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Abstract  

The rapid phylogenetic placement and molecular barcoding of fungi is often hampered in 

organisms that cannot easily be grown in axenic culture or manually teased apart from their 

associated microbial communities. A high-throughput procedure is outlined here for this purpose, 

and its effectiveness is demonstrated on a representative species from an especially problematic 

group of fungi, the sterile crustose lichens. Sequence data of the LSU and ITS regions were 

generated from samples of a sterile crustose lichen species, Lepraria moroziana, using next-

generation sequencing. DNA fragments most likely to represent the primary lichen-forming fungus 

were bioinformatically teased out using a specialized data processing pipeline. Phylogenetic 

analyses of the LSU region revealed that the lichen-forming fungus L. moroziana was previously 

placed in the incorrect class of fungi (Lecanoromycetes), and actually belongs to the class 

Arthoniomycetes, in the order Arthoniales. It is here treated as a member of a new family 

(Andreiomycetaceae Hodkinson & Lendemer fam. nov.) and genus (Andreiomyces Hodkinson & 

Lendemer gen. nov.). Additionally, Lepraria obtusatica Tønsberg is placed in the newly-defined 

genus based on its morphological, chemical, and ITS-based molecular similarity to L. moroziana. 

The procedure outlined here is projected to be especially useful for resolving the dispositions of 

diverse problematic fungi that remain unnamed, incertae sedis, or have taxonomic positions that 

are not expected to reflect their true phylogeny. 
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Introduction 

In recent years, next-generation sequencing has revolutionized the fields of genetics and 

genomics. However, with the exception of notable recent ‘phylogenomic’ studies (Roeding et al. 

2009, Smith et al. 2011, Timme et al. 2012), most systematists studying macroscopic organisms 

currently generate the bulk of molecular sequence data through Sanger sequencing (e.g. Lendemer 

& Hodkinson 2009, 2010, Hodkinson et al. 2010, Hodkinson & Lendemer 2011, Schmull et al. 

2011, Gryganskyi et al. 2012). While this approach works well for some groups of organisms, there 

are others that are plagued by problems of contamination. These problems are typically 

circumvented through the process of molecular cloning, which adds significant extra cost and effort 

to the data-generation process.  
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A Sanger sequence, by definition, represents a summary of the amplicons found in a pool. If 

the pool is derived from a PCR reaction performed on a sample with multiple organisms, there is 

the potential that such a summary would not result in a readable sequence, or that a sequence from 

another organism (that is not the organism of interest) would dominate the pool (Taranger et al. 

1994, Hofstetter et al. 2007). With next-generation amplicon sequencing and Sanger sequencing of 

cloned amplicons, each sequence is presumably derived from a single original DNA fragment 

(Margulies et al. 2005, Edwards et al. 2006, Ley et al. 2006, Turnbaugh et al. 2006, 2007, Liu et al. 

2007, Roesch et al. 2007). These approaches, therefore, allow one to examine the sequences of 

individual amplicons and use bioinformatics to determine which sequence belongs to the 

organism(s) of interest. 

The problems associated with using Sanger sequencing to generate a single sequence of one 

gene from one sample are especially pronounced in the highly speciose assemblage of lichens 

known as sterile asexually-reproducing crustose lichens, or ‘sterile crusts’ (Hodkinson & Lendemer 

2012a, 2012b). Lichen-forming fungi typically live alongside numerous fungal and bacterial 

associates and create microcosms in which these diverse communities develop (Hodkinson & 

Lutzoni 2009). Since lichen-forming fungi are typically extremely resistant to culture, samples of 

these organisms are almost always comprised of the many diverse organisms that inhabit the lichen 

microbiome (Hodkinson 2011, Hodkinson et al. 2012a). It is important to note that the ‘sterile 

crusts’ do not represent a monophyletic group, but rather are treated together because they have all 

evolved to reproduce primarily through the dispersal of lichenized diaspores (specialized dispersal 

units that include the major constituents of the lichen microbiome) (Hodkinson & Lendemer 

