e a boa saude (Chande& Mi
2004).

As leguminosas séo plantas de grande valor econdmag regides tropicais, onde séo
utilizadas com propdsitos de reflorestamento, cdonageiras, para 0 enriquecimento e a
fixacdo de nitrogénio no solo, como quebra-ventosrao ornamentais. Neste Ultimo caso &
notorio seu uso em arborizacdo urbana em dive@igeptropicais. No Brasil, varios autores
ja reportaram como as leguminosas sado importagies® em riqueza de espécies, mas em
termos de maior frequéncia de individuos por egp@airiharaet al 2005).

Entre as plantas mais usadas na arborizacdo no Biyfasam ao redor de 20 espécies
de leguminosas (Prefeitura de S&o Paulo 2015, kéezét al. 2002). As leguminosas mais
utilizadas na arborizagdo de S&o Paulo Gaesalpinia pelthoporoideBenth., Holocalyx
balansaeMicheli, Senna multifugd&. C. Rich, Cassia fistuldL., Caesalpinia pulcherrimé.

e Tipuana tipu(Benth.) O. Kuntze (Prefeitura de Sdo Paulo 2015. Da listagem puldicad
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Tipuana tipo foi amplamente estudada ®anodermasp. foi citado como o principal
responsavel pela biodeterioracdo e queda da esf#@eolin 2009). Em Cali, entre as
espécies de leguminosas mais usadas em arborizalgdna estadCassia siamed.am.,
Cassia fistulal., Bauhinia variegata.., Delonix regia(Bojer Ex. Hook) RAF Caesalpinia
pulcherrima(L.) Sw. ECaesalpinia pelthophoroideBenth.(Dagma 2009). Bolafios et al.
2011 constataram que de varias familias botanmsdeguminosas foram as plantas que

apresentaram maior ocorrémcia@@noderma.
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2.OBJETIVOS

Geral
v Contribuir para a taxonomia do géné&anodermae obter informacdes preliminares
que subsidiem futuro controle da doenca em legusamaitilizadas em arborizagcéo

urbana.

Especificos

v Identificar morfolégica e molecularmente as esmeae géneroGanodermaque
crescem em diferentes leguminosas utilizadas eariadgao urbana.

v' Determinar a atividade enzimatica de espéciesGdaodermaque crescem em
diferentes espécies de leguminosas utilizadas Imarizacdo urbana e em espécies
saprobias relacionando a fisiologia do fungo aopsgel ecoldgico.

v" Contribuir com informacdes taxondmicas, moleculaddogenéticas para o género

Ganodermeacoletados no Neotrépico.
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3. MATERIAL E METODOS

3.1. Areas de coleta

Espécimes do génet@anodermagresentes em arvores de leguminosas utilizadas em
arborizacdarbana nas cidades de Sao Paulo e Ubérlandia 80 8m Cali e Palmira na
Colébmbia e em areas de conservacéao, Parque EstleduBbntes do Ipiranga, Parque
Estadual da Cantareira em Sao Paulo/SP, ParquduBbktia Serra do Mar- Nucleo Santa
Virginia, municipio de S&o Luis do Paraitinga/SPadl e no Ecoparque Pance em Cali,

Colébmbia, espécimes foram coletados durante 2013-gtigura 1).
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Figura 1. Areas de coleta de espécimesGhnodermaem arvores vivas de leguminosas e

troncos caidos (Mapa elaborado com o programa Are@&sao 10.2).
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Cidade de S&o Paulo

A cidade de Séo Paulo tem por coordenadas gecagdd®® 32'56” S 46° 38' 19" W,
altitude média de 860m, clima subtropical, com terafjura média de 19,2°C umidade
relativa entre 70 e 80%, com ventos vindos dodltmue deixam o ar mais umido. A
precipitacdo meédia anual € de 1.450 mm, concerdgradacipalmente no verdo. A cidade
possui 75 parques e uma superficie verde totabd58.909 rfi(Lima de Toledo 2004).
Parque Estadual das Fontes do Ipiranga (PEFI)

Esta localizado ao sudeste do municipio de SamFadife os paralelos 23°38'08” S e
23°40' 18” e os meridianos de 46° 36' 48" W e 48°08" W, com altitude média de 798 m,
temperatura media de 23,9°C e maxima de 36,8°Cigadi@ relativa média entre 13-100%.
O PEFI € um remanescente de mata atlantica inseddarea urbana do municipio de Séo
Paulo, com vegetacdo predominantemente ombrofiwadeO PEFI foi criado em 1969 e
possui uma area de 526,38 ha (Fernaetlat. 2002, Santos & Funari 2002).

Parque Estadual da Cantareira (PEC)

Esta localizado na Serra da Cantareira, entre gscipios de Caieiras, Guarulhos,
Mairipord e Sao Paulo, com coordenadas 23°27'23%88 46°38'08.15" W; apresenta
altitudes médias de 860 a 1.215m, temperaturasasigdaiores que 21°C em fevereiro e
meédia minima de 14, 4°C em julho. O PEC foi criado1963 e possui area de 7.916,5 ha de
mata Atlantica, dividida em quatro nicleos: Agudar&s, Cabucu, Engordador e Pedra
Grande. A vegetacdo do parque corresponde a f#iooesbrofila densa em diversos estadios
de regeneracao (Secretaria do Meio Ambiente 2000).

Parque Estadual da Serra do Mar (PESM) - Ndcleo Sda Virginia
O Parque Estadual Serra do Mar (PESM), consta &330ha, distribuidas por 23

municipios de Sdo Paulo (Secretaria de Estado de Mmabiente 2006). Este parque é
administrado a partir de oito ndcleos: Picinguaaynha, Curucutu, Santa Virginia,
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Caraguatatuba, S&o Sebastido, Itutinga Pildesrieul{Fundacéo Florestal 2012). O nucleo
de Santa Virginia do PESM, esta localizado na bhmeografica do Rio Paraibuna, nas
coordenadas geograficas 45°03'0 e 23°24’ a 23°¥/'farte dos municipios Séo Luiz do
Paraitinga, Natividade da Serra, Cunha e Ubatubalithde varia de 860m a 1650m,
temperatura média anual entre 20°C a 24°C e apitegiio anual varia entre 1500-4000mm.
A vegetacdo é caracterizada pela floresta Ombr@fdasa Montana (Secretaria do Meio

Ambiente 2006).

Cidade de Ubérlandia (UB)

Ubérlandia esta localizada no Tridangulo MineirodARaranaiba, Estado de Minas Gerais,
Regido Sudeste do Brasil nas coordenadas geogrdf385'23” S e 48°17'17” O. A altitude
varia de 800 a 900m. A precipitacdo média anuataxd.600 mm., a umidade relativa varia
de 85% a 64%, com média de 76%, sendo mais baremtdua seca. A temperatura média
anual € de 22° C. A vegetacdo caracteristica doicipim de Uberlandia é o cerrado

(Prefeitura de Ubérlandia 2008).

Cidade de Cali
A cidade de Cali, esta nas coordenadas de 3° 2¥'G@° 32' 00” W, possui altitude

média de 1.000m, com clima tropical seco. A médigrkcipitacdo anual varia de 900mm
nas areas mais secas a 1.800 mm nas &areas maasfinocth média de 1.000 mm na maior
parte da area metropolitana. A temperatura méda Z3°C com uma média minima de 18,7
°C e uma média méaxima de 30°C, com um maximo atsde 38°C e minima absoluta de
15°C. Estacdes secas ocorrem de dezembro a feverese julho a agosto e a estagao
chuvosa de marco a maio e de setembro a novembrpaNe ocidental da cidade estdo os
Farallones de Cali, que fazem parte da Coordiln@calental dos Andes Colombianos. As

areas verdes da cidade totalizam 10.914.8¢Salazar & Palacios 2003).
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Ecoparque Rio Pance (ERP)

Localizado no departamento do Valle do Cauca, nipioicde Cali, Colémbia,
quildmetro 12 da via Cali-Pance. Possui uma extenl&59,9ha, precipitacdo de 1.378 a
1.517 mm, temperatura média de 24°C e umidade @e &tBn vegetacdo de transicdo de
floresta seca e Umida pré-montana, com altitudds1#s - 1.240m (Botina & Garcia 2005).
Cidade de Palmira
A cidade de Palmira esta localizada ao sul do depe@nto do Valle do Cauca, nas
coordenada8°3148” de latitud norte e 76°81°13°0, possui altitndedia de 1.001m e
temperatura média de 20°C plecipitacdo anual varia entre 2.000-2.100mm. Qack

tropical seco (Alcaldia Municipal de Palmira 2012).

3.2 Coleta de material

Basidiomas de espécimes do gén&@anodermapresentes em leguminosas vivas
afetadas e em troncos podres foram coletados de 282 a novembro de 2013. Os
basidiomas foram retirados do substrato com todas estruturas, colocados em sacos de
papel previamente marcados e transportados acatébior do Instituto de Botanica de Sao
Paulo e ao laboratdrio da Universidad del ValleG@ombia, para estudo de caracteres
morfolégicos macro e microscépicos e isolamentoreservacdo em meio de cultura. Além
do fungo, de cada arvore foram retirados 10g deeireaé@ colocados no saco de coleta junto
ao espécime. O material coletado foi submetidocagam em estufa a 50°C, durante uma
semana, congelado por mais uma semana e colocadsa@s de papel e saco plastico
(Fidalgo & Bononi 1984). Os espécimes foram inadgicho herbario SP do Instituto de

Botanica de Sao Paulo e no herbario CUVC da Undadsdel Valle na Coldmbia.
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3.3. Identificacdo morfolégica

As caracteristicas macroscopicas registradas de esgécime coletado foram: cor,
diametro, forma, superficie, margem, textura e €8pa do pileo; cor e nUmero de poros por
mm na superficie himenial; comprimento e coloragéms tubos; cor, espessura e
caracteristicas do contexto e presenca ou ndo tige.e©s caracteres microscopicos
verificados foram: tamanho, forma e cor do espsigtema hifalico, tamanho e forma dos
basidios utilizando os reagentes KOH 4%, floxina é%elzer (Gilbertson & Ryvarden
1986, Adaskaveg e Gilbertson 1988, Ryvarden 20Q0aiRlen 2004, Gugliottat al. 2011).
Os caracteres macroscopicos foram observados usapacestereoscopica Nikon, modelo
SMZ-1500 e os microscopicos com microscopio optieduz Nikon, modelo Eclipse Ni-U
90. Imagens foram capturadas com uma camera digjkah, modelo DS-Ril U3, Software

NIS Elements Br. As medidas dos basididésporos faeatizada com 20 esporos.

3. 4. Andlise da ultraestrutura da parede dos ba&iporos

Para os estudos de ultraestrutura de todos os ieg®coletados, foram feitas
montagens tanto de esporos como de pedacgos dodiforeiipara especimes sem esporada).
Pequenos fragmentos do himendforo foram cortado$up@, colocados na fita de carbono ja
aderida ao “stabb”, secos em silica gel e banhado®uro por cinco minutos (Pegler &

Young 1973, Gottlieb & Whright 1999).

Do material esporulado, esporos coletados de loasadi deGanodermaforam
colocados em peneiras de 0,25 uM para filtragemrmeazenados em etanol 70%.
Posteriormente foram submetidos a ultrassonogefeentrifugacdo por 5 minutos. Apos
foram colocados nos suportes em fita de carboewadbs a camara dessecadora durante 12
horas. Antes da observacdo ao microscopio dedwaadoi dado um banho de ouro durante

cinco minutos em cada amostra (Pegler & Young 1&68tlieb & Wright 1999 a, b).
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3.5. Identificacéo das plantas

Para identificacdo das plantas hospedeiras deigggdeGanodermam Sao Paulo,
contou-se com a ajuda do inventario e identificad@® arvores com presema fungo feito
previamente pelos botanicos da prefeitura do mpioicle Sdo Paulo. Além disso, observou-
se a planta em estado fértil, ou seja, com presdacHores ou de frutos. Na Coldombia
contou-se com a ajuda do botanico Robert Tulio @ezzda Universidade Nacional de

Coblombia e do curador do herbario CUVC.

3.6. Isolamento em meio de cultura e conservacao

Cada basidioma coletado foi conduzido a camaralde flaminar do Ndcleo de
Pesquisa em Micologia do IBT ou no laboratério derabiologia da Universidad del Valle.
O basidioma foi partido pela metade e do contextoanh retirados pedacos de
aproximadamente 1 émcolocados no meio de cultura BDA (batata-dextdugar) preparado
previamente. Uma vez crescidos em placa-de-pesera contaminacdo, procedeu-se a
conservacado pelos métodos de Castelani (Aguaadiestistéril), tubo com meio de cultura,
papel filtro liofilizado, a fim de ter o materialsponivel e pronto para ser armazenado na

colecédo de cultura do Instituto de Botanica dePsdo (CCIBT).

3.7. Analise de culturas isoladas

De cada linhagem obtida e cultivada no meio daulBDA, foram retirados discos
com micélio, com um furador de rolha de diametroalga sete mm. Para auxiliar as
medicdes, a tampa de cada placa-de-petri foi marcach duas retas perpendiculares, cujo
ponto de cruzamento coincidiu com o centro do i@ avaliagcdo do crescimento foi feita
através de medidas do diametro nos dois quadrardada dois dias, durante 8 dias. De cada

placa foram feitas trés repeticdes. Alem de medirescimento foram analisadas algumas
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caracteristicas da colénia como: cor, zonacgdo,un@xtpigmentacdo e formacao de

clamiddsporos. As culturas foram mantidas em estiémperatura de 26°C.

3.8. Teste enzimatico qualitativo

Para avaliar o complexo enzimatico dos 42 espécileeSGanodermaobtidos em
cultura, tanto no Brasil como na Colémbia, foramlizados testes enzimaticos qualitativos
em placas-de-petri com os meios: Extrato de Mafjar2% (MEA) e o corante azul brilhante
de remazol R-RBBR para sistema degradativo ligndaiéico (Okinoet al. 2000; Machado
et al. 2005, Vitaliet al. 2006); guaiacol e-naftol para lacase; pirogalol para peroxidases
(Stalpers 1978; Schwyn & Neilands, 1997) e enzimasloliticas com vermelho congo,
CMC e meio basal (Jet al. 2011). A produgcdo de compostos de baixa massarmola
guelantes de ferro (sider6foros), foram avaliadmsgpomo azurol S - CAS (Milagrest al.
1999). Para igualar a idade fisiologica dos cuftjveultivou-se cada linhagem no meio de
cultura MEA por 7 dias, dos quais foram retiradssas de micélio com 5 mm de diametro e
inoculados no centro das placas. Foram avaliadus t@& crescimento do micélio como o
didmetro do halo formado em cada tratamento. Emstad placas, duas retas perpendiculares
foram marcadas, cujo ponto de cruzamento coin@diu o centro do in6culo. As medigdes
do crescimento e do halo foram feitas nos dois Iquéels a cada dois dias, durante 7 dias.
Todo o experimento foi feito em triplicata e o &raento estatistico dos dados foi realizado no
programa SAS, através de andlise fatorial, tendooctatores as linhagens e os meios de

cultura.

3.9. Estudo molecular
Discos de 5 mm de micélio de cada linhagem isdiadan colocadas em 100 ml do meio
liqguido ME (Extrato de malte-dextrose-peptona) a, 2%rante uma semana. Uma vez

completamente colonizada a superficie do meiodimuw material foi, filtrado com bomba de
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vacuo, lavado com agua destilada estéril, secopapmel filtro estéril e colocado em sacos de

papel aluminio estéril para posterior extracdo pléicacdo do DNA.

3.9.1. Extracdo manual de DNA
Esta fase foi realizada de acordo com o protocapgsto por Raeder & Broda (1985)
com algumas modificacdes. Para isto, prepararaBOsel do seguinte buffer de extracdo

(tabela 1).

Tabela 1. Solucao buffer de extracéao

Reagentes Concentragéo
Tris-HCL, pH:8,0 200 mmol
NaCL 250 mmol
EDTA 25 mmol
SDS 0,5%

Para a extracdo do DNA, 50 mg de micélio de catdamfiem foram maceradas em
nitrogénio liquido, colocadas em tubo Eppendorf&cb00 pl de buffer de extracdo e
agitadas em vortex durante 5 segundos. Em segsidabos Eppendorf® foram colocados
em banho maria a 65°C durante uma hora. Finaliest® tempo, a cada tubo Eppendorf®,
adicionou-se 350 ul de fenol equilibrado, mistuseuem vortex durante 5 segundos, foi
acrescentado 150 pl de cloroférmio e centrifugastodp minutos a 13.000 rpm. Esta fase foi
repetida mais uma vez. Da fase aquosa superidtae®u500 pl foram retirados, misturados
com 500 pl de cloroférmio em outro Eppendorf® etdirgados por 10 minutos a 13.000
rom. Transcorrido este periodo 300-400 pl forangatsios em outro Eppendorf®, ao qual
adicionou-se a metade deste volume de alcool ipdfmo e centrifugado por 10 minutos a
13.000 rpm.

Posteriormente, o alcool isopropilico foi retiragl@acrescentado 100-120 pl de alcool
absoluto, deixando o material no freezer a -20°@me uma noite. No dia seguinte o

material foi centrifugado durante 10 minutos a @8.@om, o &lcool absoluto foi retirado e
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trés lavagens com alcool 70% foram feitas. Os Ep@d® secaram a temperatura ambiente,
para eliminar o alcool completamente. Finalmenteadga Eppendorf® adicionaram-se 30 pl
de TE e 1 pl de RNasa, e foram levados ao banhi@ m&7°C por meia hora.

A visualizacéo da extracado do DNA foi realizadaggis de agarose 0,8% em tampéao
TBE 0,5X (Tris-borato 0045M; EDTA, 0,001M) corridoem o Gel RED.

A quantificacdo da concentracdo do DNA extraidoréalizada por espectrofotometria
Nanodrop, usando o equipamento Nanodrop 2000 $pdcttometer Termo Scientific. Para
a leitura, 1ul de cada amostra de DNA extraidavigificada. Terminada a leitura, as
amostras foram armazenadas em freezer a -20°€adiZar a PCR.

3.9.2. Reagao em cadeia da polimerase — PCR (Aml&cdo de DNA)

Para a realizacdo dos testes para PCR, experimbasmados em trabalhos de
Vilgalys & Hester (1990), Moncalvet al. (1995a), Glottieket al. (2000), Bindeeet al. (2005)
e Nascimenteet al. (2011) foram usados. O primer utilizado para geseamoldes ITS para
sequenciamento foram BMC-CR{BTACACACCGCCCGTCG-3 posicdo 1624-1640 em
S. cerevisiad 7S rRNA) e LRI (5-GGTTGGTTTCTTTTCCT-3)).

A reacdo ou solucdo mix e as condicbes para a PCinfrealizadas da seguinte
forma (tabela 2).

