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Abstract:

More than 2000 names have been described in Mjycosphaerella and Sphaerella (Dothideales).

Based on various morphological features depicted by earlier workers, six sections are recognized in the genus.
About 27 anamorph genera have been linked to Mycosphaereila, 23 of which are recognized here. Based on
phylogenetic analyses of the ITS-1, 5.85 and ITS-2 DNA sequence data of 46 species of Mycosphaerelia
species (58 strains), one large cluster was distinguished containing primarily taxa with cercosporoid
anamorphs, as well as another smaller cluster for species with Dissoconium anamorphs.
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Introduction

Mycosphaerella Johanson (Mycosphaerellaceae, Do-
thideales) (including species described in Sphaerella
Ces. & De Not.) is one of the largest genera of asco-
mycetes. Many species are economically important
plant pathogens, causing leaf spots and stem cankers
(Park & Keane, 1984). Some saprophytic species
grow as endophytes, and fruit only later on decaying
parts of their hosts, The genus includes about 2000
described species, most of which have been distin-
guished based on the host (Corlett, 1991, 1995). The
host has also played a dominant role in distinguishing
anamorph species linked to Mycosphaerella (Chupp,
1954).

Kendrick & DiCosmo (1979) calculated that
Mycosphaerella had been linked to more than 27
different anamorph genera. Von Arx (1983) treated
several generic names that he regarded as anamorphs,
or potential anamorphs, of Mpycosphaerella, many
based on the different morphs colonizing the same
substratum. Sutton & Hennebert (1994) and Braun
(1995a), who studied the different types of conidio-

genesis occurring in these genera, found that many -

had been prematurely reduced to synonymy by von
Arx (1983), or had teleomorph affinities elsewhere.
Twenty-three pgenera were eventually accepted as
anamorphs of Mycosphaerella by Sutton & Henne:
bert (1994). Asteromella Pass. & Thiim. is now ¢om-
moily accepted as a spermatial anamorph that occurs
in most species of Mycosphaerella (Crous & Wing-
field, 1996); these may also have been described as
anamorphs in genera such as Ascochyta Lib., Aste-
roma DC. and Phoma Sacc.

In contrast, genera such as Stigmina Sacc. sensu
Sutton & Pascoe (1989), Polythrincium Kunze and
Lecanosticta Syd., though sometimes cited as ana-
morphs of Mycosphaerella, have teleomorphs in
other genera (Sivanesan, 1984; Barr, 1996; Crous,
1998, 1999; Crous & Corlett, 1998), while new gene-
ra such as Cercostigmina and Xenostigmina have
been erected for stigmina-like species with Mjyco-
sphaerella teleomorphs (Braun, 1993; Crous, 1998;
Crous & Corlett, 1998). In addition, Mycovellosiella
and Thedgonia have recently been linked to Myco-
sphaerella (Crous et al, 1998; Kaiser & Crous,
1998), as well as Phaeophleospora (= Kirramyces J.



108

Walker, B. Sutton & Pascoe) (Crous & Wingfield,
1997b; Crous er al., 1997; Crous, 1998), Col-
letogloeopsis (Crous & Wingfield, 1997a), Uwebrau-
nia {Crous & Wingfield, 1996), Chpeispora (Rama-
ley, 1991) and Sonderhenia (Park & Keane, 1984;
Swart & Walker, 1988). Some of the genera reported
as possible anamorphs of Mycosphaerella by Sutton
& Hennebert (1994) are based on older literature
citations reporting a species of Mycosphaerella oc-
curring in close proximity to an anamorph fe.g. To-
xosporium camptospermum Maubl. and Mycosphae-
rella abietis (Rostr.) Lindau fide Grove (1937) (=
Delphinella abietis (Rostr.) E. Miill.) fide Miiller &
von Arx, 1962]; these remain to be confirmed.

A significant problem in the taxonomy of Myco-
sphaerelia is the degree of host specificity of the
various species. Most anamorph species are still
defined based on the host and thus assumed to be
host-specific, restricted at least to a family of phane-
rogamic plants (Chupp, 1954; Braun, 1995a). How-
ever, the tenability of many species is called into
question because some taxa, including M punctifor-
mis, the type species of Mycosphaerella, have been
shown to be polyphagous (von Arx, 1949). The co-
occurrence of morphologically different anamorphs
on the same host adds valuable information to sup-
port arguments against conspecificity of mor-
phoiogicaily similar teleomorphs. Morphologically
identical species on different hosts, which also con-
form in ecology and anamorphs, might be regarded
as conspecific. However, this would still have to be
confirmed by cross inoculation trials and molecular
studies,

Because of their simple ascomatal morphology, it
is unclear whether Mycosphaerella forms a mono-
phyletic group or whether the simpie morphology is
derived, in which case Mjycosphaerella would be
paraphyletic or even polyphyletic. If the group turns
out to be para- or polyphyletic, then monophyletic
groups could possibly be characterized by the ana-
morphs.

In the past, several segregates from Mycosphae-
rella have been proposed, based on anamorphs. Ex-
amples include: Cercosphaerella Klebahn (with Cer-
cospora anamorphs), Ovosphaerella Laibach (with
Ovularia), Ramisphaerella Laibach (with Ramularia),
Septisphaerella Laibach (with Septoria), Ramulari-
sphaerella Klebahn (with Ramularia) and Septori-
sphaerella Klebahn (with Sepioria). These genera,
described by Klebahn (1918) and Laibach (1922)
respectively, have never been widely used. Moreover,
most of these generic names were not validly pub-
lished, and are therefore unavailable for potential
futnre segregation of Mycosphaserella.
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It also remains to be seen whether the anamorph
genera as currently circumscribed are monophyletic;
preliminary studies on the ultrastructure of conidio-
genesis of Septoria sensu laro (Verkley, 1997; Ver-
kley & Priest, this volume) have shown that percur-
rently and sympodially proliferating cells can occur
within a single strain, as is the case with other, unre-
lated fungi. Some Mycosphaerella species produce a
Septoria anamorph in the spring (under humid condi-
tions) that develops into a Phloeospora Wallr. conidi-
oma in the summer on the same leaves. This suggests
that the supposed differences between pycnidial and
acervular conidiomata may be taxonomically insigni-
ficant. Septoria heraclei (Lib.) Desm. is a typical
example. Potebnia (1908) was the first author to
describe and discuss this phenomenon in detail.

