EVERALDO DA SILVA CRUZ

TAXONOMY AND PHYLOGENY OF MYCORRHIZAL FUNGI ASSOCIATED
WITH Gomesa recurva (ORCHIDACEAE) AND CHARACTERIZATION OF
ENDOPHYTIC BACTERIA OF ORCHIDS

Dissertacdo apresentada a Universidade
Federal de Vigosa, como parte das
exigéncias do Programa de Po6s-Graduacao

em Microbiologia Agricola,
para obtencdo do titulo de Magister
Scientiae.

Orientadora: Maria Catarina M. Kasuya

Coorientadores: Meiriele da Silva
Olinto Liparini Pereira

VICOSA - MINAS GERAIS
2020



Ficha catalografica elaborada pela Biblioteca Central da Universidade
Federal de Vigosa - Campus Vigcosa

Cruz, Everaldo da Silva, 1993-

C957t Taxonomy and phylogeny of mycorrhizal fungi associated

2020 with Gomesa recurva (Orchidaceae) and characterization of
endophytic bacteria of orchids / Everaldo da Silva Cruz. —
Vigosa, MG, 2020.

47 1. :il. (algumas color.) ; 29 cm.

Orientador: Maria Catarina Megumi Kasuya.
Dissertagédo (mestrado) - Universidade Federal de Viggsa.
Inclui bibliografia.

1. Filogenia. 2. Micorriza. 3. Fungos - Classificacao.
4. Bactérias. 5. Horménios vegetais. 6. Orquidea - Raizes.
I. Universidade Federal de Vicosa. Departamento de
Microbiologia. Programa de Pds-Graduagcdo em Microbiologja
Agricola. Il. Titulo.

CDD 22. ed. 579.51785




EVERALDO DA SILVA CRUZ

TAXONOMY AND PHYLOGENY OF MYCORRHIZAL FUNGI ASSOCIATED
WITH Gomesa recurva (ORCHIDACEAE) AND CHARACTERIZATION OF
ENDOPHYTIC BACTERIA OF ORCHIDS

Dissertagdo apresentada a Universidade
Federal de Vigosa, como parte das
exigéncias do Programa de Pés-Graduagio

em Microbiologia Agricola,
para obtengdio do titulo de Magister
Scientiae.

APROVADA: 29 de setembro de 2020.

Assentimento:

Everaldo da Silva Cruz E }

Autor

"?_Emnu ékﬁm : ﬁg@& %; —
Maria Catarina Megumi Kasuya

Orientadora




A Deus,
Aos meus pais,
Aos meus irmaos,
Aos meus amigos,

Dedico.



AGRADECIMENTOS

A Universidade Federal de Vigosa pela estrutura e oportunidade dacgdiorma
profissional, e ao Departamento de Microbiologia e ao Programa de POs-Gradoacao
Microbiologia Agricola pela oportunidade da realizagdpds-graduacao.

Aos meus pais, Maria Aparecida e Anténio, por todo apoio, fé e amor. Exédmplo
pessoas guerreiras, que moldaram minha educacéo e carater, e queitsedelad eu néao
chegaria até aqui.

Aos meus irmaos pela confianga e apoio durante todos esses anos de Universidade.

A professora Maria Catarina, que me abriu as portas do ambiente pnafisisde a
graduacéo no Laboratoério de Associacfes Micorrizicas. Por fornecer um andbiénatiealho
com muita competéncia, alegria e honestidade, moldando quem sou hoje.

A Meiriele pela amizade, confianca e coorientacdo, que desde 20dsmeu muito
e foi responséavel por varias conquistas académicas.

Ao Tomas, pela amizade e apoio, que sempre nos momentos de dpeeEespre
disposto a ajudar.

Ao Paulo, pela amizade e auxilio no desenvolvimento das minhasgassguna pessoa
impar.

A Emiliane, pela amizade e apoio, por me passar muito dos conhexsraequiridos
e auxiliar durante todo o projeto.

Aos meus amigos do Laboratério, em especial Daniela, Raftdecos que formaram
um lago muito maior que um ambiente de trabalho pode proporcionar, que me lavaram
momentos de descontragao, alegria e que sempre me apoiaram durante todaminiizala
no laboratorio. E a todas as outras amizades que formei durante todos esses anos.

Aos meus amigos de vida que sempre estdo apoiando minha caminhada, que por
diversas vezes pararam para ouvir os meus problemas durante essa caminhada académica
Ao Laboratério de Associacdes Micorrizicas, que foi o local onde pudé&uwonsa
histéria, que trouxe muito conhecimento e muita maturidade. A todos que passaram por aqui e

gue influenciaram nesta caminhada.

Ao professor Olinto, pela coorientacdo, apoio e amizade, por todo conheciment
repassado desde a graduacgédo até o projeto de mestrado.

Ao professor Wagner Otoni (DBV-UFV) e Sidney Sturmer (FURB-Blumenau, SC) por

aceitarem fazer parte da banca de avaliacéo.



Ao CNPq pelo apoio financeiro, tanto pela bolsa quanto pelo financiamento do projeto.
A Capes e a Fapemig pelo apoio financeiro.

O presente trabalho foi realizado com apoio da Coordenacao de Aperfeicoamento de
Pessoal de Nivel SuperieBrasil (CAPES)- Codigo de Financiamento 001.

A Deus, principalmente, que foi meu refagio nos momentos de duvidas e gperto,
nunca colocou as minhas conquistas por acaso, por me dar estrutura e sdbeatdgaoda

minha caminhada.

A todos que direta ou indiretamente influenciaram nesta caminhada.



BIOGRAFIA

Everaldo é filho de Maria Aparecida da Silva Cruz e Antbnio Raimundo da Cruz.
Nasceu em Inhapim, Minas Gerais. Formou-se no ensino médio, em 2010oleaHssadual
Manoel Joaquim Teodoro, em Imbé de Minas, Minas Gerais.

Em 2012, ingressou no curso de Agronomia pela Universidade Federal de Digosa
outubro de 2014 a julho de 2018 foi estudante iniciacdo cientifica no Laboratorio de
Associacdes Micorrizicas. No periodo de 2015 a 2018 desenvolveu pesqlospeojeto
Protax, desenvolvendo projetos relacionados a associa¢gfes micorrizicas de orquideas

Em julho de 2018 concluiu o curso de Agronomia e em agosto de 2018 ingressou no
Programa de Poés-Graduacdo em Microbiologia Agricola. Retomou as pesquisas tdo proje
Protax sob orientacdo da professora Maria Catarina Megumi Kasuya no Labodatorio

Associac¢des Micorrizicas.



RESUMO

CRUZ, Everaldo da Silva, M.Sc., Universidade Federal de Vigosa, lzetede 2020.
Taxonomia efilogenia de fungos micorrizicos associados a Gomesa recurva (Qdzteae)

e caracterizacao de bactérias endofiticas de orquide&@rientadora: Maria Catarina Megumi
Kasuya. Coorientadores: Meriele da Silva e Olinto Liparini Pereira.