2012c). Species that employ this mode of reproduction have evolved in nearly all of the diverse 

lineages that comprise lichen-forming fungi (Lendemer & Hodkinson 2012a, 2013). However, 

since they typically do not display any sexual state, they frequently do not have the morphological 

characters that can be used to determine their higher-level phylogenetic placement (Lendemer & 

Hodkinson 2012b). As a result of both their phylogenetic diversity and lack of characters that 

inform higher-level placement, one often cannot a priori determine the major fungal lineage to 

which a particular species belongs (Hodkinson & Lendemer 2012c, Lendemer & Hodkinson 2013). 

This makes it nearly impossible to successfully and efficiently design primers that would be 

specific enough to reduce contamination of the amplicon pool with sequences from endolichenic 

fungi. For these reasons, fungal contamination remains a major issue when studying sterile crustose 

lichens, and Sanger sequencing of amplicon pools derived directly from lichen samples frequently 

fails to produce usable results (Lendemer 2012). 

In an effort to phylogenetically place sterile crustose lichen species in the fungal tree of life, 

we have developed a set of high-throughput, cost-effective (as compared to cloning) procedures to 

generate and process sequence data from specific, well-studied loci (LSU and ITS) using next-

generation (Roche 454) sequencing. We demonstrate the effectiveness of this procedure using a 

single species for which the generation of DNA sequence data has proven to be difficult when 

using Sanger sequencing. Our results indicate that its taxonomic placement was incorrect at the 

class, order, family, and genus level, and we establish a new family and genus to accommodate it. 

Further, non-molecular character and ITS sequence data are used to place an additional species in 

the new genus. We discuss implications for the ‘barcode of life’ effort and the utility of this method 

for placing a diverse array of poorly-studied, unculturable organisms. 

 

Materials & Methods 

 

Non-molecular materials and methods 

Chemical and morphological analyses of specimens representing the lichen-forming fungi 

Lepraria moroziana Lendemer and L. obtusatica Tønsberg were carried out using the methodology 

outlined in detail by Lendemer et al. (2008) with the SEM methods as corrected by Lendemer and 

Elix (2010). Descriptive morphological terminology follows Lendemer (2011).  
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Table 1 – Samples for which ITS and LSU sequence data were collected for this study. All 

vouchers are stored at the New York Botanical Garden (NY). 

 
Species Collector State/Province Coll. # DNA ID LSU GB Acc. ITS GB Acc. 

Andreiomyces morozianus Lendemer Pennsylvania, USA 25680 NY0976 KF740833 - 
   25675 NY0978 KF740832 - 
   25681 NY0979 KF740831 - 
   25677 NY0982 KF740830 - 

  New Brunswick, CA 27771A NY1183 KF740829 - 
  North Carolina, USA 29707 NY1196 KF740828 KF740836 
  Tennessee, USA 29836 NY1223 KF740827 KF740837 
   29809 NY1227 KF740826 KF740838 
   30380 NY1373 KF740834 KF740839 
      30439 NY1377 KF740835 KF740840 

 

DNA extraction and Sanger sequencing 

DNA extractions were performed on 10 subsamples of Lepraria moroziana specimens 

(Table 1) as outlined by Lendemer & Hodkinson (2013) using the DNeasy Plant Mini Kit (Qiagen) 

with the instructions modified to include a prolonged (~12 hour) incubation period in lysis buffer. 

Isolated DNA was resuspended in 100 µl of sterile water and stored at -20°C. ITS sequence data 

were generated as outlined by Hodkinson and Lendemer (2011). [The above steps were performed 

by the second author (JCL) at NYBG; the remaining steps outlined below were carried out by the 

first author (BPH) at NYBG.] MegaBLAST searches of the resulting sequences were performed 

against the NCBI non-redundant nucleotide collection to screen out contaminant and endolichenic 

fungal sequences (Zhang et al. 2000). 