Recent molecular data support the hypothesis that
convergent evolution could have occurred in Myco-
sphaerella (Crous et al., 1999). Thus, although Uwe-
braunia and Dissoconium are two morphologically
similar anamorphs, they differ in ecology, and may
not both be allied with Mycosphaereila. Based on
these data (Crous ef al., 1999; Stewart ef al, 1999)
and the preceding discussion, 23 anamorph genera
are presently accepted to have Mycosphaerella teleo-
morphs (Table 1). Using rDNA sequence analysis of
the ITS-1 and ITS-2 regions, representatives of some
of these genera have been compared in the present
study (Table 2). The objectives were to determine
whether Mycosphaerella is para- or polyphyletic, and
whether the morphological characters used to separ-
ate the various anamorph genera are phylogenetically
informative, or whether some generic concepts requi-
re revision.

Materials and methods

DNA AMPLIFICATION AND SEQUENCING

Genomic DNA was isolated from fungal mycelium (Table
1) collected directly from malt extract agar plates (MEA)
(Biolab, Midrand, South Africa), using a modification of
the isolation protocol of Lee & Taylor (1990). DNA quan-
tification was done by UV spectroscopy using a Beclanan
Du Series 7500 Spectrophotometer, Template DNA was
amplified in a 25 pl PCR reaction mix containing 2 units
of Tag polymerase (Boehringer Mannheim, Germany),
PCR reaction buffer supplied by the manufacturer, an
additional 1.25 mM MgCl,, and 500 pM each of dATP,
dCTP, dGTP, and dTTP, with 60 pmol ITS-1 and ITS4
primers (White er al., 1990). The reaction profile was as
follows: initial denaturation at 96°C for 2 min, followed by
30 cycles of denaturation at 94°C for 30 s, annealing at 35°C
for 30 s, extension at 75°C for 2 min, and final extension at
75°C for 7 min in a Rapideycler (Idaho Technology Idaho,
U.5.A.). A negative control using water instead of templaie
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Table 1. Anamorph genera linked to Mycosphaerella'.

f

g
aws L
Conidia ‘%
&
Anamorph genus Conidiomata® Proliferation® Colour? Septation Loci® Ark:‘rangement6 My(:elium-‘r Reference 5,:
)
Cercospora Fres. F 5 H 0-multi TDR 8§ I Pons & Sutton (1988) %,
Cercosporellu Sace. F S H multi T.R 5 I Deighton (1973) =
CercostigminaU. Braun F,8 P P muhti I S I Braun (1963} B
Cladosporium Link F,Sol 5 P 0-5 TDR, §,C I von Arx {1949); David (1997) 5
B ]
ClypeisporaRamaley P M H 0 : S Ramaley (1991) E
Colletogloeopsis A PSS P 0-1 i S LE Crous & Wingfield (1997a)
Crous & M.J. Wingf.
Dissoconium de Hoog, F/Sol 5 P 1 i 8 LE Crous ef al. {1999)
Oorschot & Hijwegen
Fusicladiella Hihn. F/S M P 1 D 5 I von Arx (1983)
Miuraea Hara F,S0l ] HP muriform, | S LE von Arx (1983)
multi
Mycovellosiella Rangel  F,Sol S p O-multi T.D,R §,C LE Deighton {1973); Crous et al. (1998)
Passalora Fr, F,8 S P O-multi T,DLR S i Braun (1995b)
Phaeoisariopsis Ferraris  F,Syn S P I-multi TDR S H von Arx (1983)
Phaeophleospora Rangel P P P O-multi i S 1 Crous & Wingfield (1997b)
Phioeospora Wallr. A 3 I3 miulti H 5 i Sivanesan {1984)
PseudocercosporaSpeg. F,5,S0l,Syn 8 P T-multi i 5,C LE Deighton (1976}
Pseudocercosporella F,3,50l 8 H f—mulli i s.C LE Braun {1998)
Deighton
Ramularia Unger F,S,S0l S H -3 TD,R S§,C LE von Arx {(1983); Braun (1998)
Septoria Sace. P 5 H {—multi I 8 I von Arx (1983)
Sonderhenia P - P p 05 I S I Swart & Walker (1988)
H.J. Swarl & J. Walker
Stenelia Syd., F.,Sol 3 P O-smudti TBR 5,C LE Sivanesan (1984)
Thedgonia B. Sutton F,Sol RRY H {-muiti I C LE Braun {1995a); Kaiser & Crous {1998)
Lhwebraunia F/Sol S P i I 5 LE Crous & Wingfield (1996)
Crous & M.J. Wingf.
Xenostigmina Crous F,58,50] 5P P muriform, | S LE Crous & Corlett {1998)
multi

P Asteromella Pass. & Thiim. spermatial states have also been described in Ascochyta Lib., Asteroma DC., Phyllosticta Pers. and Phoma Sacc.
? Fasciculate (F}, sporodeochial (8), solitary (Sol), pycnidial (P}, acervular (A} or synnematous {Syn).

3 Sympodial {3), percurrent (P), monoblastic, determinate {M). P

4 Hyaline (1), pigmented (P). Solitary (8}, chains (C).

> Thickened (T), darkened (D), refractive (R}, protruding (P), inconspicuous (I). 7 Internal {I), external (E).
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DNA was included in each experiment. PCR products were
separated on a 0.8 % {wt/v) agarose gels (Promega, Madi-
son, Wisconsin) stained with ethidium bromide and visual-
ized under UV iilumination. PCR products were purified by
using a QIAquick PCR Purification Kit (Qiagen GmbH,
Germany). The purified PCR products were sequenced
using an ABI Prism 377 DNA Sequencer (Perkin-Elmer,
Norwalk, Connecticut), with an ABI PRISM™ Dye Termi-
nator Cycle sequencing Ready Reaction Kit (Perkin Elmer,
Warrington, UK).

