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RESUMO

O género Agaricus ¢ monofilético e possui ampla distribuicdo
com mais de 400 espécies descritas. Os cogumelos desse género sio
caracterizados pelas lamelas livres, inicialmente de coloragdo branca,
depois rosada e finalmente marrom com a maturagdo dos esporos,
presenga de anel e crescimento no solo. Embora o género seja
facilmente reconhecido em campo, a identificagdo de espécies ¢ dificil
devido a falta de caracteres morfologicos e as variagdes intraespecificas.
Foram analisadas sequéncias de DNA das regides ITS, LSU e tef-1a de
73 espécimes coletados no dominio Mata Atlantica, nos estados de
Paraiba, Espirito Santo, Rio de Janeiro, Sdo Paulo, Parana, Santa
Catarina e Rio Grande do Sul. As andlises moleculares e taxonOmicas
demonstraram a existéncia de dois novos clados e cinco espécies novas.
Mais de 70% das sequéncias analisadas foram agrupadas em Agaricus
subg. Minores nas se¢des Minores e Laeticolores, e Agaricus subg.
Flavoagaricus na segdo Arvenses. O restante das sequéncias foram
agrupadas em outras quatro secdes: Agaricus; Rarolentes e
Subrutilescentes; e Xanthodermatei, representantes dos outros trés
subgéneros: Agaricus, Spissicaules e Pseudochitonia, respectivamente.
A inclusdo de novas sequéncias de espécimes subtropicais, as diferentes
relacdes filogenéticas encontradas entre as segdes e os subgéneros, além
da descri¢do de novas espécies reforcam a potencialidade de estudo do
género Agaricus no Brasil.

Palavras chave: Agaricaceae. Filogenia. ITS. LSU. Mata Atlantica. tef-
lo.






ABSTRACT

The genus Agaricus is monophyletic and has a worldwide
distribution with more than 400 described species. Mushrooms of the
genus are characterized by free lamellae, initially white, then pinkish
and finally brown with spore maturation, presence of annulus and
growth in the soil. Although the genus is easily recognized in the field,
species identification is difficult because the lack of characters and
intraspecific variability. ITS, LSU and tef-/a DNA sequences from 73
specimens collected in the Atlantic Rain Forest, in the states of Paraiba,
Espirito Santo, Rio de Janeiro, S0 Paulo, Parana, Santa Catarina and
Rio Grande do Sul were analyzed. Molecular and taxonomic analyzes
demonstrated the existence of two new clades and five new species.
More than 70% of the analyzed sequences clustered in Agaricus subg.
Minores into sections Minores and Laeticolores, and Agaricus subg.
Flavoagaricus into section Arvenses. The other specimens clustered into
four other sections: Agaricus; Rarolentes and Subrutilescentes;
Xanthodermatei, representatives of the other three subgenera: Agaricus,
Spissicaules and Pseudochitonia, respectively. The inclusion of new
sequences of subtropical specimens, the different phylogenetic
relationships found between the sections and the subgenera, and the
description of new species reinforce the potentiality of study of the
genus Agaricus in Brazil.

Keywords: Agaricaceae. Atlantic Rain Forest. ITS. LSU. Phylogeny.
tef-1a.
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APRESENTACAO

Este trabalho estd dividido em resultados gerais e em dois
capitulos apresentados em formato de artigo. No primeiro capitulo ¢
descrita uma espécie nova de Agaricus, ¢ no segundo capitulo sdo
descritas uma nova se¢do para o género e quatro espécies novas.

INTRODUCAO

O género Agaricus L. ¢é cosmopolita e contém
aproximadamente 400 espécies (Karunarathna et al., 2016). Linnaeus
descreveu o género em 1753, incluindo todos os cogumelos que
possuiam lamelas e estipe (Linnaeus, 1753). O género ¢ caracterizado
por apresentar basidiomas geralmente grandes e carnosos, com pileo
branco, creme, amarelo, pardo e, as vezes, marrom ou puUrpura; as
lamelas sdo proximas e livres, brancas quando jovens, mudando para
rosa com a produgdo de esporos e finalmente tornando-se marrom
devido a maturacdo destes; o anel ¢ sempre presente, geralmente
membranoso ¢ branco, podendo conter escamas na superficie inferior,
algumas vezes com formacdo de anel duplo (Heinemann, 1956; Singer,
1986; Zhao et al., 2016). Microscopicamente, Agaricus & caracterizado
por apresentar pileipelis em forma de ctis, trama do himenoforo regular
a levemente entrelagada, hifas sem fibulas, queilocistidios geralmente
presentes e basidiésporos geralmente marrons, de parede lisa e
engrossada (Zhao et al., 2016). As caracteristicas do género sdo
facilmente reconhecidas em campo, porém, a delimita¢do das espécies é
dificil. Fatores ambientais, variabilidades intraespecificas e falta de
caracteres morfologicos para diferenciar espécies sdo alguns problemas
encontrados na taxonomia do grupo (Zhao et al., 2011).

Os métodos de taxonomia para analise dos espécimes de
Agaricus incluem caracteristicas macroscopicas do pileo, estipe,
contexto e anel; odor; caracteristicas microscopicas como tamanho dos
esporos e presenga ou auséncia de queilocistidios; além de testes
macroquimicos com KOH 3% e reagdo de Schiffer (Largent, 1986;
Singer, 1986; Heinemann, 1956). A mudanga de coloracdo do
basidioma, assim como a reagdo de Schéiffer, ¢ melhor observada
quando o cogumelo estd fresco, o que dificulta a identificacdo apoés
desidratacao (Freeman, 1979). Como os caracteres macroscopicos siao
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importantes na diferenciacdo das espécies, os estudos baseados em
materiais desidratados devem ser feitos com cautela, pois podem
fornecer informagdes parciais (Albertd, 1998).

O género Agaricus apresenta um grande histérico de
proposi¢des taxondmicas. A classificagdo infragenérica de Agaricus
sensu Heinemann (1956) e Singer (1986) ¢ dividida em varias secdes
relacionadas ao habitat e mudanga na coloragdo do contexto quando
exposto. Heinemann (1956) dividiu o género em trés subgéneros e onze
secdes, agrupando representantes cosmopolitas no subgénero Agaricus,
enquanto que nos subgéneros Lanagaricus Heinem. e Conioagaricus
Heinem. estariam os representantes com ocorréncia tropical.

O uso da biologia molecular e o aperfeicoamento dos estudos
filogenéticos tém ajudado na delimitag@o de espécies e compreensdo das
relagdes entre os taxons de diferentes regides. Bunyard et al. (1996)
realizaram as primeiras analises moleculares do género Agaricus
utilizando enzimas de restricdo e demonstraram que a classificacdo das
secOes baseada somente em caracteristicas morfologicas pode
representar uma classificacdo artificial. Zhao et al. (2011), pesquisando
espécimes do género Agaricus coletadas em regides de climas
temperado e tropical (incluindo trés espécimes brasileiros), observaram
que apenas um ter¢o das espécies tropicais se enquadravam nas se¢des
historicamente propostas por pesquisadores europeus € norte-
americanos, ¢ que a diversidade de espécies em regides tropicais e
subtropicais pode ser tdo grande quanto em areas temperadas.

Zhao et al. (2016) propuseram uma revisdo do sistema de
classificacdo infragenérica do género Agaricus considerando o tempo de
divergéncia das espécies para estabelecer os niveis taxonomicos. Para
isso, os autores utilizaram como critérios para reconhecimento de
subgéneros e se¢des: 1) a monofilia e o suporte estatistico das analises
multigénicas; ii) tempo de divergéncia das espécies, sendo a idade
estimada dos subgéneros mais antiga que a das segdes; e iii) possiveis
caracteristicas fenotipicas. Neste estudo, foram utilizadas matrizes
combinadas da regido ITS e dos genes LSU, fef~-la e rpb2 de 745
espécimes, incluindo 64 tipos, de regides tropicais e temperadas da Asia
(China, Tailandia e Malasia), Europa (Franga e Espanha) e América do
Norte (Canadd e Estados Unidos). Dessa forma, a proposta de
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classificacdo de Zhao et al. (2016) segregou o género em cinco
subgéneros e 20 se¢oes (Tabela 1).

Tabela 1. Classificacdo proposta por Zhao et al. (2016) baseada em analises
moleculares, considerando o tempo de divergéncia das espécies.

Subgéneros
Agaricus  Flavoagaricus  Minores Pseudochitonia Spissicaules
Agaricus  Arvenses Minores Bivelares Amoeni
Laeticolores  Bohusia Rarolentes
Brunneopicti Spissicaules
Chitonioides Subrutilescentes
Crassispori
Flocculenti
Secoes
Hondenses

Nigrobrunnescentes
Rubricosi
Sanguinolenti
Trisulphurati

Xanthodermatei

Os cogumelos do género Agaricus sdo conhecidos por
possuirem alto valor nutricional e por suas propriedades farmacologicas,
pois representam uma fonte importante de polissacarideos e complexos
proteicos com atividade anticancerigena e imunoestimulante (Wasser,
2011). A espécie mais cultivada e consumida no mundo & Agaricus
bisporus (J.E. Lange) Imbach, o champignon (Royse, 2014). Apesar da
maioria das espécies de Agaricus ser comestivel, algumas apresentam
compostos toxicos, principalmente os representantes de Agaricus se¢ao
Xanthodermatei (Petrova et al., 2007).

A constante publicagdo de espécies novas, principalmente por
pesquisadores das regides tropicais da Asia, demonstra que o género
possui uma grande diversidade ainda desconhecida em regides tropicais
e subtropicais (Chen et al., 2015; Gui et al., 2015; Liu et al., 2015; Zhou
et al, 2016; Dai et al., 2016; Karunarathna et al., 2016; Zhao et al.,
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2016). Dessa forma, sdo necessarias coletas e revisdes de materiais que
ocorrem nas regides ndo amostradas para maior conhecimento das
espécies e das relacdes infragenéricas no grupo.
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OBJETIVOS
Objetivo geral:

Contribuir para o conhecimento das rela¢des filogenéticas e da
ocorréncia do género Agaricus no Brasil.

Objetivos especificos:

Identificar as espécies de Agaricus ocorrentes na Mata
Atlantica;

Analisar as relagdes filogenéticas dos taxons coletados na Mata
Atlantica brasileira com espécies ocorrentes em clima temperado e
tropical.
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MATERIAL E METODOS
Amostragem e identificacio morfologica

As coletas foram realizadas em 4reas do dominio Mata
Atlantica, e em areas urbanas como jardins, gramados e canteiros, nos
estados de Sdo Paulo, Parana, Santa Catarina ¢ Rio Grande do Sul.
Também foram incluidos espécimes coletados, por colegas, nos estados
da Paraiba, Espirito Santo e Rio de Janeiro e depositados no herbario
FLOR da Universidade Federal de Santa Catarina (UFSC).

Os basidiomas foram coletados com auxilio de uma colher e
acondicionados em caixas plasticas com divisérias ou em sacos de
papel. Ainda em campo, os espécimes foram fotografados e analisados
macroscopicamente. Um fragmento do pileo do basidioma ainda fresco
foi retirado, separado em papel manteiga e desidratado em silica ou em
microtubo com solugdo de CTAB 2% conservado na geladeira, para
futuras analises moleculares. Os espécimes foram desidratados em
secadora de frutas (Total Chef Food Dehydrator) com temperatura
aproximada de 40 °C por cerca de 24 horas ou até a desidratacdo
completa dos basidiomas. Depois de desidratados, os basidiomas foram
acondicionados em sacos plasticos tipo ZipLock e etiquetados com o
numero de coletor. Posteriormente foram levados ao freezer por um
periodo de sete dias, para eliminar possiveis larvas e ovos de insetos que
possam ter resistido a desidratacdo, para entdo serem depositados no
herbario FLOR do Departamento de Botanica da UFSC.

As analises macroscopicas foram realizadas no Laboratério de
Micologia (Departamento de Botanica da UFSC) ou em campo, ¢ as
microscopicas no Laboratério Multiusuario de Microscopia Anatomica
(Departamento de Botanica da UFSC) e no Nucleo de Micologia do
Instituto de Botanica de Sdo Paulo. As descrigdes morfologicas dos
basidiomas, macro e microscopicas, foram realizadas seguindo o
glossario de Vellinga (1988). Foram observadas possiveis alteracdes na
coloragdo do contexto e foram realizados testes com KOH 3% e NaOH
10% na superficie do pileo e no contexto. Os codigos de cores foram
baseados no Online Auction Color Chart (Kramer, 2004). Foram
realizados cortes longitudinais do himenodforo para observacdo de
caracteristicas microscopicas da trama, basidiésporos, basidios e
cistidios; da superficie e do contexto do pileo e da superficie e contexto
do estipe. Os cortes foram montados em ldminas com agua, KOH 3%,
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Melzer e Vermelho Congo, separadamente ou em combinagio
adequada, para visualizag@o das caracteristicas em diferentes corantes e
reagentes. As microestruturas foram observadas em microscopio optico
(OLYMPUS CX21 e Zeiss) e medidas com o auxilio de uma lente ocular
com régua micrométrica acoplada. Foram obtidas 20 medidas para cada
estrutura. O quociente comprimento/largura, indicado por “Q” nas
descrigdes, foi calculado para facilitar a descrigdo da forma dos

basididsporos, seguindo a terminologia de Bas (1969).

Analises moleculares

Foram realizadas extragdes de DNA total dos espécimes
coletados (Tabela 2) segundo o protocolo de Doyle & Doyle (1987)
adaptado por Goes-Neto et al. (2005). Trés regidoes do DNA foram
amplificadas por meio de rea¢des em cadeia da polimerase (PCR): ITS,
regido intergénica barcoding para fungos, LSU e fef-1o com os primers
ITS8-F e ITS6-R (Dentinger et al., 2010), LROR e LR5 (Vilgalys &
Hester, 1990) e EF1-983F e EF1-1567R (Morehouse et al., 2003),
respectivamente. Para PCR, o mix foi preparado contendo 4ul. de DNA
(1:10), 10uL de agua, 10uL de Master Mix (Promega) e 0,5uL de cada
primer (10pmol/L). Os programas da PCR utilizados foram: para ITS,
segundo Zhao et al. (2011): 5 min. a 95 °C; 35 ciclos (1 min. a 94 °C,
1,5 min. a 55 °C, 1,5 min. a 72 °C); 5 min. a 72 °C; para LSU, Segundo
Vilgalys & Hester (1990): 1 min. a 72 °C; 30 ciclos (1 min. a 94 °C, 45
seg. a 50 °C, 1 min. a 72 °C); 7 min. a 72 °C; para fef-la, segundo
Morehouse et al. (2003): 3 min. a 94 °C; 35 ciclos (1 min. a 94 °C, 30
seg. a 50 °C, 1 min. a 72 °C); 7 min a 72 °C. Os produtos da PCR foram
purificados com PEG 20% e enviados para sequenciamento no Centro
de Pesquisas René Rachou (Fiocruz Minas, Brasil), utilizando os
mesmos pares de primers. Os procedimentos de extracao, amplificagdo e
purificacdo foram realizados no Laboratério de Biologia Molecular do
Departamento de Botanica da UFSC.