 

Roche 454 sequence data collection 

PCR amplifications on the 10 aforementioned DNA extracts (Table 1) were performed 

using the primer combinations ITS1f/ITS4 (White et al. 1990, Gardes & Bruns 1993) and 

LROR/LR3 (Vilgalys & Hester 1990, Rehner and Samuels) with barcoded LibL ‘A’ adapters 

appended to the forward primers (for list of barcode sequences, see the ‘.oligos’ files in the 

associated data package; http://sites.google.com/site/brendanhodkinson/) and LibL ‘B’ adapters 

appended to the reverse primers. Each barcode was associated with a single sample, as indicated in 

the aforementioned ‘.oligos’ files, with the same barcode always being used for both the ITS and 

LSU amplicons of each sample. Amplification reactions of 50 µl were prepared as outlined in the 

Green Taq DNA Polymerase Technical Manual (No. TM0586; GenScript, Piscataway, NJ) 

containing 2 µl of each primer (in solution at a concentration of 10 µM) and 2 µl of extracted DNA. 

Thermocycler settings followed Hodkinson & Lutzoni (2009, see also Hodkinson, 2011). PCR 

products were studied prior to sequencing by running 2 µl of each amplified PCR product on a 1% 

agarose gel using electrophoresis, staining the gel with ethidium bromide, and visualizing the gel 

under UV light. Samples were then pooled with 86 additional samples representing an assortment 

of diverse sterile crustose lichen species that had been prepared in the same manner using equal 

amounts of each PCR product. Pooled, unpurified PCR products were sent to the Duke University 

Genome Sequencing & Analysis Core Resource for sequencing. Small fragment removal was 

performed according to Roche protocols using AMPure XP beads (Beckman Coulter Genomics). 

The final pool was run on a High Sensitivity DNA Chip (Agilent Tech.). The samples were then 

run on one eighth of a Roche 454 GS-FLX PTP plate with Titanium series reagents, sequencing 

from the ‘A’ adaptor only. 

 

Next-generation sequence data processing 

An automated pipeline for sequence data processing was written as a batch file for the 

program Mothur 1.25 (Schloss et al. 2009). The pipeline was designed to: (1) perform initial 

processing of Roche 454 ITS and LSU amplicon data; (2) identify and segregate sequences from 

Lecanoromycetes and Arthoniomycetes; (3) identify and exclude chimeras; (4) cluster sequences 

and identify centroid sequences for each cluster, and (5) identify and exclude centroid sequences 

http://sites.google.com/site/brendanhodkinson/
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from singleton-based clusters. The following reference files are used for classifying sequences and 

determining which are potentially chimeric: (1) fungalITSdatabaseID.fasta (a sequence reference 

file for ITS classification and chimera checking, available at 

http://www.emerencia.org/chimerachecker.html), (2) ITS_Database_Hodkinson.tax (a taxonomy 

reference file for ITS classification available in the associated data package; it is a manually 

corrected version of the taxonomy file that goes with the previous FASTA file), (3) 

FungiLSU_train_1400bp_8506_mod.fasta (a sequence reference file for LSU classification; found 

at http://www.mothur.org/wiki/RDP_reference_files), (4) FungiLSU_train_1400bp_8506_mod.tax 

(taxonomy reference file for LSU classification associated with the previous FASTA file), and (5) 

james.trim.mafft (an alignment of LSU reference sequences for chimera checking created by 

downloading the alignment assembled by James et al. (2006) from the AFTOL website, removing 

non-LSU portions, taking out taxa that are non-fungal or missing LSU, and re-aligning with 

MAFFT (Anthony Amend, pers. comm.)). A Perl script (ITS_database_fasta_seqID_renamer.pl; 

available in the associated data package) is also called as part of the pipeline to reformat the fungal 

ITS sequence database (‘fungalITSdatabaseID.fasta’) for use by Mothur. At each step in the 

pipeline, relevant files for each gene/sample combination are output in FASTA format with a 

corresponding quality file. UCHIME (Edgar et al. 2011) and USEARCH (Edgar 2010) are invoked 

as part of the pipeline to identify potential chimeras and centroid sequences of clusters, 

respectively. Specific cutoffs for determining (1) read length/quality, (2) taxonomic assignment, (3) 

and clustering (which impacts how centroids and singletons are defined) can be found in the main 

Mothur batch file (http://sites.google.com/site/brendanhodkinson/). 