PHYLOGENETIC ANALYSIS

The nucleotide sequences of the 5.85 rRNA gene and the
flanking internal transcribed spacers (ITS-1 and ITS-2)
were assembled using Sequence Z\Iaw'gatorTM version 1.0.1.
(Perkin Elmer, Applied Biosystems, Inc., Foster City, CA).
Alignments of the sequence files were made using
CLUSTAL W (Thompson et al., 1994) and improved by
eye where necessary. Alignment gaps were coded as miss-
ing data. Phylogenetic analyses were performed with
PAUP* (Phylogenetic Analysis Using Parsimony) version
4,0b2a (Swofford, 1999). Maximum parsimony analysis
was conducted for 284 parsimony-informative characters in
the alignment using heuristic search option with 1000
random sequence input orders for exact solution. A strict
consensus dendrogram was constructed with the equally
most parsimonious trees. Clade stability was assessed by
1000 parsimony bootstrap replications, Tree scores, includ-
ing tree length, consistency index, retention index, rescaled
consistency index and homoplasy index (CI, RI, RC and
HI), were also calculated. Botryosphaeria dothidea (Gen-
Bank accession no. AF195774) was used as outgroup. Two
species of Ramufispora Miura were aiso included. The
jatter genus has been linked to teleomorphs in Tapesia
(Pers.) Fuckel (Dyer er al., 1996). Sequence data of igolates
were deposited in GenBank (AF222826-222850).

Results

MORPHOLOGY OF TELEOMORPHS

Mycosphaerella is weli-defined by erumpent to su-
perficial, small, simple, globose, ostiolate ascomata,
bitunicate, fasciculate asci, the complete absence of
hamathecial filaments, and I-septate, hyaline as-
cospores that lack appendages, but can have a mucous
sheath (Taylor & Crous, 1998).

In contrast to the vast number of Mycosphaerella
species described, only a few taxa can be distin-
guished among the saprobic species. Based on a
preliminary examination of 500 type specimens by A.
Aptroot, many synonyms of polyphagous saprobic
species were identified, e.g. 121 for M. punctiformis,
140 for M. tassiana, 65 for M. subradians (Fr.) J.
Schroter and 43 for M longissima (Fuckel) Lindau.
These species were often described merely on the
basis of the host. These synonymies still have to be
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confirmed with cultural studies and moiecular techni-
ques.

Based on the monographic revision of Mjyco-
sphaerella to date (A. Aptroot, in prep.), the follow-
ing sections (modified from Barr, 1972) are recog-
nized:

(i) Section Mycosphaerella, characterized by
cylindrical asci and mostly uniseriate, thin-walled,
often small, inequilateral ascospores that are con-
stricted at the septum, with rounded apices. Anam-
orphs: Typically Ramularia with Asteromeila sper-
matial anamorphs. Representative species: The com-
mon polyphagous M. punctiformis (Pers. : Fr.) Starb.

(i) Section Tassiana MLE. Barr, characterized by
pyriform asci and irregularly arranged, thick-walled,
nearly equilateral ascospores that are often large and
constricted at the septum, relatively broad with
rounded ends. Anamorph: Typically Cladosporium.
Representative species: The common polyphagous
species M. tassiana (De Not.) Johanson (with large
ascospores) and M longissima (Fuckel) Lindau (with
small ascospores). Further research is required to
determine if the teleomorphs of Cladosporium sub-
gen. Heterosporium (David, 1997) could be accom-
modated here.

(iii) Section Caterva M.E. Barr, characterized by
cylindrical asci and irregniarly arranged, thin-walled,
inequilateral, often medium-sized ascospores that are
rarely constricted at the septum, with more or iess
pointed ends. dsteroma and Asieromefla spermatial
anamorphs are typical. Representative species: The
common polyphagous M. subradians (Fr.) J. Schroter.

(iv} Section Longispora M.E. Barr, characterized
by cylindrical asci with aggregated, thin-walled, long,
slender, mostly equilateral ascospores that are rarely
constricted at the septum, characteristically with
rounded apices and pointed bases. Anamorphs:
Phiveospora or Septoria sensu lato. Representative
species: M. eryngii (Fr.) Oudem. (with short spores},
M. latebrosa (Cooke) J. Schrot. (with longer spores)
and M populi (Aversw.) J. Schrdt. (with the longest
spores in the genus). Sphaerulina Sacc., which differs
only by additional ascospore septa, may be a syn-
onym.

(v} Section Fusispora MLE. Barr, characterized by
pyriform asci and irregularly arranged, thin-walled,
mostly equilateral, fusiform ascospores that are rarely
constricted at the septum, pointed at both ends. Apa-
morphs have not been proven. Representative species:
The common M [lineolata (Roberge) J. Schrit. on
members of the Poaceae.

(vi) Section Plaga M.E. Barr (including Section
Macuia M.E. Barr) including endophytic species
sporulating on leaf spots, many of which are descri-
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bed as plant pathogens. This section is characterized
by obovoid to ellipsoidal or cylindrical asci, small to
medivm sized, fusiform to oboveid ascopores, with
rounded ends. The majority of the described species
originate from warm-temperate and tropical areas.
Anamorphs: Colletogloeopsis, Mycovellosiella, Phae-
ophleospora, Pseudocercospora, Pseudocercosporella,
Sonderhenia, Stenella Syd., Uwebraunia and possibly
others. Representative species: M sufttoniae Crous &
M.J. Wingf. and others listed by Crous (1998) on
Eucalyptus species.

ANAMORPH RELATIONSHIPS

Of the 27 anamorph genera linked to Mycosphaerella
by Kendrick & DiCosmo (1979), 23 are recognized in
the present study (Table 1). These anamorph genera
have been separated into more ‘natural’ or recog-
nizable uvnits based on features such as mycelium
(presence or absence of superficial mycelium, and
texture thereof), conidiophores (arrangement, branch-
ing, pigmentation), conidiogenous cells (placement,
proliferation, scar type) and comidia (formation,
shape, septation, wall and pigmentation).