Tabela 2. Solugdo Mix para a PCR

Concentracéo
Reagentes — -
inical final
Buffer Taq 10x 1X
dNTP’s 1.25mM  0.2mM

Primer I(forward) 10 uM 0,4 uM
Primer 2 (reverse) 10 uM 0,4 uM

Mg CL2 25 mM 3mM
Taq Polymerasa 5U/ ul 2.5 /ul
ADN 30 ng/ul 60 ng/ul
Agua - -

- Varia de acordo com o nimero de arasst

As condicdes para conduzir a PCR para este pariohers foram feitas de acordo

com Vilgalys & Hester (1990) da seguinte forma:
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1. Desnaturacéo a 94°C durante 5 minutos
2. Desnaturacéo a 94°C durante 1 minuto
3. Alinhamento dos primers a 50°C durante 45 seggind
4. Extensdo a 72 °C durante 1 minuto
5. Voltar a 2 (desnaturacdo a 94°C durante 1 rairepetir 30 vezes
6. Extenséo a 72 °C durante 7 minutos
7. Manter a 16°C por 15 minutos
8. Finalizar
Para gerar os moldes SSU para sequenciamento fditmados os primers BMS05
(5-TTAATTTTGGTTCNGATTGAACG-3) e BMS173
(5 TGCTATGACTTTTGAGATGTTAC-3). A reacao ou solucamix foi a mesma citada
para ITS e as condi¢des para conduzir a PCR paraasde primers foram feitas de acordo a

Hong & Jung (2004) da seguinte forma:

1. Desnaturacgédo a 94°C durante 3 minutos
2. Desnaturagéo a 94°C durante 30 segundos
3. Alinhamento dos primers a 50°C durante 30 segsind
4. Extensao 72 °C durante 2 minutos
5. Voltar a 2 (Desnaturacdo a 94°C durante 30 skgg)re repetir 30 vezes
6. Extenséo a 72 °C durante 10 minutos
7. Manter a 16°C por 15 minutos
8. Finalizar
Para os moldes LSU, os primers LROR (3'-ACCCGCTGAABAGC-5) e LR7
(3 TACTACCACCAAGATCT-5") foram utilizados. As condbes para conduzir a PCR

foram as seguintes (Korbie & Mattick 2008):
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1. Desnaturacéo a 94°C durante 2 minutos
2. 5 ciclos de desnaturacédo a 94°C durante 45 degun
3. Alinhamento dos primers a 54°C durante 50 seggind
4. Extensao a 72 °C durante 1 minuto e 20 segujilménuicéo de 1°C até atingir 50°C)
5. 30 ciclos de desnaturacéo a 95°C por 45 segundos
6. Alinhamento a 50°C por 50 segundos
7. Extenséo a 72 °C por 1 minuto e 20 segundos
8. Extenséo a 72°C por 10 min
9. Finalizar
Para gerar os Moldes para MnP, as mesmas condigiiess realizadas para ITS
foram seguidas. Foram utilizados os primers ESRGE AGY TGS GTC TCG ATG AAG-

3’) e E2FB (5'-GAC CTS CAG AAG AAC CTG TTC SA-3)).

Para alguns exemplares foram testados os “kitséxtiecao e amplificagdo G2N70
GenElute™ Plant Genomic DNA Miniprep Kit e P4600aBgMix™ Taq PCR Reaction Mix,
da Sigma-Aldrich, seguindo os protocolos recomeoslagelo fabricante. Utilizaram-se
fragmentos de basidiomas e micélio liofilizado.

Para a analise molecular os produtos de PCR obtfdoam enviados para
sequenciamento a Macrogen-Koreia. As sequénciddaghdas duas fitas foram comparadas
diretamente com as sequéncias depositadas na laskdbs do GenBank, usando a
ferramenta de busca de alinhamento local basicaATBl). As sequéncias parciais das
regides ITS, LSU e SSU foram editadas com o progr&@hromas PRO versdo 2.1 e
alinhadas com o programa MAFFT, versao 5 (Katoal. 2005).

As sequéncias ITS, SSU, LSU e MnP obtidas nedbaltra foram analisadas através

de uma analise concatenada. Numa primeira apro&imnégram consideradas todas as
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sequéncias para espécies lacadas e néo lacaGaddermaeportadas no GenBank. Busca
especial foi dada a sequéncias de espécies cipattasa América do Sul. Desta primeira
analise foram suprimidas as sequéncias de espfegenao tinham relacdo com as espécies
encontradas e um grupo de sequéncias referénciamitdes espécies déanodermado
GenBank foram selecionadas para comgaraEstas sequéncias foram selecionadas por ter
varias regides sequenciadas e maior longitudeglgéseia nucleotidica.

A reconstrucéo da historia filogenética foi inferijdelo método de maxima parsimonia
(MP), maxima verosimilhanca (MV) e inferéncia bagaa (MCMC). Para a analise de
parsimonia foi utilizado PAUP* 4.0 v.b.10 (Swoffor2D02), para a analise MV e MCMC foi
encontrado o melhor esquema de particdo e modelmulostitgdo nucleotidica usando o
critério de informacéo bayesiana (BIC) implementadoprograma Partition Finder, verséo
1.1.0 (Lanfearet al. 2012). A analise ML foi realizada no software GARkersédo 2.0

(Bazinetet al 2014).
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4. RESULTADOS E DISCUSSAO

Foram coletados 56 espécimes@hinodermadesse total, 39 sobre tronco de arvores
vivas de 15 espécies diferentes de leguminosaseaml@rvores mortas nas cidades de S&o
Paulo e Uberlandia no Brasil e Cali, Pance e Palmia Colémbia. Nas arvores vivas, foram
identificadas 1 espécime @& subamboinens@. Henn.) Bazz. & Wright, 8 espécimes@e
gibbosum(Blume & T. Nees) Pat., 3 d&. multiplicatum(Mont.) Pat. e 18 do complexs.
parvulumMurr. Em arvores mortas foram encontradas 11 esgécdeG. australe(Fr.) Pat,
6 deG. gibbosum(Blume & T. Nees) Pat e 1 d& multiplicatum(Mont.) Pat(Tabelas, 3, 4 e
5).
4.1. Espécies de Ganoderma, locais de coleta, hisipes em areas protegidas e urbanas

A presenca do génei@anodermaem leguminosas vivas utilizadas em arborizacao
urbana em Séo Paulo e Uberlandia foi registradaeimespécies diferentes de leguminosas
(Caesalpinia ferreaC. Matrt.,C. pelthoporoideBenth.,Inga veraWilld., Holocalyx balansae
Micheli, Leucaena leucocephaldam.) de Wit eTipuana tipu(Benth.) O. Kuntze.) sendo
queC. peltophoroide® a espécie com maior numero de basidiomas coketddespécie de
Ganodermanéo lacadas mais frequente§&egibbosumNo Parque Estadual da Cantareira
(PEC) foram coletados 12 espécimes, todos nédo dacadorrespondendo apenas a
Ganoderma australe G. gibbosumNo PEFI foram encontradas tanto espécies lacadae
ndo lacadas. No Nucleo de Santa Virginia foi etrado apenas 1 espécime @eaustrale
em tronco morto. Na Colémbia, na cidade de Calesggcies d&anodermaocorreram em
11 espécies diferentes de legumino$2aubiinia purpureall.) Benth, Calliandara pittieri
Standl., Cassia fistulaL., Cassia siamealLam., Caesalpinia pelthoporoidesClitoria
fairchildiana Howard,Delonix regia(Bojer Ex.Hook) RafJnga edulisMart., Haematoxylum

brasilleto H. Karst., Leucaena leucocephalaPithecelobium dulce(Roxb.) Benth.,
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principalmente entCassia fistulaL. e em segundo lugar eireucaena leucocephaldNo
ecoparque Pance, municipio de Cali, foi encontr&anultiplicatume G. parvulum em
Caesalpinia pelthophoroides e Cassia fistulam Palmira foi encontrad@anodermasp.
sobre Delonix regia (Bojer Ex. Hook) Raf. Nas arvores vivas a partesn@mum de
ocorréncia do fungo foi na base da arvore (0-1@eraltura) provavelmente porque o sistema
radicular das leguminosas enfrenta condicbes dessst quando plantado em espacos
urbanos onde séo submetidos a injurias pelo pesdianimais e do proprio homem (Dagma
2009). Em troncos podres as espéciesGamodermacrescem em qualquer posicao. As

seguintes tabelas (3 a 5) sumarizam o registr@picanes em todos os locais coletados.

Tabela 3. Espécimes dganodermacoletados em leguminosas vivas nas cidades de S&o

Paulo e Uberlandia.

ESPECIMES No. FUNGO LOCAL HOSPEDEIRO
SP417773 G. subamboinense Sao Paulo Caesalpinia ferrea
SP417774 G. gibbosum Séo Paulo Inga vera

SP466392 G. gibbosum Séo Paulo Caesalpinia ferrea
SP466393 G. gibbosum Sao Paulo Holocalyx balansaei
SP417797 G. multiplicatum Sao Paulo Caesalpinia pelthoporoides
SP417776 G. gibbosum . Séo Paulo Caesalpinia pelthoporoides
SP417798 G. gibbosum Séo Paulo Caesalpinia pelthoporoides
SP417777 G. gibbosum Sao Paulo Leucaena leucocephala
SP417778 G. multiplicatum Sao Paulo Tipuana tipu

SP417799 G. gibbosum Séo Paulo Caesalpinia pelthoporoides
SP417795 G. gibbosum Uberlandia Caesalpinia pelthoporoides
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Tabela 4. Espécimes dganodermacoletadosem troncos mortosio Parque Estadual da

Cantareira, Jardim Botanico de Sao Paulo e Ubadand

ESPECIME LOCAL FUNGO
SP417782 PEC G. australe
SP417783 PEC G. australe
SP417784 PEC G. australe
SP417785 PEC G. australe
SP417791 PEC G. australe
SP417786 PEC G. gibbosum
SP417787 PEC G. australe
SP417788 PEC G. gibbosum
SP417789 PEC G. australe
SP417792 PEC G. australe
SP417796 PEC G. australe
SP417793 PEC G. australe
SP417780 PEFI G. multiplicatum
SP417781 PEFI G. gibbosum
SP-(IBT-4) PEFI G. gibbosum
SP417794 Ubérlandia G. gibbosum
SP445969 Santa Virginia G. australe

Tabela 5Espécimes d&anodermeacoletados em leguminosas vivas na Colémbia.

ESPECIME No. LOCAL FUNGO HOSPEDEIRO
CuUVC60070 Cali Complex@. parvulum Cassia fistula

CuUVC60071 Cali Complex®. parvulum Cassia fistula

CuUVC60072 Cali Complex®. parvulum Cassia fistula

CuUVC60073 Cali Complex®. parvulum Cassia fistula

CuVvC60074 Cali Complex®. parvulum Cassia fistula

CUVC60075 Cali Complex®. parvulum Leucaena leucocephala
CUVC60076 Cali Complex®. parvulum Cassia fistula

CuvC60077 EPP G. multiplicatum Caesalpinia pelthoporoides
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Tabela 5. Continuacéao.

ESPECIME No. LUGAR FUNGO HOSPEDEIRO
CuUVC60078 Cali Complex®. parvulum Cassia fistula
CuUVvC60079 Cali Ganoderma sp. Cassia fistula
CuVvC60080 Cali Complex®. parvulum Cassia fistula
CuVvC60081 Cali Complex®. parvulum Leucaena leucocephala
CuVvC60082 Cali Complex®. parvulum Leucaena leucocephala
CuVvC60083 EPP Complex@. parvulum Cassia fistula
CuvC60084 EPP Complex@. parvulum Cassia fistula
CuUVC60085 EPP Complex@. parvulum Cassia fistula
CuUVC60086 EPP Complex@. parvulum Cassia fistula
CuvCe60087 Cali Complex®. parvulum Phitecelobium dulce
CuVvC60088 Cali Complex®. parvulum Leucaena leucocephala
CuUVvC60089 Cali Complex®. parvulum Cassia siamea
CuUVC60090 Palmira Ganodermasp.1 Delonix regia
CUVC60091 Cali Complex®. parvulum Calliandra pittieri
CUVC60092 Cali G. gibbosum Inga edulis
CuUVC60093 Cali Complex®. parvulum Bauhinia purpurea
CuUVC60094 Cali Complex®. parvulum Clitoria fairchildiana
CUVC60095 Cali Complex®. parvulum Hematoxylum brasilleto

4.2. Culturas obtidas e caracteristicas macroscépie microscopicas das culturas isoladas
De todos os espécimes coletados tanto em &rvoras ®omo em tronco podre foram
obtidas 44 culturas puras. Estas culturas forarsepvadas pelos métodos de tubos-de-ensaio
com meio de cultura batata-dextrose-agar (BDA)i€llasi, papel filtro e liofilizacdo.
Quanto as caracteristicas culturais de todas hadensdo génerdGanodermaa cor
do micélio apresentou-se sempre branca sendo,npmrtam parametro constante; algumas
culturas apresentaram zonacao da col6nia indeptamente de ter sido coletada em arvores
vivas ou mortas. Na maioria das culturas o tipocdsscimento é felpudo é sé algumas

culturas apresentaram um micélio estriado. Umatiem do complex&. parvulum(CC-9)
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apresentou conglomerado de células. A pigmentaedohdas ocorreu com o decorrer do
tempo e é talvez o parametro mais variado. Valera glestacar que a pigmentacdo € uma
caracteristica que interfere para fazer os estodneculares, uma vez que dificulta uma boa
extracdo e qualidade do DNA. Nem todas as linhagprssentaram clamiddsporos, mas no
caso deG. subamboinensesta caracteristica é citada como importante @ateterminacao

da espécie (Moncalvo et al. 1995b, Gottlieb & WiigB99b). Este parametro ndo tem sido
muito estudado pelos taxonomistas e precisa sdiadwvacom mais cuidado Neste estudo
clamidésporos foram encontrados em linhagens lacattaGanodermae ausente em
linhagens nédo lacadas. Segundo Moncaéto al. (1995a) este parametro e relacbes
filogenéticas permitiram separar isolados nortearaeos de europeus @ lucidum Hifas
finas, septadas e com ansas caracterizaram emasdiabagens. As tabelas 6 e 7, e a figura
2 contem informac@es das linhagens. Foi observadaem algumas delas apds armazenadas
por muito tempo a 4°C ou em freezer, o crescimintmibido.

Tabela 6. Caracteristicas das linhagen&deodermalo Brasil

No. FUNGO COR APARENCIA PIGMENTACAO  CLAMIDOSPOROS
CULTURA DAS HIFAS

SP417773 G. subamboinense Branca Felpuda Amarela Presente
SP417774 G. gibbosum Branca Felpuda Castanho-escuro  Ausente
SPC466392 G. gibbosum Branca Felpuda Castanho-escuro  Ausente
SPC466393  G. gibbosum Branca Felpuda Castanho-escuro  Ausente
SP417796 G. australe Branca Felpuda _ Ausente
SP417797 G. multiplicatum Branca Felpuda Castanho-escuro  Ausente
SP417776 G. gibbosum Branca Felpuda Canela Ausente
SP417798 G. gibbosum Branca Felpuda Canela Ausente
SP417777 G. gibbosum Branca Felpuda Castanho-claro Ausente
SP417778 G. multiplicatum Branca Felpuda Amarela Ausente
SP417799 G. gibbosum Branca Felpuda Amarela Ausente
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Tabela 6. Continuacéao.

No.

PIGMENTACAO DAS

CULTURA FUNGO COR APARENCIA HIFAS CLAMIDOSPOROS
SP417794 G. gibbosum Branca Felpuda - Ausente
SP417795 G. gibbosum Branca Felpuda - Ausente
SP417782 G. australe Branca Felpuda Castanho-claro Ausente
SP417783 G. australe Branca Felpuda Castanho-claro Ausente
SP417784 G. australe Branca Felpuda Castanho-claro Ausente
SP417785 G. australe Branca Felpuda Castanho-claro Ausente
SP417791 G. australe Branca Radiada Amarela Ausente
SP417786 G. australe Branca Radiada - Ausente
SP417787 G. australe Branca Radiada Castanho-claro Ausente
SP417788 G. australe Branca Felpuda Castanho-claro Ausente
SP417789 G. australe Branca Felpuda Castanho-claro Ausente
SP417792 G. australe Branca Radiada - Ausente
SP417793 G. australe Branca Felpuda _ Ausente
SP445969 G. australe Branca Felpuda Amarela Ausente
SP417780 G. multiplicatum  Branca Felpuda Castanho-escuro Ausente
SP417781 G. gibbosum Branca Felpuda Castanho-claro Ausente
IBT-4 - G. gibbosum Branca Felpuda Castanho-claro Ausente

- = Ausente

Tabela 7. Caracteristicas das linhagen&aeodermeacoletadas na Colémbia.

No. R PIGMENTA CAO ]
FUNGO COR APARENCIA CLAMIDOSPOROS
CULTURA DAS HIFAS
CUVC60073 Complex&. parvulum Branca Felpuda _ Ausente
CUVC60074 Complexé. parvulum Branca Felpuda _ Ausente
CUVC60075 Complexé. parvulum Branca Felpuda _ Ausente
CUVC60076 Complex&. parvulum Branca Felpuda Amarela Presente
CUVC60077 G. multiplicatum Branca Felpuda _ Presente
CUVC60078 Complexé. parvulum Branca Felpuda _ Ausente
CUVC60079 Ganodermasp. Branca Felpuda Amarela Ausente
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Tabela 7. Continuacéao.

No. FUNGO COR APARENCIA PIGMENTA CAO )
CLAMIDOSPOROS

CULTURA DAS HIFAS

CUVC60080 Complex&. parvulum Branca Felpuda _ Ausente
CUVC60081 Complex&. parvulum Branca Felpuda _ Presente
CUVC60082 Complex&. parvulum Branca Felpuda Amarela Ausente
CUVC60083 Complex&. parvulum Branca Felpuda Amarela Ausente
CUVC60084 Complex&. parvulum Branca Felpuda Amarela Ausente
CUVC60085 Complex. parvulum Branca Felpuda Amarela Ausente
CUVC60086 Complexé. parvulum Branca Felpuda _ Ausente
CUVC60087 Complexé. parvulum Branca Felpuda _ Ausente
CUVC60088 Complex&. parvulum Branca Felpuda _ Ausente
CUVC60089 Complex@. parvulum Branca Felpuda Amarela Presente
CUVC60091 Complexe. parvulum Beje Felpuda _ Ausente
CUVC60093 Complex&. parvulum Branca Felpuda _ Presente
CUVC60096 Complex@. parvulum Branca Felpuda Amarela Ausente

- = Hifas hialinas



Figura 2. Caracteristicas das colbnias apresenfamtainhagens d&anodermaem cultura,
em meio extrato de malte. A). aparéncia radiadaC,BD, F)aparéncia felpuda e coloracao
variada. E). Conglomerado de células. G). Hifas.GHamidosporos corados com floxina 1%
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4. 3. Andlise de crescimento em extrato de malt&M)

A analise do crescimento das linhagens do géfawmodermaobtidas de arvores
vivascomo de tronco morto mostrou que em geral as leiggue crescem em arvores vivas
apresentam crescimento mais rapido do que as deotrorto, uma vez que nos em 8 dias
conseguem colonizar toda a placa-de-petri. Detidi® linhagens que crescem em arvores
vivas ha trés grupos de crescimento: crescimempidaameédio e lento. Crescimento rapido
foi definido como aquele onde toda a placa-de-Retwlonizada em 7 dias e atinge 8 cm de
diametro; crescimento médio aquele onde a linhagm@omiza 5-7 cm e crescimento lento €
aquele que a la linhagem coloniza até 4cm em 7. digsn arvores vivas no Brasil,
Ganoderma gibbosumpresentou linhagens de crescimento rapido (SBR2;7, SPC-10) e
crescimento lento (UB-2). As duas linhagens @e multiplicatum (SPC-5 e SPC- 9)
encontradas em arvores vivas apresentaram cregoiteato. Em arvores vivas da Colémbia
a linhagen CC-12 do complexa parvulumfoi a de maior crescimento (Figura 3).

A grande maioria das linhagens que crescem emadnmacto apresentam crescimento
lento. Uma linhagem dé. gibbosum(CTRA-8) foi a de maior crescimento. As linhagees
G. australetiveram o crescimento mais lento de todas (IBGIRA-2, CTRA-3, CTRA-7,
CTRA-4, CTRA-5, CTRA-1, CTRA-10). Uma linhagem de. multiplicatum (IBT-2)
apresentou crescimento médio (Figura 3). A taxar@scimento tem sido um parametro
usado na comparacdo de culturasGinoderma(Nobles, 1948, Adaskave & Gilbertson
1986, 1989). Segundo Moncalwt al. (1995b) as culturas de crescimento rapido séo
termofilicas e produzem clamidésporos, enquanto aglede crescimento lento ndo sao

termofilicas e ndo produzem clamiddsporos.
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Complexo G. parvulum CC4-7, 9, 11-20
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Ganoderma sp. cci1o

Figura 3. Crescimento em meio de cultura MEA. Ahhagens de arvores mortas no Brasil.

B). Linhagens de arvores vivas no Brasil. C). Lodras de arvores vivas na Célombia.

