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Abstract Many fungal genera have been defined based on single characters considered to be informative at the
generic level. In addition, many unrelated taxa have been aggregated in genera because they shared apparently
similar morphological characters arising from adaptation to similar niches and convergent evolution. This problem
is aptly illustrated in Mycosphaerella. In its broadest definition, this genus of mainly leaf infecting fungi incorporates
more than 30 form genera that share similar phenotypic characters mostly associated with structures produced on
plant tissue or in culture. DNA sequence data derived from the LSU gene in the present study distinguish several
clades and families in what has hitherto been considered to represent the Mycosphaerellaceae. In some cases,
these clades represent recognisable monophyletic lineages linked to well circumscribed anamorphs. This association
is complicated, however, by the fact that morphologically similar form genera are scattered throughout the order
(Capnodiales), and for some species more than one morph is expressed depending on cultural conditions and
media employed for cultivation. The present study shows that Mycosphaerella s.s. should best be limited to taxa
with Ramularia anamorphs, with other well defined clades in the Mycosphaerellaceae representing Cercospora,
Cercosporella, Dothistroma, Lecanosticta, Phaeophleospora, Polythrincium, Pseudocercospora, Ramulispora,
Septoria and Sonderhenia. The genus Teratosphaeria accommodates taxa with Kirramyces anamorphs, while other
clades supported in the Teratosphaeriaceae include Baudoinea, Capnobotryella, Devriesia, Penidiella, Phaeothe-
coidea, Readeriella, Staninwardia and Stenella. The genus Schizothyrium with Zygophiala anamorphs is supported
as belonging to the Schizothyriaceae, while Dissoconium and Ramichloridium appear to represent a distinct family.
Several clades remain unresolved due to limited sampling. Mycosphaerella, which has hitherto been used as a
term of convenience to describe ascomycetes with solitary ascomata, bitunicate asci and 1-septate ascospores,

represents numerous genera and several families yet to be defined in future studies.
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INTRODUCTION

When Colin Booth delivered his Presidential address to the
British Mycological Society in 1977, he chose the title ‘Do you
believe in genera?’. This, interestingly, was the question Mr
Mason asked him when he first arrived at the Commonwealth
Mycological Institute. This question raised a very complex issue,
and it was sufficient to silence anyone embarking on a career
in mycology. However, Booth went on to research this topic,
and delivered his interpretation in his published Presidential
address (Booth 1978). In addressing this issue, he chose the
Nectriaceae, a group that he knew very well. For the purpose
of the present study, we focus on the genus Mycosphaerella
that was a core focus of Booth’s colleague, J.A. von Arx, who
worked at the ‘sister’ Institute, the Centraalbureau voor Schim-
melcultures (CBS) in the Netherlands.

To believe in genera, Booth (1978) emphasised the need to
clarify what a genus represents. Here he followed the definition
of Singer (1975), namely that a genus represents an assem-
blage of species separated from others by a gap larger or more
abrupt than that existing between species. Since 2009 is also

' CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, 3584 CT Utrecht,
The Netherlands; corresponding author e-mail: p.crous@cbs.knaw.nl.

2 Royal Botanic Gardens and Domain Trust, Mrs. Macquaries Road, Sydney,
NSW 2000, Australia.

3 Forest Resources Research, NSW Department of Primary Industries, P.O.
Box 100, Beecroft, New South Wales 2119, Australia.

4 Department of Microbiology and Plant Pathology, Forestry and Agricultural
Biotechnology Institute (FABI), University of Pretoria, Pretoria 0002, South
Africa.

5 Biological Sciences, Murdoch University, Murdoch, 6150, Australia.

the 150th celebration of Darwin’s ‘On the Origin of Species’,
it is fitting to reflect on the quote Booth cited from this book,
namely, ‘that our classifications will come to be genealogies:
and that they will then truly give what may be called the plan
of creation’. Booth (1978) made the point that particularly for
microfungi, taxonomy was largely at the alpha or descriptive
phase, and that mycology and generic concepts had suffered
from what he referred to as ‘shoe-box taxonomy’.