Some samples in the full set of 96 did not produce ITS sequences that could be classified 

with confidence in either Lecanoromycetes and Arthoniomycetes, probably due to the variable 

nature of ITS, the frequency of introns, and the lack of close relatives in the ITS sequence database. 

A special partial pipeline was designed for these samples to perform the functions outlined above, 

with the exception of the functions associated with excluding sequences based on taxonomy. This 

‘taxonomy free’ ITS sequence processing pipeline is available as a Mothur batch file in the 

associated data package.   

 

Phylogenetic analyses 

 i. Initial phylogenetic mapping – In order to ascertain the placement of the sampled sterile 

crustose lichen-forming fungi in the Ascomycota, we used RAxML 7.2.6 (Stamatakis 2006) to map 

the sequences newly generated for this study onto the Ascomycota phylogeny generated by Schoch 

et al. (2009). First, the nucleotide alignment associated with that study was downloaded from 

TreeBASE (http://treebase.org/). Using Mesquite 2.74 (Maddison & Maddison 2010), all non-LSU 

sites were manually pruned out of the alignment, along with taxa not represented by sequences 

from the LSU region. The LSU sequences generated for this study were then aligned manually with 

those in the pruned dataset. Reference sequences that did not overlap with the shortest of the 

newly-generated sequences were deleted. Ambiguously aligned regions were then excluded by 

defining them as part of an exclusion set and the alignment was saved in NEXUS format. The 

ambiguously aligned regions were then manually deleted and the alignment exported in extended 

PHYLIP format for use with RAxML. The topology included in the downloaded alignment file 

generated by Schoch et al. (2009) was then used as a reference tree for mapping the newly 

generated sequences. The topology had been automatically modified by Mesquite to remove taxa 

from the tree when they were deleted as part of editing the alignment (above). The pruned tree was 

saved as a separate file in standard NEWICK format for use with RAxML. 

 After completing the above, the alignment and the reference tree were used as input files 

for RAxML and the “-f y” command was invoked to map the sequences onto the tree. The results 

of this procedure were visualized with FigTree 1.3.1 (Rambaut 2009) and used to inform 

subsequent phylogenetic analyses.  

 

 

http://www.emerencia.org/chimerachecker.html
http://www.mothur.org/wiki/RDP_reference_files
file:///C:/
http://treebase.org/
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Fig. 1 – Relative abundances of the various putative classes represented by LSU sequences in each 

of the ten Andreiomyces morozianus samples. 

 

 ii. Arthoniales phylogenetic analyses – All samples of the lichen-forming fungus Lepraria 

moroziana produced sequences that were phylogenetically mapped as sister to the Arthoniales 

clade in the previous analysis. To test the hypothesis that this fungus may represent one of the more 

basal lineages within Arthoniales, the sequences from this clade were combined with the LSU 

sequences from the Ertz and Tehler (2011) Arthoniales data set. Sequence identifiers were copied 

in batches from the Ertz and Tehler (2011) supplement and pasted into a file in the ‘.accnos’ format 

(http://www.mothur.org/wiki/List.seqs). The full text of the ‘.accnos’ file was copied and pasted 

into the search box on the NCBI nucleotide core site (http://www.ncbi.nlm.nih.gov/nuccore/). The 

search results were downloaded in FASTA format and sequence identifiers were reconfigured using 

a customized Perl script modified from sequence_renamer.pl script published by Hodkinson et al. 