As orquideas sédo dependentes de uma fonte externa de carbono, devido a éeisécicio de
reserva em suas sementes. Dessa forma, para obter carbono e outros nassatias)-se

com fungos mutualistas em seu sistema radicular, os quais sdo conheomo$ungos
micorrizicos orquidoides. Estes fungos sdo caracterizados por formar pelot@os;junto de
enovelados de hifas no interior das raizes. Além disso, sdo capandsnileac as células do
embrido das sementes de orquideas e podem permanecer atéadufasela planta. As
orquideas podem associar-se com outros microrganismos como baatdofiticas, que
podem trazer diversos beneficios como promocdo de crescimento, deviddugdpr de
fitohormonios, fixacdo bioldgica de nitrogénio, solubilizacdo de fosfato, producdo de
sideroforos, entre outros. Este trabalho teve como objetivos (1) estudar a diversidade
taxondémica de fungos micorrizicos associados a Gomesa recurva (2) ideatdaracterizar
bactérias endofiticas associadas & Gomesa recurva R. Br. e Zygopetadillare Lodd. Pelas
analises filogenéticas e morfoldgicas, todos os isolados de G. rgartgacem a uma nova
espécie d Ceratobasidium. Foram obtidos cinco isolados de bactérias para pade ate
orquidea. Pelo sequenciamento da regido 16S rRNA, verificou-se que pentansi géneros
Pseudomonae Paraburkholderia, os quais, pelos testes in vitro, mostraram que possuem
capacidade de realizar a fixagéo bioldgica de nitrogénio, dezrdilohormonio acido indol-
3-acético (AlA)e solubilizar de fosfato de célcio. Os isolados de fungos e bactérias obtidos

apresentam potencial para serem utilizados para a producdo de mudas de orquideas.

Palavras-chave: Filogenia. Fungos. Bactérias. Fitohorménios.



ABSTRACT

CRUZ, Everaldo da Silva, McS Universidade Federal de Vigosa, September, 2020.
Taxonomy and phylogeny of mycorrhizal fungi associated with Gomesa recurva
(Orchidaceae) and characterization of endophytic bacteria of orchidsAdvisor: Maria
Catarina Megumi Kasuya. Co-advisors: Meriele da Silva and Olinto LipanieirRe

Orchids are dependent on an external source of carbon, due to the absenceeofissgerin

their seeds. Thus, in order to obtain carbon and other nutrients, they associate with mutualistic
fungi in their root system, which are known as orchidoid mycorrhizal fungi. Thesedtegi
characterized by forming pellets, a set of entwined hyphae inside the ra@atditian, they are

able to colonize the embryo cells of the orchid seeds and can remaitheiatilult stage of the
plant. Orchids can associate with other microorganisms such as endbjplgica, which can

bring several benefits such as growth promotion, due to the production of phytohormones,
biological nitrogen fixation, phosphate solubilization, production of siderophores, among
others. The objective of this work was (1) to study the taxonomic divefsitycorrhizal fungi
associated with Gomesa recurva (2) to identify and charaetamaophytic bacteria associated
with Gomesa recurva R. Br. And Zygopetalum maxillare Lodd. By phylogenetic a
morphological analyzes, all isolates of G. recurva belong to a new species of Cedaiobasi
Five bacterial isolates were obtained for each species of orchid. By semutecil6S rRNA
region, it was found that they belonged to the genera Pseudomonas and Ikeidéria

which, by in vitro tests, showed that they have the capacity to perform lalagirogen
fixation, to produce indole-3-acetic acid phytohormone (AIA) and solubilizing ecalciu
phosphate. The isolates of fungi and bacteria obtained have the potetgalsed for the

production of orchid seedlings.

Keywords: Phylogeny. Fungi. Bacteria. Phytohormones.



SUMARIO

1. INTRODUGAQO GERAL .....ooouiitecteeeeeeeee ettt ettt st et ne e ste st s anneneane s 11
REFERENCIAS ..ottt ettt es ettt s e e e s e e renene 13
2. Capitulo 1: Written according to PRYLOTAXA ........uuueeiiiiieieieeeiicieeeeeiiiciss e e e e e e e e eeeeaaaneees 17
A new mycorrhizal species of Ceratobasidium (Ceratobasidiaceae) associated widli root
the epiphytic orchid Gomesa recurva from the Brazilian Atlantic Florest .............ccccoooeeeenn. 17
Y 013 1 = o PP U TR 17
INEFOTUCTION ...ttt ettt e e e e e aaeeeeeeeeese e e s e nnnnnbeeeneees 17
Material and METNOUS ..........cooiiiieeeee e e e e e e e e e e e e e aaa e e e e e aeaeeaees 18
Sample collection and ISOIATION ..........uuuuiiiiiiiiiei e e e e e e e e 18
1Y/ To] o] gTo] [0 VAR 19
DNA extraction, PCR amplification and SEQUENCING .......uciiiiiiiiiieeiieeieeeeeeee e 19
PRYIOGENETIC ANAIYSIS. .. ettt ettt e e e e e e 20
TS U £ USSR 21
[ 0177 (0o 1T 0 YT 21
LIz V0 L0 1 )Y PP 25
3 o U7 o] o PSS 26
@0 o Tod 01710 o IR 28
] (=] (=] 1oL TSSO 29
3. Capitulo 2: Written according to RNIZOSPNEre...........uvviiiiiiiiiiiii e 33
Characterization of endophytic bacteria in roots of Gomesa re®uriBa. andZygopetalum
maxillare Lodd. (OFCRIJACEEAE) ........uuuuiiiiiiiiiiiiiiie et e e 33
1o o 18 o 1 [ o TR 34
Material and METNOUS ..........coo i et e e e e 35
Study area and plant Material..........cccooiei i 35
(ST ] F= 11T ] o TP ORI 35
AV T ] L=Tot 0] F= T o [T o 1o i o ] o IR 36
N T goTo =T oI 5= { 0] o PSP 36
Phosphate SOIUDIlIZAION ..........uueiiii e e e e e e e e e 36
PrOAUCTION OF TAA .ottt e e e e e e e e e e e et r e e e e e e e e e e e e e s 37
STALISTCAI ANAIYSIS ...ciieieeeeeii i e e e bbb r e e e e e e e e e e e e e e e e a e 37

R ESUILS ..o e e 37



MOIECUIAN IHENTTICALION ... e a e 39

AN Lo T g T 5= £ o P 39

Phosphate SOIUDIIZAION .........uvieiee e e e e e e e e e eees 40

1 N o] o To (U o1 o] o TP PP PPPPPPPPPPPPP 40
3 o U7 o o PSSR 41
(@] o[ 18] o] o P PPPPPPPPPPPRPR 43

R ETEIEINCES ..o e e e e e e e 44



11

1. INTRODUCAO GERAL

As orquideas pertencem a familia Orchidaceae, sendo uma das ndaiaeEiso
vegetal. Distribuise em um amplo nimero de espécies e géneros, sendo 27.000 espécies e
aproximadamente 900 géneros (Govaerts et al., 2016). Possuem uma larga distribui¢cdo global,
estando presente em 5 continentes, a excecdo na Antartida (Crihl2@03) No Brasil, as
orquideas estdo distribuidas em 2805 espécies e 252 géneros, sendo dlavtita &
Amazobnia 0s biomas com maior diversidade de espécies
(http://floradobrasil.jbrj.gov.br/reflora/floradobrasil/FB179).