Nos resultados observados h& linhagens de credanr@pido e formacdo de
clamidésporos, assim como também nenhuma das &nkade espécies lacadas tiveram
crescimento lento e varias ndo formaram clamid@spor

A analise estatistica foi feita no programa SASdados foram tratados através da
analise ANOVA de medidas repetidas, a qual verfigpe ha diferegas estatisticamente
significativas entre as linhagens, o tempo e aagd®e linhagem-tempo (p < 0,05).

4.4. Analise qualitativa de enzimas
A producédo do sistema degradativo ligninoliticodbservado nos testes com RBBR;

para lacases com guaiacol e as oxidases e peregidas o teste de gotas (figura 4).
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Figura 4. A). crescimento e halo de descoloragdom®io RBBR. B). Crescimento rizomdrfico em
Celulose. C e D). Crescimento e descoloragcdo no @&S. E). Formacao de Halo e Reacéo + a lacase

e peroxidase. F). Reacéo + a lacase e peroxidase.
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O corante modelo azul brilhante de remazol R, mugado na industria téxtil e
originario de antraceno, € um composto sintétig@ctoque permite visualizar a atuagdo nao
especifica do complexo enzimatico e ndo enziméitiomlitico. Observou-se que espécimes
de arvores mortas e arvores vivas sao capazes stelaldr o corante junto com 0 seu
crescimento. Em alguns casos (19%), a descolofagdoaior que o crescimento do fungo

mostrando a presenca de enzimas extracelularesg(ft.
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G. gibbosum SPC 2-4, 6-8 ¢ 10; IBT 3; UBI-2; CTRA 6 e 8

T G. australe CTRA1-5,7¢9
mm Micelio| ¢ muniplicatum SPC5 e 9 IBT 2; CC8
1 Halo Complexo G. parvulum CC4-7, 9, 11-20

G. subamboinense SPC1
Ganoderma sp. CCI10

Figura 5. Crescimento e formacao de halo em meiBRRBA. Linhagens dé&sanodermgpresentes em arvores
mortas. B. linhagens déanodermapresentes em arvores vivas no Brasil. C. Linhagefzanodermaresentes

em arvores vivas na Colémbia.

Houve diferengas quanto a tonalidade da descoloraggumas linhagens ficaram mais

alaranjadas e outras tornaram o meio mais transgare
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Producgéo da enzima lacase em meio guaiacol foctéel® na maioria dos isolados
(Figura 6), apenas o isolado @esubamboinens¢SPC 1) nao formou halo e CTRA 6 n&o
cresceu. Nos testes de gotas realizados pararaa@iiaducao de oxidases e peroxidases,
nesse mesmo meio, os resultados foram positivdsisiie para SPC 1 que nao formou halo
em guaiacol, entretanto, os isolados CTRA 9 e CTBAque apesar de reagirem com o

guaiacol ndo apresentaram reacaenaftol nem a pirogalol (Tabela 8).

N w - W
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\'\o’bbu‘:b’\‘bQQ'\o
¢ %Qo%c‘zco\gb

“'\""““'\""\b‘\%\\*’\'\o
%QQ%Q%Q%Q%Q%Q OQQQQQQC NN NN S

RPN
G. gibbosum SPC 2-4, 6-8 ¢ 10; IBT 3; UBI-2; CTRAG e 8

T G. australe CTRA1-5,7¢9
- M}ceho G. multiplicatum SPC 5 e 9 IBT 2; CC8
— Halo Complexo G. parvulum CC4-7, 9, 11-20

G. subamboinense SPC1
Ganoderma sp. ccio

Figure 6. Crescimento e formacéo de halo no me@idgol. A). Linhagens déanodermgresentes em arvores
mortas. B). linhagens d&anodermapresentes em arvores vivas no Brasil. C). LinhagéeGanoderma

presentes em arvores vivas na Colémbia.

E interessante notar que houve uma tendéncia mugio de celulases e compostos
guelantes de ferro em relacdo ao substrato emogam fisolados. A atividade de celulase foi

observada em 42,9% dos isolados (Figura 7), sendodgstes, 61,1% encontraram-se nos
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isolados de arvores mortas, indicando necessidddeerttiada para colonizar o0 mesmo
substrato em condigfes distintas (vivo ou em deosimfo), permitindo supor estar ligada a
disponibilidade de acucares. S6 duas linhagenswibeed vivas da Coldmbia formaram halo

no meio com celulose, indicando baixa producéacetidases.
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Figura 7. Crescimento e halo formados no meio celuml@se. A. Linhagens déanodermaresentes em arvores
mortas. B. Linhagens d&anodermapresentes em arvores vivas no Brasil. C. Linhag&anoderma

presentes em arvores vivas na Colémbia.

Quanto a atividade de quelantes de ferro foi p@sipara 80,8% das linhagens
principalmente nas arvores vivas e nos isoladdsal@dmbia (Figura 8). Os resultados obtidos

corroboram com a teoria da degradacdo da madeir@, sg@ inicia com a reacdo de
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despolimerizacao da parede celular causada pelopastos de baixa massa molar, capazes
de se complexar com Eee reduzi-lo a F&. Liberadosio ambiente, na presenca de perdxido
de hidrogénio (K0,), reagem formando radicais hidroxilas pela reagém Fentom (OH)
(Goodell et al. 1997; Milagreset al, 2002Aguiaret al. 2006; Aranteset al. 2006,).
Embasados nessa teoria pode-se supor a maior igeckesdo fungo em produzir quelantes de

ferro para se estabelecer em arvores vivas.
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Figura 8. Crescimento e halo formados no meio CAS.Linhagens deGanodermapresentes em arvores
mortas. B). Linhagens d&anodermapresentes em arvores vivas no Brasil. C). LinhagémGanoderma

presentes em arvores vivas na Colémbia.
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Tabela 8. Atividade lignocelulolitica de linhagetesGanodermaA. RBBR= Degradacédo do
corante Rhemazol-Brilliant-Blue. CAS= Produc¢do dte®foros no meio cromo azurol S-
CAS. LAC=Lacase. PER= Peroxidase. CEL=Celulase.

Espécimes No Colector No. Herbario RBBR CAS LAC PER CEL
G. australe CTRA-1 SP417782 + + + + +
CTRA-2 SP417783 + + + + +
CTRA-3 SP417784 + _ _ + +
CTRA-4 SP417784 + + _ + ;
CTRA-5 SP417791 + + _ + +
CTRA-7 SP417787 + + _ + +
CTRA-9 SP417789 + + _ _ _
CTRA-10 SP417792 + + + + +
CTRA-11 SP417796 + + _ + +
CTRA-12 SP417783 + + + + +
G. gibbosum CTRA-6 SP417786 + + _ + -
CTRA-8 SP417788 + + _ + +
SPC-2 SP417774 + _ _ + +
SPC-3 SP466392 + + _ + +
SPC-4 SP466393 + + _ + +
SPC-6 SP417776 + - + + +
SPC-7 SP417798 + _ 3 + +
SPC-8 SP417777 + _ 3 + +
SPC-10 SP417799 + + + + +
UB-1 SP417794 + + 3 i N
UB-2 SP417795 + + _ + +
IBT-2 SP417780 + + _ + +
G. multiplicatum IBT-3 SP417781 + _ _ + -
SPC-5 SP417796 + + + + +
SPC-9 SP417778 + _ _ + -
CC-8 CuvCe0077  + + _ + +
ComplexoG. parvulum CC-4 cuvCceo073  + + + + +
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Continuacédo Tabela 8

Espécie No. Colector No. Herbario RBBR CAS LAC PER CEL
ComplexoG. parvulum CC-5 CuUVvC60074 + + + + N
CC-6 CUVC60075  + + + + -
CC-7 CuUVC60076 + + + + -
CC-9 CuvCe60078 + _ + + +
CC-11 CuvC60080 + + + + -
CC-12 CcuvCe0081 + + + + -
CC-13 CuUVvC60082 + + + + -
CC-14 CuUVvC60083 + + + + -
CC-15 CuvC60084 + + + + -
CC-16 CuVvC60085 + + + + -
CC-17 CUVC60086 + + + + -
CC-18 CuUVvC60087 + + + + -
CC-19 CuVvC60088  + + + + +
CC-20 CUVC60089  + + + + +
G. subamboinense SPC-1 SP417773 + + - + +
Ganodermasp. 1 CcC-10 CUvVC60079 + + + + +

+ = positivo, - = Negativo

4.5 Analise molecular

Do total de espécimes coletados (56), foi possambplificar e sequenciar 48
espécimes para regido ITS, 43 para a regido LS\pagata regido SSU e 12 sequéncias para
0 gene da manganés peroxidase. Apesar de teddesdaios primers, varios protocolos de
extracdo e Kitts, a amplificacdo da regido SSUdfticil e isto explica o baixo nimero de
sequéncias obtidas. Hong & Jung (2002) mencionaenpgu este motivo a regido SSU nao
tem sido muito usada na sistematica de fungos.iX® Ibdmero de sequéncias para o gene da
manganés peroxidase deve-se a que sO foram seapend3 espécimes para constatar a
presenca deste gene. As Tabelas (9-12) apresentaéimero de sequéncias obtidas por

espécime. Estas sequéncias serdo depositadas banken
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Tabela 9. Espécimes, No de herbéario e codigo génpara as regides ITS, LSU, SSU e

MnP.

Espécie No. Herbario Cédigo ITS LSU SSuU MnP
coletor

G. subamboinense SP417773 SPC-1 KU569546 KU570945 KU695654 v

G. gibbosum SP417774 SPC-2 KU569547 KU570946  KU695655 v

G. gibbosum SP466392 SPC-3 KU569548

G. multiplicatum SP417796 SPC-5 KU569549 KU570947  KU695656 v

G. gibbosum SP417776 SPC-6 KU569550 KU570948

G. gibbosum SP417798 SPC-7 KU569551 KU570949 v

G. gibbosum SP417777 SPC-8 KU569552 KU570950

G. multiplicatum SP417778 SPC-9 KU569553 KU570951 v

G. gibbosum SP417799 SPC-10 KU569554 KU570952

G. gibbosum SP417794 UB-1 KU569556 KU570954

G. gibbosum SP417795 UB-2 KU569557 KU570955 KUG695658

ComplexoG. parvulum CuUVvC60072 CC-3 KU569510 KU570910

ComplexoG. parvulum CUVC60073 CC-4 KU569511 KU570911

ComplexoG. parvulum CUVC60074 CC-5 KU569512 KU570912 KU695635

ComplexoG. parvulum CuUVC60075 CC-6 KU569513 KU570913 KU695636

ComplexoG. parvulum CuUVC60076 CC-7 KU569514 KU570914 KU695637

G. multiplicatum CUVC60077 CC-8 KU569515 KU570915

ComplexoG. parvulum CUVC60078 CC-9 KU569516 KU570916 KU695638

Ganodermasp. 1 CuUVC60079 CC-10 KU569517 KU570917 KU695639

ComplexoG. parvulum CuUVvC60080 CC-11 KU569518 KU570918 KU695640

ComplexoG. parvulum CUVC60081 CC-12 KU569519 KU570919 v

ComplexoG. parvulum CuUVC60082 CC-13 KU569520 KU570920 KU695641

ComplexoG. parvulum CuvC60083 CC-14 KU569521 KU570921 KU695642

ComplexoG. parvulum CuvC60084 CC-15 KU569522 KU570922 KU695643 v

ComplexoG. parvulum CuVvC60085 CC-16 KU569523 v

ComplexoG. parvulum CUVC60086 CC-17 KU569524 KU570923 KU695644 v
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Tabela 9. Continuacao

Espécie No. Herbario  Cédigo ITS LSU SsuU MnP
coletor

ComplexoG. parvulum CUVC60087 CC-18 KU569525 KU570924  KU695645 4

ComplexoG. parvulum CUVC60088 CC-19 KU569526 KU570925 KU695646

ComplexoG. parvulum CUVC60089  CC-20 KU569527 KU570926  KU695647

Ganodermasp. 1 CUVC60090 CC-21 KU569528

Ganoderma gibbosum CUVC60092 CC-23 KU569529 KU570927

ComplexoG. parvulum CUVC60093 CC-24 KU569530 KU570928 KU695648

ComplexoG. parvulum CUVC60096 TP-3 KU569555 KU695657

ComplexoG. parvulum CUVC60097 TP-4 KU570953

G. australe SP417782 CTRA1 KU569531 KU570929 KU695649

G. australe SP417783 CTRA2 KU569532 KU570930

G. australe SP417784 CTRA3 KU569533 KU570931 v

G. australe SP417784 CTRA4 KU569534 KU570932

G. australe SP417791 CTRAS KU570933 KU695650

Ganoderma gibbosum SP417786 CTRAG6 KU569535 KU570934  KU695651

G. australe SP417787 CTRA7 KU569536 KU570935

Ganoderma gibbosum SP417788 CTRAS8 KU569537 KU570936 4

G. australe SP417789 CTRA9 KU569538 KU570937

G. australe SP417792 CTRA10 KU569539 KU570938

G. australe SP417796 CTRA11 KU569540 KU570939 4

G. australe SP417783 CTRA12 KU569541 KU570940 v

G. multiplicatum SP417780 IBT2 KU569542 KU570941 KU695652 v

Ganoderma gibbosum SP417781 IBT3 KU569543 KU570942

Ganoderma gibbosum - IBT4 KU569544 KU570943

G. australe SP445969 RP57 KU569545 KU570944  KU695653

v = Esperando cédigo GenBank

Com base nos dados obtidos da andlise qualitatereertzimas e no teste de
crescimento, realizou-se uma selecéo das linhgd8pspara verificar a atividade enzimatica

em serragem de madeira de Sibipiruna (Capitulo 3).
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Os resultados obtidos neste trabalho sdo apressnagd seguintes capitulos:
Capitulo 1. Diversity ofsanodermaspecies occurring in leguminous plants and desestm
two regions of the Neotropics, a phylogenetic amaffatogical approach. Contém analise
filogenética e morfologica das sequéncias parap8ames d&anodermancontrados. Este

capitulo foi redigido sob normas da revista Phyata

Capitulo 2New records ofsanoderma multiplicaturMont.) Pat. from Colémbia. Refere-se
a primeira citacdo déanodermamultiplicatumpara a Coldmbia. Este capitulo € redigido sob

normas da revista Check Lis The Journal of BiodigData.

Capitulo 3. Ligninolytic enzymes activity in saphype and parasite species @anoderma.
Séao apresentados os resultados do estudo enziméatrditativo em especimes saprofitas e
parasitas d&anodermaencontrados. Este capitulo foi redigido sob nordaaeevista Fungal

Ecology.

Capitulo 4. Manganese peroxidase (MnP) gen&anodermaspecies. Sao apresentados 0s
dados da deteccdo do gene da manganés peroxidasE3 dmhagens selecionadas de

GanodermakEste capitulo foi redigido sob normas da rev@tgtogamie mycologye.
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CAPITULO 1. Diversity of Ganodermaspecies occurring
in leguminous plants and dead trees in two regions dfie

Neotropics, a phylogenetic and morphological apprazh.

BOLANOS, A.C'2, BONONI, V.R.I%: SUAREZ-VILLOTA, E.Y®: GUGLIOTTA, A%:
MUNOZ, J.E.

1. Universidad del Valle, Facultad de Ciencias, Deparento de Biologia. Calle 13 #
100-00, Cali, Colombia

2. Instituto de Botanica, Nucleo de pesquisa em MgialoAv. Miguel Stéfano, 3687.
Séo Paulo Brasil.

3. Instituto de Ciencias Marinas y Limnoldgicas, Umsidad Austral de Chile, Campus
Isla Teja, Valdivia, Chile.

4. Universidad Nacional de Colombia, Facultad de CiasAgropecuarias, Sede
Palmira. Carrera 32 No. Palmira, Colombia.

Abstract:

Laccate and non-laccate specimen&ahodermaiave been observed with high frequency in
legumes trees, used as ornamental plants in avamdgsarks, and in rotten logs of preserved
areas in Neotropical countries. To ident®anodermaspecies, 31 specimens Ganoderma
were collected in Sdo Paulo and Uberlandia, Beaal in Cali, Colombia from legumes trees.
Eighteen samples from rotten logs were also c@tat Brazil and Colombia to comparative
purpose. Morphological analyses through optical aflettron scanning microscopy were
carried out. Internal transcribed spacers (ITS§ 2bosomal RNA (LSU), 18S ribosomal
RNA (SSU) and manganese peroxidase (MnP) partiaégi@evere amplified. Phylogenetic
relationships were recovered with maximum parsimengximum likelihood, and Bayesian
methods, using 140 additional sequences from GdnB¥on-laccate species were recovered
as monophyletic clade highly supported (Bootsti@4%, BPP: 1.0), while laccate species
were formed by eight polyphyletic highly supporidddes. Seven samples from Brazil and
Colombia were identified &S. gibbosurmand 11 from Brazil a&. australein morphological
and phylogenetic analyses. The laccate samplesreeogered in four well supported clades,
where one specimen from Brazil was identified Gs subamboinensand three were
identified asG. multiplicatum Eighteen samples from Colombia were recovereethay with

G. multipileum G. parvulum G. oerstedii and G. tuberculosunreference sequences in a
monophyletic clade, nevertheless, morphologicallyaes locate these samples &s
multipileum Two samples from Colombia recovered in a monagtivylclade could not be
related to any reference sequence and its morpicalogharacters were not enough to species
discrimination. G. australe specimens were found exclusively in rotten logs,ileviG.
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gibbosumand G. multiplicatumwere found both leguminous tree and rotten logusTh
problems based in morphological characteristicylqgenetic relationships and published
reference sequences are documented suggesting tabe@pomic revision inGanoderma
genus. Finally, the association between fungi §geand leguminous plants are discussed in
the light of biochemical coevolution and ecologicahtionships in anthropic areas.

Key words: fungal phylogeny, Ganodermataceae, basidiospa&striicture, taxonomy
Introduction

The genusGanodermawas created by Karsten (1881), to designhate aiegpehose main
morphological characteristic is to present a dowad basidiospore (Moncalvo & Ryvarden
1997). The high phenotypic plasticity observed he tbasidiomata and uniformity in
microscopic characters (Steyaert 1972, Ryvarderil)lf@ve led to the description of 290
names and a confused and chaotic taxonomy forahesg(Ryvarden 1991, 2000).

The Ganodermagenus is widespread around the world; many spdé@es been reported in
temperate zones (Gilbertson & Ryvarden 1986; Rymr@l Gilbertson 1993) and tropical
areas (Ryvarden & Johansen 1980; Zhao, 1989; N&fegvarden 2000). For the Neotropics
knowledge is incomplete yet, but there are calaat of about 20 species by Ryvarden
(2004), and 28 species only for Brazil by Torresréset al. (2012) and Gugliottaet al.
(2013).

In Brazil, from a morphological point of view, seakeauthors have reported laccate and non
laccate species dbanoderma including species restricted to Europe@ducidum andG.
applanatum(Patouillard, 1889, Torrend, 1920, Steyaeart, 19630; Furtado, 1967; Fidalgo,
1968; Bononiet al. 1981, 2008; Rajchernberg & Meyer 1990, Loguerocsatd & Wright
1991; Silva & Minter 1995; Gerber 1996; Gerber &guercio Leite 1997; Goes-Neto 1999,
Ryvarden, 2000, 2004, Meijer 2001, 2003; Gilbert&nCavalcanti 2003; Goes-Ne#&t al.
2003; Groposo & Loguercio-Leite 2005; Loguercioieeet al. 2005; ; Torres-Torres &
Guzman-Davalos 2005, 2012; Dreschesler-Saetoal. 2008, 2009; Torres-Torrest al.
2008; Baltazar & Gilbertoni, 2009; Gilbertoni & [fesler-Santos 2010; Westphalatal.
2010, Gomes-Silva & Gilbertoni 2011; Gomes-Sikwa al. 2011; Gugliottaet al. 2011,
Torres-Torreset al. 2012). Spore ornamentation by scanning electroorascopy and
comparisons with isoenzyme made in Argentina bytl@btet al. (1998) and Glottieb &
Wright (1999a, b) included Brazilian specimens. éécresearch emerge day after day
considering phylogenetic analysis as a more effecbol to acquire greater knowledge of the
genusGanoderman the neotropics (Moncalvet al. 1995a, Gottlieket al. 2000, Moncalvo &
Buchanan 2008, Nascimergbal.2011; Limaet al. 2014).