MOLECULAR PHYLOGENY

Phylogenetic analysis of the 5.8S, ITS-1 and ITS-2
rDNA of 46 teleomorph and/or anamorph species in
the Mycasphaerella complex, as well as two species
of Ramulispora (Tapesia teleomorphs) revealed three
clades, The major Mycosphaerella clade included
most of the anamorphs studied, except Dissoconium
(clade 2). However, this clade was only weakly sup-
ported by bootstrap values (53%), and should still be
considered as part of the major Mycosphaerella clade.
As expected, species of Ramulispora (Tapesia clade
3) grouped outside AMycosphaerella. Contrary to
expectations, Mycosphaerella proved to be mono-
phyletic. In most cases, isolates representing the same
anamorph genus clustered together. In several instan-
ces, however, representatives of the same anamorph
genus were found in more than one clade, suggesting
that some forms may have evolved more than once or
be plesiomorphic in the complex (Fig. 1).

Discussion

Species of Mycosphaerella are either saprobes or
plant pathogens, usually causing leaf spots. In ad-
dition, some species have been isolated as endophytes
(Crous, 1998), and such taxa might sporulate either
before or after shedding of leaves. Crous (1998)
reported that as many as four species could occur in
the same lesion on leaves of Eucalyptus species,
further suggesting that some may be primary and
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others secondary pathogens. There may be a gradient
of parasitism or succession of Mycosphaerella spp. on
some hosts, i.e. lesions caused by primary pathogens
could later be colonized by secondary pathogens, and
possibly even later by saprobic taxa or endophytes.
However, no species of Mycosphaerella has yet been
recovered in detailed studies of foliicolous fungi
occurring as endophytes in hosts in the Proteaceae
known to have Mycosphaerella pathogens (Swart et
al., 2000; 1. E. Taylor et al.,, unpublished). It can be
assumed that many plant pathogenic species have a
latent phase, and that during this phase they could be
isolated together with true endophytes. More research
needs to be focused on the different sections of M-
cosphaerella, however, to further clarify these issues,
and determine if the species included differ in general
ecology.

Field observations suggest that a major division of
Mycosphaerella into two groups with different life
styles (parasitic vs. saprophytic) would be artificial.
There appears to be a strong correlation between the
life styles of Mycosphaerella spp. and different cli-
matic zones. In arctic and boreal regions, species
appear to be saprobic, fruiting on overwintered leaves
and stems (with species of the section Tassiana do-
minant). In the tropics, species of Aycosphaerella
tend to be predominantly plant pathogens, sporulating
on leaf spots on leaves that are often still attached to
the host (with species of the section Plaga dominant).
In temperate and subtropical regions, both groups
occur, often sporulating on leaf spots or whole leaves
that may or may not be dead (with species of the
sections Caterva and Mycosphaerella dominant).

ANAMORPH RELATIONSHIPS

In Mycosphaerella, the morphology of the teleo-
morphs is conserved, and the morphologically infor-
mative morph tends to be the anamorph. A single
teleomorph morphology can be linked to more than
one anamorph morphology. This may reflect our
inability to distinguish the teleomorphs of two biolo-
gical species with distinct anamorphs, or a failure to
recognize a species of Mycosphaereila with synana-
morphs. Although the latter has rarely been consid-
ered in the literature on Mycosphaerella, it has been
noted in cultures of Mycosphaerella sutioniae Crous
& M.J. Wingf. (Crous & Wingfield, 1997b). Conflic-
ting reports of different anamorphs for a single teleo-
morph may also be based on uncorroborated links
observed in nature. Given the fact that several species
regularly occur on the same lesion, any links based on
association only must be treated with suspicion,
Taxonomists working with Mycosphaerella have not
typically included cultural experiments, a situation that
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0277, Hl =

should be remedied in order to prove the links be-
tween species of Mycosphaerella and their ana-
morphs.

Considerable attention has been given to conidio-
matal structure and mode of conidiogenesis (von Arx,
1983; Sutton & Hennebert, 1994) in this group of
fungi, and significant overlap has been observed

0.407, RI = 0.680, RC =

between pycnidia, acervali and subepidermal sporo-
dochia (Braun, 1995a). Nag Raj (1993) discussed the
lack of distinguishing characters between pycnidia
and acervuli, while Crous (1998) commented on
sporodochia that appeared acervular when immature,
which were noted by Braun (1995a) as subepidermal
sporodochia. Sutton et al. (1996) examining immature
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material of Cylindrosporium ribis 1.]. Davis, conclu-
ded that the conidiomata were acervuiar, and estab-
lished the name Phloeosporella ribis (J.J. Davis) B.
Sutton, Crous & Shamoun. Braun (1998), however,
interpreted the conidiomata as subepidermal sporodo-
chia, and established the name Pseudocercosporella
ribis (1.J. Davis) U. Braun. This single criterion, and
how it is interpreted, is all that distinguishes these
two genera. It is clear that distinctions between some
of the coelomycete and hyphomycete anamorph
genera associated with Mycosphaerella are debatable,

Deighton recognized genera of cercosporoid fungi
based on conidiogenesis and conidium release, as it is
inferred from the dehiscence scar (Deighton, 1973,
1976, 1987, 1990). David (1993) used SEM to show
differences in conidial scar structures between My-
cosphaerella anamorphs such as Cladosporium, Cer-
cospora and Stenella. The stability of this feature in
some genera, however, is questionable. Genera that
have been distinguished by different modes of proli-
feration of the conidiogenous locus sometimes include
species that are variable for this character, as reported
in Septoria/Stagonospora (Sace.) Sacc. by Verkley
(1997, see also Verkley & Priest, this volume). Crous
(1998) also reported that marginal thickening along
the conidial rim, the character that separates Paracer-
cospora from Pseudocercospora, disappears in cul-
ture, while conidiogenous cells on older herbarinm
specimens of Pseudocercospora Species sometimes
again develop such marginal thickening. For the
majority of genera, however, scar features appear to
be a usable, stable feature (Braun, 1995a).