As orquideas sao cultivadas principalmente para fins ornamentaisveaalgapécies
nativas alcancam elevados valores comerciais (Medina et al., 2009), o quevpo@edoletas
paraavenda ilegal de espécies nativas. Este fator, juntamente com dadggrae seus habitats
naturas, resulta em um numero elevado de espécies listadas como entdeigdingao
(Martinelli & Moraes, 2013). No Brasil, 176 espécies de orquideas estagauaias de extingao
(MMA, 2014), o que corresponde6,27% das espécies catalogadas no pais. O Quadrilatero
Ferrifero, por exemplo, localizado na regido de Mata Atlantica em Mipeas, sofre com a
degradacéao antrépica, mas abriga grande diversidade de orquideas nativas(Mbr@etl1;

Barros et al., 2016).

Em condi¢Bes naturais, as orquideas possuem dificuldade de gernileagéas
sementes, devido a auséncia de tecido de reserva, sendo preserdgeocaper@ido e
tegumento no corpo da semente, 0 que as tornam dependentes de uma fonteeecdebaamo
(Rasmussen, 1995). Portanto, as orquideas associam-se com fungos mutuaestiesistema
radicular, conhecidos como fungos micorrizicos, que possuem importancia nparzagao e
estimulacéo do crescimento vegetal (Rasmussen & Rasmussen, 2009).

Essa interacdo entre fungos especializados e raizes de orquideasinataom
associacdes micorrizicas orquidoides (Peterson et al. 2004), caractgrizaiseconjunto de
enovelados de hifas fungicas no interior das raizes, denominando pélotorugsasr&
Rasmussen, 2014). Os fungos micorrizicos orquidéides também séo capazes dar @soniz
células do embrido das sementes de orquideas e, consequentemente, forfotonss guée
seguem nas raizes até a forma adulta da planta (Dearnaley, 200ds$tasi® Rasmussen,
2009). Os pélotons sao degradados pelas células do embrido, resultando na dilsraca
nutrientes, principalmente carbono, que séo exigidos em grande quantidade para a germinagao

e desenvolvimento nos primeiros estagios (Dearnaley et al. 2012).
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Fungos que formam esse tipo de associacdo com orquideas, sdo Ipertence
principalmente ao grupo dos rizoctonidides (Garc et al., 2006). Esse grupo [malifdét
composto por espécies cosmopolitas, que sao relatadas como patdégenomsesalarofitas
e, ou endofiticofOberwinkler et al. 2013). Entre as principais familias de fungos micorrizicos
gue colonizamas orquideas estdo Serendipitaceae, Sebacinaceae, Ceratobasidiaceae e
Tulasnellaceae (Weil3 et al., 2016). Em relacdo aos géneros comutioneraiedo associacao
micorrizica com orquideas encontram-se os géneros Tulasnella, Ceratmbas8tibacina
(Garcia, 2006).

Nos estudos taxondmicos de fungos do tipo rizoctonidides, existem problemas
relacionados ao uso de apenas a morfologia para delimitar novagesig@tro desse género
(Andersen, 1990). Dessa forma, para implementar os estudos desse grupo, fEsraeent
filogenia molecular vém sendo utilizadas para o estudo taxondmico, goejadas com 0
estudo morfoldgico, sdo camsade discriminar espécies de fungos micorrizicos orquidbide
(Linde et al., 2017).

As orquideas podem, também, assos&cem outros microrganismos, a exemplo de
bactérias endofiticas (Vendramin et al., 2010, Chutima et al., 2011). lizadésias téna
capacidade de induzir a germinagéo in vitro de sementes de orquiskedse(dva et al., 2007).

A interacdo com bactérias endofiticas podem trazer outras vantageas pkmatas, incluindo
a fixacdo biologica de nitrogénio, solubilizacdo de fosfato, antibiose, neeliercondicéo
hidrica e nutricional das plantas, além da producéo de fitohorménios (Mehioazagovits

2006, Tsavkelova et al., 2007).

Apesar de estudos evidenciarem a importancia das bactérias easlofitiaa
germinacao e o desenvolvimento de orquideas, pouco se sabe sobre a comptisicaoe
funcional dessas bactérias relacionadas as orquideas (Li et al., 2017).

Diante disso, este trabalho consigm investigar a diversidade taxonémica de fungos
micorrizicos associados a Gomesa recurva R. Br., orquidea nativa dAtMatea Mineira
bem como isolar, identificar e caracterizar bactérias endfite raizes de duas espécies de
orquideas Zygopetallum maxillaree G. recurva, em relacdo a capacidade de fixacdo de

nitrogénio, solubilizacao de fosfato e producéo de acido indol acético (AlA).
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2. Capitulo 1: Written according to Phytotaxa

A new mycorrhizal species of Ceratobasidium (Ceratobasidiaceae) assaied with roots

of the epiphytic orchid Gomesa recurva from the Brazilian Atlantic Florest

EVERALDO DA S. CRUZ, EMILIANE FERNANDA S. FREITAS:, MEIRIELE DA
SILVA: OLINTO L. PEREIRA & MARIA C.M. KASUYA:
'Departamento de Microbiologia, Universidade Federal desd, Minas Gerais, Vicosa 365700, Brazil

’Departamento de Fitopatologia, Universidade Feder®igbsa, Minas Gerais, Vicosa 365700, Brazil

* corresponding author e-maihkasuya@ufv.br

Abstract

A new species of Ceratobasidium was isolated from the roots of Gomesa recurva, a®e epiphyt
orchid from the Brazilian Atlantic Forest. Morphological and phylogenetic agmlyased on

the ITS DNA sequence, show that this new isolated species is diffeoemtthe reported

species of Ceratobasidium. All descriptions are provided for the new species.

Keywords: Basidiomycota, Orchidaceae, Phylogeny

Introduction

Orchidaceae is the largest family among angiosperms, with around recognised 27,000
species (Govaerts et al. 2016 ). Brazil stands out in biodiversity of orchids with approximately
2400 species, which them 60% are endemic and most occur on Atlantic Fatse(Nl.
2013). Despite the great diversity, orchids are frequently threatened of iextiridie IUCN
Global Red List have been assessed 1641 orchids (ca. 6% of orchids), vemcliie are
extinct and 747 are threatened, and also include 72 species occurring intBreitritically
endangered, six endangered and six vulnerable (IUCN, 2020). These numbers may be higher,
since only 6% of orchids were evaluated.

The dependence of orchids on mycorrhizal fungi in the earliest stages of development
is well known (Smith and Read 2008), and there are studies on symbionts diveesityt
phase, as well as the specificity of interaction (Zettler et al. 2005, Meng et al. 2019, Thixton e
al. 2020, Gao et al. 2020). However, most studies have focused on temperate mgions a
terrestrial orchids, while works on tropical and epiphytic orchids are scarce.

In Brazil, researches on mycorrhizal fungi in orchids have reported mainly Tulasnella

species associated with adult plants (Pereira et al. 2003, 2005, Nogair2086, Pereira et
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al. 2009, 2014, Freitas et al. 2020) and a few studies have showed Ceratobasiciesnrspe
epiphytic orchids (Pereira et al. 2005, Valadares et al. 2011).

Although less investigated, the genus Ceratobasidium is an important symibiont
orchids (Gonzalez et al. 2016). Some studies on tropical orchids have described
Ceratobasidium species as the single mycobiont, suggesting interaagiolgsspecific (Otero
et al. 2002, Graham and Dearnaley, 2012, Valadares et al. 2012). This hiditigpedi
fungusorchid interaction emphasizes the importance that Ceratobasidiunplagnin
symbiotic germination programs and further conservation of species.

