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A. Project Summary 
An estimated 1.5 million species of fungi exist, and these organisms represent a major branch 
of the tree of life. Recently, there has been a dramatic growth in multigene fungal 
phylogenies. Much of this work was facilitated by AFTOL, a project that developed datasets 
including nuclear rRNA and ITS sequences, RPB1 and RPB2, EF-1α, ATPase, and mit-ssu 
rRNA sequences. So far, AFTOL has produced about 5200 sequences for over 2000 species 
of Fungi. Analyses of these data have resolved many major clades of Fungi, and have 
enabled development of a higher-level classification for the kingdom. Nevertheless, there are 
numerous problematical deep nodes that are not well resolved, which limits our 
understanding of the evolutionary history of the Fungi. 

We propose to undertake a collaborative research project (involving ten laboratories and 
14 Co-PIs), titled AFTOL: resolving the evolutionary history of the Fungi (hereafter, 
AFTOL2). This project will use phylogenomics and analyses of non-molecular characters to 
resolve the major problematical nodes in the fungal phylogeny. AFTOL2 will also use 
informatics approaches to continue adding newly available DNA sequences to continuously 
growing core alignments, resulting in robust, comprehensive hypotheses of fungal 
phylogeny. Thus, the specific objectives of AFTOL2 are: 1) Resolve the deep nodes of the 
fungal tree of life using genomic and subcellular data; 2) Develop new tools for fungal 
phyloinformatics, including construction of comprehensive trees; 3) Promote awareness 
of the fungal tree of life through outreach and training. 
 
Intellectual merit. AFTOL2 will address a set of explicit hypotheses concerning ecological 
and morphological evolution in Fungi. For example, the project will test whether 
Microsporidia and Rozella form a clade that is the sister group of the rest of the Fungi, which 
will address the hypothesis that endoparasitism could have been the ancestral ecological 
mode of the Fungi (for other hypotheses, see C.4). This project will evaluate 76 candidate 
loci that we have already identified through phylogenomic analyses, and will ultimately 
develop complementary, kingdom-wide datasets for about 25 loci from approximately 160 
taxa (see Fig. 1).  We will combine data from these taxa with genomic sequences from 
existing and emerging fungal genomes (about 50 genomes by the end of 2007), which will 
provide resources for other fungal evolutionary biologists. The proposed research will also 
develop a set of ontologies for subcellular characters, which will promote greater integration 
of nonmolecular characters in fungal systematics. Finally, in collaboration with current 
phyloinformatic initiatives, the proposed research will improve existing bioinformatics tools 
and services developed by AFTOL, build interconnectivity with popular phyloinformatic 
software, and make it readily available to other large-scale phylogenetic projects. 
 
Broader Significance. This project will provide insight into the evolution of fungal life 
styles as they relate to physiology (e.g., anaerobic vs. aerobic), cell biology (e.g., motile cells, 
hyphal growth), and nutritional modes (e.g., intracellular parasites, terrestrial plant 
symbionts), which will directly benefit a broad spectrum of researchers in medicine, 
industrial biology, and agriculture. Training and outreach activities will include efforts to 
promote inclusion of underrepresented groups in the sciences. Our extensive, international 
network of students and collaborators will receive instruction in methods of data collection, 
analysis, and synthesis. Workshops for high school science teachers will be offered, and 
AFTOL will continue to support development of the “Teaching the Fungal Tree of Life” 
website, which will promote inclusion of Fungi and systematics in high school curricula, and 
contribute to training the next generation of biologists, policy-makers, and informed citizens. 