MOLECULAR PHYLOGENY

Based on the ITS-1 and ITS-2 DNA phylogeny ob-
tained here for the various Adycosphaerella spp. and
their anamorphs (Fig. 1), three clusters were identi-
fied. These include a major monophyletic Myco-
sphaerella cluster (with subclusters for cercosporoid
and coelomycete anamorphs), and a second cluster
with Dissoconium anamorphs. A third cluster repre-
sents Ramulispora spp. with Mollisia (Fr.) P. Karst.
(= Tapesia) teleomorphs. The Ramulispora spp. were
included in this study because they are still often
incorrectly treated as anamorphs of Mycosphaerella
(under the name Pseudocercosporella). Although not
related to Mycosphaerella, their taxonomy must still
be resolved, and for the time being they will be
referred to as the Tapesia cluster.

Based on the ITS data, it is still too early to say
whether Mycosphaerella is mono- or polyphyletic.
Although the Dissoconium anamorphs cluster outside
the main monophyletic Mycosphaerella cluster, this
smaller cluster is not strongly supported by bootstrap
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values. This situation will be reassessed in future
studies incorporating more isolates (those included
here being primarily cercosporoid), and alse by ana-
lyzing other areas of the genome. Of note, however,
are the subclusters coinciding with the different ana-
morph genera, which will be discussed below.

Clade 1. Mycosphaerella species with
cercosporoid and coelomycete anamorphs

Pseadocercospora, Paracercospora and aggregates

Pseudocercospora is morphologically variable, and
accommodates all cercosporoid anamorphs with
pigmented conidiophores and conidia with in-
conspicuous conidial scars. Braun (1995a) showed
that all the other characters are variable. These in-
clude the presence or absence of secondary mycelium,
conidiophores that can be solitary to fasciculate,
arranged in loose or rich fascicles or dense sporodo-
chial conidiomata, which can also be superficial or
subepidermal. Conidia are primarily formed singly,
rarely in chains; they are scolecosporous, multiseptate,
subhyaline to brown, mostly have transverse eusepta,
and rarely have longitudinal or oblique septa. Coni-
diogenous cells are polyblastic, proliferating sympodi-
ally, or rarely percurrently by inconspicuous, regular
annellations. Scars are mostly inconspicious and flat,
or can occur on small outgrowths that appear as
reduced denticles.

Several genera are morphologically similar to
Pseudocercospora. Semipseudocercospora J.-M. Yen
includes species with conidiogenous cells that are
conspicuously denticulate, non—geniculate, and give
rise to transversely euseptate conidia with basal cells
that constrict to narrow hila. Similarily, species of
Denticularia Deighton also have denticulate conidio-
genous cells that give rise to 0~1(—3)-septate, fusi-
form-ellipsoidal, catenate conidia. Paniospora Cif.
species have dense, synnematous fascicles, and pro-
duce dictyospores or scolecospores.

Deighton (1976) originally distinguished Cer-
coseptoria Deighton from Pseudocercospora based on
the narrowly acicular conidia that taper only slightly
at the truncate base in species of Cercosepioria. This
separation was later found to be impractical, and
Cercoseptoria was accepted as a synonym of Pseudo-
cercospora (Deighton, 1987). Paracercospora Deigh-
ton (1979) was distinguished from Pseudocercospora
based on the narrow thickening along the rim of the
scars on the conidiogenous cells and the conidial hila.
Crous (1998), in a study of Pseudocercospora basira-
mifera in culture, found that this thickening was not a
stable feature. Furthermore, based on 1TS-1 & ITS-2
rDNA sequence analysis, Stewart er al. (1999) were
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unable to distinguish species of Pseudocercospora
from those of Paracercospora, and therefore reduced
Paracercospora to synonymy under Pseudocerco-
spora. Following the concepts of Deighton (1976,
1979), Pseudocercospora natalensis would have been
placed in Cercoseptoria, and P. basiramifera and
Paracercospora fijiensis in Paracercospora.

Pseudophaeoramularia U. Braun represents spe-
cies intermediate between Pseudocercospora and
Phaeoramularia Muntaficla, with unthickened, but
slightly darkened, refractive hila, and catenate conid-
ia. Although separate in the final analysis, in some
trees Pseudophaeoramularia angolensis clustered with
Pseudocercospora, suggesting that the concept of
Pseudocercospora could be further expanded to
incorporate taxa with catenate conidia, and unthick-
ened, but slightly darkened, refractive hila, Cerco-
spora angolensis was placed in Phaeoramularia by
Kirk (1986), who observed conidia to be catenate.
Braun (1999b) found conidial hila.to be unthickened,
and he therefore placed the species in Pseudophaeo-
ramularia. Analysis of additional species of the for-
mer genus would help clarify this subgroup. For the
present, however, it seems best to retain Psendophae-
oramularia separate from Pseudocercospora.

Many different groups of cercosporoid fungi are
now accommodated in Psewdocercospora. In 1991
R.K. Verma (pers. comm.), who studied over 300
different species of Pseudocercospora, suggested that
seven groups could be recognized in the genus. Three
groups were characterized by having well-developed
stromata and branched conidiophores, that could be
(i) arranged in dense fascicles, (ii) be longer and in
loose fascicles, or (ii1) in dense, synnematous conidi-
omata, with sympodially, or rarely percurrently pro-
liferating conidiogenous cells. A further two groups
were distinguished based on their poorly developed or
absent stromata, and (iv) denticulate conidiogenous
cells, or (v) percurrent proliferation of the conidioge-
nous cells. The final two groups were distinguished
by having no or poorly developed siromata, with
conidia that could be catenate, with slightly thickened
hila, and (vi) not forming rope-like structures on leaf
surfaces, or (vii) forming them in abundance. Based
on current faxonomic concepts, groups 6 and 7 can be
accommodated in Mycovellosiella, because of the
smooth superficial hyphae and thickened conidial loct.
Group 5 was described as Cercostigminag U. Braun
(1993), although some species have well-developed
stromata, and rough conidia. Braun er al (1999)
recently introduced Scolecostigmina U. Braun to
accommodate species with sporodochial conidiomata,
firn stromata, verrucuiose conidiophores, coarse
annellations, and multi-septate scolecospores that are
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smooth to rough, and thick-walled. Group 4 could
possibly be accommodated in Denticularia or Semi-
pseudocercospora, as discussed above, which essen-
tially leaves three groups that are distinguished based
on whether their conidiomata consist of short, densely
arranged conidiophores, longer, loosely arranged
conidiophores, or loosely synnematous conidiophores.
The type species of Pseudocercospora, P. vitis (Lév.)
Speg., frequently forms loosely synnematous conidio-
mata, and it is therefore debatable whether conidio-
phore arrangement can provide useful characteristics
for further subdivision of the genus.