In Colombia the genu&anodermahas been less studied; however, based on morptalog
studiesG. adspersun{Schulz.)Donk,G. amazonens&eir, G. applanatum(Pers.) Karst G.
australe (Fr.) Pat, G. brownie (Murr.) Gilb., G. chalceum(Cooke) Stey,G. concinnum
Ryvarden,G. fornicatum (Fr.) Pat.,G. lucidum (W. Curt.: Fr.) P. Karst G. neurosporum
Furt, and G. nitidum Murr. (Ryvarden 2004, Vasco-Palacios & Franco-Moland,3have
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been mentioned. The aim of this study was to iflethie species osanodermarequent in
dead stumps of natural reserves and ornamentaimiegus in some cities of Brazil and
Colombia, through morphological, basidiospore eltaucture and phylogenetic analysis. In
this analysis we used sequences of internal trdnestspacers (ITS) and 25S ribosomal RNA
(LSU) and reference sequence download of the Génl&ome additional references of 18S
ribosomal RNA (SSU) and manganese peroxidase gen®)(were also used to support
specific relationships.

Material and Methods
Fungal specimens

Basidiomata ofGanodermaspecies were collected in affected living legums@nd rotten
logs in urban and protected areas in Brazil ando@bla. Thespecimens were placed in
paper bags, previously marked and transported d¢oldahoratory to study morphological
macroscopic and microscopic characters, isolatioth @onservation on Malt extract agar
(MEA) 2%. The material collected was subjectedrgrdy in an oven at 50 ° C for one week,
frozen for over a week and placed in paper bagppea in plastic (Fidalgo & Bononi 1984).
Finally, specimens were included in the herbari@)(of the Botanical Institute in Sdo Paulo
and (CUVC) herbarium of Universidad del Valle inl@uabia. The information of each
specimen is in table 1.

Table 1. Ganodermaspecimens collected in leguminous trees and deatjps

Species Origen Collection No Host

G. australe(Fr.) Pat Brazil/ S&o Paulo SP417782 (CTRA-1) Dead stump
SP417783 (CTRA-2) “
SP417784 (CTRA-3) “
SP417785 (CTRA-4) “
SP417791 (CTRA-5) “
SP417787 (CTRA-7) “
SP417789 (CTRA-9) “
SP417792 (CTRA-10) “
SP417796 (CTRA-11) “
SP417793 (CTRA-12) “
SP445969 (RP-57) “

G. gibbosum (Blume& T. Nees) Pat.

G. multiplicatum (Mont.) Pat.

Brazil/ S&o Paulo

Brazil/ Sdo Paulo

Colombia/Cali

Brazil/Séo Paulo

Colombia/Cali

SP417774 (SPC-2)
SP417775 (SPC-3)
SP417776 (SPC-6)
SP417798 (SPC-7)
SP417799 (SPC-10)
SP417795 (UB-2)
SP417777 (SPC-8)
SP417794 (UB-1)
SP417781 (IBT-3)
SP - (IBT-4)
SP417786 (CTRA-6)
SP417788 (CTRA-8)
CUVC692(CC-23)

SP417778 (SPC-9)
SP417797 (SPC-5)
SP417780 (IBT-2)
CUVC 294(CC-8)

Inga veraWilld
Caesalpinia ferreaC. Mart.
Caesalpinia peltophoroideBenth.

“«

“«

Leucaena leucocephaflaam.) de Wit
Dead stump

“«

Inga edulisMarth.

Tipuana tipu(Benth.) O. Kuntze
Caesalpinia peltophoroideBenth.
Dead stump

Caesalpinia peltophoroideBenth.
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Table 1. Continue....

Species Origen Collection No Host
G. parvulum complex Colombia/Cali CUVC 672(CC-3) Cassia fistuldl.
CUVC 673(CC-4)
CUVC 674(CC-5)
CUVC 675(CC-6) Leucaena leucocephalham.) de Wit
CUVC 676(CC-7) Cassia fistula_.
CUVC 678(CC-9) Cassia fistula_.
CUVC 680(CC-11) Cassia fistulaL.
CUVC 683(CC-14) Cassia fistula_.
CUVC 684(CC-15) Cassia fistula_.
CUVC 685(CC-16) Cassia fistulaL.
CUVC 686(CC-17) Cassia fistula_.
CUVC 681(CC-12) Leucaena leucocepha(aam.) de Wit
CUVC 682(CC-13) “
CUVC 697(CC-18) Phitecelobium dulcéRoxb.) Benth.
CUVC 698(CC-19) .Leucaena leucocephalaam.) de Wit
CUVC 689(CC-20) Cassia siameaam.
CUVC 693(CC-24) Bauhinia purpuredL.) Benth.
CUVC 696(TP-3) Bauhinia purpuredL.) Benth.
Ganodermasp. Colombia/Cali CUVC 679(CC-10) Cassia fistulaL

CUVC 690(CC-21) Delonix regia(Bojer ex Hook.) Raf.

G. subamboineng®.Henn.)
Bazz. & Wright

Brazil/ S&o Paulo SP417773(SPC-1) Caesalpinia ferreaC. Mart.

Morphological studies

For the study of macro and microscopic charactesisthin sections of basidioma were
prepared and treated with 4% KOH, 1% Phloxine aneélzbr reagent. The total

characteristics observed were identified in acaocdawith Gilbertson & Ryvarden (1986),

Ryvarden (2000, 2004), Gugliot&t al. (2011), Torres-Torres & Guzman-Déavalos (2012).
Images were captured with a Nikon digital camer&; B Ril model; software nis elements
Br. Twenty basidiospores were measured from eaetirsien ofGanodermecollected.

Ultrastructural studies

Spores ofGanodermaspecies were filtered through 0.25 mm sieve, dtaneEppendorf®
tubes with 70% ethanol. After sonication and cé&ngation for 5 minutes respectively, one
drop of each tube was removed, placed in metal@tigmd brought to desiccator chamber
for 12 hours. Prior to observation under scannilegteon microscope (Jeol JISM6490LV) a
gold bath was done during five minutes in each darf@pottlieb & Wright 1999a, b).

DNA isolation, PCR amplification and sequencing

DNA was extracted from the mycelium and basidiomagrinent removed before drying and
stored on silica gel. The DNA extraction was perfed according to protocols cited by
Raeder & Broda (1985), Moncalat al. (1995a), Gottlieket al. (2000), and Nascimentet
al. (2011). Polymerase chain reaction (PCR) was peedrin a thermal cycler C1000
Touch™ Thermal Cycler Bio-Rad. For ITS region arfigdition the primers set BMB-CR
(5"-GTACACACCGCCCGTCG-3) and LRI (5-GGTTGGTTTCTITCCT-3’) were used
under conditions described by Vilgalys & Hester 9P Primers LROR (3'-
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ACCCGCTGAACTTAAGC-5) and LR7 (3 TACTACCACCAAGATCTS) under
conditions described by Whitet al. (1990) and Korbie & Mattick (2008) were used to
amplified LSU region. SSU region amplification wearried out with Primers BMS05 (5'-
TTAATTTTGGTTCNGATTGAACG-3’) and BMS173
(5TGCTATGACTTTTGAGATGTTAC-3’) under conditions oHong & Jung (2004). For
MnP gene amplification primers E2FB (5-GAC CTS CABG AAC CTG TTC SA-3’) and
E8R (5°CGG AGY TGS GTC TCG ATG AAG-3’) reported layd Isikhuemhen et al. (2002)
under conditions described by Vilgalys & Hesterq@pPwere used. Purification of PCR
products and nucleotide sequencing were condugtédderogen Inc. The partial sequences
of the regions ITS, LSU, SSU and MnP were assemhlad edited with Chromas PRO
version 2.1 program and submitted to Genbank uadeession numbers (Provided upon
acceptance).

Phylogenetic analyses

Published reference sequences were downloading @enBank prioritizing South America
specimens and those specimens with largest nuddesequences for our selected genes
(Table 2). These reference sequences together outhsequences were aligned using
MAFFT, version 5 (Katoh et al. 2005) under the natve method of global pairwise
alignment (G-INSi). By using each single gene sagaematrix and concatenated gene
datasets, phylogenetic reconstructions using maximparsimony (MP), maximum likelihood
(ML), and Bayesian inference (MCMC) were conducteid® PAUP* 4.0 v.b.10 (Swofford,
2001) was used, all characters were treated adlegueaghed using a heuristic search with
tree bisection reconnection (TBR), branchswappingioa, steepest descent off and
MULTREES option on, and 1000 random-taxon addit@guences to search for optimal
trees. Support for nodes in MP analyses was asbesseg non-parametric bootstrapping
with 10.000 full heuristic pseudo-replicates.

For ML and MCMC analyses, the best-fit partitionisghemes and models of nucleotide
substitution were selected using Bayesian InforomatCriterion (BIC), implemented in
PartitionFinder, version 1.1.0 (Lanfeat al 2012). ML analyses were performed using
GARLI, version 2.0 (Bazineet al. 2014). To ensure the convergence of topologiageth
likelihood analyses were performed. Statisticalpgupfor the nodes was estimated by the
nonparametric bootstrap (Felsenstein 1985), with01lPseudoreplicates. Bayesian analysis
was performed using MrBayes 3.04b (Ronquist & Hemlteck 2003). Markov chains were
started from a random tree and run for 1.0 X #@nerations, sampling every 1000th
generation. The stationary phase was checked foigpWylanderet al. (2004) using Tracer
version 1.6 (Rambaut al. 2014). Sample points prior to the plateau phase wWiscarded as
burn-in, and the remaining trees were combinednith the maximum a posteriori probability
estimated of the phylogeny.
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Results

For this analysis, a total of 478 sequences of Ti&e(272), LSU (111), SSU (81) and MnP
(14), regions were used, being that 128 sequena¥e @enerated from the especimes
collected and six sequences correspond to theaugdFigure 1).

According to Maximum parsimony (MP) analyses, 381@hese characters are constant, 270
are uninformative and 474 are parsimony informatilee most parsimonious trees had a
length of 1379, a consistency index of 0.6563 ar@¥Tb of retention index. The best fit
models were HKY+I+G (for 18S and SSU), HKY+G (ITSIS2 and MnP), K80 (5.8S and
25S), K81+I+G (for LSU) and HKY+G (for MnP). Theedt fit partitioning scheme for
concatenate analysis separated MnP, 5.8S and 2f&rsms in a different data block
totalizing six partitions. To facilitate analysievenly discuss the clades where our samples
were recovered.

In this analysis the ITS, LSU and concatenatedsthese similar topology (annexed. 1, 2),
the onlytopological disagreement was restricted to low support branches.

The analysis performed allowed to recognize monigticy clade with high support
(100/99/1.0), for the non-lacquered speciesGa#noderma(Fig. 1 Clade A) and well-
supported polyphyletic clades for the lacqueredtigsg(Fig. 1, Clade B-I).

Non-lacquered species are organized in three maotetphhighly supported subgroups (Fig.
1, Clade A). The subgroup 1, is conformed by thazBian samples from dead trunks
collected in protected areas and the referenceesegs ofG. australe(Fr.) Pat.,G. lobatum
(Schw.) ATK, G. tornatum(Pers.) Bres., native from Australia and South Aoze(Fig. 1).
The second subgroup is conformed by reference segqeeofG. applanatum(Pers.) Pat.,
native from Japan and England, and one samp(@. &dbatum native from USA. The third
subgroup is conformed by the reference sequence§.ofustrale and G. gibbosum
originating from Taiwan and China, and from theividual sequences collected of dead trees
and leguminous plants (Fig. 1, Table 2).

Two lacquered samples from Colombia were recovased high support phylogenetic clade,
suggesting that they are the same species (CCd.C&r21; Fig. 1 Clade D). These samples
were recovered witls. chalceum(Cooke) Stey., reference sequences as a poorposed
clade in ITS and concatenated trees (Fig. 1, amh&xe

In the Clade E, eighteen sequences of lacquerezespeollected in living trees native from
Colombia were recovered in one monophyletic cladwse samples are related with a high
support subclade, representedGymultipileumDing Hou., native from Asia and one second
non supported clade, conformed by reference seqaeoits. parvulumMurr., from Brazil
andG. oerstedii(Fr.) Murr. andG. tuberculosunmMurr. from Argentina.

In the Clade F, one sample from living tree ori¢giaain Colombia, two samples of Brazilian
living trees and one sample of dead stump areectlatith the reference sequence Gaf
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multiplicatum (Mont.) Pat, in one monophyletic clade highly somed (Fig. 1). This is the
first time thatG. multiplicatumis cited from Colombia.

The Clade H is a monophyletic clade conformed bg sample collected from a Brazilian
living tree, highly related withG. subamboinens€Henn.) var.laevisporumBazzalo &
Wright, from Argentina. In this clade, it was algoouped references sequences from the
specie<s. sessilefrom Argentina and USAG. resinaceunirom Europe, USA and Argentina,
andG. weberianum(Bres. & Henn.) Stey. from Asia.

The ultrastructure analysis of the spore wall reagt#hat non-lacquered species presents only
one ornamentation pattern with longitudinal casitidhe lacquered species present two
ornamentation patterns of the spore wall, one rarmghthe other one with perforate or spaced
depressions of the surface (Figures 2-7).
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Figure 1. Concatenate tree and reconstructioneopttylogenetic history of the sequences of
Ganodermaspecies. Statistical support nodes include the maxi parsimony bootstrap,
maximum likelihood and Bayesian respectively.
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Figure 1.

0.01 changes/site

100/99/1.0

70/69/0.99

520100099 | G..meredithae AF248343 JOS20190(USA)

Lammuma.u«usu

G._lingzhi_JQ781858/IX029989(China)

IS0,

62

-18710.99| | G. lingzhi_JX029988/KJ143907(China)
_la. lingzhi

G._lingzhi
L G._tingani_sxozess7usarsiseschina)
G._lingzhi_Z37023/50/74(Taiwan)

G. chaiceum
—’ 100/100/1.0 Icczv{comu.)
CC10(Colombia)

G._multipileum_EU021461(Taiwan)
G._multipileum_KJ143914/KF494984(China)

81/58/0.92]

+0.79

+4-0.74

)
G._parvulum_JX310817/31(Brazil)

CLADEC

| crapeD

CLADEE

G._oerstedii_AF214469/Z37034/59/84(Argentina)
G._parvulum,

G._parvulum_JX310819/33(Brazil)

G._parvulum_JX310810/46(Brazil)

G._parvulum_JX310820/34(Brazil)

G._parvulum_JX310821/35(Brazil)
G.

AHO081
G._parvulum_JX310818/32(Brazil)
CC8(Colombia)
G._multiplicatum_JX31082%/37(Brazil)
SPCS5(Brazil)

1BT2(Brazil)

SPC9(Brasil)
951971099, G._ lucidum_AF170009(Argentina) I
s

._lucidum_AF170007(Argentina)
G._sessile_KJ143918(USA)
G._sessile_KJ143917(USA)

G._resinaceum_JQ520201/AF248330/31(USA)
G._sessile._

G.

CLADEF

CLADEG

G._resinaceum_AF214472/JQ520200(UK)
G._resinacoum_AM906065(ltalia)

G._resinaceum_GU451246(India)
80180185 G

G.

| SPC1(Brasil)

99/99/0.99 [~ G._weberianum_JF915411(China)
G.

G._weberlanum_Z37064/86/X78783(Taiwan)

96110010 [

G._lucidum.

[ A._rugosum_HM480835/HM480838/AB3I68061

L A._rude X7875Y/X78774/X78791(Taiwan)

G._lucidum._ (UK)
G._lucidum_AF214467/237049/99(France)
G._lucidum_JQ781852((Finland)
G._lucidum_K.J143909(France)

G._lucidum_AY884176(UK)

| outGroupP

CLADEH

CLADEI

60



Table 2. Sequences Ganodermaorigin and references used.

Species Herbarium Origin ITS LSuU SSuU MnP  Reference
Number
Moncalvo & Buchanan
G. applanatum CBS175.30 Inglaterra AF255101 - AF248336 - 2008; Hong & Jung
2004
G. applanatum KCTC6474 Japan - - AF248318 - Hong & Jung 2004
G. applanatum KCTC 6474 Japan - - AF248319 - Hong & Jung 2004
Parket al2012; Hong &
G. applanatum ATCC 44053 Japan JQ520161 - AH012391 - Jung 2004
G. australe 3795 Tasmania AJ608709 - - - Glenal.2009
. AJ627590 Smith &
G. australe UWA 108 Australia IAJ627591 . . - Sivasithamparam 2000
G. australe RSHO705 Taiwan X78750/X78771 X78780 - - Moncati@l1995a
G. cupreum HMAS99399 China JX840346 - KC581711 - Waatgl 2014
G. cupreum HMAS130804 China JX840345 KC581712 - - Waat@l. 2014
G. cupreum GanoTK4 Cameroon JN105701 - JN105732 - Wetrgl. 2014
G. chalceum URM80457 Brazil JX310812 JX310826 - - Liregal.2014
G. gibbosum ACCC 5.151 China X78741/X7762 X78789 - - Moncadtaal 1995a
G.gibbosum AS5.624 China AY593857 - - - Wang & Yao 2005
G. lobatum BAFC651 Chile AH008100 - - - Gottliegt al2000
G. lobatum BAFC2454 Argentina AH008102 - - - Gottliel al. 2000
G. lobatum BAFC2411 Argentina AH008103 - - - Gottliel al. 2000
G. lobatum CBS 222.48 USA X78740/X78761  X78788 AHO12384 - Moncaloetal 19953
Hong & Jung 2004
G. linghzi WU1006-38 China JQ781858 - JX029989 - @aal. 2012
G. linghzi CUI9166/ DAI12479 China JQ781864 - JX029988 - ir‘;‘(’)itza"zom’ Cacet
G. linghzi (as tsugae) RSH BCL Taiwan Z37097/37078 737028 - - Moncaétal 1995b
G. linghzi (as tsugae) RSH J2 Japan X78746/X78767 X78778 - - Moncalvd &985b
G. linghzi DAI12479/ CUI9166 China JQ781864 - JX029987 - irggfzt al.2014; Cacet
G. linghzi(as ludicum) HMAS 60537 China Z37050/Z237074 737023 - - Moncadt@l 1995b
G. lucidum ATCCA46755 Canada Q520185 - AF214468 - Parketal2012;Hong &
Jung 2004
. AF094511 Parket al2012; Hong &
G. lucidum CBS 176.30 UK /AF044490 - AF248325 - Jung 2004
’ 737099 Moncalvoet al 1995b;
G. lucidum IMSNU32114/ SBS270.81 France Z37049 IAE21467 - - Honget al. 2002
G. lucidum DAI 11593 Finland JQ781852 - - - Catal.2012
G. lucidum Rivoire 4195 France KJ143909 - - - Zhetal.2014
G. lucidum HMAS86597 UK AY884176 - - - -
G. lucidum BAFC2419 Argentina AF170007 - - - Gottliel al2000
G. lucidum BAFC2493 Argentina AF170009 - - - Gottliel al2000
G. lucidum 260125-1 Genome China JH7111526 JH7111526 - - Céiealg2012
. Parket al.2012; Hong
G. meredithiae KCTC6284 USA JQ520190 _ AF248343 - & Jung 2004
G. meredithiae IMSNU32115 USA - - AF248344 - Hong & Jung 2004
G. meredithiae CGMCC 5.766Genome USA KP410262 KP410262 KP410262 - Wanget al2015
G- multipileum(as SH ATCC 32472 India X8735L/X87361 - - - Hsetal. 1996
lucidum)
G. multipileum (as IMM P93-1 Philppines ~ X78745/66 - - - Moncalebal. 1995a
lucidum)
G. multipileum BCRC36123 india EU021459 - - - Waagal. 2009
G. multipileum BCRC 37043 Taiwan EU021460 - - - Waeigal. 2009
G. multipileum CWNO01740 Taiwan EU021461 - - - Waagal.2009
G. multipileum BCRC37033 Taiwan EU021462 - - - Waeal. 2009
G. multipileum Dai 9447 China KJ143914 - KF494984 - Zhetwal. 2014
G. multiplicatum URM83346 Brazil JX310823 JX310837 - - Liregal.2014
G. orbiforme URM83335 Brazil JX310815 Jx310829 - - Liremal. 2014
G. orbiforme URM83336 Brazil JX310816 JX310830 - _ Liremal. 2014
G. orbiforme URM83334 Brazil JX310814 JX310828 - - Liregal.2014
G. orbiforme URM83332 Brazil JX310813 JX310827 - - Liregal. 2014
G. parvulum URM80765 Brazil JX310822 JX310836 - - Liregal. 2014
G. parvulum URM2948 Brasil JX310821 JX310835 - - Liregal. 2014
G. parvulum URM83345 Brasil JX310820 JX310834 - - Liremal. 2014
G. parvulum URM83344 Brasil JX310819 JX310833 - - Liregal. 2014
G. parvulum URM83343 Brasil JX310810 JX310846 - - Liregal. 2014
G. parvulum URM83340 Brasil JX310818 JX310822 - - Liregal. 2014
G. parvulum URM83339 Brasil JX310817 JX310831 - - Liregal. 2014
G. oerstedii KCTC6286 Argentina Z37034/Z37059 Z37084 AF214469 - Moncalvoet al1995b
G. resinaceum IMSNU32119/CBS52036 USA JQ520201 AF248330 - - Rark. 2012
G. resinaceum KCTC6288/ATCC52416 Argentina AF094509 - AF248332 - Parket al.2012
G. resinaceum IMSNU32118/CBS152.27 UK JQ520200 - AF214472 - Raral. 2012
G. resinaceum GR T096 Italia AM906065 - - - Guglielmet al. 2008
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Table 2. Continue...