Os cromatogramas gerados a partir do sequenciamento foram
inspecionados e corrigidos manualmente no programa Geneious v.8.1
(Kearse et al., 2012). As sequéncias finais foram entdo usadas para
montar uma matriz individual para cada marcador, juntamente com
sequéncias adicionais obtidas no banco de dados Genbank (Benson et
al., 2005). A matriz de dados foi alinhada utilizando o softiware MAFFT
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v.7 (Katoh, 2013) com estratégia Q-INS-I e posteriormente editadas
manualmente por meio do programa MEGA v.7 (Tamura et al., 2013).
Para concatenar as sequéncias foi utilizado o programa FASconCAT v1.0
(Kiick & Meusemann, 2010). O modelo de evolugdo molecular utilizado
nas analises foi avaliado no programa jModelTest v.2.1.6, (Guindon et
al., 2010; Darriba et al., 2012) com o critério AIC (4kaike Information
Criterion). A regido ITS foi particionada em ITS1, 5.8S e ITS2; e tef-ia
separada em introns e os éxons em codons. Para reconstrugdo
filogenética foram utilizados os métodos de maxima verossimilhanca
(MV) e Inferéncia Bayesiana (IB). A analise de Maxima
Verossimilhanga foi realizada no software RAxML v.8.2.8 (Stamatakis,
2014) utilizando o modelo GTRGAMMA com valores de bootstrap com
1.000 pseudoréplicas para sustentagdo dos ramos. A analise de
Inferéncia Bayesiana foi realizada com o programa MrBayes v.3.2.6
(Ronquist & Huelsenbeck, 2003) utilizando os modelos de substituigdo
estimados anteriormente. As andlises foram feitas com duas corridas
independentes, cada uma com quatro cadeias em 20 milhdes de geracdes
com frequéncia de amostragem a cada mil geragdes. Os programas
jModellest, RAxML e MrBayes foram utilizados por meio da
Plataforma CIPRES (Miller et al., 2010). Os resultados das anélises
foram plotados no FigTree v1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/) e editados no InkScape
(https://inkscape.org/en/). Ao final do trabalho, as sequéncias serdo
depositadas no GenBank.
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Tabela 2. Espécimes utilizados nas analises moleculares. As sequéncias geradas neste trabalho estdo em negrito. * representa as
sequéncias que serdo depositadas no GenBank; - dados faltantes.

Subgénero Secio Coletor Espécie ITS LSU Tef-1a Localidade Referéncia
Minores Minores AH-44509 Agaricus kerriganii KF447893 - - Leo6n, Espanha Parra (2013)
LAPAGS08 Agaricus kerriganii  KT951306  KT951442  KT951589 Madrid, Espanha Zlg‘(’neé)al'
LAPAG412 Agaricus edmondoi KT951326  KT951481  KT951590 Segovia, Espanha 213% le(‘))al‘
AH-44506 Agaricus matrum KF447896 - - La Rioja, Espanha Parra (2013)
LAPAGS55 Agaricus matrum KT951310  KT951443  KT951598 Asturias, Espanha 212%1%;11,
e Pyrénées Atlantiques, Zhao et al.
LAPAG592 Agaricus friesianus KT951316 - KT951594 Franga (2016)
TRgmb01309 Agaricus purpurellus KF447903 - - Italia Parra (2013)
AH-44510 Agaricus gemlii KF447891 - - Canarias, Espanha Parra (2013)
LAPAG724 Agaricus comtulus KT951332  KT951448  KT951593 Burgos, Espanha Zlg‘(’neé)al'
LAPAGS10 Agaricus KF447900 - KT951592 Asturias, Espanha Parra (2013)
arrillagarum
LAPAG926 Agaricus pallens KT951315 - KT951591 Lapland, Suécia Zlg‘z) leé)"’l'
ZRL2012576 Agaricus sp. KT951372  KT951499  KT951596 Tibet, China 213% le(‘))al‘
. . . . Zhao et al.
ZRLWXH3067 Agaricus sp. KT951387 KT951497 KT951611 Jiangxi, China (2016)
ZRLWXH3076 Agaricus sp. KT951388  KT951458  KT951612 Fujian, China 213% le(‘))al‘
ZRLWXH3150 Agaricus sp. KT951390  KT951447  KT951609 Guangdong, China Zlg‘(’neé)al'
Agaricus ) Zhao et al.
LAPAG454 pseudolutonus KT951329  KT951453  KT951602 Burgos, Espanha 2016)
AH-42929 Agaricus callacii KF447899 - - Canarias, Espanha Parra (2013)
ZRL2012199 Agaricus sp. KT951367  KT951470  KT951595 Yunnan, China 213% le(‘))al‘
NT055 Agaricus sp. JF727846 - - Tailandia Zlg‘(’ne{)al
. . Zhao et al.
ZRL2012357 Agaricus sp. KT951369  KT951496  KT951610 Yunnan, China 2016)
CA846 Agaricus sp. JF727865  KT951452  KT951601 Tailandia Zlg‘(’ne{)al
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Minores

Clado a

ZR1.2011039
ZRL2012714
MPD30
CA848
CA921
ZRL2011156
ZRLLDO13
LAPAG589
TL2013a
MEL2063323

ZRL.2012004
LAPAG639
ZRL.2012012

MPD107
MPD108
MPD109
MPD110

FTF194
MARI1274
JDuque78
MAN1178

MPD134
MPD115
ACM473

Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus aridicola
Agaricus sp.
Agaricus wariatodes

Agaricus sp.
Agaricus huijsmanii
Agaricus sp.

Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus sp.
Agaricus sp.

Agaricus sp.

KT951351

KT951381

*

JF727864

KT951323

KT951352

KT951384

KT951331

JX984565

JF495054

KT951355
KF447889
KT951359

*
*

*

KT951449

KT951476

*

KT951445

KT951480

KT951516

KT951457
KT951444
KT951494

*
*

*

KT951606

KT951607

*

KT951605

KT951603

KT951604

KT951608
KT951571
KT951597

*
*

*

Yunnan, China

Tibet, China

Santa Catarina,
Brasil

Tailandia

Yunnan, China
Tailandia
Castellon, Espanha

Australia

Yunnan, China
Navarra, Espanha
Yunnan, China

Siao Paulo, Brasil
Sio Paulo, Brasil
Siao Paulo, Brasil
Séo Paulo, Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Rio de Janeiro,
Brasil
Parana, Brasil
Santa Catarina,
Brasil

Zhao et al.
(2016)
Zhao et al.
(2016)

Zhao et al.
(2011)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Lebel & Syme
etal. (2012)
Lebel & Syme
et al. (2012)
Zhao et al.
(2016)
Parra (2013)
Zhao et al.
(2016)
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Minores

Minores

Incertae sedis

Laeticolores

MANG686 Agaricus sp.
MANI1183 Agaricus sp.
ZRLWXH3161 Agaricus sp.
LAPAM14 Agaricus sp.
Agaricus

LD2012129 candidolutescens
ACM250 Agaricus sp.
ACMS513 Agaricus sp.
LAPAMI Agaricus flfﬂ

aufoaurantiacus
MPD16 Agaricus sp.
FTF140 Agaricus sp.
ANMF530 Agaricus sp.
MPD13 Agaricus sp.
MPD14 Agaricus sp.
MPD15 Agaricus sp.
MPD69 Agaricus sp.
MPD70 Agaricus sp.
CHC172 Agaricus sp.
MPD10 Agaricus sp.
JDuque70 Agaricus sp.
ACM260 Agaricus sp.

LAPAMIS Agaricus

rufoaurantiacus
JDuquel30 Agaricus sp.
MANS45 Agaricus sp.
EC31 Agaricus spl

KT951391

KT951312

KT951335

*

*

JF797183

*

*

*

KT951313

KT951526

KT951525

*

*

KT951615

KT951613

KT951616

*

*

*

*

KT951641

*

Santa Catarina,
Brasil
Santa Catarina,
Brasil

Guangdong, China

Sosua, Republica
Dominicana

Tailandia
Paraiba, Brasil

Espirito Santo,
Brasil

Venezuela

Rio Grande do Sul,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Rio Grande do Sul,
Brasil
Rio Grande do Sul,
Brasil
Rio Grande do Sul,
Brasil
Parana, Brasil
Parana, Brasil
Santa Catarina,
Brasil
Rio Grande do Sul,
Brasil
Santa Catarina,
Brasil
Paraiba, Brasil
Sosua, Republica
Dominicana
Rio de Janeiro,
Brasil
Paraiba, Brasil
Santa Catarina,

Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)

Zhao et al.
(2011)

Zhao et al.
(2016)
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Pseudochitonia
Pseudochitonia

Flavoagaricus

Sanguinolenti
Sanguinolenti

Arvenses

MATAS16
MPD02
MPD03
MPD04

MPD128
MPD19

MPD29

MPD71
MPD118
HAI0386

JH1

MPD105
MPD111

MAN1060
MPD17
ACM204
F2815
ZR1.2012010
ZR12012013
ZR1.2012030

ZRL.2012630
MAFungi80999
ZR1.2012002
ZR1.2012026

Agaricus spl
Agaricus spl
Agaricus spl
Agaricus spl
Agaricus spl
Agaricus spl

Agaricus spl

Agaricus spl
Agaricus sp.
Agaricus comtulus

Agaricus floridanus

Agaricus sp.
Agaricus sp.

Agaricus sp.

Agaricus sp.
Agaricus sp.
Agaricus
martinicensis

Agaricus
dilutibrunneus

Agaricus sylvaticus
Agaricus sp.

Agaricus sp.
Agaricus arvensis
Agaricus sp.

Agaricus cf. essettei

JF727870

*

*

*

*
AJ884624
KM349609

*

*

*

*

*

JF727855

KT951358

KT951360

KT951364

KT951379
KF114474
KT951354
KT951363

KT951512

KT951500

KT951455

KT951495

KT951462
KT951450

KT951569

KT951570

KT951628

KT951621

KT951630

Brasil
Veracruz, México
Santa Catarina,

Brasil
Santa Catarina,

Brasil
Santa Catarina,

Brasil
Santa Catarina,

Brasil
Santa Catarina,

Brasil
Santa Catarina,

Brasil

Parana, Brasil
Parana, Brasil
Durham, EUA

New York, EUA

Siao Paulo, Brasil
Sio Paulo, Brasil
Santa Catarina,
Brasil
Rio Grande do Sul,
Brasil
Paraiba, Brasil

Martinique, Franga
Yunnan, China

Tailandia

Tibet, China
Burgos, Espanha
Yunnan, China

Yunnan, China

Zhao et al.
(2011)

Didukh (2005)
Kerrigan
(2016)

Zhao et al.
(2011)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Parra (2013)
Zhao et al.
(2016)
Zhao et al.
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Flavoagaricus

Clado novo

ZR1.2012599
ZRL.2012608
ZJL20161
SHY2011073117
ZR1.2012604
ZRL.2012005
ZR1.2012598
JM03-193
ZR1.2012105
CA276
FLOR48215
ACM138
ZR1.2012722
MAN1150
MAN1152
MANG651

MPD131
DCD2013
JDuquel31

AGP08

ACM376

Agaricus essettei
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus sp.

Agaricus
abruptibulbus

Agaricus augustus

Agaricus
Slocculosipes
Agaricus
flocculosipes
Agaricus
subrufescens
Agaricus
subrufescens

Agaricus sp.

Agaricus
subrufescens

Agaricus sp2
Agaricus sp2
Agaricus sp2

Agaricus sp2
Agaricus sp.

Agaricus sp3
Agaricus sp4

Agaricus sp5

KT951374

KT951377

KT951380

KT951407

KT951375

KT951356

KT951373

KT951325

KT951365

KT951317

*

KT951383

*

*

KJ010887

*

KT951514

KT951498

KT951459

KT951515

KT951460

KT951477

KT951463

KT951461

*

KT951451

*

KT951625

KT951627

KT951622

KT951620

KT951626

KT951629

KT951617

KT951618

KT951631

*

KT951632

*

Tibet, China
Tibet, China
China
Yunnan, China
Tibet, China
Yunnan, China
Tibet, China
Tailandia

Yunnan, China

Surrrey, Reino
Unido
Espirito Santo,
Brasil

Yunnan, China

Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil

Rio de Janeiro,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil

(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)

Zhao et al.
(2016)

Dias (2013)
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Spissicaules

Spissicaules

Spissicaules

Spissicaules

Rarolentes

Amoeni

MKO01
ZR1.2011250

ZRL2012151
ZR1.2011249
ZRLQHY43
LAPAG420
FLOR48245
MPD127
MPD133
DKSG14
F2301
MAN1182

MAN1184

MPD113
MPD114

AW145
JH105

RWK2015
MPD55
LD201214

LD2012192
SK2012

LD2012100

Agaricus sp5
Agaricus planipileus

Agaricus
lanipedisimilis
Agaricus litoraloides
Agaricus sp.
Agaricus litoralis
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus sp.

Agaricus sp.
Agaricus sp.

Agaricus sp.

Agaricus sp.

Agaricus
butyreburneus
Agaricus sp.
Agaricus
leucolepidotus
Agaricus
albosquamosus
Agaricus
hanthanaensis

Agaricus suthepensis

*

KT951398

KT951366

KT951353

KT951386

KT951327

*

JF727854

*

*

*

*

KT951308

KT951324

KC135887

*

KT951336

KT951394

KT951424

KT951409

KT951484

KT951523

KT951485

KT951483

*

KT951490

*

KT951519

KT951520

KT951578

KT951580

KT951579

KT951572

*

KT951637

*

KT951635

KT951636

Parana, Brasil

Yunnan, China

Yunnan, China

Yunnan, China
Shandong, China

Burgos, Espanha
Surrrey, Reino
Unido
Santa Catarina,
Brasil
Rio de Janeiro,
Brasil
Santa Catarina,
Brasil

Santa Catarina,
Brasil
Santa Catarina,
Brasil
Parana, Brasil
Parana, Brasil
Awenda, Canada

Jokers Hill, ON,
Canada

Parana, Brasil
Tailandia

Tailandia

Tailandia

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhao et al.