Braun (1998) proposed a formal division of Pseu-
docercospora into five sections, viz. sect. Pseudocer-
cospora (conidiophores very long, in dense, loosely
synnematous conidiomata), section Cercocladospora
(G.P. Agarwal & S.M. Singh) U. Braun (conidiopho-
res solitary or in loose fascicles, non-sporodochial,
conidia scolecosporous, pluriseptate, superficial my-
celium formed or lacking), section Cercoseptoria
(Petr.) U. Braun (conidiophores in dense sporodochial
conidiomata, conidia scolecosporous, pluriseptate,
superficial mycelium usuaily absent, rarely present),
section Helicomina {L.S. Olive) U. Braun (conidia
strongly curved to helicoid), and section Brachypseu-
docercospora U. Braun (conidia solitary, rarely in
chains, non-scolecosporous, (0—)1-3(—4)-septate), but
he emphasized that these ‘units’ should only be re-
garded as morphological groups, which are formally
treaied as sections, independent of their taxonomic
value,

Based on ITS-1 and ITS-2 sequence data obtained
for species of Pseudocercospora in the present study
(STE-U 760, 801, 1106, 1264, 1266, 1312, 1360,
1458, PCR 18, PM 10, 11, CBS 130.32, 282.66),
several subclades could be distinguished within the
cercosporoid clade (Fig. 1). Isolates from Eucalyptus
species occurred in two subclades, while those from
banana clustered separately, suggesting that coevolu-
tion with the host may play a role, or species on the
same host are simply more closely related. In earlier
analyses (Crous et al., 1999; Stewart er al., 1999),
species of Paracercospora grouped with Pseudocer-
cospora, although in our final analysis in this study,
they again grouped separately. However, Ps. basi-
ramifera (STE-U 1266), which has a marginal thick-
ening along its conidial rim, clustered with species of
Pseudocercospora.

In some trees, Phaeoisariopsis griseola (synne-
matous conidiophores with slightly thickened conidial
loci) (CBS 194.47), and Stigmina platani (muriformly
distoseptate conidia, and conidiogenous cells with
irregular percurrent proliferations) (CBS 336.33) also
clustered with species of Psendocercospora, although
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the final analysis showed them to be distinct, but
closely related. Braun (1993) and Crous (1998) spe-
culated that species of Stigmina would not have
Mycosphaerella teleomorphs, and that those species
with reported Mycosphaerella teleomorphs would be
better accommodated in Cercostigminaor Xenostigmina.
The fact that S. platani groups in the Mycosphaerella
cluster refutes these arguments. Additional genera
this complex that could possibly also have teleomorphs
in Mycosphaerella include Scolecostigmina (Braun et
al., 1999) and Dictyorostrella . Braun (Braun, 199%a).

Another Pseudocercospora subgroup that contains
species from Eucalyptus leaves includes P. crystallina,
P. colombiensis, P. heimii, P. irregulariramosa, and P,
heimioides (STE-U 801, 760, 1360, 1312). All species
in this cluster (except P. colombiensis) form red crystals
in culture. Although the ascospore germination patterns
differ among these species (Crous, 1998), the DNA data
obtained here suggest that these taxa are closely related,
and with the exception of P. colombiensis, may
represent different varieties of P. heimii. Isolates
representing the P. heimii-complex have also recently
been obtained from eucalypts collected in Hawaii and
Brazil, and this species may thus have a very wide
geographical distribution. Further collections and
pathogenicity trials are required to clarify this issue.
Species in this clade have light brown, smooth to finely
verruculose, obclavate to subeylindrical conidia, with
internal and external mycelium, small, dense fascicles
situated on brown stromata, and conidiophores that are
frequently reduced to conidiogenous cells.

Presently no single character or set of morphological
characters separates the subgroups of Pseudocercospora
that have emerged from DNA sequence data. Analysis
of more species is required to provide an expanded
view of these groupings. What these data have shown
is that several of the morphological features discussed
above, used to help group species of Pseudocercospora,
are not indicative of phylogeny.

Cercospora and Passalora:

Species of Cercospora have conspicuously thickened,
darkened conidial scars and hyaline to subhyaline,
acicular, cylindricalfiliform, multiseptate conidia.
These species formed a distinct subclade in Myco-
sphaerella (Fig. 1). Species with slightly thickened
conidial scars and subglobose, ellipsoidal-ovoid,
broadly obclavate—fusiform, sparsely septate, usually
pigmented conidia are accommodated in Passalora,
Several taxa that have been traditionally treated in
Cercospora have subsequently been reallocated to
Passalora, while Phaeoisariopsis is seen as the syn-
nematous analogue of Passalora (Braun, 1995b).

Passalora, Mycovellosiella and Phaeoramularia

Phaeoramularia comprises Ramularia-like species
with pigmented conidia, thickened, darkened and
refractive loci, and lacking superficial mycelium.
Mycovellosiella is similar, but differs in having su-
perficial mycelium that frequently climbs leaf hairs.

Three species of Mycovellosiella, namely M
bellynckii (CBS 150.49), M. vaginae (CBS 140.34)
and M. eucalypti (STE-U 1457), were included in the
present study. The former two species clustered with
Phaeoramuiaria dissiliens (CBS 219.77), Passalora
arachidicola (PP16) and Passalora personata (PP15),
suggesting that these genera are very similar, while
M. eucalypti clustered with Phaeoramularia saururi
(STE-U 2221). The type specimen of Phaeoramularia
was recently examined by U. Braun, who found it fo
represent a Mycovellosiella species.