(2012b, 2012c) (available in the supplementary information). Sequences from Lepraria moroziana 

that were phylogenetically mapped as sister to the Arthoniales clade in the previous analysis were 

added to the FASTA file and MAFFT 6.956 (Katoh et al. 2002) was used to create a provisional 

alignment, which was realigned manually using Mesquite. Ambiguously aligned regions were 

excluded by defining them as part of an exclusion set and the alignment was saved in NEXUS 

format. The ambiguously aligned regions were then manually deleted and the alignment exported in 

extended PHYLIP format. Maximum likelihood (ML) phylogenetic analyses were run with 

RAxML using the “-f a” command (500 bootstrap replicates followed by a thorough topology 

search). One set of analyses was run without a topological constraint, while another was run with a 

backbone constraint tree matching the one shown by Ertz. et al. (2011) with the following 

exceptions: (1) taxa representing duplicate sequences were removed and (2) all family-level clades 

were left as polytomies. RAxML was used to map the bootstrap proportions from the unconstrained 

bootstrap analysis to the best scoring topology inferred with a backbone constraint (using “-f b”). 

Results were visualized with FigTree 1.3.1. 

 

Results 

For every Lepraria moroziana LSU amplicon pool, the majority of sequences were 

identified as ‘Arthoniomycetes,’ with the remainder being split between various fungal classes (Fig. 

1). The corresponding Roche 454-generated ITS results had only four of the ten samples having a 

majority of sequences identified as belonging to a single fungal class (NY0976 - 69% 

‘Saccharomycetes’; NY0978 - 53% ‘Saccharomycetes’; NY0979 – 63% ‘Lecanoromycetes’; 

NY0982 – 57% ‘Saccharomycetes’); the remaining six samples had no class in the majority. The 

only class-level identifications associated with ITS sequences in all samples were

http://www.mothur.org/wiki/List.seqs
http://www.ncbi.nlm.nih.gov/nuccore/
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Fig. 2 – Ascomycota cladogram with all Arthoniomycete and Lecanoromycete sequences from the 

ten Andreiomyces morozianus samples (in bold) mapped using the RAxML Evolutionary 

Placement Algorithm (EPA). 

 

‘Saccharomycetes’ and ‘Dothideomycetes’ (see associated data package for a detailed taxonomic 

identification profile). OTU-based analyses showed that there was a single ITS OTU that was 

present in all samples, and it was the second most abundant in the data set overall (the overall most 

abundant OTU was found in only three samples; see associated data package for OTU table). 

Phylogenetic mapping of the final cluster centroid LSU sequences from Lepraria 

moroziana samples demonstrated that each amplicon pool had a sequence that went into a single 

group mapped within Arthoniales (closest to ‘Chrysothrix’/‘Arthonia’ caesia) (Fig. 2). Sequences 

from Lecanoromycetes were also found within the samples, although no sequence group from that 

class was found consistently in all samples. Our LSU-based phylogenetic analyses of Arthoniales 

showed Lepraria moroziana to be in a well-supported position sister to the sequences representing 

Chrysotricaceae (Fig. 3). 
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Fig. 3 – Phylogenetic reconstruction of Arthoniales highlighting the new family and genus. The 

topology was inferred with maximum likelihood (ML) using a backbone constraint (as described in 

the Materials and Methods). ML-BP support values were inferred without constraints and values 

≤50 are not shown. 

 

Five of the ten samples yielded ITS sequences through Sanger sequencing (NY1196, 

NY1223, NY1227, NY1373, and NY1377). The highest BLAST hit for each one was Lepraria 

obtusatica (AF517896; E-value range: 2e-63 to 6e-144; bitscore range: 252 to 520), with 

Chrysothrix sp. (AB764067) being the second highest hit (E-value range: 3e-22 to 1e-76; bitscore 

range: 115 to 296). An intron ~0.5 kb in size was sequenced at the 5’ end of the forward read 

(although for most of the samples, contaminating sequences masked this portion of the fragment). 

