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Our results are in agreement with those of Schmitt et al. (2009b), who showed the util-
ity of MCM7 at the genus level for taxa such as Aspergillus, Lecanora, and Malcomiella.
Peterson et al. (2010) also used MCM7 successfully with other protein coding genes
such as RPB2 and TSRI to resolve phylogenetic relationships of the genus Hamigera, an
ascomycete fungus belonging to the Eurotiomycetes. The MCM7 gene was also recently
used in species delimitation of a lichen forming fungus, Xanthoparmelia (Leavitt et al.
2011). The authors reported high parsimony informative variable characters in MCM7
compared to other protein coding (Beta-tubulin) as well as other ribosomal gene mark-
ers (ITS, LSU). More recently, Spribille et al. (2011) used MCM7 for phylogenetic
analysis of the boreal lichen Mycoblastus sanguinarius. Although MCM7 was reported
as being highly variable and showed good phylogenetic signal, it showed a higher level
of transition saturation at the third codon position (Spribille et al. 2011). The authors
concluded that caution must be taken when using AMCM7 to recover gene phylogenies.
Although we did not find a significant difference in the nodal support between the
MCM7 and LSU genes (Table 5), overall, based on our study and results of some recent
studies, it seems likely that MCM7 shows good potential as a candidate gene for evaluat-
ing interspecific relationships among the Ascomycota.

Combine gene analyses

Combining datasets generally provides better resolution and nodal support for clades in
phylogenetic analyses of the fungal kingdom (Lutzoni et al. 2004). Our combined LSU
and MCM7 dataset showed enhanced phylogenetic resolution (Fig. 3) and increased
nodal support for clades that were not strongly supported when analyzed separately
(Table 4). Our data are in agreement with other Ascomycota studies that have shown
that combining protein-coding data with nuclear ribosomal genes (either LSU or SSU)
provides an increased number of supported nodes in phylogenetic analyses (Geiser et al.
2006, Hansen et al. 2005, Miller and Huhndorf 2005, Schoch et al. 2006, Spatafora et
al. 2006, Tang et al. 2007). Hofstetter et al. (2007) concluded that for better resolution
and support of clades in phylogenetic analyses of fungi more characters and protein-
coding genes in particular are important. Our study also supports the prediction by
Schmitt et al. (2009b) who suggested that MCM7 has a higher potential to resolve phy-
logenetic relationships between fungi when analyzed in combination with other com-
monly used genes such as LSU. In addition, our PI analyses using PhyDesign shows that
MCM7 was a more phylogenetically informative gene than LSU. Schoch et al. (2009a)
also found that protein-coding genes had better PI profiles than those of IDNA genes.

MCM7 codon saturation

In this study the third codon position in MCM7 appears to be saturated based on
scatter plots of substitution saturation curves (Fig. 4), which agrees with results of
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empirical tests by Xia et al. (2003). Spribille et al. (2011) also showed a higher level
of transition-saturation at the third codon position for MCM7 gene in their phylo-
genetic analyses. Substitution saturation appears to be a common problem among
protein-coding genes routinely used for inferring phylogenetic relationships among
fungi (Liu et al. 1999, Hansen et al. 2005, Matheny et al. 2007, Miller and Huhndorf
2005, Sung et al. 2007). There are currently two schools of thought regarding the
inclusion or exclusion of third codon positions from saturated protein-coding genes
and their method of utilization for phylogenetic analyses. One group is of the opinion
that third codon positions should be excluded in ML analysis because these fast evolv-
ing, saturated characters can decease the signal/noise ratio, thus providing misleading
interpretations of evolutionary relationships (Blouin et al. 1998, Swofford et al. 1996,
Xia et al. 2003). Conversely, the other group suggests the inclusion of the third codon
position since the presence of more phylogenetically informative characters helps with
potentially decreasing stochastic errors and increases branch-support values (Edwards
etal. 1991, Killersjo et al. 1998, Miiller et al. 2006, Simmons et al. 2006). Bjorklund
(1999), however, suggests that unless one finds evidence that third codon positions are
significantly misleading they should not be eliminated from analyses & priori.

Based on our analyses of the MCM7 dataset with and without third codon posi-
tions (Fig. 2, all codon positions included, and Fig. 5, third codon positions excluded),
we found that exclusion of third codon positions did not have a major effect on the
monophyly of the classes, except that the subclass Xylariomycetidae was nested within
the Sordariomycetidae when third codon positions were excluded (Fig. 5). However,
exclusion of third codon positions led to a loss of nodal support (MLBS and BPP) for
several clades both at the class and genus level (Table 4, 5). These results are in agree-
ment with those found by Edwards et al. (1991), who found that removal of third
codon positions in mitochondrial genes in a group of birds resulted in “biological
unreasonable” groupings as well as loss of BS for one of the branches in their phyloge-
netic tree. Hackett (1996) also found that removal of saturated third codon positions
from mitochondrial genes in another bird study resulted in a loss of phylogenetically
informative transversions. Therefore, for our 89-taxon MCM7 gene phylogeny it seems
appropriate to include the third codon positions in order to retain appropriate tree
topology as well as MLBS and BPP nodal support. We concur with the conclusions
of Simmons et al. (2006) that despite indications of saturation, third codon positions
must be included in phylogenetic analyses since they contain a large number of phylo-
genetically informative characters.

Conclusions

We have presented evidence for the phylogenetic utility of MCM7 among the As-
comycota. Results of the PI profiles show that MCM7 was more informative than
LSU. Here we show that this locus can also be used successfully for determining phy-
logenetic relationships of non-lichenized ascomycetes and provides good resolution
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and support at half the cost compared to LSU because we used only two primers to
sequence the MCM7 gene as opposed to four primers used routinely for LSU. In addi-
tion, no introns were present in the AMCM7 gene for the taxa sequenced in our study.
MCM7 seems to qualitatively contribute to better resolution of higher as well as lower
taxonomic level clades. We also show that combined LSU and MCM7 gene phylogeny
had superior resolving power for both class and genus level relationships since all major
classes received high BS in both PhyML and RAXML bootstrap analyses as well as high
BPP values. We report that although the third codon position of MCM7 is saturated,
it may be better to analyze the dataset with all codon positions included. Exclusion of
third codon positions compromised the overall topology of the tree and, in some clad-
es, resulted in poor nodal support with MLBS and BPP, perhaps due to exclusion of
a significant number of phylogenetically informative characters. Lutzoni et al. (2004)
suggested “there is a great need for housekeeping protein-coding genes to be sequenced
and combined with other loci to assemble the fungal tree of life”. The results from this
study suggest that MCM7 will make an important contribution toward such an effort.

Future Directions

MCM7 shows good potential to be a candidate gene for fungal phylogeny reconstruc-
tion, especially for the Ascomycota. However, future studies comparing MCM7 with
RPBI1, RPB2, and EFI alpha are warranted for the Ascomycota to better understand
which single copy protein coding locus is easiest to PCR amplify and sequence, while
at the same time also provides the greatest amount of phylogenetic informativeness.
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