The shoe-box taxonomy referred to by Booth led mycologists
to place taxa with similar primary characters that were consid-
ered important at the time, in the same box. This resulted in
many genera trivialia, their members often genetically widely
separated reflecting distinct evolutionary histories. He further
noted that conidiomatal and ascomatal morphology frequently
reflected a response to a particular niche, rather than genea-
logical relationship. What this implied was that many generic
names reflected ‘terms of convenience’, rather than genealogi-
cal relationships. This is especially true for Mycosphaerella and
its anamorphs that we discuss in this study.

Subsequent to the time when Booth (1978) published his views
on genera, mycology has undergone a major revolution in the
way that fungal groupings at all levels are recognised. This
has emerged from the now widely adopted application of DNA
sequence comparisons to define fungal groups (Taylor et al.
2000). Phylogenetic relationships derived from various gene
regions have allowed mycologists to revise the classification
schemes to coincide with molecular phylogenetic relationships.
This has resulted in major changes reflecting higher order rela-
tionships (James et al. 2006, Hibbett et al. 2007). Thus, many
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Table 1 Details of the isolates for which novel sequences were generated.

Species

Accession number’

GenBank number (28S nrDNA)

Baudoinia compniacensis

Capnobotryella renispora
Cercospora apii
Cercospora zebrinae
Cercosporella virgaureae
Dissoconium aciculare

Dissoconium australiensis
Dissoconium commune

Dissoconium dekkeri

Dothistroma pini
Dothistroma septosporum
Lecanosticta acicola
‘Mycosphaerella’ acaciigena

‘Mycosphaerella’ africana
‘Mycosphaerella’ ellipsoidea
‘Mycosphaerella’ endophytica
‘Mycosphaerella’ heimii

‘Mycosphaerella’ heimioides
‘Mycosphaerella’ holualoana
‘Mycosphaerella’ irregulariramosa
‘Mycosphaerella’ keniensis
‘Mycosphaerella’ konae
‘Mycosphaerella’” marksii

‘Mycosphaerella’ parkii
Mycosphaerella pyri
Passalora bellynckii
Passalora brachycarpa
‘Passalora’ eucalypti
‘Passalora’ graminis
‘Passalora’ sp.

‘Passalora’ vaginae
‘Penidiella’ sp.

‘Phacellium’ paspali
Phaeothecoidea sp.

Pseudocercospora bixae
Pseudocercospora crousii
Pseudocercospora fijiensis
Pseudocercospora griseola forma griseola
Pseudocercospora paraguayensis
Pseudocercospora platani
Pseudocercospora pseudoeucalyptorum

Pseudocercospora punctata
Pseudocercospora schizolobii
Pseudocercospora sp.

