
SUPPLEMENT 1

MATERIALS AND METHODS

Gene and taxon sampling.—We collected molecular data for
five different loci: nucSSU, nucLSU, mitSSU, RPB1 and
RPB2. Three different taxon sets (according to the
availability of sequence data for these five genetic loci)
were used for phylogenetic analyses (TABLE I). Taxa with all
five genes complete or partially available (139) were
retrieved from the AFTOL WASABI database (http://
ocid.nacse.org/research/aftol) to form the 5-gene dataset.
For the 5+4-gene dataset, the 5-gene dataset was extended
with taxa for which at least four of the 5 genes were
available, resulting in a total of 198 taxa: 174 taxa from
AFTOL and 24 taxa from GenBank. The 5+4+3-gene dataset
was generated by adding to the 5+4-gene dataset all
available taxa with at least three of the five targeted genes,
resulting in a total of 284 taxa: 180 taxa from AFTOL and
104 taxa from GenBank. GenBank sequences shorter than
100 base pairs were not included in our datasets. After
performing congruence tests (see phylogenetic analyses),
the resulting three datasets contained 111 taxa with five
genes, 188 taxa with five and four genes, and 274 taxa with
five, four and three genes.

Our largest 5+4+3-gene dataset (274 taxa) includes 261
members from three recognized subclasses within the
Lecanoromycetes: Acarosporomycetidae (15 taxa), Ostro-
pomycetidae (50 taxa) and Lecanoromycetidae (192 taxa);
three genera (Boreoplaca, Lopezaria and Strangospora) with
unknown placement in the Lecanoromycetes; four repre-
sentatives of the family Baeomycetaceae, a family of uncertain
position within the Ascomycota according to Eriksson

(2006); and 10 outgroup genera selected from the
Lichinomycetes (Peltulaceae) and Leotiomycetes (includ-
ing Geoglossaceae). Our choice of outgroup taxa was based
on Spatafora et al (2006) showing a sister relationship
between the Lecanoromycetes and Geoglossaceae + Peltu-
laceae. Within the Acarosporomycetidae we sampled five of
seven genera. For the Ostropomycetidae, taxa from all
orders, except the Trichotheliales, were included, repre-
senting nine of 14 recognized families and 22 of 128 genera
classified in orders Agyriales, Gyalectales, Ostropales and
Pertusariales. We also included two members of the family
Hymeneliaceae (Aspicilia and Hymenelia) with uncertain
placement in the Ostropomycetidae according to Eriksson
(2006). Our sampling for the Lecanoromycetidae encom-
passes 19 of 29 families from the order Lecanorales; all
families recognized in the order Peltigerales including
suborders Collematineae (four families) and Peltigerineae
(three families); and the order Teloschistales (three
families). Three families of uncertain positions in the
Lecanoromycetidae (Eriksson 2006), the Fuscideaceae,
Phlyctidaceae and Umbilicariaceae, also were sampled
(TABLE II).

Molecular data and phylogenetic analyses.—From a total of
1210 sequences included in this study 436 (36%) are
published here for the first time. Sources for laboratory
protocols and primers used for generating these new
sequences, as well as information about alignments can
be found in Lutzoni et al (2004) and Hofstetter et al
(2007).

TABLE I. Summary of datasets including number of taxa, length of alignments and number of analyzed characters for each
gene separately and when combined after removal of conflicting taxa. The 5-gene dataset includes taxa for which complete or
partial data from all five loci (nucSSU, nucLSU, mitSSU, RPB1 and RPB2) were available. The 5+4-gene and 5+4+3-gene
datasets include taxa for which at least four or three genes were sequenced, respectively.