In a survey of cultivable mycorrhizal fungi associated with Gomesa r&coots, nine
isolates of Ceratobasidium were obtained. Herein, based on morphological amdlanole

analysis we introduce a new species: CeratobasisiiuMiC 47413.

Material and Methods

Sample collection and isolation
Root samples of Gomesa recurva were colletitaa the Parque Estadual Serra do

Brigadeiro (PESB), state of Minas Gerais, Brazil (Fig. 1.). The sammes taken to the
Laboratorio de Associacdes Micorrizicas (LAMIC), Departamento de
MicrobiologiadUniversidade Federal de Vigosa, subsequently washed in running water to
remove impuritiesThe fragments were surgace-sterilized in ethanol 70 % for 1 min, sodium
hypochlorite 2 % for 6 min and three successive washes in steriléedistter. The roots
were cut transversely into fragments of approximately 0.5 mm and examim a
stereomicroscope, for the removal of the peloton. The pelotons were isolafgdtes
containing Potato Dextrose Agar (PDA) culture medium with antibigtblboramphenicol 1
mg.mL?) and the plates were incubated at°@5n the dark. Axenic cultures were preserved
on silica gel and deposited in the culture collection of the Univalsitf@deral de Vicosa,
Colecdo Oswaldo Almeida Drummond (COAD). The specimens were depositdte a
Herbarium of the Universidade Federal de Vigosa (VIC).
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(A B o

Figure 1. A, Atlantic Forest fragment, natural habitat of Gomesa recat¥@arque Estadual

da Serra do Brigadeiro, Minas Gerais, BréRPiESB) B, Gomesa recurva.

Morphology

To describe the characteristics of the fungus and colony, the isolategrneerein
PDA at 25 °C in the dark for 3 days. Measurement of the colony diawetez performed with
a digital caliper. The nuclear condition was observed in young hyphae aftergtaith SYBR
Green | (Meinhardt et al. 2001). The formation of monilioid cells @zserved in the culture
grown on Corn Meal Agar (CMA) at 25 ° in the dark, for 1 week (Pereira et al. 2005).
Observations, measurements, and photographic images of these microscopistfuciyses
were recorded using an Olympus BX53 light microscope, with Olympus Q-ColorsgihA

resolution color digital camera and differential interference contrast (DIC)nkight

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from the mycelium of fungi grown in PDA &C2%ising
the Nucleospin®Soil extraction kit (MACHEREY-NAGEL GmbH & Co. KG) follmg the
manufacturer's guidelines. The nuclear ribosomal Internal Transcribeer HFee) region was
amplified using the primer pair ITS3(TCC GTA GGT GAA CCT GCG G-3 e ITS4(5’-
TCC TCC GCT TAT TGATAT GC3’) (White et al. 1990). The polymerase chain reaction
(PCR) conditions were for a final volume of 50 pL. Were used: 20-30 ng of genondic DN
sample, 1X of buffer, 2 mM Mggl 0.2 uM of primer, 0.4 mM of dNTP, 1 U of Tag Dna
polymerase. The PCR reaction was performed in a thermocycler. The PCR csruditisisted
of initial denaturation at 95 °C for 2 min; followed by 39 cycles of denaturati®h 2C for 1
min; annealing at 50 °C for 1 min; extension at 72 °C for 1 min and final extension at 72 °C for

10 min.
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The PCR products were visualized for fragment size and quality on 1.5 % agarose gel
stained with ethidium bromide. Subsequently, the PCR product was purified and sdquence
The DNA sequences were analyzed for quality in the Geneious Pr#@2®@0.5 software
(https://www.geneious.conThe sequences were deposited in GenBank
(http://www.ncbi.nlm.nih.gov/Genbank/) (Table 1).

Phylogenetic Analysis

Consensus sequences were compared in the GenBank nucleotide database using the
BLASTnN algorithm. Similar sequences were downloaded in FASTA format agnkedliwith
the sequences of the isolates wusing the online portal MAFFT Vv.7
(http://mafft.cbrc.jp/alignment/server/index.html) (Katoh & Standley 2013). Sdwences
resulting from the alignment were manually adjusted in the MEGA sitwa.0.26 (Kumar
et at. 2016). The phylogenetic tree was built from the ITS-5.8S region of rDNA sequences.

The Markov Chain Monte Carlo method was used in all sequences for Bayesian
Inference (BIl) analyzes. Using the MrModeltest 2.3 software (Nylander 2004), nucleotide
replacement models were determined. According to the calculations miotheility scores,
the models were selected according to the Akaike Information Criterl@).(Ahus, the results
recommended a HKY + G model for ITS, Dirichlet's state frequency distribution was (1,1,1,1)
and the rate variation distributed in gamma. Phylogenetic analysis wasyed using the
CIPRES portal (Miller et al. 2010) and using MrBayes v.3.1.1 software (Ronquist et al. 2003).
Two sets of four MCMC chains were run simultaneously, starting in randonidrege800,000
generations and sampling every 1, 0@@neration. The first 25 % of the trees were discarded
as a burning phase for each analysis. The subsequent probabilities (Rannatpl®9%) were
determined from the remaining trees and are shown to the left of each naxienuvh
likelihood (ML) analysis was implemented using RAXML-HPC v.8 on XSEDE (8.2.12)
available on the CIPRES portal. Parameters for maximum probability wieneddéor rapid
booststrapping and analysis was performed with 1000 repetitions. The trees were visualized in
FigTree V1.4.4 (Rambaut 2009).
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Results
Phylogeny

The alignment of the ITS region consisted of 62 strains (including the outgroup
sequence) (Table 1), with a total length of 729 characters (including aliggas)t Among
these, 229 were informative characters about parsimony, 394 variables and 239 conserved.
From the phylogenetic analyzes and morphological characteristics (seg, litis possible to
identify the new species of Ceratobasidium sp. VIC 47413. The tree geneitiethav
Bayesian analyzes is shown below (Fig. 2). The tree generated frétAtL analysis was
similar to that of the Bayesian analysis (Fig. 2), therefore, it is not shown.

TABLE 1. GenBank accession numbers of Ceratobasidium isolates included in this study.

GenBank accession n

Ags Species Isolates Host/Substrate Origin (ITS)
AGA - C-662 - Japan AF354092
AGB

o] - SIR-2 Ipomoea batatas Japan AF354091
AGT - 40it-800 Reseda odorata Japan AB196661
AGA - - - - DQ279052
AG-

K - - - Netherlands DQ279056
AG-

L - FK02-1 Soil Japan AF354093
AG-

C - - - Netherlands DQ279046
AGO - FK06-2 Saoll Japan AF354094
AGO - - - Netherlands DQ279045
AG-

G - - - Netherlands DQ279049
AGB

o] - - - Netherlands DQ279057
CAG

6 - BN74 Erigeron USA AF354083

IMI United
AG-I - 375130 - Kingdom DQ279064
AGH - STC-9s Soil Japan AF354089
AGH - - - Netherlands DQ279065
AG-S - - Pittosporunsp. USA AJ427400
AGQ - C-620 Soil Japan AF354095
AGB

a - C-460 Oryza sativa Japan AF354088
AGD - C-610 - Japan AF354090
CAG

1 - BN1 Grass USA AF354086
AGD - - - Netherlands DQ279060
AG-

Bb - - - Netherlands DQ279058
AG-

Ba - - - Netherlands DQ279059



Ceratobasidiursp. VIC
47416
Ceratobasidiumsp. VIC
47417
Ceratobasidiumsp. VIC
47415
Ceratobasidiursp. VIC
47418
Ceratobasidiursp. VIC
47414
Ceratobasidiursp. VIC
47419
Ceratobasidiursp. VIC
47420
Ceratobasidiursp. VIC
47421
Ceratobasidiumsp. VIC
47413