(2016)

Zhao et al.

(2016)
Kerrigan
(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)
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ZR1.2010072
Rammeloo5756
ZRL3093
Spissicaules Subrutilescentes ZRL12011027
ZR1.2012025
SHY2012070604
ZR1.2012618
ZRLWXH3276
ZRL160
ZRLLDO14
ZRL2012115
MAN1110
MPD135
Agaricus Agaricus F2272
FTF193
JS75
MPD126
MAN1153
ZRL12010010
ZRLLD026

MPD11
LAPAG370

Agaricus amoenus
Agaricus kivuensis

Agaricus sp.

Agaricus
parasubrutilescens
Agaricus
parasubrutilescens

Agaricus sp.

Agaricus linzhiensis

Agaricus
subrutilescens

Agaricus sp.

Agaricus
inthanonensis
Agaricus
brunneopileatus

Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus sp.

Agaricus campestris

KT951348

JF514541

JF691548

KT951350

KT951362

KT951341

KT951378

KT951392

KT951345

KT951422

KT951404

*

JF727850

*

KT951347

KT951385
*

KM657927

KT951524

KT951488

KT951521

KT951487

KT951475

KT951503

KT951522

KT951486

KT951489

*

KT951511

KT951513
%

KR006607

KT951638

KT951583

KT951584

KT951581

KT951582

KT951585

KT951586

KT951587

*

KT951639

KT951640
*

KR006636

Yunnan, China

Tailandia
Yunnan, China
Yunnan, China
Yunnan, China

Tibet, China
China

Tailandia

Tailandia
Yunnan, China

Santa Catarina,
Brasil

Rio de Janeiro,
Brasil

Martinique, Franga

Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil
Santa Catarina,
Brasil

Tailandia
Tailandia
Rio Grande do Sul,

Brasil
Madrid, Espanha

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhao et al.

(2011)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhou et al.
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[ % * -
MANI1151 Agaricus sp. Brasil
CA637 Agaricus campestris  KT951322  KT951468  KT951633 le‘;‘(’) le(‘))al'
FLOR48207 Agaricus « « B East Suss.ex, Reino
porphyrocephalus Unido
ZRL2012006 Agaricus sp. KT951357  KT951466  KT951634 Yunnan, China le‘;‘(’) le(‘))al'
Pseudochitonia Rubricosi ZRL2012015 Agaricus KT951361  KT951506  KT951642 Yunnan, China Zhao et al.
kunmingensis (2016)
ZRLWXH3078 Agaricus sp. KT951464  KT951464  KT951643 Fujian, China le‘;‘(’) le(‘))al'
ZRL2012715 Agaricus dolichopus ~ KT951382  KT951502  KT951573 Tibet, China 212% leé)al‘
ZRL2014120 Agaricus dolichopus ~ KT951433 - - le‘;‘(’) le(‘))al'
Pseudochitonia  Nigrobrunnescentes LAPAG687 Agaricus biberi KM657919  KR006614  KR006642 Hungria thg‘a leé)al‘
WXR2012903 Agaricus padanus KM657903  KR006616  KRO06644 Xingjiang, China Ztgg le(‘))al‘
WZR2012907 Agaricus desjardinii  KM657901  KT951474  KT951644 Xinjiang, China th‘;(“) leé)al'
Pseudochitonia Sanguinolenti LAPAG382 Agaricus sylvaticus  KM657929  KR006608  KR006637 Burgos, Espanha Ztgg le(‘))al‘
ZRL2012568 Agaricus syvaticus  KT951371  KT951501  KT951568 Tibet, China le‘;% leé)"’l'
. . Algonquin,ON, Zhao et al.
ALGO07_213 Agaricus sylvaticus KT951307 - KT951567 Canad (2016)
Pseudochitonia Flocculenti LD2012165 Agaricus KT951338  KT951509  KT951565 Tailandia Zhao et al.
erectosquamosus (2016)
ZRL2012358 Agaricus KT951370  KT951471  KT951566 Yunnan, China Zhao et al.
pallidobrunneus (2016)
Pseudochitonia Bohusia LAPAGS562 Agaricus bohusii KM657928  KRO06613  KR006641 Madrid, Espanha th‘;(“) leé)al'
ZRL2012607 Agaricus KT951376  KT951510  KT951645 Tibet, China Zhao et al.
crassisquamosus (2016)
Lo ) . . Lanjak-Entimau, Zhao et al.
Pseudochitonia Brunneopicti SWKO014 Agaricus sp. KT951342 KT951482 KT951654 Malasia (2016)
ZRL2012267 Agaricus sp. KT951368  KT951504  KT951655 Yunnan, China 213% le(‘))al‘
ZRL133 Agaricus sp. KT951344  KT951505  KT951656 Tailandia le‘;‘(’neé)al'

Santa Catarina,

(2016)
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Agaricus Plateau Atlantique, Zhao et al.
ADK2564 brunneopictus JF514518 - - Benin (2011)
Pseudochitonia Xanthodermatei ACM429 Agaricus sp. * * - Sant;f;tizllrma,
TENNG61603 Agaricus pocillator FJ596845 - - EUA H“g‘g;;‘ al
Santa Catarina.
i * % - 3
MVL21 Agaricus sp. Brasil
RP32 Agaricus sp. KT951340 - KT951652  Rogers Park, Canadd Z‘g‘(’) le(‘))"’l-
ZRL2012585 Agaricus tibetensis ~ KM657895  KR006633  KR006658 Tibet, China thg‘a leé)aL
LAPAG387 Agaricus KM657923  KR006609  KR006638 Soria, Espanha Zhou et al.
xanthodermus (2016)
Santa Catarina.
i * * * 'y
MAN1109 Agaricus sp. Brasil
ZR12012629 Agaricus sp. KM657890  KR006627  KRO06656 Tibet, China Z*zg(“) le(‘))al-
LD2012185 Agaricus atrodiscus  KT284912  KT951473  KT951653 Tailandia A'ga(“;g‘l‘?; et
MFLU121010 Agaricus atrodiscus KT284912 - - Tailandia Ariyawansa et
al. (2015)
ZRLWXH3077  Agaricus tytthocarpus ~ KM657889  KR006618  KR006645 Fujian, China thg‘a leé)aL
XHWANG3077  Agaricus tytthocarpus ~ KM657889 . - Z*g(“) le(‘))al-
LD201271  Agaricus KJS75614  KT951508  KT951651 Tailandia Thongklang et
microvolvatulus al. (2014)
LD2012111 Agaricus bisporiticus  KJ575611  KT951507  KT951650 Tailandia Th;“%;(l)al‘f; et
Santa Catarina.
icus * N * X
ACM328 Agaricus sp. Brasil
Agaricus R R Kerrigan et al.
LAPAG20 pseudopratensis DQI82526 (2015)
ZRL2012014 Agaricus KM657882  KRO06621  KR006647 Yunnan, China Zhou et al.
nigrogracilis (2016)
Pseudochitonia Hondenses GB2011a Agaricus sp. JF896229 - - Italia Parra (2013)
ZRL2012611 Agaricus KM657879  KR006624  KR006652 Tibet, China Zhou et al.
grandiomyces (2016)
Pseudochitonia Chitonioides LAPAG257 Agaricus nevoi KM657922 KR006606 KR006635 Burgos, Espanha legl(.;le(l))aL
LAPAGS35 Agaricus nevoi KT951330 - KT951574 Teruel, Espanha le‘;‘(’) leé)al'
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Pseudochitonia

Pseudochitonia

Pseudochitonia

Bivelares

Crassispori

Trisulphurati

CA339

CA383

FLOR48221

CA433

CA427

WZR2012827

FLOR48246

WZR2012822

LAPAG446

LAPAG889

LD201234

ZRL3099

LAPAF7

SWKO079

ZRL18S

Agaricus gennadii

Agaricus cf.
bernardii

Agaricus bernardii

Agaricus
bernardiformis

Agaricus bitorquis

Agaricus bitorquis

Agaricus
subperonatus
Agaricus
sinodeliciosus
Agaricus bisporus

Agaricus
cupressicola
Agaricus variicystis
Agaricus
lamellidistans
Agaricus
trisulphuratus
Agaricus
trisulphuratus

Heinemannomyces

KT951318

KT951319

*

KT951321

KT951320

KM657916

*

KM657907

KM657920

KT951334

KT951339

JF691556

KM657924

KT951343

KT951346

KT951469

*

KT951467

KT951491

KT951492

*

KT951518

KR006611

KT951465

KT951517

KR006605

KT951472

KT951527

KT951575

KT951576

*

KT951577

KT951646

KT951647

KT951648

KR006640

KT951649

KT951562

KR006634

KT951561

KT951657

Surrrey, Reino
Unido

Xingjiang, China
Reino Unido
Xingjiang, China
Burgos, Espanha
Roma, Italia
Tailandia
Tailandia
Plateaux, Togo

Lanjak-Entimau,
Malasia

Tailandia

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhou et al.

(2016)

Zhou et al.

(2016)

Zhou et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhou et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)
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RESULTADOS E DISCUSSAO

A matriz final contém sequéncias de 218 espécimes, incluindo
70 sequéncias de ITS, 71 sequéncias de LSU e 62 sequéncias de tef-/o
de coletas brasileiras. Além disso, foram geradas 38 sequéncias de rpb2
que ndo foram incorporadas nas analises filogenéticas. O melhor modelo
de substitui¢do de nucleotideos para cada particdo foi: TVM+G para
ITS1; JC para 5.8S; TIM3+G para ITS2; TtN+I+G para LSU;
TIM3ef+I+G para tef-la éxon cédon 1; SYM+I+G para tef-la éxon
codon 2; TIM2ef+I+G para tef-1a éxon codon 3; TVM+I+G para tef-1a
intron. As arvores de Inferéncia Bayesiana e Maxima Verossimilhanga
apresentaram topologia similar. A arvore de Inferéncia Bayesiana ¢
apresentada na Figura 1 com valores de probabilidade posterior (PP) e
bootstrap (BS) mostrados acima dos ramos.

Em Agaricus subgénero Pseudochitonia, apenas quatro
sequéncias (ACM429, MVL21, MANI1109 e ACM328) foram
agrupadas em Agaricus se¢do Xanthodermatei, sendo a unica se¢do do
subgénero que incluiu sequéncias de espécimes brasileiros. Agaricus
bernardii Quél. (FLOR48221) e Agaricus subperonatus (J.E. Lange)
Singer (FLOR48246), espécimes coletados no Reino Unido, agruparam
em Agaricus se¢ao Chitoniodes e Bivelares, respectivamente.

Em Agaricus subgénero Agaricus (Figura 2) foram agrupadas
sequéncias de seis espécimes (JS75, FTF193, MPD126, MAN1153,
MPDI11, MAN1151) coletados em regido de Mata Atlantica nos estados
de Parand, Santa Catarina e Rio Grande do Sul. A sequéncia do
espécime MAN1151 aparece proxima a duas sequéncias de Agaricus
campestris L. (LAPAG370 e CA637), espécie tipo do género. Agaricus
porphyrocephalus F.H. Mgller (FLOR48207), coletado no Reino Unido,
também agrupou em Agaricus se¢do Agaricus.
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O subgénero Spissicaules aparece como parafilético nas
analises. Sequéncias de oito espécimes (Figura 3) foram agrupadas em
Agaricus secdo Rarolentes (MPD127, MPD133, DKSG14, MAN1182,
MAN1184, MPDI113, MPD114 e MPDS55), e duas (MANI1110 e
MPDI135) em Agaricus secdo Subrutilescentes. As se¢des Amoeni e
Rarolentes aparecem como clado-irmdo da secdo Subrutilescentes.
Apesar do parafiletismo do subgénero, as segdes apresentaram
monofiletismo.

Figura 2. Basidiomas de Agaricus subgénero Agaricus. a MPD126; b.
MANI1151; ¢.MPDI1. Escalas a,b: 1cm; c:2cm. Fotos: a. Ariadne Nobrega
MarinhoFurtado; b. Maria Alice Neves; c. Mariana Drewinski.
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Figura 3. a-c, e. Basidiomas de Agaricus subgénero Spissicaules se¢ao
Rarolentes. a-b MPD113; c. MPD127; e.DKSG14. d. Espécime ACM138
Agaricus cf. subrutilescentes Agaricus subgénero Flavoagaricus sec¢ao
Arvenses. Escalas a-b,d-e: 1cm; c:2cm. Fotos: a-c, e. Mariana Drewinski; d.
Altielys Casale Magnago.
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No subgénero Flavoagaricus foi observada a formacdo de um
clado composto apenas por materiais brasileiros, sem nenhuma
sequéncia representante das secdes e subgéneros ja descritos. As
sequéncias de oito espécimes coletados no Rio de Janeiro (JDuque 131),
Santa Catarina (MAN1150, MAN1152, MAN651, MPD131, AGPOS,
ACM376) e Parana (MKO1) agruparam em uma nova se¢do, grupo-
irmao de Agaricus se¢do Arvenses. As quatro espécies desta nova secao
sdo descritas no capitulo 2.

A sequéncia do espécime ACMI138 (Figura 3), coletado no
Espirito Santo, foi agrupada em Agaricus secdo Arvenses, juntamente
com outras trés sequéncias de Agaricus subrufescens Peck (CA276) de
outros paises como China (ZRL2012722) e Reino Unido (FLOR48215).

