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Summary

In course of the studies on the phylogeny and evolution of the mushroom family
Psathyrellaceae, in 2011, I continued and finished computational work and publication of the

results according to the schedule outlined in the grant proposal:

1. Phylogenetic studies;
2. Inferring a comprehensive phylogeny of coprinoid fungi,

3. Comparative analyses of morphological traits, with special emphasis on veil tissues and
pileocystidia;

4. Analysis of the tempo of diversification in the Psathyrellaceae, identifying shifts in the
rate of diversification.

The phylogeny estimated last year has been augmented and supplemented with sequences
from two protein-coding loci. This, finalized phylogenetic dataset has been used for a series
of analyses of morphological traits and those of diversification. These analyses revealed that
fruiting body evolution does not correlate with diversification rate variation, but there is one
large clade, the core Setulosi clade that have undergone a period of evolution with increased
rate of species birth, which conforms to an adaptive radiation. This fits the general hypothesis
that much of the diversity on Earth has been generated by explosive diversification events, for
which there is plenty of evidence in plant and animal groups, but no hitherto known example

in fungi. Thus, our observation represents the first adaptive radiation reported for fungi.

Two projects aiming to clarify species-level relationships and reconcile species concepts in
the genus Coprinellus and section Lanatuli of the genus Coprinopsis have been completed
and are on the way to publication. A revision of species limits in Coprinellus has been
accepted in Mycologia, while that of section Lanatuli is being prepared for submission to

Fungal Biology.

1. Phylogeny inference for an extended family-level dataset.



The phylogenetic dataset assembled previously was used to refine the trees inferred and to be
used as a basis for comparative analyses. Previously we reached an extended dataset of 247
species, which contained ITS and LSU sequences. This has now has been augmented to
contain ef-1a and beta-tubulin sequences also. By including two of the protein-coding loci in
the dataset, significant branch support for the early branching events of the family could also
be inferred, which not only sets a reliable and consistent basis for the comparative studies and

for the classification.

Phylogeny estimation has been performed by using several methods, including serial
Maximum Likelihood searches during the optimization steps, Maximum Parsimony and
several Bayesian searches using the programs BayesPhylogenies, MrBayes and BEAST. We
performed a series of tests to describe the phylogeny and sort out potential confounding
factors. The node density artifact, known to affect the estimation branch lengths, and thus
studies of morphological evolution and molecular clock analyses, was not found in the
phylogeny. Eventually, the lack of the node density artifact shows that taxon sampling in our
dataset is balanced. The phylogeny is now described by four different measures of branch
support. A subsample of 1000 trees was drawn from the post-burn-in trees of the

Bayesphylogenies analyses and used in studies of morphological evolution.

2. Estimating diversification rate heterogeneities

Bursts of diversification are known to have contributed significantly to the extant
morphological and species diversity, but evidence for many of the theoretical predictions
about adaptive radiations have remained contentious. Whether the evolution fruiting bodies
affect or depend on rates of species birth and extinction is a question relating to the key
innovation hypothesis, central to evolutionary theory. Therefore, we examined whether there
are shifts in the rate of diversification in the Psathyrellaceaec. We applied the MEDUSA
(Measuring Evolutionary Diversification Using Stepwise AIC) framework to find shifts in
diversification rates in the presence of taxonomic information for each of the clades (Alfaro et
al., 2009). Briefly, the method estimates rates of the Birth-Death model and stepwisely adds
breakpoints to the phylogeny, stopping the procedure when the likelihood of the resulting n-
breakpoint model is not significantly better than that of the model with n-/ sets of rates
(specified by the AICc cutoff value). We found that the phylogeny is best described by a

birth-death model in which the tempo of diversification increases on a single branch, leading
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to the Core Setulosi clade. This suggests a period of explosive speciation in this clade, which
corresponds to an adaptive radiation. Although this reveals that fruiting body evolution does
not affect rates of diversification, the adaptive radiation we recovered is the first such event
reported for fungi. We inferred that the onset of the radiation correlates with a change from a
multi-layered to a much simpler defense structure on the fruiting bodies. We hypothesize that
this change constitutes a key innovation, probably relaxing constraints on diversification
imposed by nutritional investment into the development of protective tissues of fruiting
bodies. Fossil calibration suggests that Coprinellus mushrooms radiated during the Miocene
coinciding with global radiation of large grazing mammals following expansion of dry open
grasslands. In addition to diversification-rate based methods, we test the hard polytomy
hypothesis, by analyzing the resolvability of internal nodes of the backbone of the putative
radiation using Reversible-Jump MCMC. We discuss potential applications and pitfalls of this
approach as well as how biologically meaningful polytomies can be distinguished from
alignment shortcomings. Our data provide insights into the nature of adaptive radiations in
general by revealing a deceleration of morphological diversification through time. The
dynamics of morphological diversification was approximated by obtaining the temporal
distribution of state changes in discrete traits along the trees and comparing it with the tempo
of lineage accumulation. We found that the number of state changes correlate with the
number of lineages, even in parts of the tree with short internal branches, and peaks around
the onset of the explosive radiation followed by a slowdown, most likely because of the

decrease in available niches.

3. Classification of the Psathyrellaceae

Since the splitting of Coprinus s.s. to three segregate genera caused intense debate, the
paraphyly of the genus Psathyrella kept the classification of the Psathyrellaceae incomplete.
To fill out this gap, we assembled a phylogenetic dataset, which covers as many species of the
Psathyrellaceae as possible. The phylogeny supports the paraphyly of Psathyrella and

necessitates a splitting of Psathyrella to many autonomous genera.

Details of the reclassification are currently being determined in cooperation with a research

group at the University of Gothenburgh (led by Ellen Larsson) and Scott Redhead, an expert
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in fungal nomenclature. Preliminary results reveal that there are many competing names,
which could be applied to the newly erected genera. Furthermore, the One-fungus-one-name
rule affects the Psathyrellaceae also, since Hormographiella and Ozonium anamorphs of
Coprinellus should be considered. The family name may also be required to change, but a
proposal to the nomenclatural committee is likely to be submitted, which could save the name

Psathyrellaceae for this family.
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