Pseudocercospora sphaerulinae
Ramulispora sorghi

Readeriella callista

CBS 123031; DAOM 238773; UAMH 10808
CBS 123032; DAOM 237864; UAMH 10764
CBS 215.90; IAM 13015

CBS 118712

CBS 118790; IMI 262766; WAC 7973
CBS 113304

CBS 201.89

CBS 204.89

CBS 120729; CPC 13282

CBS 110747, CPC 831

CBS 114239; CPC 10492

CPC 12397

CPC 13098

CPC 13264

CPC 13279

CPC 13479

CBS 116487; CMW 10951

CBS 112498; CPC 3779

CBS 871.95; MPFN 314

CBS 112515; CPC 3837

CBS 112516; CPC 3838

CBS 116154; CMW 4945; CPC 794
CBS 110843; CPC 850

CBS 114662; CPC 1193

CBS 110682; CMW 4942; CPC 760
CPC 11000

CPC 13099

CBS 111190; CMW 3046; CPC 1312
CBS 110699; CPC 2155

CBS 111211; CPC 1362

CBS 111001; CMW 5147; CPC 1084
CPC 10992

CBS 110942; CPC 982

CPC 11222

CPC 13273

CPC 13724

CBS 387.92; CMW 14775; CPC 353
CBS 222.31; CPC 3677

CBS 150.49; CPC 3635

CBS 115124

CBS 111318; CPC 1457

CBS 113303

CPC 11876

CPC 12319

CBS 140.34; DSM 1148; IMI 303641
CBS 124991; CPC 12400

CBS 124993; CPC 13692

CBS 113093; RoKI 1144

CBS 124994; CPC 13711

CBS 124995; CPC 13710

CBS 111804; CPC 2554

CBS 119487, Lynfield 1260

X300

CPC 10779

CBS 111317; CPC 1458

CBS 110755; IMI 136770; CPC 4299
CBS 114242; CMW 14908; CPC 10390
CPC 12406

CPC 12568

CPC 12802

CPC 12957

CPC 13455

CPC 13769

CPC 13816

CPC 13926

CPC 10532

CBS 124990; CPC 13492

CBS 124996; CPC 12960

CPC 13008

CPC 13299

CPC 13315

CPC 14621

CBS 112621; CPC 4314

CBS 110578; CPC 905

CBS 110579; CPC 906

CBS 124986; CPC 13615

CPC 12715

CPC 12727

CPC 12841

CPC 13605

GQ852580
GQ852581
GQ852582
GQ852583
GQ852584
GQ852585
GQ852586
GQ852587
GQ852588
GQ852589
GQ852590
GQ852591
GQ852592
GQ852593
GQ852594
GQ852595
GQ852596
GQ852597
GQ852598
GQ852599
GQ852600
GQ852601
GQ852602
GQ852603
GQ852604
GQ852605
GQ852606
GQ852607
GQ852608
GQ852609
GQ852610
GQ852611
GQ852612
GQ852613
GQ852614
GQ852615
GQ852616
GQ852617
GQ852618
GQ852619
GQ852620
GQ852621
GQ852622
GQ852623
GQ852624
GQ852625
GQ852626
GQ852627
GQ852628
GQ852629
GQ852630
GQ852631
GQ852632
GQ852633
GQ852634
GQ852635
GQ852636
GQ852637
GQ852638
GQ852639
GQ852640
GQ852641
GQ852642
GQ852643
GQ852644
GQ852645
GQ852646
GQ852647
GQ852648
GQ852649
GQ852650
GQ852651
GQ852652
GQ852653
GQ852654
GQ852655
GQ852656
GQ852657
GQ852658
GQ852659
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Readeriella eucalypti CPC 13401 GQ852660
Readeriella mirabilis CPC 12379 GQ852661
CPC 13611 GQ852662
Readeriella nontingens CPC 14444 GQ852663
Readeriella patrickii CBS 124987; CPC 13602 GQ852664
Readeriella sp. CBS 124997; CPC 13608 GQ852665
CBS 124998; CPC 13618 GQ852666
CBS 124999; CPC 13026 GQ852667
CBS 125001; CPC 13599 GQ852668
CBS 125002; CPC 13631 GQ852669
CBS 125003; CPC 14447 GQ852670
CPC 13621 GQ852671
CPC 13630 GQ852672
Septoria aceris CBS 652.85 GQ852673
Septoria apiicola CBS 400.54; IMI 092628 GQ852674
Septoria convolvuli CBS 102325 GQ852675
Septoria cucubali CBS 102368 GQ852676
Septoria leucanthemi CBS 109090 GQ852677
Septoria senecionis CBS 102366 GQ852678
Sonderhenia eucalypticola CPC 11252 GQ852679
Teratosphaeria considenianae CPC 13032 GQ852680
CPC 14057 GQ852681
Teratosphaeria cryptica CBS 110975; CMW 3279; CPC 936 GQ852682
CPC 12415 GQ852683
CPC 12424 GQ852684
CPC 12559 GQ852685
CPC 12562 GQ852686
CPC 12565 GQ852687
CPC 13839 GQ852688
CPC 13842 GQ852689
Teratosphaeria destructans CBS 111370; CPC 1368 GQ852690
Teratosphaeria eucalypti CPC 12552 GQ852691
Teratosphaeria molleriana CPC 12232 GQ852692
CPC 12246 GQ852693
Teratosphaeria nubilosa CPC 11926 GQ852694
CPC 12235 GQ852695
CPC 12243 GQ852696
CPC 12830 GQ852697
CPC 13452 GQ852698
CPC 13825 GQ852699
CPC 13828 GQ852700
CPC 13831 GQ852701
CPC 13833 GQ852702
CPC 13835 GQ852703
CPC 13837 GQ852704
CPC 13844 GQ852705
CPC 13847 GQ852706
CPC 13849 GQ852707
‘Teratosphaeria’ parva CPC 12249 GQ852708
CPC 12419 GQ852709
‘Teratosphaeria’ sp. CBS 120040; CPC 12712 GQ852710
CBS 125006; CPC 14514 GQ852711
CPC 12200 GQ852712
CPC 13680 GQ852713
CPC 14535 GQ852714
Teratosphaeria stellenboschiana CBS 124989; CPC 13767 GQ852715
CPC 12283 GQ852716
CPC 13764 GQ852717
‘Teratosphaeria’ suberosa CPC 11032 GQ852718
CPC 13091 GQ852719
CPC 13093 GQ852720
CPC 13094 GQ852721
CPC 13095 GQ852722
CPC 13096 GQ852723
CPC 13104 GQ852724
CPC 13106 GQ852725
CPC 13111 GQ852726
CPC 13115 GQ852727
CPC 13736 GQ852728
Teratosphaeria suttonii CBS 119973, CMW 23440 GQ852729
Verrucisporota daviesiae CBS 116002; VPRI 31767 GQ852730
Verrucisporota proteacearum CBS 116003; VPRI 31812 GQ852731
Zasmidium anthuriicola CBS 118742 GQ852732
Zasmidium citri CPC 13467 GQ852733
‘Zasmidium’ sp. CPC 12748 GQ852734
CPC 14044 GQ852735
CPC 14636 GQ852736