Em Agaricus subgénero Minores, apenas uma sequéncia
(MPD30) agrupou em Agaricus secdo Minores. Duas sequéncias
(MAN1183 e ACM250) agruparam no clado Incertae sedis juntamente
com outras sequéncias estudadas por Zhao et al. (2016). Doze
sequéncias (MPD107, MPDI108, MPD109, MPDI110, FTF194,
MARI1274, JDuque78, MANI1178, MPDI134, MPDI115, ACM473,
MANG686), representando possiveis seis espécies, agruparam num clado
exclusivo de representantes brasileiros, o clado a, com espécimes
coletados no Rio de Janeiro, Sdo Paulo, Santa Catarina e Parana (Figura
4). A maioria das sequéncias geradas neste estudo foi agrupada em
Agaricus se¢do Laeticolores (Figura 5), com um total de 29 espécimes,
incluindo as sequéncias de Agaricus spl, a espécie nova com
pleurocistidio proposta no capitulo 1 (EC31, MPD02, MPD03, MPDO04,
MPD19, MPD29, MPD71 e MPDI128). Agaricus secdo Laeticolores
aparece como grupo irmao dos clados Minores, Incertae sedis ¢ clado a,
representando o subgénero Minores.
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Figura 4. Basidiomas de Agaricus subgénero Minores clado A. a. FTF194;

b. MPD108; ¢c. MANG686; d. MPD115; e. MAR1274. Escalas a-b,d-e: 1cm;
c:2cm. Fotos: a-b,d-e. Mariana Drewinski; ¢. Maria Alice Neves.
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Figura 5. Basidiomas de Agaricus subgénero Minores se¢ao Laeticolores.
a. MPDI118; b. MPDI15; c. MANI1060; d.ANMF530; e. MPD17; f.
ACM204. Escalas a-f: Icm. Fotos: a-b,e. Mariana Drewinski; ¢. Maria

Alice Neves; d. Ariadne Nobrega MarinhoFurtado; f. Altielys Casale
Magnago.
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Das sequéncias dos 53 espécimes brasileiros, aproximadamente
70% do total dos espécimes analisados foram agrupadas nos subgéneros
Minores e Flavoagaricus, distribuidas nas se¢des ja conhecidas para os
subgéneros e em mais dois clados novos. A relagdo filogenética entre os
subgéneros Agaricus e Pseudochitonia encontrada nos resultados deste
estudo ndo corrobora com os resultados obtidos no trabalho de Zhao et
al. (2016). Apesar do baixo valor de sustentacdo dos ramos, o clado
Pseudochitonia aparece aqui como sendo o mais externo da arvore e os
subgéneros Spissicaules e Pseudochitonia aparecem parafiléticos. Zhao
et al. (2011) reportaram a polifilia de Spissicaulis. As relacdes entre os
subgéneros Minores, Flavoagaricus e Spissicaules corroboram com a
encontrada por Zhao et al. (2016).

Agaricus se¢do Arvenses e o clado novo descrito no capitulo 2
aparecem como grupo irmao dos clados Minores+tincertae sedis+clado
a+Laeticolores. Nas nossas analises, o clado Incertae sedis aparece
como grupo irmao do clado a, mais proximos de Agaricus segdo
Minores, diferente de Zhao et al. (2016) onde aparece como grupo irmao
de Agaricus segdo Laeticolores.

Heinemann (1956) definiu Agaricus trisulphuratus Berk. como
espécie tipo do subgénero Lanagaricus (se¢do Trisulphurati). Zhao et al.
(2011) estudaram um espécime de A. trisulphuratus € observaram que o
espécime foi agrupado no clado TRb no subgénero Pseudochitonia.
Dessa forma, no trabalho de Zhao et al. (2016), o subgénero
Lanagaricus foi considerado sinonimo heterotipico do subgénero
Pseudochitonia. Agaricus secdo Laeticolores foi proposta por
Heinemann (1961) dentro do subgénero Lanagaricus, baseada em
espécimes coletados na Africa e na América Central. Zhao et al. (2016)
classificou a secdo Laeticolores no subgénero Minores.

As sequéncias geradas neste estudo foram agrupadas em todos
os subgéneros de Agaricus, em pelo menos uma de suas sec¢des, sendo
nos subgéneros Agaricus, Flavoagaricus € Minores incluidas em todas
as suas se¢des. Ja nas segdes Spissicaules, Amoeni e Rubricosi de
Agaricus subgénero Spissicaules; e nas segdes Nigrobrunnescentes,
Sanguinolenti,  Flocculenti, Bohusia, Brunneopicti, =~ Hondenses,
Chitonioides, Bivelares, Crassispori e Trisulphurati de Agaricus
subgénero Pseudochitonia, nenhuma sequéncias dos espécimes coletado
no Brasil foi agrupada.
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CAPITULO 1 — Agaricus spl: a new neotropical species with
pleurocystidia in Agaricus section Laeticolores
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Agaricus spl: a new neotropical species with pleurocystidia in
Agaricus section Laeticolores

Abstract

Agaricus is a monophyletic genus with worldwide occurrence and more
than 400 species described. The genus is composed by representatives
growing on soil and can be easily recognized by the macroscopic
characters that include the presence of annulus on stipe and free and
dark brown lamellae when mature. Although the genus is easily
recognized in the field because its macroscopic characters, the
identification at the species level is difficult. Based on specimens
collected in the states of Parana and Santa Catarina in Brazil we propose
a new species, Agaricus spl. The new taxon is distinguished mainly by
the presence of pleurocystidia, a rare condition in the genus. The
molecular analyses based on nuc rITS1-5.8-ITS2 (ITS) barcode
sequences show that 4. spl belongs to Agaricus section Laeticolores.

Keywords = Agaricaceae, Brazil, ITS, Phylogeny, Systematic.

Introduction

The genus Agaricus L. is monophyletic (Vellinga, 2004) and comprises
approximately 400 species worldwide (Karunarathna et al., 2016).
Linnaeus (1753) was the first to describe the genus, in a very broad way,
including all mushrooms with lamellae and stipe. Due to this fact, many
species of mushroom-forming fungi were firstly described as Agaricus
and has this genus name as basionym. The representatives of Agaricus
are characterized by usually large and fleshy basidioma, with white,
yellow, brown and sometimes blackish or purple pileus, which is easily
separable from the stipe; the lamellae are close and free, white when
young, changing to pink and finally becoming brown to dark brown
when the basidiospores are mature; the annulus is always present and it
is usually membranous and white, sometimes double (Singer, 1986;
Mitchell & Bresinsky, 1999; Zhao et al., 2016). Macroscopic characters
can be easily recognized in the field but the species delimitation is very
complex. Environmental factors, intraspecific variability and lack of
characters to differentiate species are some problems found in the
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taxonomy of the genus (Zhao et al., 2011). Agaricus is microscopically
characterized by the pileipellis as a cutis, hymenophoral trama regular to
slightly interwoven, hyphae without clamp connections, basidiospores
brown without a true apical pore, absence of pleurocystidia and presence
or absence of cheilocystidia (Heinemann, 1956; Singer, 1986; Zhao et
al., 2016). In addition to macro and microscopic features, the Schéeffer
reaction and organoleptic character as odor is also useful to identify
some species (Heinemann, 1956).

The use of molecular data and the improvement of phylogenetic
studies have helped to clarify the relationship among Agaricus taxa in
the last decades. Bunyard et al. (1996) produced the first phylogenetic
analysis of the genus, based on 26S rDNA and the IGR-1/5S rDNA, and
showed that the classification based only on macrochemical and
morphological characters are mostly artificial. Recently, Zhao et al.
(2016) analyzed morphological and molecular data from more than 700
samples and proposed a reconstruction of the Agaricus systematic based
on divergence time to define taxonomic ranks. They produced a multi-
gene phylogeny combining ITS, LSU, tef~-I1a and rpb2 sequences from
samples from tropical and temperate areas, and segregated the genus
into five subgenera and twenty sections.

Fries (1874) was the first to propose Minores to name a group
in Agaricus. Heinemann (1956) considered Minores as a subsection in
subgenus Agaricus section Arvenses. Recent studies have shown that
Minores is a monophyletic subgenus, sister group of Agaricus subgenus
Flavoagaricus (Zhao et al., 2016). Zhao et al. (2016) delimited Agaricus
subgenus Minores with basidiomata often small to medium size; KOH
reaction positive and Schiffer reaction usually positive; pileus surface
and context often turning yellow; odour of anise; annulus superous,
simple or double with floccose or squamose lower surface; and
cheilocystidia usually present. Agaricus subgenus Minores includes
Agaricus sections Minores and Laeticolores. Section Laeticolores was
established by Heinemann (1961) based on samples from Africa and
Central America in subgenus Lanagaricus, which included tropical
species. The characters of Agaricus section Laeticolores are those of
subgenus Minores, with Schéffer and KOH reaction positive, annulus
lower surface smooth, fibrillose or squamose, with remnants of
universal veil often present on the pileus (Zhao et al., 2016).
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Pegler (1990) revised some species of agaricoid fungi from
Brazil collected by J. P. F. C. Montagne in 1843. Pegler (1990)
described 28 Agaricus species with holotypes deposited in the
Herbarium of the Muséum National d'Histoire Naturelle in France.
Heinemann (1993) studied the Agariceae in Brazil and described a new
species, Agaricus meijeri Heinem., collected in Parand. Meijer (2008)
described another Agaricus from Parand, Agaricus stijvei de Meijer.
Unfortunately, there are not available sequences of these specimens.
Collection and review of materials from subtropical regions is important
for a better knowledge of the species occurrence and the infrageneric
relationships in the group (Zhao et al., 2011). In this paper a new species
of Agaricus section Laeticolores is described based on morphological
and molecular data.

Materials and methods
Sampling and morphological study

The specimens herein studied were collected in the states of Parana and
Santa Catarina, South Brazil, and were described macroscopically
following Largent (1986) and Vellinga (1988). The chemical reactions
were performed with KOH 3% (yellow if positive) and NaOH 10%
(orange-red if positive) on the pileus and stipe surface of fresh or dried
basidiomata. The color code is based on the Online Auction Color
Chart (Kramer, 2004). Micromorphological features were observed
from dried specimens following Largent et al. (1977) and Vellinga
(1988). The notation [a/b/c] at the beginning of a set of basidiospores
represents: (a) basidiospores were measured from (b) basidiomata taken
from (c) collections. Basidiospore measurements were based on at least
20 structures per specimen, including Q, quotient of length to width, Q,,,
the mean of Q-value, L, the mean of length and W, the mean of width.
Basidiospore shape was based on Q-value (Bas, 1969).

DNA extraction, amplification and sequencing

DNA was extracted from dried pileus and lamellae fragments, following
a modified CTAB extraction method (Doyle & Doyle, 1987 adapted por
Goes-Neto et al., 2005). The nuc rITS1-5.8S-ITS2 (ITS) sequences were
generated using the primer pair ITS8F and ITS6R (Dentinger et al.,
2010). The PCR mix was prepared containing 4 uL genomic DNA
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(1:10), 10 puL water, 10 uL Master mix (Promega) and 0.5 pL each
primer (10pmol/L). The PCR program was according to Zhao et al.
(2011): 5 min at 95 °C; 35 cycles (1 min. at 94 °C, 1.5 min. at 55 °C, 1.5
min. at 72 °C); 5 min at 72 °C. The PCR products were purified with
PEG 20% and sequenced at Centro de Pesquisas René Rachou (Fiocruz
Minas, Brazil) using the same primer pair.

Phylogenetic analyses

The generated sequences were manually checked and edited with
Geneious v.8.1 (Kearse et al.,, 2012). Our dataset is composed of
sequences from eight newly collected Agaricus specimens from the
states of Parana and Santa Catarina, South Brazil, plus 34 sequences of
Agaricus sect. Minores taxa retrieved from GenBank. Sequence of
Agaricus linzhiensis R.L. Zhao (ZRL2012618) — Agaricus section
Subrutilescentes — was used as outgroup. Newly obtained sequences
were deposited in GenBank and accession numbers and country of
origin are given in Table 1. Sequences were aligned in MAFFT v7
(Katoh, 2013) following the Q-INS-I criteria and then manually
corrected using MEGA v7 (Tamura et al, 2013). The final ITS
alignment had a total of 716 characters (gaps included). To identify the
best nucleotide evolution model, we used the AIC criterion (Akaike
Information Criterion) in jModelTest v2.1.6 (Darriba et al., 2012;
Guindon et al., 2003). The ITS region was partitioned in ITS 1, 5.8S and
ITS2; estimating evolution model for each partition. Maximum
Likelihood (ML) analysis was performed in RAXML v8.2.8 (Stamatakis,
2014) using GTRGAMMA model with a rapid bootstrap analysis with
1,000 replicates and search for best-scoring ML tree, with other
parameters estimated by the software. Bayesian Inference (BI) analysis
was performed with Mr.Bayes v3.2.6 (Ronquist & Huelsenbeck, 2003)
using three partitions (ITS1, 5.8S, ITS2), with two independent runs,
four simultaneous independent chains and 20,000,000 generations with
sample frequency every 1,000 generation. The jModelTest, RAXML and
Mr.Bayes were used in CIPRES Science Gateway 3.1 (Miller et al.,
2010). The outputs of the analyses were displayed with FigTree v1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/).
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Tablel. Specimens used in the molecular analyses. In bold are the
sequences generated during this work. * Sequences to be deposited in

GenBank.

Subgenus Section Taxon f;’:ﬁ:;ion ITS Location Reference

Minores Minores ;‘fr‘;’;‘;“;l LAPAGS08 KT951306  Madrid, Spain (Zzig‘l"é)e‘ al
heigani AH-44509 KF447893  Leon, Spain P
Agaricus LAPAG412 KT951326  Segovia, Spain (Zzlg‘l‘)@e‘ al
Zi‘j:;f;” LAPAGSSS KT951310  Asturias, Spain (Zzlg‘l‘)@e‘ al
,A;li‘;;;‘m“ AH-44506 KF447896  La Rioja, Spain f;g'g)
;ff:s’l’;:l‘;s LAPAG592 KT951316 gﬁ:&fﬁles (Zz‘g‘l"é)et al

rance
Agaricus sp. CA848 JF727864  Thailand (Zz‘g‘fl)et al
Agaricus sp. CA921 KT951323 - (Zzl:)aloé)et al.
Agaricus sp. ZRL2011156  KT951352  Yunnan, China (Zz‘g‘l‘)é)e‘ al
Agaricus sp. ZRLLDO13 KT951384  Thailand (22‘2)3106)6‘ al
Agaricus sp. ZRLWXH3076  KT951388  Fujian, China é‘g‘f@e‘ al
Agaricus sp. ZRLWXH3150  KT951390 gk‘;liar:agdong, (2212)3136)et al.
Agaricus LAPAG724 KT951332  Burgos, Spain (Zzl:ff@et al
Agaricus gemlii  AH-44510 KF447891  Canarias, Spain f;(;'g)
Agaricus pallens  LAPAG926 KT951315  Lapland, Sweden (Zz‘g‘l"é)et al
Agaricus sp. CA846 JF727865  Thailand (Zzl:)afl)et al
Agaricus sp. ZRL2012357 KT951369  Yunnan, China (Zz‘:)al‘)é)e‘ al.
Agaricus sp. ZRLWXH3067 ~ KT951387  Jiangxi, China é‘?f@et al
Agaricus sp. ZRL2012576  KT951372  Tibet, China é‘g‘f@e‘ al
Agaricus sp. ZRL2012714 KT951381  Tibet, China (Zz‘g‘l"@et al
Agaricus sp. ZRL2011039  KT951351  Yunnan, China (Zzl:ff@et al
Agaricns LAPAGS89 KT951331  Castellon, Spain (Zz‘g‘l"é)et al
ﬁiﬁ:;g‘;imm LAPAG454 KT951329  Burgos, Spain (Zz‘g‘l"é)et al
Agaricus sp. ZRL2012012  KT951359  Yunnan, China (Zzig‘l"é)et al
Agaricus sp. ZR12012199 KT951367  Yunnan, China (Zz‘:)al‘)é)e‘ al.
Agaricus callacii  AH-42929 KF447899 Canarias, Spain an(;rg)
Laeticolores Agaricus spl MPDO02 * Santa Catarina
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Santa  Catarina,

saricus *
Agaricus spl MPDO03 Brazil
Santa  Catarina,
saricus * 3
Agaricus spl MPD04 Brazil
Santa  Catarina,

. * N

Agaricus spl MPD29 Brazil
Santa  Catarina.