Species Herbarium Origin ITS LSuU SSuU MnP  Reference
Number
G. resinaceum GR-101 India GU451246 - - - Mohangy al. 2010
G. resinaceum CBS. 19476 Netherlands X78737/58 - - - Moncatal. 1995a
G. resinaceum KCTC6453 Argentina - - AF248334 Hong & Jung 2004
| AF248335
G. sessile LDW 20121017 USA KJ143917 - - - Zhet al. 2014
G. sessile NY 00985711 USA KJ143918 - - - Zhet al. 2014
G. sessile BACFC 2373 Argentina /AAFF117700000056 - - Gottliebet al. 2000
G. subamboinense KCTCBAG4/ATCC52419  Argentina  X78736/57 X78784 AF248 - Moncalvoet al. 1995a
Hong & Jung 2004
G. subamboinense ATCC52420 Argentina JQ520205 - - - Patikal. 2012
G. tornatum BAFC1172 Argentina AF169975 - - Gottliebet al2000
/AF169976
G. tornatum BAFC2764 Argentina ;_/\.\FFlfeggggggi - - Gottliebet al.2000
G. tuberculosum BAFC 2488 Argentina AH008114 - - - Gottliet al. 2000
G. weberianum HMAS97365 China JF915411 - - - Waegal.2012
. I Moncalvoet al. 1995a
G. weberianum CBS 219.36 Philippines JQ520219 X78783 - - Parket al. 2012
G. weberianum CCRC 37081 Taiwan Z37064/237086 X78783 - - Moncaltzal 1995¢
MATERIAL STUDIED
As G. australe
G. australe SP 417782 (CTRA-1) Brazil * o bl - this study
G.australe SP 417783 (CTRA-2) Brazil * o - - this study
G.australe SP 417784 (CTRA-3) Brazil * o - * this study
G.australe SP 417785 (CTRA-4) Brazil * kil - - this study
G. australe SP 417791 (CTRA-5) Brazil * kil * - this study
G. australe SP 417787 (CTRA-7) Brazil * kil - - this study
G. australe SP 417789 (CTRA-9) Brazil * kil - - this study
G. australe SP 417792 (CTRA-10) Brazil * bl - - this study
G. australe SP 417796 (CTRA-11) Brazil * * * * this study
G. australe SP 417793 (CTRA-12) Brazil * * - * this study
G. australe SP 445969 (RP-57) Brazil * b * - this study
As G. gibbosum
G.gibbosum SP 417786 (CTRA-6) Brazil * hid * - this study
G. gibbosum SP 417788 (CTRA-8) Brazil * hid - * this study
G. gibbosum SP 417774 (SPC-2) Brazil * * * * this study
G. gibbosum SP 417775 (SPC-3) Brazil * - * - this study
G. gibbosum SP 417776 (SPC-6) Brazil * * - - this study
G. gibbosum SP 417798 (SPC-7) Brazil * * * * this study
G. gibbosum SP 417777 (SPC-8) Brazil * * - - this study
G. gibbosum SP 417799 (SPC-10) Brazil * * - - this study
G. gibbosum SP 417794 (UB-1) Brazil * * - - this study
G. gibbosum SP 417795 (UB-2) Brazil * * * - this study
G. gibbosum SP 417781 (IBT-3) Brazil * * - - this study
G. gibbosum SP - (IBT-4) Brazil * * - - this study
G. gibbosum CUVC 60092(CC-23) Colombia * * - - this study
G. multiplicatum SP 417797(SPC-5) Brazil * - * * this study
G. multiplicatum SP 417778 (SPC-9) Brazil * * * - this study
G. multiplicatum SP 417780 (IBT-2) Brazil * * * * this study
G. multiplicatum CUVC 294(CC-8) Colombia * * - - this study
As G. parvulumcomplex
G. parvulumcomplex CUVC 672(CC-3) Colombia * hid - - this study
G. parvulumcomplex CUVC 673(CC-4) Colombia * hid - - this study
G. parvulumcomplex CUVC 674(CC-5) Colombia * ki kil - this study
G. parvulumcomplex CUVC 675(CC-6) Colombia * ki kil - this study
G. parvulumcomplex CUVC 676(CC-7) Colombia * ki - - this study
G. parvulumcomplex CUVC 678(CC-9) Colombia * ki - - this study
G. parvulumcomplex CUVC 680(CC-11) Colombia * bl * - this study
G. parvulumcomplex CUVC 681(CC-12) Colombia * bl - * this study
G. parvulumcomplex CUVC 682(CC1-3) Colombia * bl * - this study
G. parvulumcomplex CUVC 683(CC-14) Colombia * bl * - this study
G. parvulumcomplex CUVC 684(CC-15) Colombia * bl * * this study
G. parvulumcomplex CUVC 685(CC-16) Colombia * bl - - this study
G. parvulumcomplex CUVC 686(CC-17) Colombia * bl * - this study
G. parvulumcomplex CUVC 697(CC18) Colombia * bl - * this study
G. parvulumcomplex CUVC 698(CC-19) Colombia * bl - - this study
G. parvulumcomplex CUVC 689(CC-20) Colombia * * * - this study
G. parvulumcomplex CUVC 693(CC-24) Colombia * bl * - this study
G. parvulumcomplex CUVC 696(TP-3) Colombia * - * - this study
As Ganodermasp.
Ganodermasp. CUVC 679(CC-10) Colombia * * * - this study
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Table 2. Continue...

Herbarium

Species Origin ITS LSuU SSuU MnP  Reference
Number

Ganodermasp. CUVC 690(CC-21) Colombia * - - - this study
G. subamboinense SP417773(SPC-1) Brazil * * * * this study
Outgroup

Amauroderma rudear.

intermedium

Amauroderma rugosum THP30 - HM480835 AB368061 HM480838

JM ASP.1 Taiwan X78753/X78774 X78791 - - Moncadtaal. 1995a

Discussion

We mainly discussed the clades were the collectinade in this study were grouped. As
several authors have already mentioned (Moncah8i 1®oncalvo & Ryvarden, 1997), the
lack of one single concept of species is oftengieed in this phylogenetic analysis, and the
most significant difficulty faced to delimitate tispecies found oGanodermagenus. On the
one hand, the Genbank does not have enough seguenabling comparison among all
species cited for South America. In this study, phglogenetic analysis involved making a
comparison among all the sequences that existinfpéguered and non-lacquered species in
the Genbank. On the other hand, the Genbank dadsaxe the same genes sequenced for the
same specimens

The clade A are subdivided in subclade 1, v@thaustrale and subclade 2 with tentative®,
gibbosum In the subclade 1, it was verified that severathe sequences correspond to
synonyms ofG. australeand the valid names are not usedGagornatum (Steyaert 1975,
Moncalvo & Ryvarden, 1997).

The sequence&. lobatum (AH008103) andG. tornatum(AF169993/4), are equal but the
other sequence @. lobatum(AH008102) presents highly nucleotide variabili@ottlieb &
Whright 1999a), suggesting that probably they aisciassified. Despite the lack of the type
species, the morphologic analysis of the samplaseceto group 1 matches the description of
G. australe(Ryvarden 2004).

For the samples of the subgroup 2, except for thegmce of pseudostipe, the morphology
matches with the description & gibbosum(Zhao 1999). According Moncalvo & Ryvarden
(1997) there is no lectotype for this species, d@nd a great difficulty to delimitate it.
Ryvarden (2004) considered th&. australeis a non-lacquered species present in the
Neotropics. According Moncalvo & Ryvarden (199@) gibbosumwas cited based in
Polyporus gibbosuBlume & Nees, by Fries in Elenchus Fungorum, dns & stipitate non-
lacquered species. The last authors also mentitimed Lloyd (1912-1919) illustrate the
species with a specimen from Brazil.

According to Gottliebet al. (2000), it is convenient to accept the Humphrey s (1931)
proposal of eliminating the nante australe (Fr.) Pat., because this name is confusing, the
holotype does not exist, there are several concéplss species and it has been impossible to
establish its correct location and distribution.
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In this phylogeny it is noteworthy that none of then-lacquered samples from this study
were grouped witls. applanatumThis result according with Moncalvo & Ryvarden (Z99
validates the idea th&. applanatunonly occurs in temperate zones.

In relation to the two monophyletic sequences reoey in the clade D, it is complicate to
treat them as a new specie because there arewostdllections and the morphologic
characteristics are inadequate to perform a sepayaand mainly because not all cited
species for South America have been sequencedgéha ones in the Genbank do not allow
a real comparison. According (Moncalvo & Ryvard®&®7), Ganoderma chalceuocated in
this clade is synonym of. cupreum being the latter the valid name. According tcsthi
phylogenetic analysis, these two species are ros#me species, indicating that probably
they are noG. chalceum.

The clade E is named &3. parvulum complex, due to it grouping several speci€s (
parvulum-tuberculosum-oerstedii-multipileunihe low support for the samples and the few
genes sequenced do not allow delimitations.&oparvulumthere are only the sequences of
the region ITS and LSU from Brazil in the Genbankm@a et al. 2014). For theG.
tuberculosumand G. oerstediithere are only the ITS 1 and the ITS2 sequencethen
Genbank (Gottlieb & Whright 1999). Although the gdes appear in a subclade well
separated, they do not have support to validafg@osal for a new specie. Apparently, they
are more related tG. parvulum G. tuberculosunor G. oerstediji but morphologically they
are similar toG. multipileum(fig.1 and 5).G. multipileumwas identified through ITS analysis
asG. lucidumfrom tropical Asia (Wang et al. 2009). There isy@othesis to be approved that
the dispersion ofs. multipileumis anthropic, because it is one of the most comiakzed
species due to its medicinal value.

Long distance dispersion is one of the contemplatgdotheses to explain the wide
distribution of the comple&. applanatum-australéMoncalvo & Buchanan 2008).

The complexG. parvulum Murrill, was proposed by Steyaert (1980), wh&estipitatum
(Murrill) Murrill was included. Limaet al. (2014) trough morphologic and phylogenetic
studies with Brazilian collections, confirmed tl@t parvulumandG. stipitatumare the same
species. In relation to the other two species re@ipd in this cladé&;. tuberculosumandG.
oerstediiare also considerate synonyms, bethgoerstediithe valid name (Steyaert 1980,
Bazzalo & Wright 1982, Moncalvo & Ryvarden 1997%. parvulumandG. oerstedii, both
species were described in 1902 (Moncalvo & Ryvart@®7).G. parvulumcomplex needed
more studies including infertility test, more gerssd different techniques as new DNA
generation sequences.

The clade F is represented By multiplicatumthat has a high boostrap of support in this
phylogenetic analysis. Morphologically this speciesecognized because it presents cells
with protuberant cuticle and basidiospores globtsellipsoids (Ryvarden 2004, Torres-

Torreset al 2012).
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In the clade H, the samples & subamboinens@resent a high boostrap of phylogenic
support. When it was cultivated in malt extract pinesence of chlamidospores was observed
and it is characteristic of the species (Moncatv@l. 1995b, Gottlieb & Wright 1999a). In
relation to G. multiplicatum and G. subamboinenseRyvarden (2000) consider that these
species are synonyms, but these species lookpdikphyletic. In this clade also appe&@s
sessileand G. resinaceum but G. resinaceumis the valid name (Moncalvo & Ryvarden
1997).

The ultrastructure pattern of basidiospore wallepbsd in the samples @&.australeandG.
gibossumalso have been founded in other species no laedusrch a<s. applanatum G.
formosanumG. neojaponicumG. lobatum G. adspersunm{Hseu 1990, Yeh 1999, Buchanan
& Wilkie 1999, Goittliebet al 1999b). The rough pattern observed in the laaguspecies.
subamboinensas also cited foG. oregonenseandG. zonatum and the pattern of uniformly
spaced depressions observed inGhenultiplicatum G. parvulumandGanodermasp. is also
characteristic of5. meredithag(Adaskave & Gilberston 1988). This character did allow
delimitate species.

In this study, the lacquered speci€s multiplicatum G. subamboinenseG. parvulum,
complex, and one non-lacquered species, tentativeljedG. gibbosumgrow in several
leguminous plants. From the other si@e,australewas founded as saprophy@anoderma
is considerate a facultative parasite fungus, thay grow as saprophyte until finding a
susceptible host and establish a parasite rel@fiomer 1981).

The legumes are important plants in the neotroples, are used in urban arborization in
places where they are subject to several presamésantrophic injuries which probably
facilitate the entrance of mycelium or spoodssanodermaGanodermahas many white rot
species, characterized for lignin and cellulose raggtion trough the production of
extracellular enzymes (Zhoet al. 2012). Probably the legumes wood represents a good
substrate to the expression of peroxidases enzy@esomic studies have revealed in
Ganodermahe presence of encoders genes of peroxidases-Bymes (lignin peroxidase
(LiP), Manganese peroxidase (MnP), versatile pelase (VP) and carbohydrate active
enzymes, enzymes related to a lifestyle where gairdepends on the degradation of lignin
(Liu et al.2012).

Taxonomy

Ganoderma austral€Fr.) Pat., Bull. Soc. Mycol. Fr. 5: 67, 1889

Type: Pacific Islands(according to Moncalvo & Ryvarden (1997), the orduthentic
specimen in K probably not correspond to the odbaollection)

Basionime:Polyporus australigFr.), Elenchum Fungorum 1: 108 (1828)

Synonyms: see Mycobank.org

Substrate: dead stump

Distribution: Pantropical and frequent in tropi¢aherica (Ryvarden, 2004).

Material examined: Brazil: Sdo Paulo, SP445969(RR-5P417782(CTRA-1), SP417783
(CTRA-2), SP417784(CTRA-3), SP417785(CTRA- 4), SP#I(CTRA-5), SP417787
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(CTRA- 7), SP417789(CTRA- 9), SP417792 (CTRA-10pA4$7796(CTRA-11), SP417793
(CTRA-12).

Description:

Basidioma perennial, flat, ungulate, irregular, alsudimidiated and semicircular, variable
size, 4-40cm long, 4-20 cm wide and up to 10 crokthiard when dry. Opaque pileus, cacao
brown to grey to almost black in old specimens,ygnden deadsurface glabraclearly
furrowed in variable zones, brittle with age, somet covered with cinnamon to light cacao
spores. Cuticle black, 0.2-3mm thick, thicker nedhe substrate. Margiwhitish to yellow
colored in growing specimengVhite to light beige pored surface, darker whert,hurning
brown with age, with roundish, whole pores, witghlily thickened wall, 3-5 per mm, dark
brown tubes sometimes stuffed with white mycelidrolder parts, little stratified, until 6 cm
long. Dark brown context, rarely with white spdigquently with one or several horizontal
black and resinous stripes over the tubes, somgtabsent in some specimens. The hyphal
system is dimitic, generating hyphae with clampraantions, thin wall, hyalines, 1.5-3 pm
diameter; skeletal hyphae up to 6 um diam. branawedbt, with arboriform ends. Barrel-
shaped basidio, 15-20 x 6-10 um, tetrasterigmatleg brown cut-off basidiospore with
spiny wall, 7-12 x 5-8 unr(fig 2).

Cultural characteristics: white culture, not darikhwage, velvet-like, radiated, zonate or not,
septed hyphae with clamp-connection, 2.5 um diamleyaline; without clamidospores.

The ornamentation of the basidiospore surface pteddongitudinal cavities under scanning
microscope.

20kV  X8,000 2um

Figure 2.G.anoderma australd). Basidiomata. B). Context. C). Pores. D, E).iBaspores
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Ganoderma gibbosuniBlume & T. Nees) Pat., Annales du Jardin Botaeige Buitenzorg
Suppl. 1: 114 (1897) [MB#250058]

Type: JavgNot Found)

Basionime: Polyporus gibbosusBlume & T. Nees, Nova Acta Academiggaesarea
Leopoldino- Carolinae Germanicae Naturae Curiosal@ni9, t. 4:1-4(1826).

Synonym: see www. Mycobank.org

Distribution: China, Indonesia, Brazil and Colomi§izhao 1989, Moncalv& Ryvarden
1997).

Substrateinga edulisMart., I. vera Kunth, Caesalpinia peltophoroideBenth., and on dead
stump of Leucaena leucocephalham.) de Wit

Material examined: Brazil. Sdo Paulo. Sdo Paulbamrarea, SP417774 (SP-2), SPC-3,
SP417776 (SPC-6), SP417798 (SPC-7), SP417777 (3FER817799 (SPC-10), SP417794
(UB-1), SP417795(UB-2), SP417781 (IBT-3), SP417{86RA-6), SP417788(CTRA-8).
Colombia, Cali, urban area, CC-23 deposited in CLN&barium of Universidad del Valle
and replicate in SP, Sao Paulo.

Description:

Basidioma annual to perennial, stipitated or seksathery to very hard. Pileus not laccated,
dimidiade to subflabeliform, 4-13 x 5-9 x 2 cm;rfars to yellowish or reddish

brown abhymenial surface, concentrically zonatéh wright, immed pilear crust, whole and
obtuse margin. Brown or yellow-mustard context;D.5 thick. Brown tubes 0.2 — 1 cm long.
White or brown porous surface with sub-orbiculargso, 4-5 for mm. Laterally short stipited,
4-8 cm long and 1-3 cm diam., sometimes bifurcatieidker at the base, concolor with the
pileus. Pilear crust similar to a subanixoderme posed withgenerativehyalines hyphae
with thin walls, 4.5-6 pm diam. become darker wb&hand branched with inflated and sub-
globous endings and brown skeletal hyphae wittk#rigvalls. The branched skeletal hyphae
are 80-100 um long, 4-7.5um diam. Context hyphalstem trimitic, hyaline or light
yellowish generative hyphae with thin wall, sepdavéth clamp conection2-4 um diam.;
reddish brown skeletal hyphae with thick wall, arfewm and aciculariform, hyaline to light
brown conjunctive hyphae with thick wall, branché&d2um diam. Basidiospores 6.9- 8.7 X
5-5.2 um, egg-shaped and truncated at the apemwidated, hyaline exospore smooth, dark
brown spiny endosporiuififig 3).

Cultural characteristics: white culture, velvett zonated, always white with age. Septated
hyphae, 2 um wide, with clamp-connections, hyalitee light yellow, branched.
Chlamidospores absent.