' CBS: Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; CMW: Culture Collection of the Forestry and Agricultural Biotechnology Institute (FABI) of the University of Pretoria,
Pretoria, South Africa; CPC: Culture collection of Pedro Crous, housed at CBS; DAOM: Plant Research Institute, Department of Agriculture (Mycology), Ottawa, Canada; DSM: Deutsche Samm-
lung von Mikrorrganismen und Zellkulturen GmbH, Braunschweig, Germany; IMI: International Mycological Institute, CABI-Bioscience, Egham, Bakeham Lane, UK; MPFN: Culture collection at
the Laboratoire de Pathologie Forestiére, INRA, Centre de Recherches de Nancy, 54280 Champenoux, France; UAMH: University of Alberta Microfungus Collection and Herbarium, Edmonton,
Alberta, Canada; VPRI: Victorian Department of Primary Industries, Knoxfield, Australia; WAC: Department of Agriculture Western Australia Plant Pathogen Collection, Perth, Australia; X: Private
culture collection of Mahdi Arzanlou; RoKI: Private culture collection Roland Kirschner; Lynfield: Private culture collection Frank Hill.
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genera have been shown as poly- or paraphyletic (Halleen et al.
2004, Lee et al. 2004, Réblova et al. 2004, Verkley et al. 2004b,
Crous et al. 2006b, c, 2007a, b, Arzanlou et al. 2007, Wang et
al. 2007, Phillips et al. 2008), and cosmopolitan species have
been shown to represent assemblages of often large numbers
of cryptic taxa (Barnes et al. 2004, Crous et al. 2004b, ¢, 2006a,
d, 2008a, b, Groenewald et al. 2005, Mostert et al. 2006, Andjic
et al. 2007b, Cheewangkoon et al. 2008).