 

Discussion 

The results of our study indicate that the species in question, Lepraria moroziana, has been 

misclassified at the class, order, family, and genus level due to its morphological similarity to 

members of the genus Lepraria s. str. In accordance with phylogenetic analyses, we place the 

species in the order Arthoniales (class Arthoniomycetes), and establish a new family 

(Andreiomycetaceae) and genus (Andreiomyces) to accommodate it. Based on non-molecular 

characters and ITS sequence data, we combine an additional species, Lepraria obtusatica 

Tønsberg, into the new genus.   

All samples had a majority of sequences representing Arthoniales based on 454-generated 

LSU sequence data. Together, these reads formed a tight cluster of highly similar sequences, 

leading us to conclude that the main lichen-forming fungus belonged to this order. The various 

other sequences from different parts of the fungal tree can be explained by the presence of 

endolichenic fungi and/or the close proximity of sampled thalli to other lichens, often sterile crusts 

themselves (e.g., members of Lepraria s. str.). While the LSU data showed that the majority of 

sequences from each amplicon pool were likely to represent Arthoniomycetes, the 454-generated 

ITS data were not as simple to interpret, with no class identification consistently being associated 

with the majority of sequences from each sample. There are three potential reasons why this would 
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be the case: (1) LSU is more conserved than ITS, making it easier for a classifier to assign a 

sequence to a class even when close relatives are not present in the database, (2) ITS sequences 

often have large introns in the SSU portion at the 5’ end, the end from which amplicons were 

sequenced, meaning that reads from certain taxa may not contain any ITS sequence data, and (3) 

the LSU database contains a member of the family Chrysotricaceae (‘Chrysothrix’ caesia), which is 

the most closely related family to Andreiomycetaceae according to phylogenetic analyses, while 

the ITS database contains only members of distantly related families within 

Arthoniomycetes/Arthoniales. The Sanger-generated ITS data (for which only partial sequences 

could be obtained for only half of the samples) support the notion that a long ~0.5kb intron is 

present at the 5’ end of the Andreiomyces morozianus amplicon. These ITS sequences show high 

BLAST-based similarity to Lepraria obtusatica. Analyses of non-molecular character data also 

show high similarity between L. obtusatica and A. morozianus, supporting the recombination of 

this additional species into the new genus as Andreiomyces obtusaticus. The species A. obtusaticus 

differs from A. morozianus only in having a slightly different chemistry and distribution. The 

morphology and major secondary chemistry (obtusatic acid) of the two species are essentially 

identical. Although these species were considered likely to be unrelated to the core of the genus 

Lepraria (Lendemer 2010), the basic morphology alone did not allow a definitive placement 

elsewhere. Notably, our results for A. obtusaticus are reconcilable with those of Ekman and 

Tonsberg (2002), where the species was on a relatively long branch and there was not support for 

its phylogenetic position; due to the sampling in that study, one is not able to evaluate the 

placement of the species with regard to other members of the class Arthoniomycetes. 

The high-throughput procedures used in this publication should prove useful for anyone 

attempting to target the well-studied fungal LSU and ITS loci for studying the systematics of 

specific fungi, especially if the organisms of interest cannot be extracted from the other organisms 

with which they reside in nature. The two-pronged (ITS plus LSU) approach that we use here is 

ideal for phylogenetic placement. Previous studies that we have conducted on sterile crustose 

lichen-forming fungi have primarily taken advantage of the ITS region for placing fungi that have 

ended up belonging to well-established families and genera (Hodkinson & Lendemer 2012c; 

Lendemer & Hodkinson 2012b, 2013). However, in the present case, where the family and genus 

were yet to be established, LSU was much more effective because of its higher level of 

conservation. When the goal is to resolve the dispositions of diverse problematic fungi that remain 

unnamed, incertae sedis, or have taxonomic positions that are not expected to reflect their true 

phylogeny, one cannot know a priori which locus will be most informative; however, between the 

two of them, it is likely that placement will be possible, and that one will be able to determine the 

‘barcode’ for the primary fungus and use it for future identifications. 