C. albasitensis
C. anceps
C. angustisporum

C. bicorne
C. bulbillifaciens
C. cereale

C. cereale
C. cereale
C. cereale
C. cereale

C. cereale

C. cereale
C. cereale
C. cereale
C. cereale
C. chavesanum

CGR1C
CGR1F
CGR1A
CGR1G
CGR3B
CGR1lI

CGR1J
CGR10O

CGR3H
Eab -T2

1231

Sequence
17 from
the patente
WO001151
653
Sequence
17 from
the patente
WO001151
653
Sequence
17 from
the patente
WO001151
653
Sequence
17 from
the patente
WO001151
653
Sequence
17 from
the patente
WO001151
653

99,125
645
DK2c2a

Root of G.

Root of G.
Root of G.

Root of G.

Root of G.

Root of G.

Root of G.

Root of G.

Root of G.

recurva

recurva
recurva

recurva

recurva

recurva

recurva

recurva

recurva

Crocus sativus

Pteridium aquilium

Pterostylis mutica
Polystrichastrum
formosum

Bark of Fraxinus
Poa annua

Secale cereale
Triticum aestivum
Agrostis palustres

Wheat

Diospyros kaki

MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
MG, Brazil
Spain
United
Kingdom
South

Australia

Filand
Germany
USA

Switzerland

Switzerland

Switzerland

Switzerland

Switzerland

Germany
Germany
Canada
Turkey
SP, Brazil

MT796438

MT796439

MT796444

MT796445

MT796446

MT796440

MT796441

MT796442

MT796443
AJ427398

AJ427402

AJ427403

AF200514
KC336072
AF063019

AX195391

AX195385

AX195387

AX195390

AX195392
AJ302008
AJ302009
AF222793
KC590547
EU810049

22



- C. chavesanum DK11c2a Diospyros kaki SP, Brazil EU810047
- C. cornigerum - Erigeron canadense USA AJ301902
- C. cornigerum - Juniperus sp. USA AJ301900
- C. cornigerum - Pittosporum sp. USA AJ302006
- C. cornigerum - Taxus sp. USA AJ301901
- C. cornigerum - Festuca sp. USA AJ301903
- C. cornigerum - Pittosporum sp. USA AJ301899
- C. niltonsouzanum CS1032 Camellia sinensis  SP, Brazil EU810029
- C. niltonsouzanum MPM 201 Azadirachta indica  PI, Brazil KX870111
- C. noxium - Coffea arabica India EU810056
- C. papillatum - Sarcochilus dilatatus  Australia AJ427401
- C. ramicola - Pittosporum sp. USA AJ427404
— C. sphaerosporum — - — DQ278943

23

Ags: Anastomosis groups
*Ex-type strain
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Figure 2. Bayesian phylogenetic tree inferred with alignment of the nuclectigigesices of
the ITS region. RAXML boostrap support (MLBS,> 50) and bayesian posterior probabilities

(BPP > 0.50) are indicated at the nodes (MLBS /)BB&guences ax-type are indicated. The
tree is rooted in Athelia rolfssi.
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Taxonomy

Ceratobasidium sp. VIC 47413 (to be proposed as new speci@sy. 3)

Mycobank: -

Systematic position: Basidiomycota, Agaricomycotina, Agaricomycetesth@rellales,
Ceratobasidiaceae.

Type: — BRAZIL. Minas Gerais: Parque Estadual Serra do Brigadeiro, from roots of
Gomesa recurvR.Br. (Orchidaceae), September 2019, Cruz, Eh8lofype VIC 47413, ex-
type living culture COAD 314y

Etymology. — Name derived from the plant host species Gomesa recurva.

Colonies growing 51 mm in 3 d, flat with entire margin, dense aerial mytewhite;
reverse of the colony white to cream. Hyphae are regularly septatethinguout at right
angles, 2 - 6.1 um in diameteX(+ SD = 4.7 + 0.59m), hyaline, with binucleated cells and
thick walls. Hyaline monilioid cells, elongated in the shape ofeehd0,1- 12,7 um de diam.
(X £SD =11.1 + 0.7tm), branched chain with more than four cells. Sexual morphotype not
observed.

Additional specimens examined— BRAZIL. Minas Gerais: Parque Estadual Serra do
Brigadeiro, from roots of Gomesa recurRaBr. (Orchidaceae), COAD 3148, 3149, 3150,
3151, 3152, 3153, 3154, 3155, September 2019, Cruz, E.S.

Notes: — Ceratobasidium sp. VIC. 47418 a sister taxon to C. papillatum Warcup &
P.H.B. Talbot(1980). The sister taxon is morphologically differente fr@ngomesae por
diferenciacdo na espessura da hifa. Ceratobasidium papillatum has hypb#g 4a7 um in
diameter, hyaline, long cells, with binucleated cells, and theremarked tendency to form
hyphal strands. C. gomesae has hyphae regularly septated6.3.21m in diameter, hyaline,

with binucleated cells and does not form hyphal strands.
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C i

Figure 3. Ceratobasidium sp; VIC 47418, Three-day-old PDA culture in 9 cm of diameter

Petri Dish B, Hyphae stained with SYBR Green | showing binucleate cells (N= nuélei; S
septa) C, Hyphae with branching at right angl€ Monilioid cell chains in CMA. Scale bars
Cand D=20um; B =25 pum.

Discussion

Morphological and phylogenetic data about the study describes a newsspéci
CeratobasidiuntCeratobasidium sp. VIC 47413, colonizing the root tissue of Gomesa recurva,
an epiphytic orchid from the Brazilian Atlantic Forest. The new spéxiistinguished from
others using sequences from the ITS rDNA region as well as morphological data.

Orchids generally form mycorrhizal associations with basidiomycetous fungi
(Rasmussen 2002; Dearnaley 2007), most of which include the genus Rhizoctonia (Bogoure et
al. 2005, Waterman & Bidartondo 2008), where they generally include the genus
Ceratobasidium (Smith & Read 2008). Certatobasidium species can infect othéaupias
causing diseases, such as white-thread blight (Wolf & Back 1927, Benchirabl 2801,
Benchimol & Bastos 2004, Costa et al. 2013, Melo et al. 2018).
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The new species Ceratobasidium sp. VIC 47413 formed a monophyletic group
supported by 80 % bootstrap with AG-S and AG-Q. Sharon et al. (2008) compared ITS rDNA
sequences of AGs, suggesting that if the proposed isolates are in the 95%orafge in
similarity and within a clade of a given AG or subgroup, it may inditaea given isolate
belongs to that AG. The similarity of the proposed new species with AG-S and A&3-Q9b
% (80%). In addition, it has a group supported by 56 % bootstrap with AGBaBABG-Bb
and distant group supported by 99 % bootstrap with C. papillatum.