The genus Mycosphaerella s.|. together with its associated
anamorph genera (especially Cercospora, Pseudocercospora,
Septoria, Ramularia, etc.), represents more than 10 000 taxa
(Crous et al. 2000, 2001, 2004b, c, 2006a, b, d, 2007a-c,
2008a, b, Crous & Braun 2003, Arzanlou et al. 2007, 2008).
In a treatment of the Mycosphaerella species and associated
anamorphs occurring on Eucalyptus, Crous (1998) showed that
the genus is polyphyletic, and suggested that it would eventu-
ally be subdivided to reflect natural groups as defined by its
anamorphs. However, results obtained in the first phylogenetic
trees published for the genus based on ITS DNA sequence data,
suggested that Mycosphaerella was monophyletic (Stewart
et al. 1999, Crous et al. 1999, 2000, 2001, Goodwin et al.
2001).

As greater numbers of DNA sequences were included in phylo-
genetic analyses for Mycosphaerella species, the view of this
genus as being monophyletic has gradually collapsed. Thus
it has now been aptly demonstrated that Mycosphaerella is
polyphyletic (Hunter et al. 2006, Crous et al. 2007a), and the
complex has in recent years been separated into Davidiella
species with Cladosporium anamorphs (Davidiellaceae) (Braun
etal. 2003, Crous et al. 2007b, Schubert et al. 2007, Zalar et al.
2007, Dugan et al. 2008), Schizothyrium species with Zygophi-
ala anamorphs (Schizothyriaceae) (Batzer et al. 2008), Terato-
Ssphaeria species with more than 12 anamorphs ( Teratosphaeria-
ceae) (Crous et al. 2007a) and Mycosphaerella species with
more than 20 anamorph genera (Mycosphaerellaceae) (Crous
& Braun 2003). All of these groups reside in the Capnodi-
ales in the Dothideomycetes (Schoch et al. 2006). Although
Davidiella (Cladosporium) and Schizothyrium (Zygophiala)
have a clear one to one relationship with anamorph genera,
this is far from true for Mycosphaerella (Mycosphaerellaceae)
and Teratosphaeria (Teratosphaeriaceae), where the teleo-
morph morphology is relatively conserved throughout the two
respective families. To complicate the situation further, similar
anamorph morphologies have evolved in different clades, and
in some cases even outside the family (Crous et al. 2007a).

Redefining generic concepts with the incorporation of molecular
phylogenetic data has, in many cases, led to the recognition
of several natural groups in larger assemblages formerly
defined solely based on alpha taxonomy. A further complication
arises from dual nomenclature, where generic names linked
to anamorph genera have to be linked to teleomorph genera.
Two options are thus available for mycologists. One is to use
anamorph generic names as nouns, and to accept that they can
be poly- and paraphyletic (Halleen et al. 2004, Lee et al. 2004,
Réblova et al. 2004, Verkley et al. 2004b, Crous et al. 2006b,
¢, 2007a, b, Arzanlou et al. 2007, Wang et al. 2007, Phillips et
al. 2008). The alternative is to provide new anamorph genus
names for well-defined clades, and in the process identify the
characters that can be used to distinguish them.

In order to halt the unnecessary proliferation of generic names,
Crous et al. (2007a) proposed to use anamorph genera for
the same phenotype, regardless of where it clustered within
the Capnodiales. This approach has flaws as taxa in different
clades inevitably end up with the same generic names sug-
gesting that they are related, and such a situation has led to
substantial disagreement among Mycosphaerella taxonomists

(see Cortinas et al. 2006, Andjic et al. 2007a, Crous et al. 20074,
2008a, 2009a). A solution to this dilemma lies in the introduc-
tion of generic names for discrete monophyletic lineages, but
concurrently not to perpetuate the problems that arise from
maintaining dual nomenclature. Here a single generic name,
based on priority but regardless of whether it is an ‘anamorph’
or ‘teleomorph’ generic name, is used for all unambiguous
monophyletic phylogenetic lineages, as also done recently in
other groups of fungi (Rossman & Samuels 2005, Crous et al.
2006d, 2008a, b, Damm et al. 2008, Phillips et al. 2008).

