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Two types of sexual reproduction systems exist in basidiomycete mushrooms: 

heterothallic and homothallic systems. The term heterothallic refers to mating between 

two separate monokaryons carrying compatible mating type that is required for the 

formation of clamp cells and complete fruiting bodies. However, monokaryotic fruiting 

body formation was previously reported in Schizophyllum commune, Sistotrema 

brinkmanii, and Coprinopsis cinerea. Therefore, it is unclear whether dikaryotizaton is 

necessary for the formation of clamp cells and/or complete fruiting bodies. Here, I 

describe monokayotic clamp cell formation, fruiting body formation and meiosis in 

Mycoleptodonoides aitchisonii.  

 

Several parameters like the morphological and cytological characterization of fruiting 

bodies, clamp cell formation in monospore isolates and monokariotic fruiting were 

examined. These results showed, a single dikaryotic M. aitchisonii strain, TUFC50005, 

and 20 monokaryons derived from the 50005 strain, which exhibited a wide spectrum 

of monokaryotic fruiting. Most strains formed primordia, or young fruiting body-like 

structures, but only one of the monokaryons, strain TUFC50005-4, formed a complete 

fruiting body, even though it had only one nucleus and produced only two basidiospores 

after meiosis. We demonstrated that dikaryotization was not required for clamp cell 

formation, fruiting body formation, and meiosis in this mushroom.  

 

There are two different mating systems in heterothallic basidiomycetes, i.e., bipolar 

and tetrapolar mating systems. Bipolar mating systems are controlled by a single 

mating-type locus and only two mating types are produced by meiosis. The tetrapolar 

mating system is based on two unlinked mating types, commonly referred to as A and 



B loci. Mating incompatibility groups were examined among basidiospore isolates from 

dikaryotic strain TUFC50005 (P) and 50005-7 50005-18 (F1), which were derived from 

strain TUFC50005. Mating compatibility could be divided into two groups indicating 

that M. aitchisonii is a bipolar mushroom. Moreover, recombinant mating type strain 

might not be generated after meiosis, indicating that there may only be a single 

mating-type locus in M. aitchisonii. No genetic linkage was observed between the 

phenotype capable of forming monokaryotic clamp cells and mating type, indicating 

that monokaryotic clamp formation was not linked to the mating-type locus. 

 

Spesific primers for amplification of HD2 can be used as a molecular marker to 

determine mating type by comparing the size of their PCR products of among 

basidiospore isolates of M. aitchisonii. Mating type of all the strain were analysed. The 

strain from F1 and F2 could be divided into 2 incompatibility groups depending on 

different sizes of PCR products.  

 

Gene structure of the bipolar mating system in M. aitchisonii, the homeodomain 

protein gene 2 (Mahd2) has been characterized. A genomic DNA fragment of Mahd2 in 

M. aitchisonii  50005-18 (Maspi 18) strain is 1851 bp long and encoded 614 amino 

acids with the predicted molecular mass of 69.93 Kilodaltons. The location of exons and 

introns were determined from the nucleotide sequences of PCR products amplified by 

3'-Race and 5'-RACE PCR. All the introns started with GT and ended with AG. The 3 

introns of HD2 gene interrupt the coding sequence, which comprised of 4 exons. The 

BLAST searching program identified that Mahd2 protein contain the conserved 

homeodomain motifs which are similar with the HD2 motifs of other basidiomycetes, 

respectively. The PSORT II program predicted that there are three nuclear localization 

signals (NLS) PTKRRVP, PFPRRTR, and PRRTRPG. 

 

Gene encoding Mahd1 in Maspi 18 strain was absent in upstream of HD2 protein gene. 

HD2 proteins are those that contain the fully conserved homeodomain sequence which 

appears to be essential for DNA-binding. In contrast, HD1 class proteins may be 

dispensable for correct DNA recognition. Deletions or sequence alterations in the 

homeodomain of HD1 proteins did not abolish protein function in regulating clamp cell 

formation in vivo, indicating that indeed the HD1 homeodomain is not essential for 

dikaryon development.  

 

  



DNA-binding region was found in  M. aitchisonii with 59 amino acids long  and 

contains a helix-turn-helix (HTH) motif. Because of this feature, HD proteins are 

identified as DNA binding transcription factors, recognize specific DNA sequences to 

access their target genes in the genome, and to control their expression. 

Transcriptional analyses of the Mahd2 showed that expression of the Mahd2 was 

higher in a monokaryotic strain which can produce clamp cells than monokaryon which 

could not produce clamp cells. The highest relative expression level of Mahd2 was 

shown in monokaryon TUFC 50005-4 which capable of forming true clamp cells. These 

results suggested that the formation of clamp cells regulated with A mating-type 

homeodomain protein and frequency of the clamp cell formation might be promoted by 

high expression of the Mahd2 gene. 

 

* In addition, some of the figures, etc., have been omitted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


