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Abstract

Fungal reproduction is regulated by themating-type (MAT1) locus, which typically comprises two idiomorphic genes. The presence

of one or both allelic variants at the locus determines the reproductive strategy in fungi—homothallism versus heterothallism. It has

beenhypothesized that self-fertility via homothallism iswidespread in lichen-forming fungi. To test this hypothesis,wecharacterized

theMAT1 locusof41genomesof lichen-forming fungi representingawide rangeofgrowth formsandreproductive strategies in the

class Lecanoromycetes, the largest group of lichen-forming fungi. Our results show the complete lack of genetic homothallism

suggesting that lichens evolved from a heterothallic ancestor. We argue that this may be related to the symbiotic lifestyle of these

fungi, and may be a key innovation that has contributed to the accelerated diversification rates in this fungal group.
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Introduction

Sexual reproduction in filamentous fungi is controlled by

genes of the mating-type locus (MAT1) (Coppin et al. 1997;

Kronstad and Staben 1997). This locus comprises two highly

dissimilar allelic variants, theMAT1-1 andMAT1-2 idiomorphs

(Metzenberg and Glass 1990). These variants encode highly

divergent proteins: a region encoding an a1 domain charac-

terizes the core MAT1-1 gene, while a MATA_HMG (high-

mobility group)-box characterizes the core MAT1-2 gene

(Turgeon and Yoder 2000). The transcription factors of the

MATA_HMG domain are involved in sexual development and

have been proposed to be the ancestral fungal sex determi-

nant in fungi (Idnurm et al. 2008; Lee et al. 2008). The mo-

lecular function of the a-box is still unclear, although evidence

suggests that it may act as transcriptional coactivator (Hagen

et al. 1993).

Fungal mating systems can be classified based on the genic

content of theMAT1 locus as, in general, sexual reproduction

requires the expression of genes from bothMAT1 idiomorphs

(Ni et al. 2011; Dyer et al. 2016). Individuals of heterothallic

(out-breeding) species possess genes from only one of the

two idiomorphs. Individuals of heterothallic species are thus

obligately out-crossing as they require a compatible partner

for sexual reproduction to occur (Dyer 2008).

On the other hand, homothallism is an umbrella term that

describes a variety of distinct mechanisms that collectively

allow for single individuals to be self-fertile and may be clas-

sified as primary and secondary homothallism (Wilson et al.

2015). Primary (i.e., genetic) homothallic species possess

genes of both MAT1-1 and MAT1-2 idiomorphs within a

single genome. Secondary homothallism refers to

other mechanisms that allow for homothallic behavior such
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