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INTRODUCTION

The generic name Xanthoriicola was introduced for the species 
X. physciae 
appears to be obligately lichenicolous on Xanthoria parietina 

et al
growing through the hymenium, with broad cupulate 
enteroblastic conidiogenous cells generating conidia at the 

The surfaces of infected apothecia become sooty black and 

lichen are rarely affected, so while deleterious to the host it 

as growing in isolated culture, and experiments to inoculate 

discovered or postulated by association with other fungi that 

The fungus is particularly unusual in that the conidia are 

situation in hyphomycetous conidial fungi, and is otherwise 
seen only in Craspedodidymum, Cystodendron, Lambinonia, 
Metacapnodium, and some groups of Phialophora s. lat

et al
Raman spectroscopy suggested that Xanthoriicola physciae 
might form scytonemin, a protective pigment only otherwise 

now seems likely to have been a result of contamination from 

Xanthoriicola physciae
morphological grounds to occupy an isolated position 

MATERIALS AND METHODS 

Choice of additional taxa and outgroup
In addition to the Xanthoriicola

Dothideomycetes were included in the 

Teratosphaeriaceae, together with other representatives of 

IMA FUNGUS · VOLUME 2 · NO 1: 97–103

Molecular phylogenetic studies on the lichenicolous Xanthoriicola physciae 
reveal Antarctic rock-inhabiting fungi and Piedraia species among closest 
relatives in the Teratosphaeriaceae
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Abstract: The phylogenetic placement of the monotypic dematiaceous hyphomycete genus Xanthoriicola 
X. physciae, which 

of Piedraria, while in the Bayesian analysis they were those of Friedmanniomyces
along with species of Elasticomyces, Recurvomyces, Teratosphaeria

Capnodiales with strong support 
in both analyses, and for which the family name Teratosphaeriaceae can be used pending further studies 
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Capnodiales and Dothideales Dothidea insculpta was used 

DNA extraction 

growing in the host apothecia were carefully excised with 

 

A fragment of ca

Xanthoriicola physciae, 

instructions, and using the settings in Hawksworth et al

Sequence alignment and phylogenetic 
analysis

et al. 

et al

Maximum parsimony and parsimony bootstrap analyses 

steepest descent off, collapse branches if minimum length 
is 0, MulTrees on, and with 1000 trees allowed to be saved 

above analysis, but with ten random addition replicates, 1000 
bootstrap replicates, a full heuristic search, and retained 

et al

selected for each of the three gene regions using the Akaike 

was diagnosed for convergence every 100 000 generations, 
measured as the average standard deviation of splits across 

Fig. 1. Xanthoriicola physciae A. Apothecia of 
Xanthoria parietina B. Conidiogenous cells 

C. 
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Molecular phylogeny of Xanthoriicola physciae 

th tree was saved, 

RESULTS

unambiguously aligned parsimony informative sites were 
The 11 specimens of Xanthoriicola physciae formed a 
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GU214428 Hortaea acidophila
EU436763 Devriesia strelitziae 
GU214414 Devriesia hilliana 
EU019248 Capnobotryella renispora 

GU250384 CCFEE5410

EU019256 Teratosphaeria pseudosuberosa  

DQ678092 Catenulostroma abietis   
EU019255 Catenulostroma microsporum  

GQ852580 Baudoinia compniacensis 

EU019274 Penidiella columbiana  

GU323983 TRN279   

EU019278 Penidiella venezuelensis   
EU019270 Hortaea werneckii  
GU301818 Hortaea werneckii   
GU323969 TRN122   
EU019250 Stenella araguata  

GU323972 TRN129

AY016366 Piedraia hortae   
GU214468 Piedraia quintanilhae   

FJ790299 Teratosphaeria hortaea   
EU019295 Teratosphaeria stellenboschiana  
GU214702 Teratosphaeria destructans  
FJ493217 Teratosphaeria juvenalis  

GU301874 Teratosphaeria jonkershoekensis  
GU323956 TRN5
GU250376 Elasticomyces elasticus   
GU250375 Elasticomyces elasticus   
GU323978 TRN211    

GU250364 Friedmanniomyces endolithicus   
GU250367 Friedmanniomyces endolithicus   
GU250366 Friedmanniomyces endolithicus   
GU250368 Friedmanniomyces simplex   

Xanthoriicola physciae CR4   
Xanthoriicola physciae CR19    
Xanthoriicola physciae CR44   
Xanthoriicola physciae CR20   
Xanthoriicola physciae CR21   
Xanthoriicola physciae CR22   
Xanthoriicola physciae CR23 
Xanthoriicola physciae CR45   
Xanthoriicola physciae CR50   
Xanthoriicola physciae CR51   
Xanthoriicola physciae CR58  

GU250398 CCFEE5499   

GU250372 Recurvomyces mirabilis
GU250383 CCFEE5401

GU323964 TRN79
GU323980 TRN245

GU323970 TRN123
GU250363 CCFEE502
GU250393 CCFEE5467

GU250389 CCFEE5457
GU250399 CCFEE5501
GU250401 CCFEE5508

DQ008148 Davidiella macrospora
GU323984 TRN437

DQ247800 Capnodium coffeae
GU301848 Microxyphium citri

DQ247802 Dothidea insculpta

Fig. 2.