The analysis of basidiospore wall through scanmmgroscopy showed that this species is
characterized by no open longitudinal cavities.
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Figure 3.Ganoderma. gibbosum). Basidiomata. B). Context. C). Pores. D, E). iBaspores
Ganoderma multiplicatum(Mont.) Pat. Bull. Soc. Mycol. Fr. 5:74, 1889.

Type French Guyana
Basionime:Polyporus multiplicatusMont., Annales des Sciences Naturelles Botanique
1: 28 (1854)
Synonyms= Polyporus multiplicatusont., Annales des Sciences Naturelles
Botanique 1: 128 (1854).
= Fomes multiplicatugMont.) Cooke, Grevillea 14(69): 18(1885)
= Scindalma multiplicatuniMont.) Kuntze, Revisio generum plantarum
3:519 (1898)

Substrate: Dead hardwoods, leguminous tree.

Distribution: Brazil, Colombia, Venezuela, Frenclhiy@na, Angola, India, Indonesia, Ivory
Coast, Sierra Leone, Zaire, Zambia (Torres-Toeted. 2012, Bolafiogt al. 2016).

Material examined: Brazil. S&o Paulo, SP417797(SRCSP417780 (IBT-2), SP417780
(IBT-2). Colombia. Cali, CUVC 294(CC-8)

Description:

Basidioma perennial, pileated, dimidiate to sesand broadly attached, corky to woody,
14x10x3 cm; upper surface flat, usually stronglicate, glabrous and shiny laccate, pale to
light brown to deep reddish to chesnut brown beogndarker by age. Margin in actively
growing specimens usually white light colourdtbre surface creamy white at first, later
ochraceous to pale brown, pores round, 6-8 per tub@&s concolorous with pore surface, up
to 6mmlong close to the stipedyphal system dimitico; generative hyphae hyalitinen-
walled, withclamp connection2-5um diam, difficult to observe in dried specimagskeletal
hyphae abundant, thick-walled, yellowish brown, namched or with a few distal branches. 3-
6um diam. Cuticle: a palisade or swollen hyphalsersdbme smooth, but mostly with small
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protuberances, strongly amyloid. Basidiopores saltiige or broadly ellipsoid, truncate at the
apex, 8.4-9.7%.8-70um (fig 4).

Cultural studies: colony white, velvet, not zonatgellow with age. Septated hyphae, 2.5 um
wide, with clamp-connections, hyaline to light yell, branched. Chlamidospores present or
absent. The ornamentation of the basidiospore surface ptede uniformly spaced
depressions under scanning microscope.

\\

20KV /8,000~ 2um

Figure 4. Ganoderma multiplicatumA). Basidiomata. B). Context. C). Cuticle cells CPpres. E, F).
Basidiospores

G. subamboinens@denn.)Bazzalo & Wright, Mycotaxon, v. 16, p. 302. 1892.

Type: Brazil

Basionime:Fomes subamboinenstenn., Hedwigia, v. 43, p. 175. 1904
Synonyms=Fomes subamboinenditenn., Hedwigia 43 (3): 175 (1904)
SubstrateCaesalpinia ferredMart. ex Tul

Distribution: Argentina, Brazil (Gottlieb & Wright999).

Material examined: Brazil, Sdo Paulo, SP417773 (3PC

Description
Basidioma dimidiate or more frequently stipitatabilliform, with isolated pilei or sometimes

concrescent, 13-35X2.5-10.5X0.2-1.5cm. Pilsudace laccate brilliant, radially rugose, with
concentric sulcations, undulate, dark reddish bragvadually becoming lighter towards the
margin, very brittle, thin. Margirsterile, straight, yellowish white, thin and acufipe
horizontal, tortuous, dark reddish to almost blaaklliant. Contextthin up to 1 cm wide,
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cream, almost white, with two or more layers of ameid substance. Hyphalic system
dimitic, generative hyphae with septa restrictedleonps, sparingly branched, 1-3 um diam.
skeletal hyphae underlying the cutis generally amylTubesl-4 mm long, concolorous with
abhymenial surface. Hymenisiirface concolorous with the margin, pores cirgudar mm.
Cutis of the hymeniodermis vera type, composed lakate elements, some of them
diverticulated at the base, IK + + + (dark greydaok blue), 50-60x5-10 um. Basidiospores
broadly ellipsoid, smooth to ornamented, brown08€&t7 (8) um; Chlamydospores smooth,
dextrinoid, in context, 10-11x10-13 um (fig 5).

Cultural studies: colony white, velvet, not zonatgellow with age. Septated hyphae, 3 um
wide, with clamp-connections, hyaline to light yeli, branched. Chlamidospores present.
The ornamentation of the basidiospore presentdreugace under scanning microscope.

Figure 5. Ganoderma subamboinens&). Basidiomata. B).Context. C).Cuticle cells DPores. E, F).
Basidiospores

G. parvulumcomplex

Material examinedColombia, CaliCUVC60070, CUVC60071, CUVC60072, CUVC60073,
CuUVC60074, CUVC60075, CUVC60076, CUVC60077, CUVCBBO CUVC60079,
CuUVC60080, CUVC60081, CUVC60082, CUVC60083, CUVCBOHO CUVC6E0085,
CuUVC60086, CUVC60087, CUVC60088, CUVC60089, CUVC800 CUVC60091,
CUVC60092, CUVC60093, CUVC60094, CUVC60095, CUVC8e@and CUVC60097.
Substrate: live tree of leguminous (See table 1).

Description:

Basidiomata annual, stipitated, rarely sessil disspitated, leathery. Pileus 46-16 x 2.8-5.5
cm, kidney-shaped, dimidiated, imbrincated, somesimvith welded pileus growing all
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together, yellowish orange, reddish yellow or retidirown, lighly or strongly laccated. Light
beige hymenial surface when young, turning straMight chestnut when older; circular or
subcircular pores, 3-8 per mm, 60-220 um diam. $ubé&-1.5 cm long, light chestnut to
brown. Stipe when present 1-13 x 1.6- 3.5 cm; #atcylindrical, lateral, dorso-lateral or
horizontaly lateral, reddish brown, dark purplepsgly laccated. Cutis with clavated cells a
few dextrinoids or strongly amyloids, 20-60x 4.8{9m; Pores: 5-6 mm,. Context 0.6-2.1 cm
thick, chestnut to dark brown, sometimes with ress bands, leathery consistency; fine
generative hyphae 1.0-210n, skeletal hyphae 1.574 diam., yellowish chestnut to reddish
brown in KOH, dextrinoid; bovista-type connectivgphae 1.2-2 um diam., rare, light, with
thickened walls, very branched. Basidiospores 91-%05.8-7.0um, egg-shaped to ellipsoid-
shaped, truncated, brown with thin dark brown, pomgus spiny (Fig 6).

Cultural characteristics: yellowish white culturettwage, zonated or not, sectorized, with
irregular margin, sometimes with chlamidosporesjegating hyphae septated with clamp
connections 2.f5im diam.

The analysis of wall through scanning microscofpwywveed basidiospore with spaced
depressions on the surface.

Figure 6.Ganoderma parvuluroomplex. A).Basidiomata. B).Context. C).Cuticlels®, E.). Basidiospores.

Ganodermasp.

Material examinedColombia, Cali, CUVC60079(CC-10) and CUVC60090(CD-2
Substrate: live tree of leguminous (See table. 1).
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Description:

Basidioma annual, sessil or substipitated, leathBrgus 25-11 x 1.0-2.0 cm, dimidiated,

imbrincated, yellowish orange, reddish yellow oddish brown, lighly or strongly laccated.

White hymenial surface when young, turning int@stror light chestnut when older. Cutis
with clavated cells, a few dextrinoids, 10-40x 9.0pum; Pores ovate, 4-5 per mm, 111-
175um diam. Tubes 1.8-3.5mm, light chestnut to bro@ontext 0.8-1.7 cm thick, chestnut
to dark brown, sometimes with resinous bands, bargistency; fine generative hyphae 0.8-
1.6 um, skeletal hyphae 2.1-6.23um diam. yellowibkstnut to reddish brown in KOH,

dextrinoid; connective hyphae 1.0-1.5 um diam. &aspores 9.3 -11.0 x 5.9-8.9um, egg-
shaped to ellipsoid-shaped, truncated, yellowrtovin and spiny (fig. 7).

Cultural characteristics: white colony, azonatedhwage yellowish white, zonated or not, not
sectorized, irregular margin, chlamidospores abggerative hyphae septated with clamp-
connections 1.fm diam.

The analysis of basidiospore wall under scanningge@scopy showed basidiospore wall with
spaced depressions on the surface.

20kV. xs,o’p«), 2um_

Figure 7.Ganoderma spA).Basidiomata. B). Context C). Pores. D). Cuticils. E,F).
Basidiospores.
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Statistical support nodes include the maximum paway bootstrap, maximum likelihood and Bayesian
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Legends of figures

Figure 1. Concatenate tree and reconstructioneopttylogenetic history of the sequences of
Ganodermaspecies. Statistical support nodes include the mmaxi parsimony bootstrap,
maximum likelihood and Bayesian respectively.

Figure 2.Ganoderma australd). Basidiomata. B). Context. C). Pores. D, E). iBaspores

Figure 3. Ganoderma gibbosumA). Basidiomata. B). Context. C). Pores. D, E).
Basidiospores

Figure 4.Ganoderma multiplicatumA). Basidiomata. B). Context. C). Cuticle cells.)D.
Pores. E, F). Basidiospores

Figure 5.Ganoderma subamboinens&). Basidiomat. B). Context. C). Cuticle cells.)D.
Pores. E, F). Basidiospores.
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Figure 6.Ganoderma parvulunsomplex. A). Basidiome. B). Context. C). CuticldlgeD,
E.). Basidiospores.

Figure 7.Ganoderma spA). Basidiomata. B). Context C). Pores. D). Cutickdls. E, F).
Basidiospores.

Legends of tables

Table 1. Ganodermaspecimens collected in leguminous trees and deatps

Table 2. Sequences Glanodermaorigin and references of used.
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CAPITULO 2. New records of Ganoderma multiplicatum
(Mont.) Pat. from Colombia and geographic distribuion in

South America

NGD

Ana Cristina Bolafids”’, Vera Lucia Ramos Bononénd Adriana de Mello Gugliotfa
1 Universidad del Valle, Departamento de Biolo@alle 13 No. 100-00, Cali, Colombia.
2 Instituto de Botanica de Sao Paulo. Av. Miguéff&to, 3687, Sao Paulo, Brazil.

*Corresponding author: ana.bolanos@correounivallec®

ABSTRACT

Ganodermas a cosmopolitan genus which contains approximadél species distributed in
temperate and tropical regions. The occurrencespdcies of Ganodermain living
leguminosae was observed in Park “de la Salud” ancB, Cali, Colombia andb.
multiplicatumis a species present and consistent and it watsnfientioned for Colombia. A
map with the distribution of this genus for the tmepical region is presented.

Key words: Ganodermataceae, Neotropical, Leguminag, Taxonomy.

Introduction

The GanodermaKarts. genus was created by P. Karsten in 188&dognize a lacquered and
stipitate fungusPolyporus lucidusW. Curtis: Fr. type species of the genus (Moncawd
Ryvarden 1997)Ganodermais well circumscribed by the truncated, ellipsb@sidiospore
with apical germinal pore, double-ornamented wdh& external wall (exosporium) is thin
and hyaline, and the internal wall (endosporiungask brown, separated with internal crests
(Ryvarden 2004). Due to the high phenotypical ptagtfound in the basidiomata of this
genus and the several concepts of the speciedjfyilegn some species has been confusing
and a correct geographical distribution is stilhgieg (Moncalvo and Ryvarden 1997). In
Colombia,Ganodermahas not been studied in depth; however, studisscban morphology
mention the existence db. australe G. adspersumG. amazonenseG. applanatum G.
brownig G. chalceum G. concinnum G. fornicatum G. lucidum G. nitidum and G.
neurosporun{Ryvarden 2004, Vasco-Palacios and Franco-Mol&i3p

Ganoderma multiplicaturoriginally was collected in French Guyana on tr{@iloncalvo and
Ryvarden 1997). This species has been considengdmech alikeG. chalceum(Corner
1983). Ryvarden (2000) considered it a synonymGosubamboinensebut a recent
phylogenetic paper written by the authors (unptielis data) shows that it is actualBy.

multiplicatum
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Material and methods

During a search of species Ganodermain living leguminosae and in rotten logs in urban
and rural areas, we collected a basidiom&.omultiplicatumat Park “ de la Salud(3° 19°
42" N, 76° 38 "19” W) Cali-Colombia. The collectiavas performed accordingly to Fidalgo
and Bononi (1984). For analysis of morphologicareleters thin sections of basidiome were
prepared and treated with 4%KOH, 1% Phloxine andz&tereagent (Ryvarden 2004).The
vouchers are deposited in SP and CUVC Herbaria.

Identification
Ganoderma multiplicatum(Mont.) Pat., Bull. Soc. Mycol. Fr. 5:74, 1889.
= Polyporus multiplicatuont., Ann. Sci. Nat. Bot. Ser. 4, 1:128, 1854.
Figures 1-9.

This species has been recognized because it psedenidiate basidiomata, 14x10x3cm,
lacquered, pale light brown to reddish brown, gligbrotuberant cells of the amyloid cuticle
and basidiospores 8.4 x 5.8um.

Specimen examined: Colombia: Cali, Dept. Valle,kPd& la Salud Pance, 05.1.2013. A.C.
Bolafios (CUVC60077).

Additional specimens examined: Brasil. Sdo PaurRi15797, SP417778, SP417780;
Guyana Francesa, K123639 LECTOTYPE.

Discussion

G. multiplicatumis a species with Neotropical distribution (Steyd®80), cited in Venezuela
(Ryvarden 2004). In Brazil it has been describe®&o Paulo (Gugliotta et al. 2011), Santa
Catarina (Loguercio-Leite et al. 2005, DrechslentBa et al. 2008, Baltazar and Gibertoni
2009), Amazonas, Para and Rondbnia (Gomes-SildaGamertoni 2009), Roraima (Gomes-
Silva et al. 2011), Rio de Janeiro (Gugliotta arahdo 2012), Alagoas and Sergipe (Torres-
Torres et al. 2012), Paraiba (Lima et al. 2014) Miatb Grosso do Sul (Quevedo et al. 2012).
In Argentina this species has been mentioned iruan, Corrientes and Chaco (Gottlieb
and Wright, 1999). List of localities with theirggraphic coordenates are on table 1.
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Table 1. Geographic Coordenates and references

Country Locality Coordenate Reference
Argentina Corrientes 27° 28’ 9"N, 58° 49’ 50"W @tieb andWright 1999
Chaco 26° 14’ 3"N, 60° 46’ 55"W Gottlieb and Wit 1999
Tucuman 26° 49’ 20"N, 65° 13' 9" W | Gottlieb andlright 1999
Brazil Amazonas 3°25’0.6"N, 65° 51’ 22"W | Gomes-Silva and Gilbertoni
2009, Torres-Torres et al. 2012
Alagoas 9° 34’ 17"N, 36° 46’ 55"W Torres-Torrexd al. 2012
Mato Grosso do Sul 20° 46’ 20”N, 54° 47' 66"\  @uedo et al. 2012
Para 1° 59’ 53”N, 54° 55’ 50"W Gomes-Silva andliézrtoni
2009
Rio de Janeiro 22°54' 2"N, 43° 10’ 22"W Torrédrres et al. 2012
Paraiba 7° 17' 50"N, 36° 37’ 3"W Lima et al. 281
Rondénia 11° 30’ 21"N, 63° 34’ 50"W | Gomes-Silemd Gilbertoni

2009, Torres-Torres et al. 201P,
Lima et al. 2014

Roraima 2° 44’ 15"N, 62° 4’ 30"W Gomez-Silva at 2011

Santa Catarina 27° 14’ 32"N, 50° 13’ 8"W DrechsiSantos et al. 2008,
Baltazar and Gibertoni 2009,
Loguercio-Leite et al. 2005.

S&o Paulo 23038'00"S- 23040'18"S e | Gugliotta et al. 2011, Torres-
46036'48"-46038'08"W Torres et al. 2012
Sergipe 10°34'27"N, 37° 23’ 8" W Torres-Torres &. 2012
Colombia Cali Pance 3°19742" N, 76° 38 "19" W Thehors
Guyana Francesd Isla Principe 3° 56’ 2"N, 53° 3"/ Moncalvo and Ryvarden 1997
Venezuela 10° 27° 58”N, 66° 54’ 4"W Ryvarden 200

*Data not informed by the author. Were considered toordinates of the locality or
municipality.

This is the first record of the species for Coloanbind contributes to increase the list of
species of the genus for the country and for thetfdpic. The type material from French
Guyana (South America), is in Kiew herbarium (Kndat consist of a basidiome fragment.
Nevertheless, the material allowed the identifaatiof material collected. Despite of
originaly described to South America, this species registered in Tahiti, New Guinea,
Egypt and United States / Washington (LIoyd 19¥8jica and India (Steyard 1980) and in
Hainan Island (Zhao 1989). A distribution map fbe tNeotropic ofG. multiplicatumis
shown in Figure 10.
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Figures 1-9.Ganoderma multiplicatunMont.) Pat. 1). Basidiomata (Scale bar = 2cm). 2).
Context (Scale bar = 1mm). 3). Cuticle cells (Sdade = 10um). 4). Porg§&cale bar =
10pum). 5-6). Basidiopores (Scale bar = 10@wgle bar = 2um respectively).
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Figures 7-9. Ganodermamultiplicatum (Mont.) Pat.7. Basidiospores. 8. Cuticle cells. 9.

Skeletal hyphae. (Scale bar =5 pm).
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Figure caption

Figure 1-6. Ganoderma multiplicatunfMont.) Pat. 1). Basidiomata (Scale bar = 2cm). 2).
Context (Scale bar = 1mm). 3). Cuticle cells (Sdaée = 10um). 4). PorgScale bar =
10um). 5-6). Basidiopores (Scale bar = 10@@ogle bar= 2um respectively).

Figure 7-9. Ganodermanultiplicatum(Mont.) Pat.7. Basidiospores. 8. Cuticle cells. 9.
Skeletal hyphae. (Scale bar =5 pm).

Figure 10.Geographical distribution map &f. multiplicatum(Mont.) Pat., in the neotropics.
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CAPITULO 3. Ligninolytic enzymes activity in saprophyte

and parasite species dbanoderma
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Abstract

Ganodermaare polypore fungi with saprophytes and paragexies reported in temperate
and tropical areas. Basidiomata@inoderma australes. applanatum-australe complex, G.
multiplicatum, Ganodermap. andG. subamboinenseavere collected from ornamental
leguminous trees at avenues and rotten logs imgrezas and parks in Neotropical countries
(Sdo Paulo/Brazil and Cali/Colombia). Three treatthe sawdust of Caesalpinia
peltophoroidegplus water, sawdust plus malt extract and ondnresat of liquid malt extract
medium were prepared to evaluate the productiotigoinolytic enzymes. Laccase and
phenoloxidase were produced on substrates by parasd saprophytic strains. Manganese
Peroxidase is produced in one parasitic strain vwodiivated in sawdust, but it occurs in both
saprophytic and saprobic strains when growing irit regtract liquid medium. Lignina
peroxidase was not detectddost parasitic species (66%) showed ligninolytizyenes’
activity higher than that in saprophytic species.

Keyword: white-rot fungus, Lacase, Ganodermataceae, Masgaand lignina peroxidase.
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Introduction

The genus Ganoderm&arst. has been broadly studies in recent yeargrutakonomic
aspects (Cao et al., 2012, Zhou et al., 2015),yntooh of extracellular ligninolytic enzymes
(Zhou et al., 2012), metabolites with potential ol use (Bishop et al., 2015) and because
some species can cause serious diseases, sudnapathogens bearing economic interest
(Naher et al., 2013).