Braun (in Braun & Melnik, 1997) assigned Fusi-
cladium levieri Magnus (= F. kaki Hori & Yoshino)
to Phaeoramularia but monographic studies of Fusi-
cladium and allied genera recently completed suggest
that F. levieri has to be retained in Fusicladium (U.
Braun et ol., unpublished). Braun (in Braun & Mel-
nik, 1997) reduced Hormocladium Hohn., based on F.
levieri, to synonymy with Phaeoramularia. However,
Hormocladium is an older name and would have
priority unless the name Phaeoramularia is con-
served. This species has catenate conidia similar to
Phaeoramularia species, but SEM studies reveal that
scars and conidial hila are fusicladium-like. Some
species of Fusicladium produce conidia singly, in
chains, or both, depending on the specimen examined.
Catenation of conidia can thus not be used to separate
these species into different genera. Hence, Hormocla-
dium, which has catenate conidia, has to be consid-
ered a synonym of Fusicladium and is no longer
considered a synonym of Phaeoramularia. This
complex will be fully addressed in a separate molecu-
lar study that is presently underway.

Mycosphaerella africana (STE-U 794) and M
keniensis (STE-U 1084) have no known anamorphs,
but cluster together in a clade with Mycovellosiella,
Passalora and Phaeoramularia  anamorphs. This
suggests that they would probably have the same type
of anamorph if they exist, or that they may have lost
the ability to form anamorphs, and are holomorphic
teleomorphs.

Stenella

Mycosphaerella parkil (anamorph: Stenella parkii)
(STE-U 353) clustered with 44 marksii (STE-U 935),
for which no anamorph has yet been described. A
recent examination of several cultures of M marksii
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has shown, however, that hyphae can be verruculose,
suggesting that the anamorph, if it exists, will prob-
ably be a species of Stenella. Stenella species are
characterized by solitary or catepate conidia with
thickened, darkened, refractive conidial hila and
verrucose, superficial hyphae. The formation of ver-
rucose, superficial hyphae separates this genus from
Mycovellosiella and Phaeoramularia. The relation-
ships among these anamorph genera also deserve
further investigation.

Ramularia

Three species with Ramularia anamorphs were inclu-
ded in this study, namely Mycosphaerella fragariae
(anamorph R grevilleana) (STE-U 6536), M. puncti-
formis (Ramularia sp.) (CBS 942.97) and R. collo-
cyeni (STE-U 2428). While the first two species have
typical Mycosphaerella teleomorphs, R collo-cygni
was considered an unusual species of Ramularia
(Braun, 1998) because of its curled conidiophores,
and conidia with somewhat eccentrically positioned
scars. R. collo-cygni was initially considered distinct
from Ramularia, and typified the genus Ophiocladium
Cavara (as O. hordei Cavara) (Sutton & Waller,
1988). Resuits of our study show that not only does
R. collo-cygni cluster closely with the other two
typical Ramularia species, but the teleomorph of R
collo-cygni, if it exists, would likely be a species of
Mycosphaerella. Mycosphaerella punctiformis is also
the type of the genus Mycosphaerella, and is appro-
priately included in the main Mycosphaerella clade.
The conidia of M. fragariae and M punctiformis are
catenate, but R collo-cygni belongs to a group of
Ramularia species with solitary conidia. The present
molecular data support Braun’s (1998) taxonomic
treatment of Ramularia, based on the premise that
separation into two genera based on conidial catena-
tion is untenable.

Colletogloeum and Phaeophieospora

The genera Colleroglioeum and Phaeophleospora
respectively represent acervular and pycnidial ana-
morphs of Mycosphaerella. Both genera include
species with verruculose, brown conidia situated on
brown conidiogenous cells that proliferate percur-
rently in both genera, but also sympodially in Col-
letogloeum. Furthermore, Colletogloeum species
mostly form 0(~1)-septate conidia, whereas species of
Phaeophleospora form aseptate to multiseptate scole-
cospores. These two genera form one subclade within
the cercosporoid clade, together with Uwebraunia. As
more species of Phaeophleospora are added in future
analyses, this grouping may begin to diverge from
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Uwebraunia. For the present, however, Phaeophieo-
spora and Colletogloeum remain easily recognizable
anamorph genera.

Clade 2. Mycosphaerella species with
Dissoconium anamorphs

The genus Dissoconium was originally described for
D. aciculare, a hyperparasite of an Erysiphe species
(de Hoog et al., 1983). A further species, D. dekkeri,
was later described (de Hoog et al., 1991). Crous &
Wingfield (1996) erected the genus Uwebraunia for
species thought to be pathogenic to Eucalyptus. How-
ever, later comparisons showed that one species, U
lateralis (STE-U 825, 1232, 1233), was morphologi-
cally similar and had identical ITS sequences to
isolates of D. dekkeri (STE-U 1535) {(Crous et al,
1999). This was the first report of a Mycosphaerella
teleomorph for a Dissoconium species. Based on
sequence data (Crous ef al, 1999), it also appeared
that Dissoconium represented a separate group in
Mycosphaerella. Presently, Dissoconium is accepted
for species thought to be hyperparasitic, with wide
host ranges. This contrasts with the more host-speci-
fic, plant-pathogenic species that are accommodated
in Uwebraunia. This also suggests that convergent
evolution of morphology has occurred, and thus U
ellipsoidea (STE-U 1224, 1225) and U. juvenis (STE-
U 1004, 1005) with similar morphologies reside in
separate subclades in the larger Mycosphaerella clade.

Clade 3. Mycosphaerella species with
Cladosporium anameorphs

Cladosporium is distinguished from other genera in
this complex by its species with pigmented, catenate
conidia with thickened, darkened, characteristically
protuberant conidial scars and hila. Furthermore, the
species usually lack abundant superficial mycelium,
and conidia are usually in branched chains, being
subglobose, ellipsoidal-ovoid to subeylindrical, and
sparsely septate.