In the present study this approach is applied to the Mycosphae-
rellaceae and Teratosphaeriaceae. The aim is to provide a more
natural classification for the genera in these families.

MATERIALS AND METHODS

Isolates

Leaves with leaf spot symptoms typical of infection by ‘Myco-
sphaerella’ were collected from various parts of the world. Ex-
cised lesions were soaked in water for approximately 2 h, after
which they were attached to the bottom of Petri dish lids, with
the top half of the dish containing 2 % malt extract agar (MEA,;
Oxoid, Hampshire, England) (Crous et al. 1991). Ascospore
germination patterns were examined after 24 h, and single asco-
spore cultures established as described by Crous (1998). For
those symptoms where no teleomorph was observed, cultures
were established from single conidia.

DNA phylogeny

Genomic DNA was extracted from mycelium taken from fungal
colonies on MEA using the UltraClean™ Microbial DNA Isolation
Kit (Mo Bio Laboratories, Inc., Solana Beach, CA, USA). A part
of the nuclear rDNA operon spanning the 3’ end of the 18S rRNA
gene (SSU), the first internal transcribed spacer (ITS1), the 5.8S
rRNA gene, the second ITS region (ITS2) and the first 900 bp
at the 5’ end of the 28S rRNA gene (LSU) was amplified and
sequenced as described by Cheewangkoon et al. (2008).

The generated LSU sequences were compared with other fun-
gal DNA sequences from NCBI's GenBank sequence database
using a megablast search of the nr database; sequences with
high similarity were added to the alignment. The alignment
was subjected to neighbour-joining phylogenetic analyses as
described by Cheewangkoon et al. (2008) and to a RAxML
v7.0.4 analysis (Stamatakis et al. 2005a, b) using a maximum
likelihood (ML) search with 1 000 bootstrap replicates (Stama-
takis et al. 2008) as implemented at the CIPRES portal v1.15
(http://www.phylo.org/portal/Home.do). Search parameters
assigned by the search engine included a GAMMA model of
rate heterogeneity, ML estimation of the alpha-parameter and
a GTR substitution matrix. Novel sequences were lodged in
GenBank (Table 1) and the alignments and phylogenetic trees
in TreeBASE (http://www.treebase.org).

Taxonomy

To confirm the morphology of the included strains, fungal struc-
tures were mounted in lactic acid for microscopic examination.
Colonies were sub-cultured onto 2 % potato-dextrose agar
(PDA), synthetic nutrient-poor agar (SNA), MEA, and oatmeal
agar (OA) (Crous et al. 2009b), and incubated under continuous
near-ultraviolet light at 25 °C to promote sporulation. Colony
colours were rated according to the colour charts of Rayner
(1970). All cultures obtained in this study are maintained in the
culture collection of the CBS (Table 1). Nomenclatural novelties
and descriptions were deposited in MycoBank (www.MycoBank.
org; Crous et al. 2004a).
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RESULTS