Xanthoriicola physciae
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Fig. 3.

Xanthoriicola physciae
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Molecular phylogeny of Xanthoriicola physciae 

Some incongruence was found between the results 
of parsimony analysis and the two other analysis methods 

topologies, only the Bayesian reconstruction is shown in 

parsimony method was used, Piedraia species appeared 
as the closest relatives of Xathoriicola, together forming a 

Bayesian and maximum likelihood methods both recovered 
Friedmanniomyces as the sister group of Xanthoriicola, 
although only with strong phylogenetic support by the 

Xanthoriicola and Friedmannimyces are 
included in a more inclusive monophyletic group together 
with Elasticomyces elasticus, Recurvomyces mirabilis, 
Teratosphaeria jonkershekensis, and diverse unnamed rock 

DISCUSSION

The systematic placement of the monotypic lichenicolous 
genus Xanthoriicola has remained obscure in the absence 

place it in the same general area of the fungal phylogenetic 
tree, but with some differences as to the taxa revealed as the 

Piedraia Piedraia comprises two 
P. 

hortae P. quintanilhae on 
. The ascomata occur as black nodules 

the ascospores have whip-like extensions at both ends 
in P. hortae, but such extensions are absent in those of 
P. quintanilhae

one in Trichosporon
Excellent illustrations of P. hortae, and references to key 
literature, are provided by de Hoog et al
the Piedraia Xanthoriicola clade in this analysis, but without 
bootstrap support, are two species of the hyphomycete genus 
Friedmanniomyces, 

Friedmanniomyces species that appear as the sister group, with 
Piedraia 

relationship between Xanthoriicola and Piedraia, observed in the 
parsimony analyses, could be due to a long-branch attraction 

Friedmanniomyces 
endolithicus is found growing intermixed with cryptoendolithic 

have truncated ends, and also forms multicellular balls of thick-
et al F. simplex, 

which occurs in similar situations, the conidia are darker brown, 

terminal chlamydospore-like cells, but no multicellular conidial 

detail by Selbmann et al

Recurvomyces 
mirabilis which was also isolated from sandstone in Antarctica 

et al Friedmanniomyces 

thin-walled, elongate-ellipsoid conidia forming enteroblastically 
from the eponymous conidiophores which are characteristically 

Elasticomyces elasticus was originally isolated from thalli of 
Usnea antarctica et al.
has since been found obtained from rock surfaces in the 

conidium production in Elasticomyces
The pale to dark brown conidia are produced as arthrospores 
from long hyphae, the apices of which can continue to grow 

Table 1. Specimens of Xanthoriicola physciae

Specimen no. Reference collection no. GenBank accession no. Country Locality

Ashtead, Surrey 

Headly Heath, Surrey 

Ashtead, Surrey

Richmond upon Thames, Surrey
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while the distal regions break up into 1-septate to multiseptate 

Recurvomyces 
mirabilis are provided by Selbmann et al.

Teratosphaeria 
jonkershoekensis, in which no conidial state is known, and 

position to the Friedmanniomyces Xanthoriicola clade is 

the Alps and presents as a non-sporulating, dark, felty on the 
surface, crustose mycelium, with a morphology characteristic 

F. endolithicus 
but it does fall in a separate group of fungi all isolated from 

which includes Piedraia and the Friedmanniomyces
Xanthoriicola clade, also comprises the clinically important 
black yeast Hortaea werneckii

et al
and several other fungi of which species of Teratosphaeria 

Teratosphaeria
with Mycosphaerella, but, was resurrected by Crous et al. 

Teratosphaeriaceae, 
a sister family to Mycosphaerellaceae  

brown and verruculose while in the ascus and with a 
mucous sheath, a multilayered endotunica in the ascus, 
pseudoparaphysoidal remnants disappearing with age, 

including Hortaea and Pseudotaeniolina

Cystocoleus and Racodium
with Hortaea werneckii et al.
Crous et al. Cystocoleus fell into the 
Teratosphaeriaceae clade, while Racodium was more 

were included in the preliminary analyses to look for a 
possible relation to Xanthoriicola, but both grouped with 

Capnodiales acting as an outgroup and 

fungi have some phylogenetic relationship to fungi able 

All these are under extreme environmental conditions of 

fungi to such diverse ecological strategies merits further 

Xanthoriicola should, on the basis of 

referred to the same family as Piedraia and Teratosphaeria 

in Capnodiales. This clade has strong support in both the 

Piedrariaceae 
name than Teratosphaeriaceae et al.

Piedraria may be accentuated by long-branch attraction, 
and also that much more taxon-sampling in this part of the 

This study shows that technical advances can facilitate 
progress in the resolution of systematic placements for 
lichenicolous fungi with no sexual state and currently of 
uncertain position, and also that an understanding of the 
relationships of these taxa has implications for phylogenetic 
reconstructions in the Dothideomycetes

to resolve problematic generic and species concepts in 
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