. * N

Agaricus spl MPD128 Brazil
Santa  Catarina.

. * N
Agaricus spl MPD19 Brazil
Agaricus spl MPD71 * Parana, Brazil

Santa  Catarina,
saricus * 5
Agaricus spl EC31 Brazil
Agaricus spl MATA816 JF727870  Veracruz, Mexico (Zz}g’l"l)et al.
Agaricus sp. RMC-1256 KM349611  Arizona, USA éeorlrga“
Agaricus sp. RMC-1257 KM349612  Arizona, USA é%rf;g)a“
Agaricus Sosua, Dominican Zhao et al.
rufoaurantiacus LAPAMIS KT951313 Republic (2016)
. S Guangdong, Zhao et al.
Incertae sedis Agaricus sp. ZRLWXH3161 KT951391 China (2016)

X Sosua, Dominican Zhao et al.
Agaricus sp. LAPAMI14 KT951312 Republic (2016)
Agaricus " Zhao et al.
candidolutescens LD2012129 KT951335 Thailand (2016)

Spissicaules  Subrutilescentes  S4TICUS. ZRL2012618 KT951378  Tibet, China Zhao ct al.
linzhiensis (2016)

Results and Discussion

The final dataset contains 41 ingroup ITS sequences, including eight
generated in this study. The best models of nucleotide substitution
estimated for each partition in the datasets were: TPM3uf+G to ITS1, JC
to ITS 5.8S, and HKY+I+G to ITS 2. Both ML and BI tree topologies
were the same. The BI obtained by the analysis is presented in Figure 1,
with posterior probability and bootstrap values above branches.

Sequences of the new species clustered in a well-supported (1
PP/100 BS) clade with a sequence from Mexico (JF727870) and other
sequences of Agaricus section Laeticolores. Zhao et al. (2011) produced
a phylogeny including tropical and subtropical species of Agaricus.
They analyzed ITS data sequence and observed that only about one-
third of the species belong to the classical sections historically proposed
by European researchers. The tropical species were distributed in eleven
exclusively tropical clades, seven well supported, numbered as TR I to
TRVII on their work. The sequence MATA816 (JF727870) clustered in
TR II with other five specimens, but did not receive a taxonomic
treatment and was not included in the analyzes of Zhao et al. (2016).
Although it is necessary to revise the specimen MATAS816, our results
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indicate that is the same species here described, therefore suggesting a
neotropical distribution of 4. spl.

The sequences KT951391 (ZRLWXH3161), KT951312
(LAPAM14), and KT951335 (LD2012129) formed a separate clade,
close to Agaricus sections Minores and Laeticolores, with an uncertain
taxonomic position. In our analysis Agaricus section Laeticolores
appear as sister group of Agaricus section Minores, and clade Incertae
sedis, as well as in Zhao et al. (2016) study. Zhao et al. (2016) placed
Agaricus section Laeticolores in subgenus Minores, including one
species, Agaricus rufoaurantiacus (LAPAM15).
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—— Agaricus kerriganii LAPAGB08
Agaricus kerriganii AH-44509
Agaricus edmondoi LAPAG412
o0,sa/a7- Agaricus matrum LAPAGE55
197 | | Agaricus matrum AH-44506
Agaricus friesianus LAPAG592
1100 — Agaricus sp. CA848
0,81/56/ —— Agaricus sp. CA921
— Agaricus sp. ZRL2011156
| S Agaricus sp. ZRLLD013
0.77)- { Agaricus sp. ZRLWXH3076
S —— Agaricus sp. ZRLWXH3150 Minores
11100 Agaricus comtulus LAPAGT24
j_#_S__S_{f 777777777 L Agaricus gemiil AH-44510
Agaricus pallens LAPAGO26
Agaricus sp. CAB4B
Agaricus sp. ZRL2012357

wre ————————Agaricus sp. ZRLWXH3076
082 | ! Agaricus sp. ZRL2012576
0,85/84 Agaricus sp. ZRL2012714

Agaricus sp. ZRL2011039
Agaricus andicola LAPAG589
Agaricus pseudoluiosus LAPAGA54
Agaricus sp. ZRL2012012
————Agaricus sp. ZRLZ012199

Agaricus callacii AH-49929

~Agaricus sp1 MPD02
:-Agar.icus sp1 MPDO3
Agaricus sp1 MPD04
Agaricus sp1 MPD29
11100 Agaricus sp1 MPD128
- Agaricus sp1 MPD19
1 Agaricus sp1 MPD71
L ves | | Agaricus sp1 EC31
| Agaricus sp1 MATAB16
100 Agaricus sp. RMC-1256
L Agaricus sp. RMC-1257
Aganicus rufoauranticaus LAPAM15 o
1/99 Agaricus sp. ZRLWXH3161
- - Agaricus sp. LAPAM14 Incertae sedis
Agaricus candidolutescens LD2012129

Agaricus linzhiensis ZRL2012618
022

Figure 1. Bayesian Inference tree of Agaricus subgenus Minores based
on ITS data and rooted with A4. linzhiensis. The sequences generated in
this work are in bold. Bayesian posterior probability (PP) above 0.7 and
bootstrap values (BS) above 50% are shown above branches (PP/BS).
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Taxonomy
Agaricus spl nov.
Fig 2, 3.

Diagnosis: Similar to Agaricus pleurocystidiatus by presence of
pleurocystida but differing in the pileus surface covered by
concentrically arranged purple scales, pileus margin regular, stipe with
brown scales, slightly yellowish in some parts when exposed.

Etymology:

Holotype: Brazil. Santa Catarina: Floriandpolis, Universidade Federal de
Santa Catarina, next to the botanic department, 10-XI1-2015, M. P.
Drewinski MPD29.

Pileus 30—122 mm diam., at first parabolic, then truncately conical to
convex and finally expanding to plane-convex, slightly depressed,
covered by concentrically arranged purple (0ac527) scales on beige
(0oac780) background, darker at center with concentrated scales and
scattered towards the margin, margin regular. Pileus context approx.
Smm thick at center and 1mm at margin, whitish or slightly yellowish in
some parts when exposed, fleshy. Lamellae free, white at first, then
pinkish and finally brown when mature, margin regular, crowded, with
lamellulae. Stipe 102—120 X 9-20 mm, central, tapering at base,
fistulous, beige (0ac767) pearly, smooth above annulus, below with
brown scales, changing to yellow in some parts including the context of
the basal region. Annulus superous, pendant, membranous, floccose at
lower surface, whitish. Basidiospores [160/10/8] 5.0-6.2(—7.5) x
(3.79)5.0 um, [Q= 1.25-1.66; Q.= 1.42; L,=4.77um; W, =3.26pum],
broadly ellipsoid to ellipsoid, dark brown, smooth, thick-walled,
apiculus conspicuous, without a germ pore (Fig 2.¢). Basidia
(16.2-)21-37(—40) x 6.2—10.0(—11.2) pm, narrowly utriform to clavate,
hyaline, smooth, 4-spored (Fig 2.b). Pleurocystidia (25—)26—43 x
(16.2—-)18.7-23 pm, ovoid, subglobose to broadly clavate, hyaline,
smooth, thick-walled (Fig 2.d). Cheilocystidia (11.2—)13.7-45(—47) x
(7.5-)10—21(—23) um, clavate, subglobose to obovoid, hyaline, thin-
walled, usually covering all the lamellae edge (Fig 2.c). Lamellar
trama regular, with abundant oleiferous hyphae, 6.5(—8.7) pm diam.
Pileipellis a cutis composed of thin to rather thick-walled, cylindrical
hyphae, (3.7-)5.0—11.2um diam., branched, with purple pigments (Fig
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2.a). Pileus context composed of thin-walled, cylindrical hyphae,
(5.0-)6.2—12.5 pm diam., cylindrical, with abundant oleiferous hyphae.
Stipitipellis a cutis, composed of thin-walled, cylindrical hyphae, 5.0-
10.0 um diam., inflated. Macrochemical reactions KOH 3% positive,
yellow; NaOH 10% positive, yellow.

Habit and habitat: solitary to gregarious, terrestrial, growing on
grassland in urban area and in Atlantic Rain Forest domain.

Materials examined: Brazil, Santa Catarina: Florianopolis, near to the
botanic department, 30-VII-2015, M.P. Drewinski MPD(02; 05-X-2015
M.P. Drewinski MPD03; 07-X-2015 M.P. Drewinski MPD04; 10-XII-
2015 M.P. Drewinski MPD29; 16-111-2016 M.P. Drewinski MPD128;
09-11-2017 M.P. Drewinski MPD145; Parque Ecolégico do Corrego
Grande, E.Copini EC31; Cacupé, Tim Brightwell MPDI9; Parana:
Guarapuava, Parque Municipal das Araucarias, 12-1-2016, M.P.
Drewinski MPD71.

Notes: The presence of pleurocystidia is a rare condition and, although
they have a large size which stands out from the other structures in the
hymenium, they are not abundant and may go unnoticed if the material
is not observed with attention (Heinemann, 1980). Agaricus spl. is
similar to Agaricus pleurocystidiatus Heinem. from Singapore mainly
due to the presence of pleurocystidia, a rare condition in the genus.
Additionally, the annulus described for both species are also similar:
membranous, pendant, white and with flakes on lower side. However, A.
pleurocystidiatus differs in the pileus surface which has dark brown
scales on light brown background, pileus margin appendiculate and
fibrillose light brown stipe. Furthermore, A. pleurocystidiatus change to
reddish brown when cut and has a different distribution (Heinemann,
1980). Agaricus sinodeliciosus Z.R. Wang & R.L. Zhao from China is
another Agaricus species characterized by the presence of
pleurocystidia. However, A. sinodeliciosus differs by grows buried in
sandy soil, semihypogeous habit, pileus surface covered with light
brown or buff brown squamules on a dirty background, margin involute,
smooth or fibrillose white stipe that becomes reddish-brown when
bruised, the negative reactions in KOH and NaOH, the annulus inferior
forming a broad sheath, and the context turns reddish-brown when cut
(Wang et al., 2015).
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The basidiomata of Agaricus spl collected in Brazil have a
KOH and Schiffer reaction positive, discoloring in slightly yellow in
some parts of context when exposed, and annulus superous and simple,
which characterizes Agaricus spl morphologically into the Agaricus
section Laeticolores (Zhao et al. (2016)). The other two species with
pleurocystidia, A. pleurocystidiatus and A. sinodeliciosus present
discoloring in reddish brown and belong to Agaricus sections
Sanguinolenti and Bivelares, respectively (Heinemann, 1980; Wang et
al., 2015).

QDY e

Figure 2. Agaricus spl (MPD02, MPD03, MPD04, EC31, MPD7I,
MPD29) a. Pileipellis with pigments; b. Basidia; c. Cheilocystidia; d.
Pleurocystidia; e. Basidiospores. Scale 5 um.
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Figure 3. Agaricus spl a—b. Basidiomata; a.MPDI45; b. MPD29
(Holotype); c. Pileus surface (MPD71); d. Stipe with details to the scales
and annulus with floccose lower surface (MPDI145); e. Pleurocystidia
(MPD29); £. Pleurocystia(MPD04).

Agaricus spl is a new species in subgenus Laeticolores,
increasing the knowledge of the species within the section. The
morphological and phylogenetic analyses support the classification of
the taxa as new. The knowledge of Agaricus species that occur in
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America is important to better understand the phylogenetic relationships
and the biogeographic patterns in the genus.
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CAPITULO 2 — New section of Agaricus subgenus Flavoagaricus
from the Americas
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New section of Agaricus subgenus Flavoagaricus from the Americas
Abstract

Agaricus is an important and diverse genus with a worldwide
distribution. Macroscopic characters of the genus can be easily
recognized but its infrageneric identification is difficult. The use of
molecular techniques have helped to understand the relationship within
the group and the proposition of changes on the systematic
arrangements. Our aim was to better understand the diversity of
Agaricus in the Atlantic Rain Forest in Brazil and its phylogenetic
relationships among the taxa including mainly neotropical specimens.
The molecular analyses included nuc rlITS1-5.8S-ITS2 (ITS), nuclear
large subunit rDNA (LSU) and translation elongation factor alpha (tef-
la) sequences from 15 Brazilian specimens collected in the states of
Paraiba, Rio de Janeiro, Sdo Paulo, Parana and Santa Catarina. Most of
the Brazilian collections represent a new section, sister to Agaricus
section Arvenses, within Agaricus subgenus Flavoagaricus. Four new
species belonging to a new section are described and six sequences are
included in Agaricus section Laeticolores. The inclusion of sequences
from neotropical collections can reveal a new internal relationships and
new evolutionary lineages in the genus. This study helps to a better
understanding of the phylogenetic relationships within the genus and
increases the knowledge about species occurring in Brazil.

Keywords = Arvenses, Brazil, Diversity, Laeticolores, Phylogeny,
Systematics.

Introduction

Agaricus L. is the genus type of Agaricaceae Chevall. and was proposed
by Linnaeus (1753) to includ all mushrooms with lamellae and stipe.
The genus is monophyletic (Vellinga, 2004) and has a worldwide
occurrence with nearly 400 described species (Thongklang et al., 2014).
Important edible and medicinal mushrooms belong to Agaricus and
most of them are also known to have a high nutritional value and for
their pharmacological properties as an important source of
polysaccharides and protein complexes with anticancer and
immunostimulating activity (Wasser, 2011). Among the most cultivated
species Agaricus bisporus (J.E. Lange) Imbach, the button mushroom is
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the most consumed mushroom worldwide (Wisitrassameewong et al.,
2012; Royse, 2014).The mushrooms of the genus are saprobic and
generally humicolous, have brown and free lamellae, with regular trama;
annulus present; dark brown to purple-brown spore print; brown, usually
ellipsoid, smooth and thick-walled basidiospores (Mitchell & Bresinsky,
1999). Although the genus have some macroscopic characters which can
be easily recognized in the field, infrageneric identification is difficult
because of environmental effects, intraspecific variability and lack of
characters to differentiate species (Zhao et al. (2011)). Besides macro
and microscopic features, taxonomic methods for species recognition
include reactions with KOH and with aniline and nitric acid, the
Schieffer reaction (Freeman, 1979; Singer, 1986).