Phylogenetic analysis

The manually adjusted LSU alignment contained 316 taxa
(including the outgroup sequence) and 773 characters were
included in the phylogenetic analysis. As the focus of this
paper was the higher-order phylogeny of these fungi, the ITS
sequences obtained were not used in the phylogenetic analy-
ses. They were, however, used in a follow-up study on species
(Crous et al. 2009c) and lodged in GenBank as part of that
study, if not present there already. The three distance analyses
yielded trees with identical overall topologies and supported the
same lineages as the RAxML phylogeny but with some rear-
rangements of lineages at the deeper nodes (data not shown).
Examples of these rearrangements include the swapping of
Clade 18 (Dissoconium) and Clade 19 (Schizothyrium) from the
Teratosphaeriaceae to the Mycosphaerellaceae compared to
the RAXML phylogeny, highlighting the insecure phylogenetic
position of these two genera. No significant increase or de-
crease in bootstrap support values was observed between the
distance and RAXML analyses and the low bootstrap support
values observed for some clades (see below) could be due to
the choice of gene and/or the sampling for the analyses. The
obtained RAXML phylogeny with a tree length of 2 357 547
is shown in Fig. 1. The final ML optimisation likelihood value
obtained was -9197.49319 and the alpha value was estimated
as 0.236078.

Taxonomy

Numerous anamorph genera have been associated with ‘Myco-
sphaerella’, although the genus has largely been used as a
convenient mycological concept, rather than a phylogenetic
entity. As increasing numbers of asexual ‘genera’ are collected
and subjected to DNA sequence analysis, many of these reside
in the Capnodiales (Schoch et al. 2006, Crous et al. 2007a).
The present study addresses the question of logical groupings
for some of these genera. Many remain unresolved, chiefly due
to low numbers of taxa presently available in culture that can
thus be used for DNA sequence analyses. As greater numbers
of taxa are collected, the generic boundaries of more clades
will be resolved. For the present, however, we treat only those
genera that could be resolved based on available cultures. In
each case the generic name to use for a specific clade is indi-
cated if that clade is resolved. Many phylogenetically distinct
taxa still remain in ‘Mycosphaerella’, ‘Teratosphaeria’ or in
one of the associated asexual genera, and these can only be
disposed to their correct genera as their taxonomy and DNA
phylogeny are clarified. The clade numbers below refer to the
numbers indicated on Fig. 1. Several unresolved clades are
left untreated and are thus not discussed.

Clade 1: Polythrincium
(Cymadothea teleomorph; Mycosphaerellaceae)

Polythrincium trifolii (teleomorph Cymadothea trifolii), an im-
portant foliar pathogen of clover, was recently treated by Simon
et al. (2009). The anamorph genus Polythrincium (1817) pre-
dates the Mycosphaerella-like teleomorph genus, Cymadothea
(1935), and morphologically the most informative morph. The
older generic name Polythrincium is thus preferred for this
clade.

Clade 2: Zasmidium-like (Mycosphaerellaceae)

Although the following taxa resemble others in the Zasmidium
clade, they cluster as sister to Zasmidium s.s. (Clade 8), which
is poorly resolved. Taxa in this clade all form hyaline propagules
of a synanamorph in their aerial mycelium, although this feature
is not restricted to taxa in this clade. Presently it is still unclear

which features separate this clade from Zasmidium s.s., and
thus the latter name is applied to both clades.

Clade 3. Ramularia
(Mycosphaerella s.s. teleomorphs; Mycosphaerellaceae)

The genus Mycosphaerella is typified by M. punctiformis, which
has a Ramularia anamorph, R. endophylla (Verkley et al. 2004a).
Ramularia represents a well-known genus of anamorphs that
has been monographed (Braun 1998), representing hyaline
hyphomycetes with solitary to fasciculate conidiophores, and
aseptate to transversely septate hyaline conidia with thickened,
darkened, refractive scars. Given the fact that Mycosphaerella
has been applied in the broad sense to many diverse genera
in the family, and has become a ‘name of convenience’ rather
than one indicative of genealogical relationship, we consider
that it would be best to use the older name for this clade, namely
Ramularia (1833), rather than Mycosphaerella (1884). The re-
cently reported unique scar structure separating Cercosporella
from Ramularia should also be noted here. Based on these
observations on Cercosporella centaureicola (CBS 120253) by
Kirschner (2009), as well as its phylogenetic placement, C. cen-
taureicola is accepted as a likely synonym of R. nagornyi, as
discussed by Kirschner (2009).