The procedures outlined here could be especially useful for the Barcode of Life effort 

(Seifert 2009). The goal of this project is to generate sequences from a small number of loci and a 

large number of individual organisms (ideally, all organisms). For fungi, the ITS region has been 

established as the ‘official’ DNA barcode region, with LSU often suggested as a supplemental 

region due to its more conserved sequence. Our approach could both accelerate barcoding and bring 

down its cost by providing an alternative to cloning when dealing with samples that have a high 

level of environmental contamination. This method is especially useful when working with a 

diverse array of poorly-studied, unculturable organisms, as demonstrated by our work. 

 

Taxonomy 

 

Andreiomycetaceae Hodkinson & Lendemer fam. nov. 

Mycobank Number: 805806 

TYPE GENUS – Andreiomyces Hodkinson & Lendemer 

 Diagnosis. – An unusual member of the order Arthoniales characterized by having a 

coccoid photobiont, persistently sterile thallus, and the production of obtusatic acid together with 

usnic or isousnic acids.  
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 Etymology – The name is formed automatically following the included genus 

Andreiomyces.  

 

Andreiomyces Hodkinson & Lendemer gen. nov. 

Mycobank Number: 805807 

TYPE SPECIES – Andreiomyces morozianus (Lendemer) Hodkinson & Lendemer 

 Diagnosis. – A remarkable lichen genus belonging to the monogeneric family 

Andreiomycetaceae differing from all other members of the Arthoniales in having a coccoid 

photobiont, persistently sterile thallus, and the production of obtusatic acid. 

 Etymology. – The epithet commemorates Dr. Andrei “Andy” Moroz (1982-present), spouse 

of the second author, whose surname was used to form the specific epithet when the species was 

originally described in Lepraria. We have elected to use binomial nomenclature to honor Dr. 

Moroz for his companionship during the second author’s fieldwork throughout eastern North 

America. 

 

Andreiomyces morozianus (Lendemer) Hodkinson & Lendemer comb. nov. 

Mycobank Number: 805808 

Lepraria moroziana Lendemer, Brittonia, 62(3): 282. 2010. – Type: U.S.A. North Carolina, 

Haywood Co., Great Smoky Mountains National Park, vicinity of Baxter Creek, trail to summit of 

Mt. Sterling (2 miles to summit), spruce-fir-birch forest with sparse hemlock, on base of rotting 

Tsuga, 1370–1760 m., 26 April 2006, J. C. Lendemer et al. 11954 (holotype: NY!) 

Description – See Lendemer (2010). 

Discussion – Andreiomyces morozianus is known exclusively from the Appalachian 

Mountains, and is the only North American species with a leprarioid growth form for which 

obtusatic acid is the major secondary compound. The species also produces isousnic acid and an 

anthraquinone pigment, unlike the similar European species A. obtusaticus (see below). 

 

Andreiomyces obtusaticus (Tønsberg) Hodkinson & Lendemer comb. nov. 

Mycobank Number: 805809 

Lepraria obtusatica Tønsberg, Sommerfeltia, 14: 204. 1992. – Type: NORWAY. 

Hordaland: Askøy, S of lake Askvatnet, on shaded bark of Corylus under dry, overhanging rock, 14 

Jun 1984, T. Tønsberg 8832 (holotype: BG; isotypes: DUKE!, E) 

Description – See Tønsberg (1992). 

Discussion – Andreiomyces obtusaticus is morphologically identical to A. morozianus. It is 

also similar chemically, as these two species were the only ones previously placed in the genus 

Lepraria having obtusatic acid as a major secondary metabolite. However, A. morozianus 

additionally produces isousnic acid and an anthraquinone pigment, both of which are absent in A. 

obtusaticus. The two species also have different geographic ranges, with A. obtusaticus being 

known only from Europe, while A. morozianus is known only from the Appalachian Mountains of 

North America. 
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