
NLPhy: New Leotiomycetes Phylogeny with missing taxa from Siberian peatlands 
Project leader: Dr. Danny Haelewaters (dhaelewa@purdue.edu), Purdue University, Department of 

Organismic and Evolutionary Biology, West Lafayette, Indiana 47907, USA. 

Other project members: Tina Melie (tina.jones@colorado.edu), University of Colorado-Boulder, Boulder, 

Colorado 80309, USA; Nathan Schoutteten (nathan.schoutteten@ugent.be), Ghent University, Ghent, 

Belgium; M. Catherine Aime (maime@purdue.edu), Purdue University, West Lafayette, Indiana, USA. 

Duration: 22 person days during summer 2020, 1 visit (= 88 person-days total). 

Station: Mukhrino Field Station (Russia). 

 

Background 
Nothing in biology makes sense except in the light of evolution (Dobzhansky 1973), and perhaps nothing 

in community ecology makes sense except in the light of systematics. Leotiomycetes is an understudied 

class of fungi that are frequently identified as major constituents of environmental sampling studies. 

Yet, very little is known about subclass-level relationships within this clade, many described taxa remain 

incertae sedis within the class, and their functional roles in these environments is typically based on 

speculation. Leotiomycetes play key roles in nutrient cycling, ecosystem functioning, and are found in all 

environments where researchers have explored.  

 

Known ecologies from this clade are highly diverse, including economically and ecologically important 

pathogens (including powdery mildews on various plants and the causal agent of the white nose 

syndrome in bats), endophytes, saprobes, mycorrhizae, and species capable of growing in jet fuel and 

catabolizing hydrocarbons. Researchers are beginning to understand how microbial community 

composition and function shift over time, across different environments, and across changing climatic 

conditions. However, interpretation of these results is impeded when the taxonomic status of these 

fungi is uncertain.  

 

Objectives 
An accurate understanding of phylogenetic placement is needed to understand their putative functional 

roles, and the consequences of their presence or absence in particular environments. Here, we propose 

to use whole-genome sequencing from fruiting bodies and single cell isolates in addition to genomic-

scale phylogenetic analyses to address two specific questions related to our understanding of 

Leotiomycetes systematics and diversity: 

 

1) What is the diversity of environmentally abundant members of Leotiomycetes in undersampled 

habitats in the Siberian taiga? 

2) Based on improved sampling, how are major clades related to one another in Leotiomycetes? 

 

Specific Aim 1: Describe the diversity of Leotiomycetes in undersampled habitats in the Siberian taiga 

With the rise of culture-independent techniques, namely amplicon-based high throughput sequencing, 

we now recognize the Leotiomycetes as one of the most abundant and diverse groups in a variety of 

environments (Vrålstad et al. 2002, Tedersoo et al. 2014, Voříšková et al. 2014, Röhl et al. 2017). Due to 

the meticulous work of researchers doing culture-based studies, the diversity of Leotiomycetes from 

some environments is not surprising (e.g., agroecosystems [Lauber et al. 2008], freshwater streams 



[Baschien et al. 2013], and the high alpine [Schadt et al. 2001]). Yet in other environments (e.g., peat 

bogs [Lamit et al. 2017], mangroves [Fryar et al. 2019], seagrasses [Gnavi et al. 2014], and animals 

[Godinho et al. 2019] from the arctic/antarctic) their presence is unexpected and ecologies largely 

unknown.  

 

Hypothesis 1: The incorporation of molecular phylogenetic data will lead to the description of several 

species and higher taxa from Siberian taiga. 

 

Specific Aim 2: Present an improved genomic-scale phylogeny of Leotiomycetes 

Many studies show that a high diversity of Leotiomycetes taxa cannot be definitively placed below the 

class or ordinal level. This is true more-so for the Leotiomycetes than most other classes in the phylum 

Ascomycota, due to the lack of support for the phylogenetic relationships within Leotiomycetes. Poor 

sampling of loci has led to unsupported/conflicting phylogenetic hypotheses (e.g., Ekanayaka et al. 

2019). Whole-genome datasets, however, have the power to resolve intra-class and intraordinal-level 

relationships (Johnston et al. 2019). 

 

Currently, most orders have no genomic-scale data. By including whole genomes from a broader set of 

taxa in our phylogenetic analyses, deep evolutionary relationships can be resolved. We will also be able 

to test for conflicts between gene tree versus species tree – to assess whether there is incomplete 

lineage sorting or hybridization, which may have led to the traditional marker loci (such as SSU, ITS, LSU) 

being uninformative for this class. 

 

Hypothesis 2: The large amount of species incertae sedis is an artefact of poor understanding of intra-

class relationships; the inclusion of broader taxonomic sampling and genomic-scale data in phylogenetic 

analyses will result in better supported relationships among major clades of Leotiomycetes. 

 

Proposed materials and methods 
Sample collection: Targeted collection will happen around Mukhrino Field Station up to the village of 

Shapsha. From Andromeda polifolia leaves in these bog habitats, two species have been recovered that 

are potentially undescribed: Hyalopeziza sp. (?Hyaloscyphaceae) and Hyaloscyphaceae gen. sp. 