Clade 4: Lecanosticta (Mycosphaerellaceae)

This lineage includes only Lecanosticta acicola (teleomorph:
M. dearnessii) and additional taxa will need to be added before
it can be adequately resolved. Lecanosticta acicola (= L. pini)
is the type species of the genus Lecanosticta and represents
the generic name that should be used for this clade.

Clade 5: Phaeophleospora (Mycosphaerellaceae)

Phaeophleospora is characterised by pycnidia that give rise to
conidia via brown, percurrently proliferating conidiogenous cells
(Crous et al. 1997), and by brown, scolecosporous conidia with
transverse septa. This morphology has evolved several times
in the Capnodiales. Andjic et al. (2007a) separated Phaeophleo-
spora from the phylogenetically distant Kirramyces based on the
pigment gradient observed in conidia of P. eugeniae, the type
species of Phaeophleospora. Crous et al. (2007a) showed that
Phaeophleospora belonged to the Mycosphaerellaceae, whilst
Kirramyces belonged to the Teratosphaeriaceae. Very few spe-
cies of Phaeophleospora are presently known from culture, and
most need to be recollected, and their morphological features
and classification re-evaluated.

Clade 6: Pseudocercosporella-like (Mycosphaerellaceae)

Taxa residing in this clade have anamorphs and teleomorphs
that resemble Pseudocercosporella and Mycosphaerella, re-
spectively. However, the type species of Pseudocercosporella,
P. ipomoeae, needs to be recollected before the generic name
applicable to this clade can be resolved.

Clade 7: Dothistroma (Mycosphaerellaceae)

Dothistroma (1941) is based on D. pini, and is linked to a Myco-
sphaerella-like (or Scirrhia, Eruptio) teleomorph. The two spe-
cies of Dothistroma that have been subjected to DNA sequence
analysis cluster together in this clade, which is closely related
to Passalora-like fungi, for which the status remains unclear.
The appropriate name for this clade is still unclear, as we
suspect that adding more taxa would lead to a better resolu-
tion of morphological types within the larger clade in which
Dothistroma resides.
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Fig. 1 (five parts) Maximum likelihood tree from RAXML showing the phylogenetic relationships based on the LSU sequence alignment. The scale bar shows

5 substitutions per site, and bootstrap support values (> 69 %) from 1 000 replicates are shown at the nodes. Ex-type sequences are printed in bold face. The
tree was rooted to Phaeobotryosphaeria visci (GenBank accession DQ377868).

Clade 8: Zasmidium-complex (Mycosphaerella-like
and Rasutoria teleomorphs; Mycosphaerellaceae)

Zasmidium is characterised by coarsely verrucose, olivaceous-
green hyphae, that give rise to conidiophores with integrated
conidiogenous cells that proliferate sympodially near the apex,
with conspicuously pigmented, darkened, somewhat refractive
planate scars. Conidia are formed singly or in short chains, and
are cylindrical to fusiform, verrucose, obovate to obconical,
subhyaline to pigmented, 0—pluri-septate, with conspicuous,
slightly pigmented, thickened, refractive hila. Morphologically,
Zasmidium resembles Stenella, but the type species of the
latter genus clusters in the Teratosphaeriaceae (Arzanlou et
al. 2008), whereas Zasmidium clusters in the Mycosphaerel-
laceae. Conidia of Stenella (S. araguata) have pileate scars
(David 1993), while those of Zasmidium (Z. cellare) and former
Stenella species belonging in the Mycosphaerellaceae are
planate, i.e. Cercospora-like.

The Zasmidium clade remains poorly resolved (Fig. 1, part 1),
and it also includes the type species of Periconiella (P. velu-

tina) and Verrucisporota (V. proteacearum). Furthermore, the
Zasmidium-like morphology has also evolved elsewhere in the
Mycosphaerellaceae (F