Ganodermaspecies grow under fallen logs, such as thosaembghytes, or on different types
of trees and domesticated plants, where it becaangangerous pathogen (Sankaran et al.,
2005, Hushiarian et al., 2013). While the wood atonized, the fungi produce ligninolytic
enzymes which degrade the lignocellulose presettterplant cellular wall (Adaskaveg and
Gilbertson, 1986)Ganodermaspecies and other species of polypore are camsgbas white-
rot fungi and deemed one of the most efficient geoto degrade @&=CB, p-aryl, G.Ca
bonds, degrading including C-C bonds (Kirk, 198he@ et al., 1982) transforming lignin up
to CO, and HO (Hatakka, 1994). The capacity to degrade ligaione of the most important
biological reactions in nature due to its environtaé implications and possible
biotechnological applications (Eriksson and Bernk)9).

In addition to the white-rot fungi, two other graupf fungi are involved in degrading lignin:
brown-rot fungi which, through a fenton reactiorgdele polysaccharides and leave lignin
intact, and the soft-rot fungi, whose function hasbeen fully clarified (Hatakka, 1994).
Recent genome studies have shown that white-rgi fusve more gens that codify for
hydrolytic and oxidizing enzymes than brown-rotdurGenome of specieBotryobasidium
botryosumJaapia argillaceaandSchizophyllum commumkeviate from the classical white-

rot model because they lack peroxidase (PODs)heythave enzymes that act on crystalline

cellulose (Riley et al., 2014).
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In lignin degradation, white-rot fungi produce fotypes of ligninolytic enzymes: lignin
peroxidase (LiP), manganese peroxidase (MnP), $aciaaC) and versatile peroxidases (P).
The latter group mixes functional and structuralgarties of MnP and LiP and little is known
of the gen’s structure and of the region promothig type of enzymednusza et al., 2013).

In several species of tt@anodermagenus the production of laccase has been reparted,
addition to manganese peroxidase, lignin peroxigask versatile peroxidases in fermented
agro-industrial residues supplemented with diffelsssurces of carbon, nitrogen or in wood
splinters of Eucaliptus spp.; Poplar sp. andDrimys winteri Not always is the enzyme
production equal for all species, strains, age @mdlitions of culture (D” Souza et al., 1999;
Silva et al., 2005; Elissetche, 2007; Songulasletikl., 2007; Simofiet al., 2010; Mehboob
et al., 2011; Hariharan and Nambisan, 2013). Lact@®ne of the main enzymes cited for
many species of white-rot fungi (Wong, 2009), ptaahd insects (Mayer, 1987; Mayer and
Staples2002) and bacteria (Diamantidis et al., 2000; Hell@l., 2001; Sanchez-Amat et al.,
2001).

Laccase production as the main phenoloxidase has tetected in culture dfycnoporus
cinnabarinusin agar and lignosulphonato at 1%, the activitypefroxidase triggered by
ABTS oxidation in the presence of,®L has been stimulated by low levels of Nitrogen
(Eggert et al., 1996).

The importance of the ligninolytic enzymes produdgdGanodermaand other white-rot
fungi can be calculated because they can be uséedb several lignocellulosic materials
generated by the food, paper, textile and dye imdss by agricultural activities,
accumulation at municipal dumps and in bioremeaiaprocesses of toxic substances, where
benefits are obtained in return once those prosesse more environmentally-friendly
(Akhtartt et al., 2000; Huang andheng, 2000; Pokhrel, 2005; Wang, 2009; Manavatah. e

2012). The main objective of this paper was to wlighinolytic enzymes of saprophyte and
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parasite species dbanodermainvolved in degradation and fall of species of leguous
plants used in urban trees.

MATERIAL AND METHODS

Fungal specimens

Basidiomta of different species Ganodermawere collected in leguminous plants affected
and fallen trunks in urban and protected areas@aziBand Colombia. Mycelium was isolated
of each basidiome and preserved in malt extraat @4&A) at 2% for enzymatic analysis.
The basidiomata and fertile samples of the hodtiegs were dried and stored for taxonomic
studies. The list of the species collected canooed in table 1. The species were identified
accordingly to the traditional taxonomy and confidrthrough molecular biology (Bolafios et
al., 2016)

Table 1. Ganodermaspecimens collected in leguminous trees and deatjps

Species Origin Collection Number Host

G. australe Brazil SP417784(CTRA-3) Dead stump
SP417796 (CTRA-11) Dead stump
SP417793 (CTRA-12) Dead stump

SP417774(SPC-2) Inga verawilld
©, Bl EREILTI- ezl SP417798(SPC-7) Caesalpinia peltophoroideBenth.
australecomplex
SP417781(IBT-3) Dead stump
SP417788(CTRA-8) Dead stump
G. multiplicatum Brazil SP417797(SPC-5) Caesalpinia peltophoroideBenth.
SP417780(IBT-2) Dead stump
Ganodermasp.1 Colombia CUVC60081 (CC-12) Leucaena leucocephafaam.) de Wit

CUVC60084 (CC-15) Cassia fistula..
CuUVvC60087(CC-18 Phitecelobium dulcéRoxb.) Benth.

G. subamboinense  Brazil SP417773(SPC-1) Caesalpinia ferre€C. Mart.

Inoculum and culture

a) Growth in petri dish and inoculum
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Each strain isolated grew for 7 days in petri digith MEA (2%). The inoculum was
composed with 20 mycelium disks of 5-mm which wereoduced in 250 ml Erlenmeyer
flasks containing 100 ml liquid malt extract (MEpdaincubated at 28°C for seven days.
Later, the same liquid and the mycelium mass obthinere blended for 45 seconds at 15-
second intervals; 2.5 ml was used to inoculatesthstrate.

b) Substrates and inoculation
Leguminous plants were identified by taxonomiststled Prefecture of Sdo Paulo and of
Universidad del Valle in Colombia. Sibipiruna sawtl{Caesalpinia peltophoroideBenth)
was used to assess the production of ligninolytizymes of the twelve strains of
Ganodermathis plant being chosen because it is a legumimdweseGanodermaspecies are
more frequently found. Two treatments were madedsat + 70% water and sawdust + malt
extract liquid medium; for each treatment 5.652gdof sawdust material were added in
sterile 250ml flasks, sterilized for one hour amadter they had cooled down, they were
inoculated with 2.5ml of mycelium of each strairerided for 3 times during 15 seconds
(Elissetche et al., 2007). Each treatment wasaaigld 5 times.

c) Cultivation in malt extract liquid medium at 2%
Liquid malt extract at 2% (20g malt extract, 20gajise, 1g bacterial peptone for 1000 ml of
distilled water) was prepared, inoculated with siaene strains cBanodermaand incubated
for 14 days at 28°C. Inoculum was obtained withdXks of mycelium of 5mm diameter
grown with 7 day incubation. At seven day inteneaigymatic readings were done.
Enzyme extraction
After growing for seven days, enzymes were extrhbteadding 40ml of a buffer of
50mM sodium acetate pH 4.8 to each flask with ihatu(Simoné et al., 2010). The set was
agitated for one hour in an agitating table at 2. Later filtering was done in a vacuum

pump and the extract was collected in tubes, wesdd with activated coal to reduce color,
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varying the proportion from 1 to 20% coal per volummf extract, agitated for 30 minutes
(Carvalho et al., 2008), filtered with 0.45 micraereMillipore membrane and centrifuged at
3500 rpm for 15 minutes.

Determining enzymatic activity

Spectrophotometric determination of laccase enzyamesphenoloxidase was done through
ABTS oxidation €£420=3600 M* cni®). The mix of the reaction for laccase was don&Nt.
cuvettes containing 0.6ml enzymatic extract withub@atalase, allowed to rest for 10 min.
Next, 250ul phosphate citrate buffer pH4.0 and 1@)mM ABTS were added. Reading
was done at 420nm (Bourbonnais & Paice 1988). Rerphenoloxidase the mix of the
reaction contained 0.6ml enzymatic extract, 250pdgphate citrate buffer pH 4.0, 50ul
hydrogen peroxide and 100ul ABTS.

Activity of manganeseeroxidase was determined by oxidation of 0.7MIl mNenol red
(€6:4460 M* cm®). The mix of the reaction was done in 3MI cuvettestaining 2.1ml
buffer solution of 0.2M sodium succinate, pH 4.51M sodium lactate and 0.5% bovine
albumin 0.35ml MNnSO4 2mM, 0.35ml hydrogen peroxXedeM and 3.5ml enzymatic extract.
Readings were done for 10 minutes. Every 2 mindta$ of reaction was removed; the
reaction got paralyzed with 50 ul NAOH 2N. Readimgse done at 610nm (Kuwahara et al.,
1984).

To determine enzymatic activity of lignin peroxidasoxidation of 500ul 10mM veratryl
alcohol €310= 9300 M* cm*) was found. The reaction was mixed in 3MI cuvettestaining
Iml 125mM sodium tartrate buffer pH 3.0, 500ul 2ntividrogen peroxide and 500ul
enzymatic extract (Tien and Kirk, 1984). Readingsvdmne through spectrophotometry at

310nm wave length.
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lonic exchange column DEAE sepharose CL-6B

A 17cm x 1.2cm glass column was filled up with 7R9RAE Sepharose CL-6B resin and
25% of 50mM sodium acetate buffer pH 4.8. The résid been balanced and air had been
removed from the column. After the resin had sediee in the column, it was connected by
gravity to eluent 50mM sodium acetated pH 4.8 amel flow set at 0.5-0.7ml/min. The
enzymatic extract had its pH adjusted at 4.8, \&ith acetic acid, next 2ml of sample was
placed at the top of the column and elution wasedwith 0.2M NaCl solution buffered with
sodium acetate pH 4.8. Fractions were collectedraad in the spectrophotometer at 280nm
to determine MnP and LiP (Carvalho et al., 2008).

Statistical analysis

The statistical treatment rendered to the datadeas in the SAS program through a factorial
analysis having as factors the strains and theureuiinedia. Variance analysis was done to
check significant differences among strains, celtmedia and strain-medium interaction, and
the Tukey test comparing the means of the squaredmum of the strain-medium
interaction.

Results and discussion

Five taxa ofGanodermawere identified in 6 species of leguminous plaftsis is the first
study of enzymatic activity oB. multiplicatumandG. subamboinenselhree strains did not
grow in neither of the two culture media evalua{8&417796 or CTRA-11, SP 417788 or
CTRA-8 and CUVC60087 or CC-18).

Ligninolytic activity of saprophyte and parasite stains of Ganodermain treatments with
sibipiruna sawdust

The speciesG. australe G. applanatumaustrale complex, G. multiplicatum G.
subamboinensand Ganodermasp. cultivated in sawdust with water and sawdugt walt

extract at 2% (ME) only presented ligninolytic emmatic activity of phenoloxidases and
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laccases (Figures 1, 2, 3 and &}udies conducted witls. australe and G. lucidum in
cultivation with sawdust oDrimys winteri, EucalyptusglobulusandLiriodendron tulipifera
also presented activities only of laccases (D’soakal., 1999; Elissetche et al., 2007). Just in
one parasite strain gdanodermasp. (CC-12) MnP activity was detected in the twdtuze
media after 14 days of incubation (sawdust withewat30U/L; sawdust with Me -50U/I;
p<0,05). D'Souza et al. (1999) obtained similarutesvhen they studieds. lucidum
incubated in several types of sawdust and onlyhédaultivation withPopulus alba(Poplar)
did they obtained activity of MnP (103 u/L).
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Figure 1. Phenoloxidase production in parasite specigsasfoderman the 7, 14, 21, and 28

days of incubation.
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Figure 2. Phenoloxidase production in saprophyte strainSarioderman the 7, 14, 21, and

28 days of incubation.
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Figure 3. Laccase production in parasite strainsGahodermain the 7, 14, 21, and 28 days

of incubation.
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Figure 4. Laccase production in saprophyte strainé&sahodermain the 7, 14, 21, and 28
days of incubation.

In the remaining strains studied the extracts obthimade the reading of MnP and LiP
strains difficult because they had a very dark cdktudies have stated that the origin of dark
color is related to the formation of aromatic commpds derived from degradation of
lignocellulose material (Data et al., 1991; Vareale 1995, Carvalhet al., 2008). Failure in
recording those enzymes can also be due to themresf peroxidase inhibitors or yet due
the low production of enzymes. To clean and whitenextracts a treatment with coal at 2%
was used and it was concentrated in the ionic exgdhaolumn with the DEAE sepharose CL-
6B resin. However, the results were negative foes¢éhtwo enzymes. Difficulties in
determining enzymatic activity of LiP have also bheged forGanoderma luciduniD’Souza

et al.,, 1999) and for other species, suchl'emmetesversicolor (Valmaseda et al., 1991),
Ceriporiopsis subvermisporéLobos et al., 1994) andhebia radiata(Tamara et al., 1995).

Batool et al. (2013) obtained an increase in thH dgtivity up to 1.019 1U/ml fo&. lucidum
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when cultivated with wheat straw, thus improving tharbon/nitrogen relation, adding
inducers and optimizing physical conditions.

Using activated coal to whiten the extract alsotlwags the enzymes present. To confirm the
production of MnP by the strains, once they wernentb in Ganodermasp. 1 CC-12, all
strains were cultivated in liquid medium of maltrext at 2%. MnP activity was detected in
G. australe(CTRA-12), G. multiplicatum (SP-C5, IBT-2),G. applanatum-australeomplex
(SPC-2, SPC-7)Ganodermasubamboinens¢SPC-1) andGanodermasp. 1 (CC-12). All
these strains presented activity mainly on day flihaubation. Enzyme production varied
with the strains (0.2 to 18.5 U/L) (Table 2).

In this article significant heterogeneity in theoguction of ligninolytic enzyme by the
different Ganodermastrain will be found in the culture media asses&sVeral papers have
stressed that said behavior depends on the sg&aergulashviliet al.,2007), on the origin of
the strains (Silveet al., 2005), type of substrate, cultivation conditiolidigsetcheet al.,
2007), and on the type of growth (Rajendeaml.,2008).

In this study specimens were collected under sdgtepand parasite conditions. In the
complex Ganoderma applanatum-australestrains SPC-2 and SPC-7 are parasites and
presented more enzymatic activity in the mediumsafvdust substrate wetted with malt
extract. In this culture medium enzymatic actiwitiythese strains varied approximately 52-
285 and 184-500 (U/L) respectively, for phenolosiglawhile laccase varied from 49 to 250
and from 181 to 549 (U /L) for SPC-2 and SPC-7. SP&pecimen presented higher activity

where laccase predominated on days 14 and 21 negaitgim 470 to 550.
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Table 2. Manganese peroxidase (MnP) produce@Géyodermaspecimens cultivated in

malt extract liquid medium.

species strains Host Manganese peroxidase
(days)
7 14
G. australe SP417784(CTRA-3)  Dead stump 0 0
SP417793(CTRA-12) Dead stump 0 3.7
Ganoderma applanatum SP417781(IBT-3) Dead stump 0 18.5
australecomplex SP417774(SPQ) Inga vera 0 0
SP417798(SPC-7) C. peltophoroides 0 2.5
G. multiplicatum SP417780(IBT-2) Dead stump 0.01 0.2
SP417797(SPC-5) C. peltophoroides 1.2 1.4
G. subamboinense SP417773(SPC-1) C. ferrea 0 0
Ganodermasp. 1. CUVC60081 (CC-12) L. leucocephala 1.2 2.8
CUVC60087 (CC-15) C. fistula 0 0

SP417781 (IBT-3) saprobic fungus specimen presdate@nzymatic activity (80U/L) in the
two cultivations assessed, sawdust wetted with rwate with malt extract. Statistical
differences in enzyme production were significgt(0.5). So, it is possible to assume that
the strains coming from parasites are stimulateccdiypounds supplied by the tree alive
while those coming from saprophytes do not resgoradricher medium.

The same behavior was presented By australe sp417784 (CTRA-3) isolated under
saprophyte condition, which presented low actiintyhe two culture mediaP417793C TRA-

12) saprophyte strain did not present enzymatiwigcin the medium enhanced with malt
extract; activity in the medium of sawdust with @ratvas much higher than that of the other

strains of the same species (phenoloxidase 3904add. laccase 340U/L — P<0,05). Said
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variation may indicate their adaptation to limitiognditions of carbon and nitrogen, once it is
reported as occurrence only as saprophyte. Sestrdies have mentioned that there is a
broad diversity of responses as to source and otmat®n of carbon required to the
production of laccase, and that some carbohydsates to regulate that expression (Wang et
al., 2008; Elisashvili and Kachlishvili, 2009). 8Stes have also cited that as to the need of
nitrogen the responses vary, some species prodyoadlytic enzymes in its absence, other
species produce at high concentration, and yedtfuer species it does not matter whether the
medium has high or low concentration of nitrogeayibh and Ramos, 2010).

For the specie&anoderma multiplicaturthe parasite or saprophyte conditions does not
interfere with its enzymatic production.

In G. subamboinensea parasite strain (SPC-1), it produces phenoémad (220 U/L) and
laccases (190 U/M) in medium with sawdust and wattr stronger activity on the first days,
while in the medium enhanced with malt extractjvitgtwas weaker on day 7 of incubation,
but stronger activities occurred in the rest ofpieeod (P<0.05).

Ganodermasp. collected in Colombia, with parasite straid 12 e CC-15, presented a quite
different behavior related to the two media; CCrd2oonded better to the medium of sawdust
with water, while CC-15 presented the same patbérthe parasite strains of the complex
applanatumaustraleandG. subamboinense

Generally speaking, the enzymatic response of parssains to cultivations with sawdust
wetted with malt extract present larger and bedistribution of the ligninolytic activity
during the incubation period.

On the other hand, saprophyte strains that grewilipiruna substrate, different from the
natural substrate where they had been found, piexbémw ligninolytic activity related to the
parasite strains, except for strain CTRA12. Itrishable that the penetration of hyphae in this

substrate or the presence of inhibitors in this dvd@ave influenced enzymatic activity.
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Studies of natural degradation Gf australein the ecosystem of rotten logs showed that
enzymatic activity in sawdust of rotten wood wettwdh water did not have enzymatic
activity, while that same sawdust extracted had/eatic activity for Mn peroxidase (Rios &
Eyxaguirre 1992). Up to this date no referencesntoymatic behavior among saprophyte and
parasite strains have ever been made.

Both parasite strains from Colombia (CC-12 and G-presented enzymatic activity
different from those from Brazil and also differgatated to each other, thus suggesting that
they are different related to the conditions foryene phenoloxidases as to their expression,
and that the geographical origin of the speciesicgnfere with the enzymatic activity; MnP
enzyme was identified in a strain of the specigs-(Q) from Colombia.
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RESUME

Les manganese-peroxydases font partie d’'un groigmeymes extracellulaires, responsables
de la dégradation de la lignine et sont produitasdes Basidiomycetes, connues comme des
champignons de la pourriture blanche du bois. Desi&anodermaspp., la présence de ce
type d’enzymes a été vérifiée dans des cultugesdes, mais souvent, elle n'est pas toujours
détectée dans des fermentations solides. Dansawalton a évalué la présence des génes de
manganese-peroxydases (MnP) dans des isolementS. drustrale G. gibbosum G.
multiplicatum, dans le complexe deG. parvulum et G. subamboinenseemployant
I'amplification partielle des génes qui les coditieLes résultats obtenus, ont confirmé la
présence du gene MnP en 12 isolements des diféremspéces d&anoderma Les
séquences obtenues ont présenté une haute siénidarilles ont permis de distinguer les
mémes cing espéces délimitées a travers des amatisda région ITS. 12 nouvelles
séquences provenant de 5 especeSatedermaont été générées et furent déposées dans la
data base Genebank.

Mot Clés: Ganodermataceae, Néo-tropique, Dégradatiale la lignine, Phylogénie,
champignons de la pourriture blanche
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ABSTRACT:

Manganese peroxidase (MnP) belongs to the groupxtrhcellular enzymes produced to
degrade lignin by Basidiomycetes species calledteatot fungi. In Ganodermaspp., the
presence of this enzyme has been found in liquildi®) but has not always been detected in
solid fermentation. In this study the presence ofPVgen ofG. australe G. gibbosum G.
multiplicatum,G parvulum complex and G. subamboinensevas assessed by means of
conducting partial sequencing for (MnP) gen. Thaults obtained confirmed the presence of
the gen in 12 isolates of the differéBanodermaspecies evaluated. The sequences obtained
are highly similar and enable discriminating thenedive species oBanodermadelimitated
through ITS analysis. Twelve new sequences reptiegefive Ganodermaspecies were
generated in this study and deposited in Genbank.