Dataset/taxa+alignment 5-gene dataset 5+4-gene dataset 5+4+3-gene dataset

Number of taxa Number of taxa before testing for
congruence

139 198 284

Number of taxa after testing for
congruence

111 188 274

nucSSU Alignment length 7445 7228 7215
Characters included 1125 1085 1071

nucLSU Alignment length 5162 5151 5096
Characters included 1141 1121 1122

mitSSU Alignment length 2635 2691 2862
Characters included 471 437 445

RPB1 Alignment length 3159 3243 3229
Characters included 2688 2676 2673

RPB2 Alignment length 2291 2349 2409
Characters included 1932 1851 1803

Combined data Alignment length 20 692 20 662 20 811
Characters included 7357 7170 7114
percent of missing data 17 26 37
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Models of evolution for all analyses were estimated with
the hierarchical likelihood ratio test as implemented in
Modeltest v3.5 (Posada and Crandall 1998). Bayesian
Metropolis coupled Markov chain Monte Carlo analyses
(B-MCMCMC) were conducted with MrBayes v3.1.1 (Huel-
senbeck and Ronquist 2001). The combined dataset was
divided into nine partitions (nucSSU, nucLSU, mitSSU,
RPB1 1st/2nd/3rd and RPB2 1st/2nd/3rd). All Bayesian
analyses were run with four independent chains for 20 000
000 generations, sampling every 500th tree, using a six-
parameter model for nucleotide substitution (GTR, Rodrı́-
guez et al 1990) with a gamma distribution approximated
with four categories, and a proportion of invariable sites. All
model parameters were unlinked. Four independent B-
MCMCMC runs were conducted to ensure that all runs
reached stationarity and converged at the same log-likeli-
hood level (verified by eye and with AWYT option,
Wilgenbusch et al 2004). After discarding the burn-in, the
last 10 000 trees of each run were pooled to calculate a 50%

majority rule consensus tree.
Phylogenetic confidence was estimated for each dataset

(5-gene, 5+4-gene and 5+4+3-gene) with Bayesian posterior
probabilities (PP) obtained from MrBayes, and maximum
likelihood bootstrap proportions. Bootstrap proportions
were calculated with 250 bootstrap replicates using both
PHYML v2.4.4 (PHYML-BS, Guindon and Gascuel 2003)
implementing a GTR model with gamma distribution,
approximated with four categories, and proportion of
invariable sites, and RAxML version VI (RAxML-BS,
Stamatakis et al 2005) implementing a GTR model with
gamma distribution, approximated with four categories.
Bootstrap proportions $ 70%, and posterior probabilities $

95%, were considered significant. Internodes with at least
one bootstrap value $ 70% from RAxML or PHYML and at
least one posterior probability $ 95% for any of the three-
taxon samplings (i.e. a minimum of one black box in the
last column and one black box in one of the first two
columns of the internodal grids of FIG. 1) were considered
strongly supported. Internodes with at least one bootstrap
value $ 70% without a posterior probability $ 95% also
were interpreted as well supported (see Lutzoni et al 2004
and Alfaro et al 2003 for a discussion on the interpretation
of support values).

To detect topological incongruences among single gene
datasets, a reciprocal 70% neighbor joining bootstrap
support criterion (NJ-BS) was implemented (Mason-Gamer
and Kellogg 1996, Reeb et al 2004). A conflict was assumed
to be significant if a group of taxa was supported ($ 70%

NJ-BS) as monophyletic in one tree but supported as
nonmonophyletic in another. NJ-BS trees were obtained in
PAUP v4b10 (Swofford 2002) with ML distances. The
program compat.py (written by FK and available at
www.lutzonilab.net) was used to detect conflicts among
data partitions. Each pairwise combination of the five
genetic loci was subjected to this screening for conflicts.
For the RPB1 and RPB2 loci, this criterion was applied on
each amplicon separately (two amplicons per locus). Taxa
in conflict were removed from further analyses, and the test
was repeated until no conflict was detected. The nexus
5+4+3-gene dataset is available on the AFTOL Website andC
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in TreeBASE (www.treebase.org) under accession number
SN3062.

Alignments.—A summary of alignment lengths and number
of included sites for each dataset after removal of conflict-
ing taxa is provided (TABLE I). Due to detected incongru-
ence when using our reciprocal 70% NJ-BS criterion, 28
taxa were removed from the initial 5-gene alignment for 139
taxa, resulting in a total number of 111 taxa included in the
5-gene dataset analyses. Ten taxa were removed from both
the 5+4-gene and the 5+4+3-gene datasets for the final
number of 188 and 274 taxa, respectively. The RPB1 and
RPB2 loci provided the largest number of characters
included in phylogenetic analyses. Compared to ribosomal
loci these two genes contained the lowest proportion of
ambiguously aligned characters (15–25% vs. 78–85%),
which had to be excluded from the analyses. The pro-
portion of missing data increased from 17% in the 5-gene
alignment to 26% in the 5+4-gene alignment and 37% in
the 5+4+3-gene alignment, mostly due to the missing RPB1
and RPB2 sequences (132 RPB1 [A–F], 210 RPB1 [F–G], 67
RPB2 [5–7] and 84 RPB2 [7–11] missing sequences in the
5+4+3-gene dataset). The number of characters for taxa
part of the dataset with the greatest frequency of missing
sequences (5+4+3-gene dataset) varied from 7114 charac-
ters for taxa with all genes included to 2638 characters for
taxa with only nucSSU, nucLSU and mitSSU present.
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