The genus has a long history and is part of different taxonomic
classifications. The classical concept of Agaricus (Heinemann, 1956;
Singer, 1986) considers some morphological and macrochemical
characters (e.g. context color change when exposed and Schéffer
reaction) to define subgenera and sections. Bunyard et al. (1996)
produced the first molecular analysis of the genus, based on 26S rDNA
and the IGR-1/5S rDNA, and showed that the classification based only
on macrochemical and morphological characters could be artificial.
Recently, several species of Agaricus have been described, mainly from
temperate and tropical areas of Asia, but the circumscriptions of the
subgenera and sections still remain confuse (Calvo-Bado et al., 2000;
Challen et al., 2003; Didukh et al., 2005; Kerrigan et al., 2008; Zhao et
al., 2012; Gui et al., 2015; Chen et al.,2015). Zhao et al. (2011) studied
data of ITS sequences of species from temperate and tropical areas and
observed that only about one-third of the species belong to the classical
sections historically proposed by European researchers, including. The
use of molecular data and the improvement of phylogenetic studies have
helped to clarify the relationships among taxa from different regions and
to propose taxonomic changes. Zhao et al. (2016) proposed a recent
reconstruction of Agaricus infrageneric systematic based on molecular
and morphological data. They produced a multi-gene phylogeny
combining ITS, LSU, tef-la and rpb2 sequences using species
divergence time to redefine taxonomic ranks into five subgenera and
twenty sections.

According to Zhao et al. (2016), Agaricus subgenus
Flavoagaricus Wasser is monophyletic and has one recognized section,
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Agaricus sect. Arvenses. The characteristics that define the subgenus is
the same as the section and include: KOH and Schiffer's reaction
positive; pileus surface usually changing to yellow; context turning to
yellow, reddish or without change; odor of anise; annulus superous,
double with scales or flakes on the lower layer and cheilocystidia
present, which are usually catenulate (Zhao et al., 2016). Gui et al.
(2015) cited thirty-five species recognized in Agaricus section Arvenses,
including Agaricus subrufescens Peck., a species that has raised
discussions about its identity and nomenclature (Kerrigan, 2005). The
occurrence of some Agaricus species in Brazil is known from few
punctual works (Capelari, 1989; Pegler, 1990; Rosa & Capelari, 2009;
Putzke et al., 2014) and more studies are needed to certify the species
identification and to treat the taxa within the infrageneric classification.
Thus, based on specimens recently collected in some Brazilian states,
the goal of this work was to report new species occurring in Brazil and
to understand how they are phylogenetically related to other tropical and
temperate taxa from morphological and molecular data.

Materials and methods
Sampling and morphological study

The Brazilian specimens herein studied were collected in the states of
Paraiba, Rio de Janeiro, Sdo Paulo, Parana and Santa Catarina and were
described macroscopically following Largent (1986) and Vellinga
(1988). The chemical reactions were performed with KOH 3% (yellow
if positive) and NaOH 10% (orange-red if positive) on pileus and stipe
surface of fresh or dried basidiomata. The color code is based on the
Online Auction Color Chart (Kramer, 2004). Micromorphological
features were observed from dried specimens and described following
descriptive terms of Largent et al. (1977) and Vellinga (1988). The
notation [a/b/c] at the beginning of a set of basidiospores represents: (a)
basidiospores were measured from (b) basidiomata taken from (c)
collections. Basidiospore measurements were based on at least 20
structures per basidioma, including Q value (quotient of length to
width), Q,, (the mean of Q-value) and L, /W, (the mean of
length/width). Basidiospores shape was based on Q-value according to
Bas (1969).
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DNA extraction, amplification and sequencing

DNA was extracted from dried pileus and lamellae fragments, following
a modified CTAB extraction method (Doyle & Doyle, 1987 adapted por
Goes-Neto et al., 2005). The nuc rITS1-5.8S-ITS2 (ITS), nuclear large
subunit rDNA (LSU) and translation elongation factor alpha (tef-1a)
sequences were generated using the primers pairs ITS 8F and ITS 6R
(Dentinger et al., 2010), LROR and LR5 (Moncalvo et al., 2000), EF1-
983F and EF1-1567R (Morehouse et al., 2003), respectively. The PCR
mix was prepared containing 4 L. DNA extract (1:10), 10 pL water, 10
pL Master mix (Promega) and 0.5 pL each primer (10pmol/L). The
PCR program to ITS was according to Zhao et al. (2011): 5 min. at 95
°C; 35 cycles (1 min. at 94 °C, 1.5 min. at 55 °C, 1.5 min. at 72 °C); 5
min at 72 °C; to LSU was according to Vilgalys & Hester (1990): 1 min.
at 72 °C; 30 cycles (1 min. at 94 °C, 45 sec. at 50 °C, 1 min. at 72 °C); 7
min. at 72 °C; and to tef-1a was according to Morehouse et al. (2003): 3
min. at 94 °C; 35 cycles (1 min. at 94 °C, 30 sec. at 50 °C, 1 min. at 72
°C); 7 min at 72 °C. The PCR products were purified with PEG 20%
and sequenced at Centro de Pesquisas René Rachou (Fiocruz Minas,
Brazil) using the same primer pairs.

Phylogenetic analyses

We performed a previous analysis with ITS and LSU data, including
species of five recognized subgenera and twenty sections of Agaricus
(data not shown). From this analysis we restrict to Agaricus subg.
Flavoagaricus, Agaricus subg. Minores and Agaricus subg. Spissicaules
to compose the dataset.

The generated sequences were manually checked and edited
with Geneious v.8.1 (Kearse et al., 2012). Our dataset is composed of
sequences from fifteen newly collected Agaricus specimens from five
Brazilian states plus 63 sequences retrieved from GenBank including
species of all section of Agaricus subg. Flavoagaricus, Agaricus subg.
Minores and Agaricus subg. Spissicaules. A Sequence of Agaricus
campestris L. (LAPAG370) — Agaricus section Agaricus — was used as
outgroup (Table 1). Newly obtained sequences were deposited in
GenBank and accession numbers and country of origin are given in
Table 1. All sequences were aligned in MAFFT v7 (Katoh, 2013)
following the Q-INS-I criteria and then manually corrected using
MEGA v7 (Tamura et al., 2013). To concatenate the sequences,
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FASconCAT v1.0 was used (Kiick & Meusemann, 2010). The final
alignment had a total of 2093 characters (gaps included). To identify the
best nucleotide evolution model, we used the AIC criterion (Akaike
Information Criterion) in jModelTest v2.1.6 (Guindon et al., 2010;
Darriba et al., 2012). The ITS region was partitioned in ITS 1, 5.8S and
ITS2; and fef-1a in introns and exons into codons, estimating evolution
model for each partition. Maximum Likelihood (ML) analysis was
performed in RAXML v8.2.8 (Stamatakis, 2014) using GTRGAMMA
model with a rapid bootstrap analysis with 1,000 replicates and search
for best-scoring ML tree, with other parameters estimated by the
software. Bayesian Inference (BI) analysis was performed with
Mr.Bayes v3.2.6 (Ronquist & Huelsenbeck, 2003) using eight partitions
(ITS1, 5.8S, ITS2, LSU, tef-1a exons codon 1, tef-1o. exons codon 2,
tef-1a exons codon 3, tef-la introns), with two independent runs, four
simultaneous independent chains and 20,000,000 generations with
sample frequency every 1,000 generation. The jModelTest, RAXML and
Mr.Bayes were used in CIPRES Science Gateway 3.1 (Miller et al.,
2010). The outputs of analyses were displayed with FigTree v1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/).
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Tablel. Specimens used in the molecular analyses. The sequences generated in this work are in bold. * Sequences to be
include in GenBank.

Subgenera Section Taxon Collection ITS LSU tef-1a Location Reference
number
Flavoagaricus New Agaricus sp2 MPD131 * * * Santa szt.arma,
Brazil
Santa Catarina,
saricus * * * d
Agaricus sp2 MANI1152 Brazil
Santa Catarina,
i * * * J
Agaricus sp2 MANG651 Brazil
Santa Catarina,
saricus * * * d
Agaricus sp2 MANI1150 Brazil
Agaricus sp2 MC4632 * - - Sao Paulo, Brazil
Rio de Janeiro.
saricus * %* * >
Agaricus sp3 JDuquel31 Brazil
. . . Reis et al.
Agaricus sp. B77 KR812271 - - Bahia, Brazil (2015)
Santa Catarina,
caricus % - % 5
Agaricus sp4 AGP08 Brazil
Lo Rodrigues et
Agaricus sp. TR130 HQ608135 - - Texas, USA al. (2011
Agaricus sp5 MKO01 * * * Parana, Brazil
Santa Catarina,
. « * 5
Agaricus sp5 ACM376 Brazil
. . Zhao et al.
Agaricus sp. LAPAMA4 JF797185 - - Brazil
(2011)
Agaricus sp. JSP30-04C12  KR093941 - - Sio Paulo, Brazil Pe‘(ez’g‘l Z; al
Agaricus sp. JSPOI-10B52  KR093888 - - Sdo Paulo, Brazil Per(ez’g‘l g; al
Agaricus fiardii DeMeijer1904 JF797196 - - Paran4, Brazil le;“(’) S )al'
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Agaricus deserticola

Flavoagaricus Arvenses Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus cf. essettei
Agaricus sp.

Agaricus essettei
Agaricus sp.

Agaricus sp.

Agaricus sp.

Agaricus
abruptibulbus

Agaricus augustus

Agaricus
flocculosipes
Agaricus
subrufescens

Minores Minores Agaricus edmondoi
Agaricus kerriganii
Agaricus pallens

Agaricus friesianus

Agaricus matrum

MSmithUC

ZR1.2012030

ZRL2012630

ZR1.2012608

ZRL2012026

ZR1.2012002

ZRL2012599

ZJL-20161

ZRL2012604

SHY2011073117

ZRL2012005

ZR1.2012598

ZRL2012105

CA276

LAPAG412

LAPAGS08

LAPAG926

LAPAG592

LAPAGSSS

HM488747

KT951364

KT951379

KT951377

KT951363

KT951354

KT951374

KT951380

KT951375

KT951407

KT951356

KT951373

KT951365

KT951317

KT951326

KT951306

KT951315

KT951316

KT951310

KT951455

KT951495

KT951498

KT951450

KT951462

KT951514

KT951478

KT951515

KT951459

KT951460

KT951477

KT951463

KT951461

KT951481

KT951442

KT951443

KT951628

KT951621

KT951627

KT951630

KT951625

KT951623

KT951620

KT951622

KT951626

KT951629

KT951618

KT951631

KT951590

KT951589

KT951591

KT951594

KT951598

California, USA
Yunnan, China
Tibet, China
Tibet, China
Yunnan, China
Yunnan, China
Tibet, China
Tibet, China
Tibet, China
Yunnan, China
Yunnan, China
Tibet, China

Yunnan, China

Segovia, Spain
Madrid, Spain

Lapland, Sweden

Pyrénées
Atlantiques, France

Asturias, Spain

Vellinga et
al. (2011)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
Zhao et al.
(2016)
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Incertae sedis

Agaricus comtulus

Agaricus
pseudolutosus

Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.
Agaricus sp.

Agaricus
candidolutescens

LAPAG724

LAPAG454

ZRLLDO13

ZRL2011156

CA848

ZR1.2012004

ZRLWXH3150

ZR1.2012576

ZRLWXH3067

CA846

ZRL2012357

ZR1.2011039

ZRL2012714

ZRLWXH3076

ZRL2012199

ZR1.2012012

LAPAMI14

ZRLWXH3161

LD2012129

KT951332

KT951329

KT951384

KT951352

JF727864

KT951355

KT951390

KT951372

KT951387

JF727865

KT951369

KT951351

KT951381

KT951388

KT951367

KT951359

KT951312

KT951391

KT951335

KT951448

KT951453

KT951516

KT951480

KT951445

KT951457

KT951447

KT951499

KT951497

KT951452

KT951496

KT951449

KT951476

KT951458

KT951470

KT951494

KT951526

KT951525

KT951593

KT951602

KT951604

KT951603

KT951605

KT951608

KT951609

KT951596

KT951611

KT951601

KT951610

KT951606

KT951607

KT951612

KT951595

KT951597

KT951613

KT951615

KT951616

Burgos, Spain
Burgos, Spain
Thailand
Yunnan, China
Thailand
Yunnan, China
Guangdong, China
Tibet, China
Jiangxi, China
Thailand
Yunnan, China
Yunnan, China
Tibet, China
Fujian, China
Yunnan, China

Yunnan, China

Sosua, Dominican
Republic

Guangdong, China

Thailand

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2011)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)
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Minores Laeticolores Agaricus sp. ACM260 * * * Paraiba, Brazil

Agaricus Sostia, Dominican Zhao et al.
rufoaurantiacus LAPAMIS KT951313 . KT951641 Republic (2016)
Rio de Janeiro.
' * * * el
Agaricus sp. JDuquel30 Brazil
Santa Catarina.
¢ icus * * * c3
Agaricus sp. FTF140 Brazil
Santa Catarina
Te * * * i
Agaricus sp. MPDO03 Brazil
Santa Catarina.
¢ icus * * * c3
Agaricus sp. MPD04 Brazil
Santa Catarina
Te * * * i
Agaricus sp. EC31 Brazil
Spissicaules Subrutilescentes  Agaricus ZRL2012025 KT951362  KT951487  KT951584 Yunnan, China Zhao et al.
parasubrutilescens (2016)
Agaricus ZRL2011027 KT951350  KT951521  KT951583 Yunnan, China Zhao et al.
parasubrutilescens (2016)
. . Zhao et al.
Agaricus sp. SHY2012070604 KT951341 KT951475 KT951581 Yunnan, China (2016)
. . . Zhao et al.
Agaricus sp. ZRL2012618 KT951378  KT951503  KT951582 Tibet, China 2016)
Agaricus . Zhao et al.
8 ZRLWXH3276  KT951392  KT951522  KT951585 China
subrutilescens (2016)
Agaricus sp. ZRL160 KT951345  KT951486  KT951586 Thailand le;“(’) leé)al‘
Agaricus ZRL2012115 KT951404  KT951489  KT951587 Yunnan, China Zhao et al.
brunneopileatus (2016)
.. . . . Zhao et al.
Spissicaules Amoeni Agaricus sp. ZRL3093 JF691548 KT951488 - Thailand (2011)
Agaricus ZRL2010072 KT951348  KT951524  KT951638 Yunnan, China Zhao et al.
amoenomyces (2016)
Spissicaules Rarolentes Agaricus LD2012192 KT951394  KT951520  KT951636 Thailand Zhao et al.
albosquamosus (2016)
Agaricus LD201214 KT951336  KT951519  KT951635 Thailand Zhao et al.
leucolepidotus (2016)
Agaricus sp. AW145 KT951308 - KT951637 Awenda, Canada Zhao et al.

