
Introduction  

Endophytic fungi (EF) are a polyphyletic assemblage of organisms classified in 

Kingdom Fungi, being mainly characterized by living in plant tissues at least during a part 

of its life cycle, without cause a disease or negative effects in the host (Petrini 1991). The 

group is particularly abundant in tropical forests, with the majority of its representants 

belonging to Ascomycota, Basidiomycota and Zygomycota s.l. (Arnold et al. 2000; 

Rodriguez et al. 2009). The broad definition of (EF) encompass species that are traditionally 

treated as saprophytes, parasites or mutualists. Although specific mechanisms are not fully 

described, it is known that EF are involved in several mutualist associations with is hosts, 

favoring them against physical (water, salinity) and biological (pathogens and herbivores) 

stresses, being also considered diseases modifiers (Nisa et al. 2015; Hiruma et al. 2018). 

 As broadly distributed organisms, some EF communities occur in threatened 

ecosystems, such as the Araucaria forests. This ecosystem is a part of the Atlantic Rain Forest 

Biome, the most devasted biome of Brazil. The araucaria forest is characterized by 

conspicuous presence of Araucaria angustifolia, also known as Brazilian pine and presence 

tree species from different types of Atlantic forest (Leite & Klein 1990). Although presenting 

high ecological and socioeconomic value, the Brazilian pine lost most of its original territory 

being considered as critically threatened in IUCN’s red list of Threatened species.  

The knowledge about the funga associated to A. angustifolia is restricted to some 

arbuscular mycorrhiza and parasite species occurring in its monocultural farming (Moreira-

Souza et al. 2003), and a few macrofungi (Gibertoni et al. 2011; Rajchenberg & Robledo 

2013). The most diverse fungal association with the Brazilian pine was retrieved by Moreira 

(2013), which using culture-based methods isolated and identified around 70 species of EF, 

belonging to 18 genera. Interactions between fungi and the Brazilian pine are poorly 

understood, however, even based in a limited methodology, Moreira (2013) showed that the 

system presents a high richness of species. In this context, this is an important gap in the 

knowledge considering the ecological and socioeconomic relevance of Brazilian pine and 

Araucaria forest. 

Traditionally the diversity and ecology of fungi are studied by counting and 

identification specimens/strains based on morphological and biochemical features, using 

specimens collected directly from it growing substrata or cultured in vitro. However, this 

method underestimates the diversity and abundance of fungi, mainly due to difficulty in crypt 

species identification and species that cannot be cultured in vitro. The metabarcoding 

approach is an effective tool to overcome these difficulties. (Sharpton 2014). 

Considering the potential of a high diverse community of EF in A. angustifolia, it is 

also expected that this community is functional diverse and influenced by environmental 

factors (Zimmerman & Vitousek, 2012). Understanding functional diversity of 

microorganisms has high ecological importance because it influences several aspects of 

ecosystem functioning like ecosystem dynamics, nutrient availability and stability (Goswami 

et al. 2017). Regarding EF associated to A. angustifolia, the main questions to be solved by 

this research are: (i) What is the diversity of EF associated to A. angustifolia and what is the 

taxonomic composition of this community? (ii) Does the taxonomic composition of the EF 

community vary within different host tissues? (iii) What are the environmental factors that 

influences the EF community? (iv) What is the functional diversity of the community? 

Objectives 

This project intends to obtain information on the diversity and ecology of EF associated to 

A. angustifolia through metabarcoding approach. The specific aims are: (1) Access the 



diversity of EF community associated to A. angustifolia; (2) Identify at the less inclusive 

taxonomic level the organisms associated to A. angustifolia; (3) Infer the function of the 

organisms associated to A.angustifolia; (4) Compare quantitatively and qualitatively the 

endophytic community of A. angustifolia within different host tissues (leaves and trunk) and 

among different plots in a landscape encompassing environmental variables. 

Methods 

Study area and sampling - Field trips will be carried in Parque Nacional de São Joaquim 

(Santa Catarina, Brazil) in six plots previously defined according RAPELD methodology. 

The plots combine different environmental characteristics such: altitude, topography, 

edaphic conditions and floristic composition. In each plot 10 tree individuals will be sampled. 

Ten health leaves of each individual and a cylinder of the inner wood of the tree will also be 

removed at a height of 1.30 m. For the next steps only 5 individuals will be used. 

DNA extraction and metabarcoding sequencing - Genomic DNA will be extracted from 250 

mg of each sample (wood and leaves) using the NucleoSpin® Soil kit according to 

manufacturer instructions. The Internal Transcribed spacer 2 from nuclear rDNA will be 

sequenced with metabarcoding approach through Illumina sequencing. Samples of genomic 

DNA will be sent to a sequencing facility following its quality requirements.  

Bioinformatic and ecological analyzes -The dataset generated will be analyzed following a 

pipeline developed in a Linux environment. The output of bioinformatics analyses will be 

the tables of MOTUs abundance and a list with taxonomic identification (UNITE), which are 

going to be the input to ecologic analyzes. The ecological analyses will be done using suitable 

packages in R software (R Development Core Team 2019). The following community 

ecology indexes will be determined or estimated for each plot and host tissue: (i) taxonomic 

richness and taxonomic richness estimates based on interpolation and extrapolation, (ii) 

absolute and relative abundance of reads, (iii) evenness and, (iv) diversity (Shannon). The 

richness distribution at the less inclusive taxonomic level between the fungal communities 

from each plot will be represented with a Venn diagram. All the MOTUs identified at the 

less inclusive taxonomic level will be compared according to its relative abundance of reads, 

through the generation of a color matrix associated to a dendogram (grouping analyze based 

in Bray-Curtis distance) in ggplots in R (Warnes et al. 2014). Subsequently, ordination 

analyses (NMDS, Vegan R software) will be performed to evaluate the compositional 

dissimilarity of fungal communities between plots or host tissues, based on Jaccard index 

(Ramette 2007). The ecological function of identified MOTUs are going to be determined 

with secondary data mining using FUNGuild (https://github.com/UMNFuN/FUNGuild). To 

quantify the contribution of environmental variables to the makeup of the endophyte 

communities, we will use PERMANOVA, as implemented in the “adonis” function in the 

vegan R library (Anderson 2001).  

Significance and other relevant information 

Characterize the mycobiome associated to A. angustifolia with a modern and effective 

tool as the metabarcoding approach is important for several reasons, such as: (i) presenting 

the first comprehensive taxonomic list of Fungi associated with this endangered host; (ii) 

recognition of the functional diversity and environmental factors that shapes EF communities 

in a threatened ecosystem; (iii) discovery of fungi with mutualistic and parasitic roles, which 

could give insights to the protection of A. angustifolia on its natural environment or 

greenhouses.  



My motivation in being part of IAPT community arose as I saw some of former 

colleagues of mine from Federal University of Santa Catarina and State University of Feira 

de Santana developing research supported by IAPT in their PhD. Now that I’m involved in 

another research group, in another institution (Molecular and Computational Biology of 

Fungi Lab - https://sites.icb.ufmg.br/lbmcf/lbmcf-en.html, Federal University of Minas 

Gerais) I believe that I could motivate another colleagues in being part of IAPT community, 

contributing to the IAPT community building in Brazil. 

The project is already being carried, with sampling totally executed and I am currently 

working on gDNA extraction. This research is partially funded by CNPq (Brazil). However, 

due to funding cuts I’m with a limited budget to perform the DNA sequencing, where the 

grant from IAPT will be applied.  
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