Key word: Ganodermataceae, Lignin degradation, &gy, White root fungi.

INTRODUCTION

Lignin is one of the largest biopolymers producadthe earth’s ecosystems and a main
constituent of the cellular wall of plants respdhsifor their rigidity and protection (Raven
2008). Lignin, cellulose and hemicellulose’s natutagradation to carbon is done by the
action of fungi called white-rot fungi of the Bamithycota phyllum. Those fungus species
grow on lignocellulose substrates and produce Higperoxidase enzymes, manganese
peroxidase, and laccase to carry out the degraddtiot always the three enzymes are
produced by all species of white-rot fungus (HatakR94; Arora & Sharma 2010).

Ganoderma Karst. species (Polypores, Agaricomycetes) are eadoit fungi, serious
pathogens in some cultivations, broadly used fodioneal purposes, but also valued for their
capacity of producing lignin-degrading extraceliuddzymes. InGanodermaspecies lignin-
modifying enzymes (LME) are lignin peroxidase, mamgse peroxidase and laccase (Zéiou
al. 2012). Production of LME enzymes varies signifittain the Ganodermagenus and the
type of enzyme produced depends on the speciesypadf culture used: liquid culture or
solid fermented culture (Silvat al. 2005; Elissetchet al 2007). Laccase is perhaps the
enzyme more usually detected in different specigbeogenus and under different conditions
of substrate. Low activity of manganese peroxidess detected in substrates of solid
fermentation and LiP was only been detected wheysipal and nutritional conditions are
enhanced in solid fermentation processes of substbemsed on wheat straw and corn residues
(D’Souzaet al 1999; Mehboolet al 2011; Batookt al. 2013).

Manganese peroxidase [EC 1.11.1.13, Mn (ll): hydregeroxide oxidoreductase, MnP], was
isolated and characterized iRhanerochaete chrysosporiurtKuwahara et al. 1984;
Paszczynsket al. 1985). The genome of this species contains 5 fifP 1-5) gens which
codify several isoforms. MnP is composed on awe@g370 amino acids (Aliet al 1997).
MnP is an acid glycoprotein with one isoelectrianpaf 4.5, 45 kDa molecular weight on
average and presents a series of isoenzymes. itoadid the MnP isoenzymes detected in
Phanerochaetehrysosporiumin Ceriporiosissubvermispordl isoforms for MnP have also
been described (Lobast al 1994), which are codified by a cluster of gemhtly related.
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Manganese peroxidase oxidizes phenolic compourtissaan enzyme of great interest due to
its application in wood pulp production, biobleathiand bioremediation (Janusizal 2003).
Study of the genome @anodermaspecies and other Polypores have uncovered thieeses

of a high number of gen peroxidases from differriifamilies of the Manganese peroxidase
gen. Analysis of the states of evolutionary recartston shows that this MnP gen is the
precursor of all class-II ligninolytic peroxidas@guiz-Duefiaset al. 2013). The goal of this
research was to determine the presence of the idasexmanganese gene in thirteen strains
of Ganodermawhich have not shown activity for this enzyme ire\pous chemical tests
included in the standard methodology (Kuwaketral.,1984, Lundelkt al.,1990).

MATERIAL AND METHODS

Fungal specimens and culture

Basidiomata ofGanodermaaustrale G. gibbosum G. multiplicatumcomplexG. parvulum

G. subamboinensand Ganodermasp., were collected on leguminous trees alive fatidn
logs in urban and protected areas in Brazil andof@bla. Table 1 shows the specimens
collected. The specimens were prepared for taxon@nidy and isolated in malt extract
(MEA) at 2%. Twenty five mycelium disks of 5mm acdah strain were retrieved from the
culture with a leaf perforator and inoculated if02B Erlenmeyer flasks containing 100ml of
malt extract and incubated at 30 °C. One week ldtey were filtered in a vacuum pump,
washed with sterile water, dried with paper towel atored in filter paper at -20°C.

DNA isolation, PCR amplification

fifty mg of the mycelium obtained in liquid cultucé malt extract 2% were ground in liquid
nitrogen. From this ground material DNA genome wagacted (Raeder & Broda, 1985).
The amplification of the specific region of the dgohg gen for the manganese peroxidase
enzyme (MnP) was paired with primers E2FB (GAC GISG AAG AAC CTG TTC SA)
and E8R (CGG AGY TGS GTC TCG ATG AAG (Isikhuemhet al 2002). To obtain
amplification the conditions of the PCR reactionggested by Vigalys & Hester (1990) were
followed. Visualization of the amplified productasvdone in agarose gel at 1.5%, dyed with
GelRed® Biotium. Molecular sizes were estimatedhwé lambda marker 100bp plus
Invitrogen®.

Cloning

The product of PCR of genomic DNA of each specieGanodermaested was cloned Ia.
coli DH5a through vector PGEM-T-easy Promega® accordingltheindications proposed
by the manufacturer. For this purpose cell&ofoli were prepared. The products of PCR of
genomic DNA linked to vector PGEM — T-easy. Colenigere selected by using selective
means with IPTG and Xgal as indicators (In@tiel 1990). The pellet obtained was purified
with Kitt de Promega®, accordingly to the manufaetis suggestions. To check
incorporation of the graft into the bacterium, aRPf@action with universal primers SP6 and
T7 was done at 95°C for 2min, followed with 36 eglt 94°C for 30sec, 50°C for 1min,
72°C for 1 min, with a final extension of 72°C fé&min. To check the degree of
polymorphism present in the amplified PCR produeétstestriction with enzyme Hinf |
originated fromHaemophilus influenz&f, whose site of recognition is 5'...!ANTC...3'
3'... CTNA,G...5', was done (Vilgalys & Hester 1990).
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Sequencing

To correlate the products treated with Hinfl enzyand the degree of polymorphism
identified, sequencing and purification of the @dmproducts were done based on the regions
cleared by primers T7 and SP6 by Macrogen.

Phylogenetic analysis

The partial sequences of this gene were assembteddited with the software Chromas PRO
software version 2.1. The aligned process wasezhmout manually by the use of Bioedit
Sequence Alignment Editor software (Hall 1999). Ttezonstruction of phylogenetic
background was inferred by the maximum likelihoo@étimod using the software PAUP
version 4.0b10 (Swofford, 2002), a heuristic seavith a hundred replicates, TBR algorithm
(Tree-Bisection-Reconnection) was used to adjwestdpology (Branch-swapping), the model
of nucleotide substitution was selected by theedoh of Akaike in ModelTest version 2.1.3
(Darriba et al 2012.); statistical support to tloeles of phylogenetic trees was assessed using
the bootstrap maximum parsimony (MP), maximum Iik@bd (ML) and Bayesian inference
analysis; MP bootstrap wagerformed with 10,000 re-sampling in the case of Wis 100;
the analysis of Bayesian inference was performeith WirBayes software version 3.1.2
(Huelsenbeck & Ronquist 2001, Ronquist & Huelsekb2803), using the Markov-chain
Monte Carlo algorithm, with 10 million generationsjth the trees sampled every 100
generation. A consensus tree was constructed tisentatest 50,000 trees (50% of the most
representative trees).

RESULTS AND DISCUSSION

The 13 isolations used in this molecular analysierew previously assessed in solid
fermentation of a substrate based on sibipirunadM@aesalpinia peltophoroideBenth.)
wetted with water and with mal extract to check #agévity of MnP enzyme. Out of the 10
strains grown, enzymatic activity for MnP was onlgtected in the compleanoderma
parvulum(data not presented).

Through the PCR conducted in this molecular ansigiithe isolations amplified and showed
fragments of approximately 700 pb. These resultsvstinat all the isolations tested present
the gen of the MnP enzyme and probably events dirthethe gen’s expression prevent its
being detected in solid fermentation culture. Initednot fungi, the gen’s expression that
codifies for MnP enzyme is highly influenced by gaamental factors, such as concentration
of nitrogen, carbon, metals and temperature, andrakisoenzymes are differently regulated
by carbon (Pease & Tiem 1992).

Agarose gel at 2% dyed with GelRed® and the maok@enolecular size lambda 100 pb plus
showed the presence of one or two bands with arogppate difference of 100 bp between
them. In spite of the use of different thermal pesf incrementing the temperature of
alignment and checking to evidence whether those hands corresponded to some non-
specificity of the primer or to a polymorphic evenit the same allele, those bands were
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always present. Said bands occurred in the thodatisns of the specie§. australe(K, M,
N), in a specimen dB. gibbosum(D), from Brazil, and in the three isolations bétcomplex
G. parvulum(E, F, H,) from ColombiaG. multiplicatum(C and I) ands. subamboinens@)
presented only one band (Figure 1)

The comparison of the restriction profile generabgdthe individuals assessed after the
digestion of the products amplified with Hinfl emag, originated fromHaemophilus
influenzaRf, whose site of recognitionis G ANTC...... 3"..3CTNA G....5, was

AL BECCralaislE Gt oK 1L, " M N

Fig. 1. Product of PCR. A) Ganoderma subamboinensB, D, J, L)Ganoderma gibbosunmC and 1)
Ganoderma multiplicatumg, F, HyGanoderma parvulum complek, M and N) Ganoderma australeG)
Molecular weight.

reported by Vilgalys & Hester (1990) as a good c¢athr of amplified fragments. In this
profile it was observed that the pattern of banus weight are characteristic for spectgs
australe G. gibbosumandG. subamboinens@wo strains of Gparvulumpresented the same
pattern.

In the presence of two bands and assuming tha¢ these two allelic variants of the gen, the
fragments obtained were cloned and sequenced @R)uiThe amplification of the isolations
after cloned showed only one band of approximal@l§ bp except for isolation J, where the
colony analyzed did not incorporate the graft.
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Fig 2 . PCR of fragments after cloning. A3. subamboinens®, D). G. gibbosumC, 1). G. multiplicatum E, F,
G). Ganoderma parvulur@omplex K, L, M, N). G. australe O, P). Controls. H.) Molecular weight. J. Colony
non-amplified.

The analysis of restriction of these cloned fragi®eshowed that the gen has several alleles in
the different isolations tested, which indicatest tiihe expression of those multiple enzymatic
variants have different degrees of enzymatic agtiiFrigure 3). According to Bollag &
Leonowicz (1984), isoenzymes have different kirsgtichemical-physical features and
functions during the cycle of development of a fusigMaybe the characteristic features of
each isoenzyme explain both the different pattefnexpression and ligninolytic enzymatic
activity (Manzuret al. 1998).

ACBLCED E F G H T JUOKUTLEONMSN

Figure 3. Analysis of restriction of cloned products of t&@P gen inGanodermaA) G. subamboinens8, C
and D)G. gibbosumE and F)G. multiplicatumG and N)Molecular weightH, | and J)G. parvulumcomplex.
K, L and M)G. australe.

Exploratory analysis of the phylogenetic backgroofhdhe 12 isolations oGanodermavas
done to observe the relation among the sequendamet. To compare the sequences of the
MnP gen forGanodermaobtained in this studyirametes versicolowas used as an external
group. Sequences of gen for specieSahodermavere not found in GenBank. The relation
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among these sequences recovered from the gen oMiiie was assessed through the
maximum likelihood method; the model of nucleotgléstitution conducted with J-model
Test version 2.1.3 (Darribat al 2012) was determined as HKY+G with 0.416 as alpha
parameter of the gamma distribution. The nucledtidguencies were T= 0.2220, C= 0.3515,
A= 0.1800 and G= 0.2465. Figure 4 represents tlensdruction of the phylogenetic
background of the sequences found.

The matrix of the data of 12 sequences of the MaPaj the complexzcanodermaparvulum
and one of the external groups was 821 pb. In #duypiences analyzed, 498 characters or
60.7% were identical, 167 characters or 20.3% \warsimoniously informative, 156 variable
characters or 19% were parsimoniously non-inforveatirfhe most parsimonious trees had
longitude 186, a consistence index of 0.8142 amdtention index of 0.8157 All strains
analyzed presented the MnP gen and through saigsgktions of the speci&a. australe G.
gibbosumG. multiplicatum complexG. parvulumandG. subamboinensgrouped.

The exploratory analysis conducted with the MnP detected in the 12 isolates assessed and
compared to the ITS gen (Figure 5), historicallgduso solve taxonomic problems, showed
that the MnP gen is an efficient marker to deliteitAanodermaspecies.

1001001100 | Complex G. parvulumCC15 (Colombia)

100199100 | | Complex G. parvulum CC18 (Colombia) |Clade A

8azaig1| ' Complex G. parvulum CC12 (Colombia)

G. multiplicatum IBT2 (Brazil)
72/60/60 76/78/93 Clade B

G. multiplicatum SPC 5(Brazil)
G. subamboinense SPC1 (Brazil) | Clade C
73/72194] G- @ustrale CTRA11 (Brazil)
100/96/100 'G. australe CTRA12 (Brazil) Clade D
G. australe CTRA 3(Brazil)
80/89/93 G. gibbosum CTRA 8(Brazil)
100/97WIG. gibbosum SPC 2 (Brazil) Clade E
G. gibbosum SPC 7(Brazil)
Trametes versicolor X77154 (Sweden)

0.1

Figure 4. Tree generated by the MnP gen for diffet@anodermastrains
The clades generated for the different species weaeacterized for having bootstraps with

high supports, in addition to their showing the sagmoupings than those observed in the
inference analysis conducted for the ITS region.
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G. gibbosum CTRA8 (Brazil)
100/ 99&' G. gibbosum SPC7 (Brazil)
98/99/98

G. gibbosum SPC2 (Brazil)
G. gibbosum AB733121 (Japan) Clade E
99/9 |

G. gibbosum EU273514 (China)
9/981 G. gibbosum EU326219 (China)
G. australe AJ608709 (Australia)
_/49/- G. australe CTRA3 (Brazil)
— 99/99/100| | G. australe CTRA11 (Brazil)
61/69/77| G australe CTRA12 (Brazil) Clade D
G. australe AY884180 (China)
G. subamboinense SPC1 (Brazil) 1 Clade C
68/89/70 — G. multiplicatum IBT2 (Brazil)
—__ G. muniplicatum mSPC5 (Brazil) | Clade B
Complex G. parvulum CC12 (Colombia)
Complex G. parvulum CC18 (Colombia)
Complex G. parvulum CC15 (Colombia)
24/75/30| - Complex G. parvulum JX310820 (Brazil) Clade A
Complex G. parvulum JX310818 (Brazil)
97/92/981 complex G. parvulum JX310821 (Brazil)
— Amauroderma schomburgkii jx310859 (Brazil)
100/99/100 =—— Amauroderma partitum jx310854 (Brazil)

80/90/99

86/75/83

i

Figure 5. Tree generated by the ITS gen for the diffef@ahodermastrains.
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Table 1. Ganodermaspecimens collected in leguminous trees and deatps

Species Origin Collection Number Host

G. australe Brazil SP417784(CTRA-3) Dead stump
SP417796 (CTRA-11) Dead stump
SP417793 (CTRA-12) Dead stump

G. gibbosum Brazil SP417774(SPC-2) Inga vera Willd
SP417798(SPC-7) Caesalpinia peltophoroideBenth.
SP417781(IBT-3) Dead stump
SP417788(CTRA-8) Dead stump

G. multiplicatum Brazil SP417797(SPC-5) Caesalpinia peltophoroideBenth.
SP417780(IBT-2) Dead stump

Ganoderma parvulum  Colombia CUVC60084 (CC-15) Cassia fistulal.

complex CuUVC60081 (CC-12) Leucaena leucocepha{aam.) de Wit
CUVC60087(CC-18) Phitecelobium dulcéRoxb.) Benth.

G. subamboinense Brazil SP417773(SPC-1) Caesalpinia ferreeC. Mart.

Figure. 1. Product of PCR. A)Ganoderma subamboinense. B, D, J, L) Ganoderma
gibbosum. Gndl) Ganoderma multiplicatum E, F, H) Complex Garmmala parvulum. K,
M andN) Ganoderma australeG) Weight marker.

Figure 2. PCR of fragments after cloning. A3. subamboinensd, D). G. gibbosumC, 1).
G. multiplicatum E, F, G). Complexzanoderma parvulun¥, L, M, N). G. australe O, P).
Controls. H.) Marker. I. Colony non-amplified.

Figure 3. Analysis of restriction of cloned products of theanganese peroxidase gen in
GanodermaA) G. subamboinens8, C and D)G. gibbosumE and F)G. multiplicatumG
and N)Weight markerH, | and J)Complex G. parvulum. K,L and M) G. australe.

Figure 4. Tree generated by the manganese peroxidase gehefadifferentGanoderma
strains.

Figure 5. Tree generated by the ITS gen for the diffe@abodermastrains
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5. CONSIDERACOES FINAIS

As analises morfolégica e molecular deste estudmigram determinar que no Brasil
h4, pelo menos, duas espécies representando oneubg&vingia ndo lacadgssendo que
uma delas correspondeG australe. De acordo com a andlise realizada, tentativamente,
outra espécie poderia ser chamada gibbosum Ressalta-se que outros estudos serao
necessarios para confirmar a delimitacdo destaiespé

As espécieds. subamboinenseG. multiplicatum e G. gibbosumocorrem como
parasitas de leguminosas utilizadas em arborizag#na na cidade de Sao Paulo, Brasil. Em
Cali — Colémbia, em leguminosas encontran@Gsenultiplicatume uma espécie do complexo
G. parvulum

Através dos dados morfoldgicos suportados pelasgnétolecular concatenada das
sequéncias ITS, LSU, SSU e MnP obtidas, mais uontéoi incluido na lista de espécies do
género Ganodermapara a Colémbia, ampliando desta maneira a arealistebuicao
geografica d&. multiplicatumno neotropico.

As sequéncias ITS, LSU, SSU obtidas neste estudlnilmoem para enriquecer a base
de dados do GenBank para as espécies neotrope@artbderma Isto € importante pois
uma das principais dificuldades para identificareapécies do género é a falta de material
para comparacdo. Nem todas as espécies descrntaseggstro de sequéncias e € preciso
comecar a construir uma classificagdo mais configa® os tropicos.

As sequéncias obtidas para o gene da enzima mangar@gxidase (MnP), colocadas
no Genbank, permitirdo determinar linhagens corermél de uso biotecnoldgico.

Os resultados aqui obtidos mostram que na Colérab@nhecimento do género
Ganodermeae incipientee mais pesquisas sao necessarias para delimgapésies que nesta

analise filogenética formaram os clados D e E amese propor novos taxons.
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Com base na separacdo filogenética das espé@iesmultiplicatum e G.
subamboinensebtida com colec¢des do Brasil pode-se invalidsinanimia entre essas duas
espécies.

Por outro lado, é preciso aceitar g@e parvulume um complexo &. chalceum
precisam de mais estudds. chalceumdeve ser referenciado con@& cupreum o nome
valido.

O presente trabalho evidenciou que mais estudosabdogia e fisiologia do
desenvolvimento precisam ser feitos para ajudamdelanitacdo de espécies do género
Ganoderma

Através das analises enzimaticas realizadas entratdss baseados em serragem
umedecida com agua e serragem com extrato de foaiterificado que a lacase € uma das
principais enzimas presentes. Quando estas lineag&n comparadas de acordo ao tipo
nutricional natural, as linhagens parasitas resp@m melhor a meios mais enriquecidos
com carbono. De modo geral a atividade enzimaticmador e mais diversificada nas
linhagens parasitas do que nas saprobias.

A falta ou pequena atividade enzimatica observaala peroxidases como manganés
peroxidase (MnP) e lignina peroxidase (LiP) ndmifica sua auséncia, ja que MnP foi
observada em meio de cultura liquido e fatores canpresenca de compostos quimicos
flavondides e terpendides, responsaveis pela aarrasia madeira de sibipiruna, podem
dificultar a leitura das enzimas produzidas. Qutfatores a serem considerados sdo 0s
fendbmenos ligados a eventos de expressao genétiaeotddo com as condi¢cdes presentes no

meio.
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