(2016)




Agaricus sp.

Spissicaules Spissicaules Agaricus litoraloides

Agaricus
lanipedisimilis

Agaricus litoralis
Agaricus sp.

Agaricus Agaricus Agaricus campestris

JH105
ZR1.2011249
ZRL2012151

LAPAG420
ZRLQHY43

LAPAG370

KT951324

KT951353

KT951366

KT951327

KT951386

KM657927

KT951490

KT951523

KT951484

KT951483

KT951485

KR006607

KT951580

KT951578

KT951572

KT951579

KR006636

Jokers Hill, Canada
Yunnan, China
Yunnan, China
Burgos, Spain

Shandong, China

Madrid, Spain

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhao et al.

(2016)

Zhou et al.

(2016)
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Results and Discussion
Molecular phylogenetic analyses

The final dataset contains 77 ingroup specimens, including fifteen
sequences of ITS, thirteen of LSU, and twelve of tef-/a. The best
models of nucleotide substitution estimated for each partition in the
datasets were: TPM3uf+G to ITS1, JC to ITS 5.8S, TeN+I+G to ITS 2,
TIM2+I+G to LSU, TPM2uf+I+G to tef-la first codon position,
TVM+I+G to tef-la second codon position, TIM2+G to tef-la third
codon position and TPM1uf+I+G to tef-la intron. We performed a
previous analysis with ITS and LSU data, including species of all
recognized subgenera and sections (data not shown). From this analysis
we choose the three most related subgenera: Minores, Flavoagaricus
and Spissicaules to compose the dataset. The Bayesian Inference best
tree obtained by analysis is presented in Figure 1 with posterior
probability and bootstrap values above branches. Despite a difference in
intern relationship of subgenus Spissicaules, Maximum Likelihood and
Bayesian trees were similar.

Zhao et al. (2016) presented two different trees with Agaricus
subg. Spissicaules. In the first one, a tree based on ITS, LSU, fef-/a and
rpb2 genes with the five subgenera proposed, the relationships between
the sections corroborates with the tree presented in our study, with
Agaricus sect. Subrutilescentes and Agaricus sect. Amoeni as sisters to
Agaricus sect. Rarolentes and Spissicaules. In the second tree, based
only on ITS data and exclusive of subg. Spissicaules, Agaricus sect.
Rarolentes is sister to Agaricus sect. Amoeni, internal of Agaricus sect.
Subrutilescentes and Spissicaules. Dai et al. (2016) found a different
result to the relationship within Agaricus subg. Spissicaules, in which
Agaricus sect. Spissicaules is sister to Agaricus sect. Subrutilescentes.
The internal relationships of the subg. Spissicaules are still unclear.

The phylogenetic analyses provided strong support values for a
new clade, corresponding to a new section in the subgenus
Flavoagaricus, sister group of Agaricus section Arvenses, composed
only by American species. Agaricus deserticola (MSmithUC) from
California, USA, appears related with DeMeijer1904, specimen
collected on dunes in Parana, Brazil. Sequences of LAPAM4 and
DeMeijer1904 are in Zhao et al. (2011) as tropical clade TRIV, but did
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not receive a taxonomic treatment and was not included in the analyzes
of Zhao et al. (2016).

This new clade includes four new species (Agaricus sp2,
Agaricus sp3, Agaricus sp4 and Agaricus sp5) collected in the Atlantic
Rain Forest in Brazil. Agaricus species B77 (BRA), TR130 (USA), SP
30-04 C 1.2 (BRA), SP 01-10 B 5.2 (BRA) were isolated from ant nests
and appear in both intern clades of the new section. The sequences
KR093941, KR093888 and KR812271 (vouchers JSP 30-04 C 1.2, JSP
01-10 B 5.2 and B77), were isolated from Atta sexdens rubropilosa
Forel, Atta capiguara Gongalves and Atta cephalotes L. nests,
respectively, from Brazil (Pereira et al., 2016; Reis et al., 2015). The
sequence HQ608135 (TR130) was isolated from Trachymyrmex
septentrionalis McCook nest, from Central Texas (Rodrigues et al.,
2011). Ants from tribe Attini (Hymenoptera: Formicidae) interact with a
lot of organisms, including filamentous fungi, yeasts and bacteria
(Carreiro et al., 1997; Rodrigues et al., 2005). They cultivate fungi as
the main food source for the colony, mainly the basidiomycetous
fungus, Leucoagaricus gongylophorus (Moller) R. Heim, a
domesticated mutualistic partner (Schultz & Brady 2008). The
interactions in the nest are not restricted to ants. Fungi of the genus
Escovopsis J.J. Muchovej & Della Lucia are an example of parasite that
inhibits the growth of L. gongylophorus (Currie et al., 1999). Agaricus
accounted for less than 3% of the fungi abundance and can be
considered rare in these ant communities (Rodrigues et al., 2011; Reis et
al., 2015; Pereira et al., 2016). Many of the fungi isolated from ants
nests may not play a specific role in the ant colony (Reis et al., 2015).
Pereira et al. (2016) indicate that community structure and fungal
composition differ between gardens, and this difference is strongly
influenced by the plant substratum foraged by ants. The most part of the
microorganism present in the fungus garden are from the soil,
integuments of workers, or from plant substratum used by the ants
(Arcuri et al., 2014; Coblentz & Van Bael, 2013).

The Laeticolores clade includes six new sequences from four
putative species (ACM260, JDuquel30, FTF140, MPD03, MPDO04,
EC31), and besides not significantly supported, appear as sister group of
Agaricus section Minores, clade Incertae sedis (Zhao et al. (2016)),
Agaricus section Arvenses and the new clade. Subgenus Spissicaules
showed different internal relationship in the analyses. In Bayesian
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Inference analysis, Agaricus section Amoeni appears as sister group of
Subrutilescentes, while in the Maximum Likelihood analysis appears as
sister group of Rarolentes.
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Figure 1. Bayesian Inference tree of Agaricus subgenera Minores,
Flavoagaricus and Arvenses based on ITS, LSU and fef-/o data and rooted
with A. campestris. The sequences generated in this work are in bold.
Bayesian posterior probability (PP) above 0.7 and bootstrap values (BS)
above 50% are shown above branches (PP/BS). BRA: Brazil; USA: United
States of America; CHI: China; SPA: Spain; SWE: Sweden; FRA: France;
THA: Thailand; DOM: Dominican Republic; CAN: Canada.
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Taxonomy
Delimitation of Agaricus new section
Table 2, Figure 2

Basidiomata generally with pileus squamose with margin appendiculate.
Annulus superous, simple, pendant or subperonate, membranous or
floccose at lower surface. Context turning weakly yellow or not
changing. Basidioles clavate, thin-walled, with brown pigment
deposited in the base. Cheilocystidia thin-walled, clavate, obovoid to
pyriform, hyaline. Abundant oleiferous hyphae in pileus context and
lamellar trama. KOH positive and NaOH reaction negative.

Table 2. Morphological characters of Agaricus subgenera Minores,
Flavoagaricus and Spissicaules (based on Zhao et al. (2016)).

KOH Schiiffer’s

Subgenus Section . ) Discoloration Annulus Cheilocystidia Others
reaction reaction
Simple,
Minores Minores + + yellow Superous‘ cl.avate,
simple pyriform or
none
Superous, Variable in
Laeticolores + + None, yellow simple or
shape
double
Yellow, Superous. Generall
Flavoagaricus Arvenses + + reddish or P ? Y
double catenulate
none
Presence
of
oleiferous
Clavate, hyphae
New + Nonee,ll\z sfkly S:if;olue S, obovoid, and
¥ Simp pyriform basidioles
with
brown
pigment
Yellow, pink, . Cylindrical to
s - . Simple,
Spissicaules Spissicaules - - reddish or clavate, some
superous
none septate at base
. Various,
Rarolentes - - None or pink Superous cylindrical to
reddish
clavate
) None, weakly Spperous, Rare or
Amoeni -or+ -or+ ellow or red simple or abundant,
¥ double variable
Teal to None, weakly Superous, Variable, some
Subrutilescentes  olivaceous - pink or simple or septa at the
green yellow double base
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Figure 2. Specimens of Agaricus new section. a—f. Basidiomata; a.
Agaricus spS ACM376 (holotype); b. Agaricus sp3 JDuquel31 (holotype);
c-e. Agaricus sp2 c. MAN1152; d. MAN1150; e. MPD131 (holotype); f.
Agaricus sp4 AGPO0S (holotype). Photos by: a. Altielys Magnano; b. Jaime
Dugque; c-d. Maria Alice Neves; e. Mariana Drewinski; f. André Parise.
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Agaricus sp2
Figure 2.c-e, 3

Diagnosis: Similar to Agaricus meijeri by pileus shape plane, whitish
with brown scales but diferring by the presence of oleiferous hypahe,
pigmented basidioles and context not discoloring.

Etymology:

Holotype: Brazil. Santa Catarina: Floriandpolis, Universidade Federal de
Santa Catarina, next to the phycology laboratory, 01-VI-2016, M. P.
Drewinski MPDI131.

Pileus 10—85 mm diam., at first sub-ovoid to parabolic, then pulvinate
to convex and finally expanding to plane-convex, covered with
concentrically arranged brown (oac751), appressed scales on white to
pale-whitish (oac816) background, darker at center with concentrated
scales and scattered towards the margin, margin usually appendiculate
with white velar remnants. Pileus context approx. 5 mm thick at center
and 2 mm at margin, whitish, not discoloring, fleshy. Lamellae free,
white then pinkish and finally coffee-brown when mature, margin
regular, crowded, with lamellulae. Stipe 20—-104 X 9—12 mm, central,
cylindrical to slightly broader at base, not bulbous, stuffed to narrowly
fistulose, above annulus smooth, below annulus smooth to slightly
fibrillose mainly towards the base, pale-whitish to pearly beige
(aoc816), yellowing in some parts including the context at base,
sometimes with short rhizomorphs. Annulus superous, simple, pendant
or subperonate, membranous or floccose at lower surface, whitish.
Basidiospores  [120/6/5] 5.0-6.2(=8.7) x  3.7-5.0(—6.2)um
[Q=(1.00-)1.25-1.70;Q= 1.52; L, = 5.7um; W, = 4.1um], broadly
ellipsoid to elongate, rarely globose, olive to brown, smooth, thick-
walled, apiculus conspicuous, without germ pore. Basidia
(10.0-)12.5-32 x 5.0—10.0(—12.5)um, cylindrical to cylindrical-clavate,
hyaline to light brown, conspicuous, 4-spored. Basidioles (9.0—)12.0-
17.0 x (5.0—)6.0-8.0um, clavate, with brown internal pigment deposited
mainly in the base, smooth, thin-walled, sometimes broken.
Pleurocystidia absent. Cheilocystidia (6.2—)15.0-32(-39) x
(6.5-)7.5-18.7(-24) um, clavate to obovoid, hyaline, inflated, thin-
walled. Lamellar edges sterile. Lamellar trama regular to subregular
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composed of thin-walled hyphae, 3.7-15.0 pm diam., hyaline,
interspersed with oleiferous hyphae, 3.7—8.7 um diam. Pileipellis a cutis
with few ascendant elements composed of thin- to thick-walled hyphae,
3.7-12.7um diam., sometimes inflated, usually branched, hyaline or
sometimes olive-green in KOH. Pileus context undifferentiated,
composed of parallel chains of cylindrical, thin-walled hyphae,
5.0-21(=27) pum diam., sometimes inflated, interspersed with abundant
oleiferous hyphae, 5.0—18.7 pm diam. Stipitipellis composed of parallel
chains of cylindrical, thin- to thick-walled hyphae,(2.5—-)3.7—18.7(-25)
pm diam., sometimes inflated, usually branched, hyaline.

Macrochemical reactions: KOH reaction positive, NaOH negative.

Habit and habitat: solitary to scattered, terrestrial, growing over grass
in urban area.

Materials examined: Brazil, Santa Catarina: Florianopolis, near to the
Phycology laboratory, 01-VI-2016, M. P. Drewinski MPDI131; M. A.
Neves MANG651; M. A. Neves MANI1150; M. A. Neves MANI1152. Sao
Paulo: S2o Paulo, Parque Estadual das Fontes do Ipiranga, growing on
grass in front of the student accommodation, 16-XI11-2011, M. Capelari
MC 4632.

Notes: Agaricus sp2 is similar to A. meijeri Heinem. from Parana,
mainly due to pileus shape plane and whitish with scales brown
arranged concentrically in the center, margin with veil remnants; stipe
fistulose and smooth above annulus; superous, simple and membranous
annulus. However, 4. meijjeri differs by context changing to yellow
citric when cut, NaOH reaction positive on stipe context and smaller
basidiospores (4.2—5.5 x 3.3—4.1). Furthermore, Agaricus sp2 has
oleiferous hyphae in lamellar trama and pileus context, and basidioles
pigmented. A. meijeri was described by Heinemann (1993) in Agaricus
sect. Arvenses subsect. Augusti.
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Figure 3. Agaricus sp2 (MPD131 — holotype) a. Pileipellis; b. Basidia;
c. Cheilocystidia; d. Basidioles with pigments; e. Basidiospores.

Agaricus sp3
Figures 2.b, 4

Diagnosis: Similar to Agaricus toluenolens by the pileus with browish
gray squamules but differing in annulus without flakes and presence of
oleiferous hyphae in lamellar trama and hipoderm and basidioles
pigmented.

Etymology:

Holotype: Brazil. Rio de Janeiro: Rio de Janeiro, Jardim Botanico do
Rio de Janeiro, 21-111-2016, J. A. D. Barbosa JDuque 131.