(Filippova & Thormann 2015). These have only thus far been studied based on morphology; we will 

recollect and isolate tissue for DNA extraction. In the forest litter in mixed coniferous–deciduous forests 

very close to the village of Shapsha, collaborator N.V. Filippova has collected Stamnaria sp. here in 

2008–2015, which we later formally described based as Stamnaria yugrana on combined morphology 

and molecular data (Haelewaters et al. 2018).  

 

As mentioned before, Leotiomycetes are dominant taxa in peat bogs (Lamit et al. 2017, Vašutová et al. 

2019) and in the mixed coniferous–deciduous forests in the vicinity of the Research Station (Pinus 

sibirica, Picea obovata, Abies sibirica, with admixture of Betula pubescens, Populus tremula, Sorbus 

sibirica, Salix spp.), Leotiomycetes are common habitants of litter. Where possible, collected samples 

will be filtered and “washed” over 5 and 2 µm filters multiple times to reduce chances for contamination 

and maximize target material captured in the DNA isolation process. Rice-sized pieces of tissue or single 

fruiting bodies will be isolated in 1.5 mL Eppendorf tubes with CTAB buffer for DNA extraction at 

Purdue. The rest of the samples will be gently dried for long-term preservation. 



Single Cell Genome Sequencing: DNA of pieces of tissue or individual fruiting bodies will be extracted 

using commercial kits that are available at Purdue University (QIAamp DNA Micro Kit, REPLI-g Single Cell 

Kit, QIAGEN). Whole-genomic Illumina NextSeq sequencing will then be performed. As quality control, 

Sanger sequencing of the internal transcribed spacer (ITS) barcode will be performed to confirm 

extracted DNA is from the target organism prior to genome sequencing. Library preparation will be 

performed using the Illumina Nextera DNA Flex Library Prep kit. Finally, 25-35 libraries will be 

multiplexed on each high output Illumina NextSeq 2x150 run at the Purdue Genomics Core Facility.  

 

Analysis: All genomes will be quality assessed and trimmed using Trimmomatic (Bogler et al. 2014) and 

assembled using the SPAdes program (Bankevich et al. 2012) or the metaSPAdes version of that program 

(Nurk et al. 2017) for fruiting body-derived genomes. For these metagenomic samples, the emergent 

self-organized map (ESOM) approach will be taken to use kmer frequencies to group the parts of the 

assembly physically which can then be identified using BLAST or coverage-based annotations. Gene and 

functional annotation will be performed using the funannotate pipeline (Palmer 2016). Proteinortho 

(Lechner et al. 2011) will be used to identify and obtain single copy orthologous protein data with which 

we will then align and trim using Muscle (Edgar 2004) and TrimAl (Capella-Guitérrez et al. 2009). IQ-TREE 

(Nguyen et al. 2015, Chernomor et al. 2016) will be used for maximum likelihood phylogenetic 

reconstruction. 

 

Expected results and possible risks 
It is anticipated that the proposed research will generate new multilocus and genomic-scale data of 

Leotiomycetes taxa collected from peatlands in western Siberia, contributing to the almost nonexistent 

data currently available. Newly sequences genomes are crucial for providing resolution and accurate 

placement of the many families and orders within the class. For example, no genomes or 15-locus (sensu 

Johnston et al. 2019) sequence data are available for the orders Cyttariales, Lahmiales, Lauriomycetales, 

Leotiales, Medeolariales, Triblidiales, for 15–20 “clades” within the large order Helotiales, and for the 

many genera (36) that are currently placed in the class as “incertae sedis”.  

 

We expect that we will find undescribed taxa (species, genera, families) that we will characterize 

adequately – using morphology, DNA barcoding (ITS), multilocus phylogeny (15 loci), and genomic-scale 

data. The proposed research will result in both stand-alone taxonomic papers in field-specific journals 

and scientific contributions in high-impact factor journals (Persoonia, IMA Fungus, or Fungal Diversity), 

when possible open access. We will also share results in talks and posters during conferences, so the 

research will be more easily disseminated to the international mycological community. All data will be 

made available in open-access sequence databases and data-sharing portals such as FigShare. 

 

Three risk factors can be identified. The first potential risk is that we may not collect material in the field 

to make a significant contribution. This will be the first field study combining traditional methods with 

modern analysis tools in the Siberian region. There is always a risk, but we collaborate with Nina V. 

Filippova who has extensive knowledge of the area and of the subject organisms. If material is scarce, 

the visit will lead to better collaboration among the group members – bringing together researchers 

from Ghent University (Belgium), the University of Colorado-Boulder (USA), Purdue University (USA), 

and Yugra State University (Russia) – and Dr. Filippova has agreed to share some of her previously 

collected materials for sequencing. The second potential risk is that DNA extractions may fail. DNA 



extractions have been problematic when starting from sporocarp tissue. We will culture samples in the 

field (after filtering and “washing” over 5 and 2 µm filters multiple times) as to maximize our chances to 

successful extract DNA. We are actively collaborating with Dr. C. Alisha Quandt regarding her expertise 

with cutting-edge microculturing techniques and genome sequencing. 

 

Note 
We chose to do this project with 4 researchers. One of them (project leader, Dr. Haelewaters) is a recent 

graduate from Harvard University (2018), whereas two other researchers are Ph.D. students (Melie and 

Schoutteten). Dr. Aime (graduated 2001) is an established and well-respected professor. We chose this 

team as to combine different expertise; this will increase taxon sampling success.   
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