Eight Ceratobasidium species are known to occur in Brazil, Ceratalrasagiceps
on Citrus and Heve&eratobasidium lantanae-camarae on Lantana camara, Ceratobasidium
noxium on Piper nigrum, Ceratobasidium ochroleucum on Cinnamomum zeylanicum, Eugenia
stipitata, Heliconia psittacorum and Tabebuia serratifolia, Gbesidium tradescantiae on
Tradescantia fluminensis, Ceratobasidium stevensii on Theobroma tramdifand
Ceratobasidium chaveanum and Ceratobasidium niltonsouzanum on coffee plants (Ceresini et
al. 2012, Melo et al. 2018, Mendes et al. 2020). All of these species artedegsrplant
pathogenic, most of them causing severe symptoms as leaf blight but also grousages
leading to any noticeable damage to colonized organs. Nevertheless, for saiee Bpe
molecular information are available, due to old descriptions based only on herborized material
(e.g. C. lantanae-camgrar due to the lack of culturer highly specialized biotroph (e.g. C
tradescantiae). Ceratobasidium sp. VIC 474%3phylogenetically differentfrom all
Ceratobasidium spp. available (Fig. 2). Isolates of the new Ceratobasidiuesdpened a
well distinguished clade, phylogenetically closed related to Ceratioms papillatum.
However, the new species do not have a tendency to form hyphal strands as welrked
observed for C. papillatum (Warcup & Talbot, 1980).

Ceratobasidium spp. have already been reported in associations withsorchid
worldwide, mainly with temperate species, with a lack of informategarding to tropical
species. Otero et al. (2002, 2004) isolated Ceratobasidium species adsadtiattropical
epiphytic orchids from Puerto Rico. In Brazil, Pereira et al. (2005) and Valadare&éx14l).
identified and demonstrated a high specificity of both Oncidium flexuosuhmCappensia
doniana in relation to fungi of the genus Ceratobasidium. Graham & Dearnaley (201&3 show
the strict specificity of a rare species of Australian epiphytic or¢®adacochilus weinthali
with only a single species of Ceratobasidium. All these works on trogygalhytic orchids

suggests a possible moderate to highly specificity of Ceratobasidium spedisshosts,
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corroborating for the studies of preservation of this species in naturedrements for tropical

orchid conservation.

Conclusion
Phylogenetic analyzes, together with morphological characteristics, dhthee

composition of fungal associates related to G. recurva. Only one genus of asfpund,
including the description of a new species of Ceratobasidium. This is the first workoohescri
a new species of Ceratobasidium in G. recurva, an orchid from theidrailantic Forest.

The maintenance of these species can help in the conservation strategies ohBrahilds.
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3. Capitulo 2: Written according to Rhizosphere

Characterization of endophytic bacteria in roots of Gomesa recurva RBr. and

Zygopetalum maxillare Lodd. (Orchidaceae)

Abstract

The Orchidaceae family has great economic and ecological impqrtamicéhere is little
information about its association with rhizobacteria in Brazilian AtlaRticest. This study
aimed to isolate, identify and characterize endophytic bacteria grownogts of two orchid
species, Gomesa recurva and Zygopetalum maxillare, native tétldnatic Forest. Ten
bacterial isolates were obtained\Nib selective medium, five from each orchid speciesckvh
were identified by sequencing the 16S rRNA gene. Furthermore, they weaetehaed in
terms of the ability to nitrogen fixation, phosphate solubilization and indotezacid (IAA)
production. These isolates belong to genera Pseudomonas and Paraburkholdso&atég|
confirm their ability to fix atmospheric nitrogen by qualitative analysistédver, five isolated
from G. recurva and one from Z. maxillare presented high phosphate solidvilinatex (S.I
> 4) and standing out as early in this process. All isolates are prorimgangduce 1AA, with
emphasis on two isolates, with production of 14 and 14.8\r§ Our results showed that in
roots of G. recurva and Z. maxillare there are endophytic bacteria that should be helging thes
orchids in the nitrogen and phosphate nutrition as well as root growth. Theleessare
promising bacteria to be used during seedlings production of orchids
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1. Introduction

Orchids is the largest family among angiosperms, Orchidaceae, distribuaddut
27,000 species (Govaerts et al., 2016). Species of this family are assodihtedialistic
fungi in their root system, known as mycorrhizal fungi, which are important for gation
and stimulation of plant growth (Rasmussen & Rasmussen, 2009).0On the other hand, other
symbidic microorganisms in orchids, especially endophytic ones, are focused médiunhgin
(Novotna et al., 2018), while studies based on endaphwgtteria are still scarse (Glick, B.,
2012; Liu et al., 2017; Glazebrook et al., 2018). Some promising studies haaay dieen
done with growth-promoting bacteria isolated from orchids, but there are no stndisshids
from the Atlantic ForestT{savkelova et al., 2005, 2007)

Plant growth-promoting rhizobacteria (PGRRe soil microorganisms that live close
to plant roots, which are influenced by root exudates (Compant et al., 2010). Thesia bac
were first studied in 1978 by Kloepper and Schroth and described as PGPB (Kloepper &
Schroth, 1978). Under the influence of the plant in the rhizospheric soil, the bpetszizate
and colonize the root cells and form a symbiotic relationship with Husit (Rashid et al.,
2012).PGRR is commonly able to promote plant growth by various mechanisms and factors
direct or indirectly, such as by nitrogen fixation capacity, inorganic phasodtbilization
and phytohormone production, aiding plants in nutrient acquiring (Rashid et al., 2012).
However, few studies have been investigating the potential of orchids enddmusteriain
promoting the growth of these species (Faria et al., 2012). Thus, studies ptethigal of
bacterial isolates in orchids should be carried out, to assesslityd@promote growth, based
on the production of phytohormones, nitrogen fixation and phosphate solubilization for future
application in seedling growth.

In this study, we isolated, identified and characterized endophytic lahdtern the

roots of two epiphytic species of orchiddomesa recurva R. Br. and Zygopetalum maxillare
Lodd.from the Atlantic Forest. The characterization was to evaluatéiiitg af these isolates
for nitrogen fixation, inorganic phosphate solubilization, and indol acetic @éid)
production. These characteristics may be of fundamental imporfi@anpeduction oforchids

seedlings.
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2. Material and Methods
2.1. Study area and plant material

Root samples of Gomesa recurva and Zygopetalum maxillare (Fig.1l)colkreted
from the Parque Estadual Serra do Brigadéowated in the city of Araponga, state of Minas

Gerais, Brazil. It is located in the Atlantic Forest and maalttude that varies between 1300
m to 1900 m altitude.

o

Fig. 1. Rpresentatin of the two Species of e-bipytc orch‘.(Bomesa recurv; an8)

Zygopetallum maxillare.

