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（様式３） 

博士論文の要旨 
 
氏 名 飯塚 朋代  

 

論文題目 The evolutionary study of genomic changes associated with morphological 

evolution of septal pore cap in Agaricomycotina 

 

Morphological characters change in various directions during species 

divergence. These differences have often played ecological roles e.g. performing a 

physiological function. Furthermore, similar phenotypes sometimes appear 

independently through the evolutionary process, called convergent evolution. The 

molecular basis of these phenomena is important to understand phenotype-genotype 

relationships, adaptive evolution and measuring evolutionary repeatability. 

 One such example for typical morphological evolution occurs in the septal pore 

cap (SPC), which is involved in a plugging process of cell-like compartments in the 

major groups of filamentous fungi Agaricomycotina. SPC is located around the hole of 

cell-like compartments (pore), and was derived from the endoplasmic reticulum. SPC 

is classified into three morphological types: i.e., perforate, imperforate, and vesiculate 

types. Perforate SPC has many small holes (perforations) on their SPC. Imperforate 

SPC has a slightly flattened closed membranous structure. The vesiculate SPC consists 

of vesicles or tubules arranged in a hemisphere and surrounding the pore. Since 

perforations of perforate SPC allows passing mitochondria and actin filament, this fact 

suggests that the difference of SPC types contribute to the difference of the functional 

performance of SPC. Current integrated results of the species phylogeny in fungi and 

morphological characterization of SPC showed that vesiculate SPC is the most 

ancestral trait, and perforate SPC is the most neomorphic trait. Interestingly, perforate 

SPC emerged from imperforate SPC multiple times independently. This fact indicates 

that morphological convergent evolution had occurred on the perforate type lineages. 



However, the genetic background of these evolutionary events remains unknown. 

 In this doctoral thesis, I therefore aim to clarify genomic changes associated 

with the morphological evolution of SPC using comparative genomics. I tackled three 

parts of the analysis; candidate genes extraction, analysis for understanding sequence 

evolution correlated with the morphological difference between vesiculate SPC and 

Imperforate SPC, and morphological convergence from Imperforate SPC to Perforate 

SPC. In order to detect candidate genes that correlated with the morphological 

convergent evolution of Perforate SPC, I conducted genome-wide surveys using the 12 

fungal genomes in Chapter 2. I created an orthologous gene dataset and extracted the 

candidate gene from the dataset based on the results of the phylogenetic analysis of 

each ortholog. I found the candidate gene showed different branching pattern than the 

well-supported species tree. In particular, the candidate gene showed convergent amino 

acid substitutions at the same site between diverged species with perforate SPC. These 

results suggest the possibility of the involvement of the candidate gene to 

morphological convergence of perforate SPC. In chapter 3, in order to understand 

sequence evolution related to morphological evolution from imperforate SPC to 

perforate SPC, I verified how convergent amino acid substitutions occurred in the 

candidate Rhizoctonia solani (Rhiso) gene. The possible hypotheses are: 1, Rhiso and 

other perforate type species acquired the convergent substitutions independently, 2: 

Rhiso had acquired the same substitutions by e.g. horizontal gene transfer. To clarify 

which hypothesis is more possible, I conducted synteny analysis, determination of 

exon/intron structure and phylogenetic analysis of the candidate gene. The results 

provided no supporting evidence of hypothesis 2 from the genome sequences of Rhiso. 

Thus, these convergent substitutions appear to have occurred by independent sequence 

evolution. In vesiculate type species, the result of sequence similarity searches showed 

that they do not have the candidate gene in their genomes. The gene was also not 

detected from the other eukaryotes and all prokaryotes. Therefore, I presumed the 



ancestor of the candidate gene in chapter 4. I searched a weak sequence homology to 

assess the ancestral gene of the candidate gene by using sequence motifs. To see the 

track of the candidate gene from the genome of outgroup species, synteny analysis was 

conducted. Based on these results, I discussed the origin of the candidate gene and its 

evolution. 

  In summary, I identified each genetic difference correlated with the 

morphological difference between vesiculate SPC and imperforate SPC, and 

morphological convergence from imperforate SPC to perforate SPC. Also, I clarified 

the process of these genetic changes. These results provide important advances for 

understanding the genetic basis of morphological evolution of SPC. These 

achievements contribute to uncovering the molecular mechanisms of convergent 

evolution and to finding a missing link between morphological evolution and sequence 

evolution in SPC. My results present the hints for deep understanding about genetic 

basis of morphological evolution and convergent evolution. In addition, this study 

provides an impetus for developments in fungal evolutionary biology and genomics. 

 