Pileus 85mm diam., plane-convex, covered with concentrically grayish
scales on beige background, mainly at center and scattered to the
margin, margin appendiculated with velar fragments. Pileus context
approx. 7 mm thick at center, fleshy, whitish, without color changing.
Lamellae free, initially white, then pinkish and finally brown when
mature, margin regular, crowded, with lamellulae. Stipe 62 X 15 mm,
central, cylindrical, fistulous, smooth above annulus, below fibrillose,
beige, changing to yellow when touched. Annulus superous,
descendent, pendant, membranous. Basidiospores [20/1/1] 5.0—6.2 x
3.7-5.0um [Q=(1.25)1.33-1.66; Q,=1.50; L,=5.8um; W, =3.8um]
ellipsoid to elongate, rarely broadly ellipsoid, dark brown, smooth,
thick-walled, apiculus conspicuous, without germ pore. Basidia
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(16.2—)17.5-23(-27) x 6.2=7.5(=8.7)um, cylindrical to cylindrical-
clavate, hyaline, sometimes broken or collapsed, smooth, 4-spored.
Basidioles (10.0-)14.0-26 X (5.0—)6.0—9.0um, clavate, with brown
pigment deposited mainly in the base, smooth, thin-walled, sometimes
broken. Pleurocystidia absent. Cheilocystidia (15.0—)21-31(-37) x
(10.0-)12.5-18.7(—21)um, clavate, to obovoid, hyaline, thin-walled,
generally covering all the lamellae edge,. Lamellar trama regular, with
abundant sinuous oleiferous hyphae, (2.5—-) 3.7-7.5um diam. Pileipellis
a cutis composed of hyphae (5.0-)6.2—12.5um diam., thin- to rather
thick-walled, cylindrical, branched, hyaline or sometimes olive-green in
KOH. Pileus context hyphae 5.0—17.5 pum, cylindrical, inflate, thin-
walled, with abundant oleiferous hyphae, sinuous to coiled. Stipitipellis
hyphae (5.0-)6.2—13.7um diam., cylindrical, thin to rather thick-walled,
strictly parallel.

Macrochemical reactions: KOH reaction positive, NaOH negative.
Habit and habitat: solitary, growing on soil.

Material examined: Brazil. Rio de Janeiro: Rio de Janeiro, Jardim
Botanico do Rio de Janeiro, 21-111-2016, J. A. D. Barbosa JDuque 131.

Notes: Agaricus toluenolens Callac, L.J.Chen & K.D. Hyde is
morphologically similar to Agaricus sp3 by the plane-convex pileus,
covered with brownish gray squamules concentred at center and
scattered at margin; stipe surface smooth, changing to pale yellow when
touched. The annulus of A. toluenolens is also superous, pendant and
white, but differs by the presence of gray flakes on lower surface. The
basidiospores and cheilocystidia of A. foluenolens are also longer than
those of Agaricus sp3, and additionally the first species has pileipellis
cells with vacuolar pigments. Agaricus sp3 has oleiferous hyphae in
lamellar trama and hipoderm, and basidioles pigmented, different from
A. toluenolens, which belongs to Agaricus subg. Pseudochitonia sect.
Brunneopicti (Chen et al., 2015).
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Figure 4. Agaricus sp3 (JDuquel3l) a. Pileipellis; b. Basidia; c.
Cheilocystidia; d. Basidioles with pigments; e. Basidiospores.

Agaricus sp4
Figures 2., 5

Diagnosis: Similar to Agaricus rufoaurantiacus by the orange-rufous
squamules in pileus surface but differing by the smooth stipe, presence
of abundant oleiferous hyphae in lamellar trama and hypoderm, and
basidioles with brown pigments.

Etymology:

Holotype: Brazil. Santa Catarina: Floriandpolis, Sitio Pedras Vivas, 27-
X11-2014, 4. Parise AGPO0S.

Pileus 90—100mm diam., plane, covered with concentrically orange
brown scales on beige background, mainly at center and scattered to the
margin, margin appendiculated with white velar fragments. Pileus
context approx. 7 mm thick at center, fleshy, whitish, no changing.
Lamellae free, initially white, then pinkish and finally brown when
mature, margin regular, crowded, with lamellulae. Stipe 57 x 10 mm,
central, cylindrical, fistulous, smooth above annulus, below fibrillose,
beige. Annulus superous, pendant, membranous. Basidiospores
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[40/2/1] 5.0-6.2 x 3.7 um [Q=1.33-1.66; Q,=1.6; L,,=6.0; W,=3.7 um]
ellipsoid to almost elongate, dark brown, smooth, thick-walled, without
germ pore. Basidia (10.0-)12.5-18.7(-=21) x (5.0-)6.2—8.7 pum,
cylindrical to cylindrical-clavate, hyaline, sometimes deformed, 4-
spored. Basidioles (7.0—)11.0-14.0 x 5.0-6.0um, clavate, with brown
pigment deposited mainly in the base, smooth, thin-walled, sometimes
broken. Pleurocystidia absent. Cheilocystidia (12.5-)15.0—-21(-27) x
(7.5-)10.0-13.7 (-23)um, clavate to obovoid, hyaline, thin-walled.
Lamellar trama regular with abundant oleiferous hyphae 3.7-7.5um
diam. Pileipellis a cutis composed of hyphae 5.0—8.7um diam., thin-
walled, cylindrical, branched, hyaline. Pileus context hyphae
(5.0-)7.5-12.5um diam., with abundant sinuous oleiferous hyphae.
Stipitipellis hyphae 3.7-6.2um diam., cylindrical, thin-walled, parallel.

Macrochemical reactions: KOH reaction positive, NaOH negative.
Habit and habitat: Two basidiomata near, growing on soil.

Material examined: Brazil. Santa Catarina: Florianopolis, Sitio Pedras
Vivas, 27-X11-2014, A. Parise AGP0S.

Notes: Agaricus sp4 is similar to A. rufoaurantiacus Heinem., from
Trinidad, due to the pileus surface with orange-rufous squamules which
are concentrically arranged at center, margin appendiculate, shape and
size of basidiospores. However, A. rufoaurantiacus differs in pileus
morphology convex, slightly smaller, stipe with orange squamules
below annulus, pileipellis frequently with orange droplets and annulus
floccose and orange at margin. Furthermore, Agaricus sp4 has abundant
oleiferous hyphae in lamellar trama and hypoderm, and basidioles with
brown pigments. Heinemann (1961) included A. rufoaurantiacus in
Agaricus subg. Lanagaricus.
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Figure 5. Agaricus sp4 (AGPO0S) a. Pileipellis; b. Basidia; c.
Cheilocystidia; d. Basidioles with pigments; e. Basidiospores.

Agaricus sp5
Figures 2.a, 6

Diagnosis: Similar to Agaricus osecanus by the large pileus and
floccose lower surface of annulus, but differing in the yellow scales in
pileus surface and presence of basidia, basidioles and cheilocystidia
pigmented.

Etymology:

Holotype: Brazil. Santa Catarina: Florianopolis, Universidade Federal de
Santa Catarina, Centro de Filosofia e Ciéncias Humanas, 10-VII-2012,
A. C. Magnano ACM 376.

Pileus 160 mm diam., at first convex and then expanding to plane-
convex, covered with concentrically arranged yellow scales on beige
background, mainly at center and scattered to the margin, margin
apendiculated with white veil fragments. Pileus context approx. 30 mm
thick at center, fleshy, whitish. Lamellae free, initially white, then
pinkish and finally brown when mature, margin regular, crowded, with
lamellulae. Stipe 98 x 35 mm, central, cylindrical, fusiform at base,
solid, beige, slightly yellowish in some parts of stipe context when
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exposed. Annulus superous, descendent, pendant to subperonate,
whitish, with brownish scales at lower surface. Basidiospores [40/1/2]
(5.0-)6.2-7.5 x (3.7-)5.0 pm, [Q=(1.0-)1.25-1.50; Q,=1.32;
L,=6.5pm; W ,=4.9um] broadly ellipsoid to ellipsoid, dark brown,
smooth, thick-walled, apiculus conspicuous, without germ pore. Basidia
(12.5-)13.7-23(-28) x 6.2—7.5(—8.7) wm, cylindrical to cylindrical-
clavate, hyaline, sometimes with brown internal pigment, smooth, 4-
spored. Basidioles (12.0—)14.0-20 x (5.0-)6.0—8.0um, clavate, with
brown internal pigment deposited mainly in the base, smooth, thin-
walled, sometimes broken. Pleurocystidia absent. Cheilocystidia
(15.0-)18.7-26 % (10.0-)12.5—18.7um, thin-walled, clavate to obovoid,
with brown pigments, generally covering all the lamellae edge.
Lamellar trama regular, composed of thin-walled hyphae, 3.7-7.5
(—8.7) um diam., with abundant sinuous oleiferous hyphae. Pileipellis a
cutis composed of thin- to rather thick-walled hyphae
(3.7-)5.0—11.2pm diam., cylindrical, inflated, branched, hyaline. Pileus
context hyphae (5.0—) 6.2—18.7 um, cylindrical, inflate, thin-walled,
with abundant oleiferous hyphae, sinuous to coiled. Stipitipellis hyphae
(3.7-)5.0-8.7 pum diam., cylindrical, thin to rather thick-walled, strictly
parallel.

Macrochemical reactions: KOH reaction positive, NaOH negative.

Habit and habitat: solitary, terrestrial, growing over grass in urban
area.

Materials examined: Brazil. Parana: Guarapuava, Semindrio
Diocesano Nossa Senhora de Belém, M. Kurta MKOI.

Notes: Agaricus sp5 is similar to Agaricus osecanus Pilat because the
large and robust pileus (70—150mm diam.), slightly yellowish on
handling, base of stipe fusiform and shape and size of basidiospores.
The annulus of 4. osecanus is similar because of floccose lower surface,
but differs in the color of the flakes. Agaricus osecanus also differs in
pileus surface, the white scales and basidia slightly larger. Agaricus
arvensis Schaeff. is also similar to Agaricus sp5 in the white pileus
surface, which is later ochraceous and covered with squamules with size
up to 110mm. 4. arvensis differs by present a stipe floccose-squamulose
below annulus with abrupt bulb, flattened underside, and larger
basidiospores. A. osecanus and A. arvensis belong to Agaricus sect.
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Arvenses. Moreover, Agaricus sp5 differs by present pigmented basidia,
basidioles and cheilocystidia.

Figure 6. Agaricus sp5 (ACM376, MKOI) a. Pileipellis; b. Basidia
pigmented and hyaline; c. Cheilocystidia with pigments; d. Basidioles
with pigments; e. Basidiospores.

Conclusions

There are some evidences that the geographical origin of genus
Agaricus is paleotropical. Zhao et al. (2011) identified eleven clades
composed only by tropical species, with a different phylogenetic
distribution of American and African+Asian species indicating that
species diversification probably occurred independently in paleotropic
and in the Americas. This biogeographic fact indicates that species
occurrence in America is different from those found in Africa or Asia.
The present study introduces a new section in Agaricus subg.
Flavoagaricus with four new species and six new sequences from
specimens clustered in Agaricus section Laeticolores, showing that the
diversity of species of Agaricus in America corresponds to different
lineages and are not represented by recognized classical sections. The
knowledge of Agaricus species occuring in Brazil and other neotropical
countries is important to better understand the phylogenetic
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relationships in the genus and to better understand how this taxa are
related to species that occur in different continents.
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CONSIDERACOES FINAIS E RECOMENDACOES PARA
TRABALHOS FUTUROS

Este trabalho representa uma importante contribui¢ao para o estudo do
género Agaricus no Brasil. Agaricus possui uma ampla ocorréncia e
diversidade no Brasil, ocorrendo muitas vezes em areas urbanas,
crescendo em canteiros e jardins, e também no solo de florestas.
Diferentes espécimes do género foram coletados e demonstraram
pertencer aos cincos subgéneros conhecidos. O  subgénero
Pseudochitonia ¢ o que apresenta maior nimero de se¢des, doze ao
total, porém as sequéncias de espécimes brasileiros s6 agruparam em
uma se¢do deste subgénero.

Nas analises filogenéticas foram apresentados dois novos
clados, um deles descrito no capitulo 2, e cinco novas espécies
(Agaricus spl descrita no capitulo 1 e Agaricus sp2, Agaricus sp3,
Agaricus sp4 e Agaricus sp5 no capitulo 2). As diferentes relagdes
filogenéticas encontradas entre as secdes e os subgéneros, além da
descri¢do de novas espécies reforcam a potencialidade de estudo do
género Agaricus no Brasil e em outras regides tropicais e neotropicais.

Zhao et al. (2011) analisaram a distribui¢do geografica das
espécies de Agaricus e encontraram algumas evidéncias sobre a possivel
origem paleotropical do género. Em seus resultados, as sequéncias de
espécimes de areas tropicais da AfricatAsia se posicionaram nos ramos
mais internos das arvores, antes dos clados com representantes
Americanos. Este fato biogeografico indica que algumas das espécies
que ocorrem nas Américas sdo diferentes das encontradas na Africa e na
Asia, e que o nimero de espécies tropicais e subtropicais pode ser maior
que o ja conhecido para espécies de areas temperadas.

Os trabalhos desenvolvidos por Zhao et al. (2011 e 2016) foram
de extrema importancia para a sistematica do grupo, tanto por incluir
sequéncias de espécimes de regides pouco amostradas, quanto pela
proposi¢do de uma nova classificacdo para o género. Neste trabalho, a
incluso de novas sequéncias de espécimes subtropicais ¢ importante
também para a continuidade do conhecimento da sistematica do género

e possivel descri¢do de novas se¢des e subgéneros.

As caracteristicas macroscopicas sdo importantes para a
identificagdo das espécies do género. Boas fotografias e anotagdes apds
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a coleta do basidioma podem auxiliar na caracterizacdo das espécies.
Fotos e anotagdes nunca sdo demais. Devido as dificuldades na
identificagdo taxonOmica, técnicas moleculares sdo fundamentais. A
reacdo de Schiffer, importante para o reconhecimento taxondmico das
espécies ndo foi realizada neste trabalho. A reagdo pode ser feita no
basidioma desidratado, mas ¢ melhor observada quando fresco. E feita
em forma de cruz, utilizando anilina pura ou a 10% de um lado e 4cido
nitrico a 50% de outro. Se positiva, o local onde as linhas se cruzam,
apresenta colorag@o vermelha ou laranja (Heinemann, 1956; 1961). Nao
foi possivel observar esta mudanga ou ndo na coloragdo. A anilina
utilizada, quando diluida apresentou colorag@o azul e deixou uma marca
também azul no basidioma.

Agaricus, apesar de apresentar dificuldades na taxonomia e
classificacdo das espécies, ¢ um género diverso e de ampla ocorréncia,
com grande potencial medicinal, alimentar ¢ de descrigdo de novas
espécies.
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