2.2. Isolation

Root samples were taken to the Laboratério de Associacdes Micori(izisisC),
Microbiology Department, Federal University of VigoddF{), washed in running water to
remove impuritiesThe fragments underwent superficial disinfestation with alcohol 70 % for 1
min, sodium hypochlorite 2 % for 6 min and three successive washes inditgililed water.
Twenty root fragments from each orchid formed a composite sample, shpdiadse samples
were macerated in microtubes, added with 1 mL of 0.85 % saline solutiai.ddations were
made and 100 pL of samples was transferred from tAelililtion to a solid selective medium
for diazotrophic bacteria (NFb) (Dobereiner et at., 1995).
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2.3.  Molecular identification

The pure culture of bacteria was used for DNA extraction using the therethbd
according Baratto & Megiolar2012) The bacterial cells were suspended in 1 mL of ultrapure
water (Milli-Q®) in 2 mL microtubes, these tubes were vortexed for 5 s and then érey w
taken to the boiling bath at 95°C for 5 min. After this step, the microtwees placed
immediately in the ice bath for 5 min. After the thermal shock, ticeotubes were centrifuged
at 10.000 rpm for 5 min. At the end of this step, 600 uL of the supernatantwaged and
the precipitate was discarded (Rowlands et al., 2006). For amplification abb88mal RNA
genes, primer pair&7f were used (ccgaattcgtcgacaacAGAGTTTGATCMTGG) and 1492r
(cccgggatccagcttTACCTTGTTACGACTTjLane, 1991) The polymerase chain reaction
(PCR) conditions were for a final volume of 50 puL. Were used: 20-30 ng of genordic DN
sample, 1X of buffer, 2 mM Mgl 0.2 uM of primer, 0.4 mM of dNTP, 1 U of Tatia
polymerase. The PCR reaction was performed in a thermocycler. The PCRotsabtisisted
of initial denaturation at 94 °C for 5 min; followed by 35 cycles of denaturation at 94 3G for
s; annealing at 53°C for 1 min; extension at 72 °C for 1 min and ftexison at 72 °C for 5

min.

2.4. Nitrogen fixation

For the evaluation of the nitrogen fixation capacity, bacteria previousatesain solid
NFb medium, were inoculated into test tubes containing 15 mL of séitiNFb medium (gL
1 malic acid, 5: KHPQy, 0.5; MgSQ.7H;0. 0.2; NaCl, 0.1; CagPH.0, 0.02; KOH, 4.5; and
in mL: micronutrient solution, 2; bromothymol blue solution (0.5 % in 0.2 KOHFeEDTA

solution (1.64 % solution), 4; and vitamin solution, 1; pH 6.5 (D6bereiner et al., 1995).

2.5. Phosphate solubilization

For evaluation of inorganic phosphate solubilization capacity, the culeoieim was
GL medium proposed by Sylvester-Bradley et al. (1982), containing)(glucose, 10; yeast
extract, 2; agar-agar, 15 was added to this mediunyCNHbg; NaCl, 1; MgS@7H.0O, 1;
CaHPQ (tribasic calcium phosphate), 0.8; pH 7.2, in order to form precipitateilical
phosphate. For the dissolution of tribasic calcium phosphate, 10 mL of 2 % HQ@ked. In
each Petri dish (9 cm diameter, 20 mL culture media), two 5 mhoEpacteria was inoculated
about 2 cm from the bord of Petri dish. Each isolated was tested impthtes and incubated

at 28 °C was evaluated for 15 days.
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Based on the solubilization indexes, the bacteria were classifiEivasS.l. < 2),
medium (2 < S.I <4) and high solubilization (S.| > 4) (Hara & Oliveira, 200d¢.bacteria
were classified as early, whose solubilization started until thedhirplate, after the third day
and not solubilizing, to those that did not show solubilization until fitbteenth day of

evaluation (Hara & Oliveira, 2004).

2.6. Production of IAA

For laboratory tests in relation to the production capacity of Indole-3:ageil
(IAA), the culture medium Trypticase Soy Agar 10 % (J8ntaining in gt!, was used: Soy
peptone, 0.5; tryptone, 1.5; NaCl, 2.5; and plus, L-Tryptophan, 1; pH 7.3. The bacteaiakisol
were inoculated in liquid TSA in Erlenmeyer, incubated at 28 °C undetacragitation at
125 rpm. After 72 h2 mL aliquots of bacterial suspension were transferred to a microtube and
centrifuged at 12,000 rpm for 3 min, and 1 mL of the supernatant was tradsfe new
microtubed and 1 mL of Salkowsky's reagent was added, the samples wedog BOphin in
the dark. Absorbance were taken on a 530 nm spectrophotometer (PhdBioteta) and

adjusted with a standard curve using commercial IAA (Merch).

2.7. Statistical analysis

The inorganic phosphate solubilization and prodution of IAA observed in each
bacterial isolate were subjected to analysis of variance (ANOVA).e§ubstly, the Scott-
Knott multiple comparison test (post-hoc) using a significance leuv@lo&f. All analyzes and
graphics were performed in the R 3.6.3 program (R Core Team, 2020) with the ExpDes and
igraph libraries (Csardi, 2006).

3. Results

From the root material of G. recurva and Z. maxillare, 10 isolatess.(B) of
endophytic bacteria were obtained. From G. recurva, all bacteriabefmging to the genus
Pseudomonas (GR05, GR06, GR08, GR09, GR10) were isolated. From Z. maxillare, two
species of the genus Pseudomonas (ZM04, ZM05) and 3 species of the genuskRalckeiiar
(ZMO01, ZM07, ZMO08) were isolated. Both gea@re gram-negative, presented rapid growth,
with the incubation period varying fromtd 3 days, at 28 °C in PDA medium.
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GRO8

Fig. 3. Plant growth promoter rhizobacteria isolafeaim roots of Gomesa recurva (GRO5-
GR10) and Zygopetallum maxillare (ZM01-ZM08).
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3.1. Molecular identification

The isolates of G. recurva (GR05, GR06, GR08, GR09, GR10) were identified as
species of the genus Pseudomonas, while isolates of Z. maxillarspéwsies were identified,
Pseudomonas (ZM04 and ZMO05) and Paraburkholderia (ZM01, ZM0O7 and ZMO08) (Table 1).

Table 1. Molecular identification of endophytic rhizobacteria isolated from Gomesarva

and Zygopetalum maxillare and their code and genBank acession number.

Code Host Gerus GenBank Accession n¢
GRO5  G.recurva Pseudomonas MT680629
GR0O6  G. recurva Pseudomonas MT680630
GR0O8 G. recurva Pseudomonas MT680631
GR09 G.recurva Pseudomonas MT680632
GR10 G. recurva Pseudomonas MT680633
ZMO01 Z. maxillare Paraburkholderia MT680634
ZM04 Z. maxillare Pseudomonas MT680635
ZM05 Z maxillare = Pseudomonas MT680636
ZM07 Z. maxillare Paraburkholderia MT680637
ZM08 Z. maxillare Paraburkholderia MT680638

3.2. Nitrogen fixation

Bacterial isolates capable of assimilating nitrogen grew in NFbumeddrming a
light-colored growth halo, showing a positive result for the test (Fig. 4). Morebeee, is a
change in the color of the culture medium to blue, indicating that thera alz@nge in pH to
basic, since the medium has the blue pH indicator of Bromothymol, whithisiabaracteristic
at high pH.
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ZMO01 ZM04 ZMO05 ZM07 ZM08
Fig. 4. Nitrogen assimilation test in NFb medium, showing the abilityenflophytic

rhizobacteria isolated from Gomesa recurva (GR05-GRO06) and ZygopetakiltaregdZMO01-

ZMO08), demonstrated by the change of green to blue color and the formatnlight halo

indicated by the arrows.

3.3.  Phosphate solubzation

All isolates were able to solubilize calcium phosphate in vitrolid sulture medium.
The isolates formed translucent halos around the colony, indicatingahabthanic phosphate
had solubilized. Of these, 60 % of the isolates had a high index (GRI®, @R08, GRO06,
GRO05 and ZM07); 30 % had an average index (ZM05, ZM08 and ZM04) and 10 % a low index
(ZMO01) (Table 2). Although forming three distinct groups within the solubitinahdex, there
was a statistical difference between the isolates accorditig teolubilization index of each
one. Based on the Scott-Knott test, six groups were then separated ) atikh only isolate
GR10 as the greatest solubilizer among the other isolates. Onlyotate iwas characterized
as late in relation to those according to the beginning of the solubilizatitre tricalcium
phosphate (Table 2).

3.4. IAAproduction

All of ten isolates showed capacity to produce the hormone indole-3-acetic acid in 10
% TSA medium, plus L-tryptophan. The production ranged from 3.5 to 148 (t¢Table 2).
The isolates that performed the best according to the Scott-Knisticthtest were ZM05 and
ZMO04, which differed statistically from the others, but not from each otheselisolates were
obtained from the orchid species Z. maxillare.@lkrecurva isolates did not differ statistically

from each other, maintaining a uniform pattern in the production of the hormone (Table 2).
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Table 2: Phosphate solubilizatio(P-Ca) capacity, showing days for stat P solubilization,
Solubilization index (S.l.) and indole-3-acetic acid (IAA) production byl0 endophytic

rhizobcteria isolated from Gomesa recurva and Zygopetalum maxillare.

P-Ca I1AA

Start S.l.
Isolates Solubilization™™ medium* level*  Isolates Concentration *i¢g mL?)

(day)
GR10 1 6,16 a High ZMO0O5 14,3 a
GRO09 1 526b High ZM04 14,0 a
GRO8 1 521b High GR10 76 b
GRO06 1 507b High GRO05 76 b
GRO05 2 422 c High GRO06 75 b
ZMO7 6 407 c High GRO08 6,5 b
ZMO05 1 3,51d Medium GR09 58 b
ZM08 1 2,79 e Medum ZM08 40 c
ZM04 1 2,11 f Medum ZMO7 3,6 C
ZM01 3 1,73 f Low ZM01 35¢c

*values follow by the same letter in the column had no statistical variatibe 0.05% Scott-

Knott test.

** values above 4 demonstrate high solubilization capacity, values betwadrl2Zlamonstrate
medium capacity and values below 2 demonstrate low solubilization capacity.

4. Discussion

The present study characterized endophytic bacteria from the rootdfsspghytic
orchids G. recurva and Z. maxillare, native to the Brazilian AtdaRbtrest. Studies of
endophytic bacteria in both epiphytic and terrestrial orchids are presgdiwde (Tsavkelova
et al., 2007, 2011; Galdiano et al., 2011; Gontijo et al., 2018; HerreraZ320). However,
this type of study is scarce for orchids from the Atlantic Forest, wincises many endemic
and endangered species.

The nitrogen fixing bacteria in G. recurva and Z. maxillare was restrictbd tgenera
Pseudomonas and Parabukholderia. This pattern can also be observedtrialtenmgsds,
where orders of Pseudomonadales and Burkholderiales have been observed (Gontijo et al.,
2018; Herrera et al., 2020). These bacteria were also found in Pholidotaaaatitiridl.
(epiphyte orchid) (Tsavkelova el al., 2007). It is important to highliglat the genus
Burkholderia has recently been associated with clinically importatetia@, and environmental
nitrogen fixers species have been transferred to a new genus Paraburkh@dema et a.,

2014). So, Burkholderia cited in the literatures before 2014, may be Paraburkholderia.
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The genus Burkholderia was identified occurring in epiphyte orchictle@at
walkeriana Gardner (Galdiano et al., 2011). The nitrogen fixing capadiyrkholderia has
been also observed associated to rice, maize roots (GillisE29% Estrada et al., 2002), sugar
cane and corn (Reis et al., 2004). Environmental isolates of Burkholderia ifowrdhid
species have shown potential for promoting plant growth (Tsavkelova 20@T., Gontijo et
al., 2018). In addition, other endophytic bacteria associated with Australian orchids capable of
promoting plant growth, such as Bacillus, Xanthomonas, Arthrobacter and&bethe been
described (Wilkinson et al., 1989 and 1994). Paenibacillus isolated orchid Qymbidi
eburneum Lindl. could promote the growth of orchid plants tastetdro (Faria et al., 2013).
Pseudomonas stutzeri isolated from Cymbidium sp. (Gontijo et al., 20d.8ica (Desnoues et
al., 2003) has also demonstrate the ability to fix atmospheric nitrogen.

All isolates showed the ability to solubilize phosphate in cultoeglium. Both of
bacteria were also isolated from species of orchid Cymbidium sp., batulmligation ability
were measured (Gontijo et al. 2018). Burkholderia species isolated f@mooichave shown
to have a solubilization index (SI) ranging from 2.34 to 2.95 (Estrada et al., 2012) owhi
isolates showed Sl varying from1.73 to 4.07, being Pseudomonas more efficient pgeSdnti
above 4 (high solubilization), with a diameter of the halos ranging from 16.6 to 21.8 mm. This
value is similar to presented by two strains of Pseudomonas putida, whsehntpethe halo
diameter of 18.21 and 21 mm (Rosas et al., 2006).

All isolates were able to produce indole-3-acetic acid in diume supplemented with
L-tryptophan. Production of IAA by strains of Pseudomonas isolated from orchids Calanthe
vestita Wall. Ex Lindl., Dendrobium moschatum (Buch. -Ham.) Sw., Acampéqgsa (Lindl.)
has also been observed (Tsavkelova et al., 2005). These authors have alddlsfidive most
active strains in the production of IAA isolated from orchids werdllBacPseudomonas and
Agrobacterium, and that the maximum IAA is accumulated in the@sgay phase. However,
they observed that Burkholderia sp. isolated from the rhizoplane has lovegenefyi than
Pseudomonas. PGPR associated with C. walkeriana demonstradith¢ogproduce indole
compounds, ranging from 0.8 to 318 mL ! (Galdiano et al., 2011), which show a great
variation among isolates.

PGFR is very importah for the microbial ecology of orchids contributing with
production of phytohormones that promote plant growth (Tsavkelova et al., 2003, 2005, 2007).

In addition, in vitro test is important for epiphytic orchids from the AttaRrest since the
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inoculation of these bacteria can promote the growth and development af seellings
(Faria et al. 2012).

In the future, a study of the genomic material extracted from thesystgém of these
orchids associated with metagenomic techniques, and compared wigbl#t®ns obtained,
may corroborate with the understanding of the profile of the microbial comyrassbciated
with the two species of orchids from the Atlantic Forest. The study ofittrelsial community
in the forophytes, where these orchids grow, may show the relationship bétwesmdophytic

bacterial microbiota of G. recurva and Z. maxillare with substrate.

5. Conclusion

According to the present study, this is the first work involving endophytic Pseudomonas
and Paraburkholderia colonizing root tissue of G. recurva and Z. ai@xi#piphytic orchids
from the Brazilian Atlantic Forest. The bacterial isolates detrnatesi a potential ability to
promote plant growth, due to nitrogen fixation, phosphate solubilization and auxin production
(IAA). These bacteria could be tested for germination and growth of orichvitso, being of
fundamental importance for maintenance and reintroduction of native spéaeshids. As
they have shown biotechnological potential, in a future they can be usednaseal

inoculants for agricultural and ornamental crops.
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