Two species of Mycosphaerella are found in this
clade, namely M. tassiana (CBS 108.85, 223.31)
(anamorph: Cladosporium herbarum) and M. aste-
roma (CBS 266.53), which has no known anamorph.
In some analyses, Cladosporium clustered outside the
larger Mycosphaerella clade, although this separation
was never strongly supported by bootstrap values. In
the final analysis, however, the Cladosporium clade
grouped within the main Mycosphaerella clade. These
data are preliminary, however, and many more taxa
must be added to determine whether all species of
Cladosporium are allied with Mycosphaerella, or only
the saprobes.
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Clade 4: Tapesia species with Ramulispora
anamorphs

Several Pseudocercosporella-like species occur on
roots and basal parts of small-grain crops. These
species are presently included in the anamorph genus
Ramulispora, which is confined to species occurring
on grasses and cereals {(von Arx, 1983) and have
discomycetous, Tapesia teleomorphs (Robbertse et al.,
1995; Dyer et al., 1996). Although morphologically
similar to Pseudocercosporella, species of this genus
typically have teleomorphs in Mycosphaerella (Braun,
1995a), In the present analysis, Ramulispora clusters
well outside the Mycosphaerella cluster.

Future research

The observations presented in this study suggest that
the ITS-1, 5.8S and ITS-2 regions, which contain
approximately 300 informative sites in the alignment
(data not shown), are suitable for distinguishing
species and the various anamorph genera in AMyco-
sphaerella. However, other more conserved areas of
the genome such as 185 and 285 rDNA should also
be analyzed to see if they reveal additional distinct
groups within AMycosphaerella, or provide better
bootstrap support for otherwise weakly supported
clades. Other questions are whether saprobic and
pathogenic taxa might emerge as distinct genera, and
whether any tendency towards coevolution with hosts
might exist.

Thoughts and observations presented here repre-
sent only a preliminary step towards solving questions
of host specificity and determining whether Myco-
sphaerella is monophyletic. Presently, the majority of
the anamorph genera discussed appear to be correctly
allied with Mycosphaerella. The distinctions between
the anamorph genera in this complex are currently
based on small and frequently inconspicuous differ-
ences and these need clarification. For the present, the
classification system followed by most taxonomists
interested in anamorphs of Mycosphaerella remains
valid. Delimitation of some anamorph genera in the
major Mycosphaerella clade must now be studied in
more detail. An unexpected resuit of this study is that
the very large genus Mycosphaerella appears to be an
essentially monophyletic group. This holds true de-
spite the many anamorph genera that occur in the
genus.
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Table 2. Fungal isolates included for ITS sequence analysis

Accession po.

Teleomorph

Ansmorph

0T

Origin

CAl

Ké

K3

CCADY
CH3

CK35
CK39

CBS 131.32
Cs13

€BS 108.85
CBS 22331
STE-U 784
STE-U 1214
STE-U 1534

STE-U 1233
STE-U 1232
S5TE-U 825
STE-U 1335
CBS 15049
STE-U 1457
CBS 14034
PE?

PFE

PFDY

PP16
PP15
CBS 277.39
CBS 9447
STE-U 1346

CBS 219.77
STE-U 2221
STE-U 1266
STE-U 1106
PCRI18
STE-U 861
CBS 130.32
STE-U 760
STE-U 1312
STE-U 1360
PMI0

PM11

Mycosphaerella state unknown
Ayeosphaerella state unknown
Mycosphaerella state unknown
Afycosphaerella state unknown
Mycasphaerelfa state unknown
Mycosphaereila state unknown
Mycosphaerella state unknown
Afpcosphaerella state unknown
Ahycosphaerella state unknown
A tassigna (Be Nob) Johanson
Al tassionag {De Not) Johanson
M molleriana (Thitm.) Lindag
M. mollzriana {Thitm.} Lindan
Unknown

A, lateralis Crous & M.J, Wingf.
M. lateralis Crous & M.J. Wingf.
M. lateralis Crous & M.J. Wingf.
M. lateralis Crous & M.). Wingf.
Mycosphaerella state unkaown
MMycosphaerella state unknown
Mycosphaerella state unknown

. M fifiensis M. Morelel

M fiiensis M. Morelet
M fijiensis var, difformis 1.L. Mulder & R.H. Stover

AMycosphaerella arachidiy Deighton

AL berkeleyi W.A. Jenkins

Afycosphaerella state unknown

Afycosphaerella state unknewn

AL suttonice Crous & M.J. Wingfl
F.A. Ferreirz & B. Sutien

Afyeosphaerella state usknown

Afycosphaerella state unknown

Afycosphaerella state unknown

M colombiensis Crous & M., Wingf,

M cruenta Lathem

&, crysialling Crous & M., Wingf,

Mycosphaerelly state unknown

M. heimii Crous

M heimioides Ceous & M.). Wingf.

M irregulariramosa Crous & M.J. Wingi

M musicola J.L. Muider

M. musicola 3.1, Mulder

Cercospora apii Fresen.

Cercospora beticola Sacc.

Cercospora beticola Sace.

Cercospora canegscens Ellis & G. Martin

Cercospora hayi Calpouzos

Cercospora kikuchii (T, Matsumoto & Tomoy.) M.W. Gardner
Cercospora kikuchii {T. Mutsumotoa & Tomoy.) MW. Gardaer
Cercospora nicotiana Ellis & Everh.

Cercospora sofing Hara

Cladosporium herbarum (Pers. @ Fr) Link

Cladaesporium herbarum (Pers. : Fr) Link

Colletogloeum mollerianum Crous & M.J, Wingf
Colletogloeum mollerianum Crous & M.J. Wingf.

Dissoconium aciculare de Hoog, van Qorschet & Hijwegen

Dissoconium dekkeri de Hoog & Hijwegen

Dissoconiun dekkeri de Hoog & Hijwegen

Dissoconium dekkert de Hoog & Hijwepen

Dissocaonium dekkeri de Hoop & Hijwegen

Mycovellosiella bellynckii (Westend,) Constant.

Mycovellosiella eucalypti Crous & A.C. Alfenas

AMycovellosiella vaginae (W. Krtiger) Deighton

Paracercospora fijiensis (M. Morclet) Deighiton

Paracercospora fiflensis (Morelet) Deipgliton

Paracercospora fijiensis var. difformis (1.L. Mulder & R H. Siover)
Deighlon

Pussalora arachidicola (Hori) 13, Braun

Passalora personata {Berk, & MA. Curt} 5.1, Khan & M. Kamal

Passalora robinae (Shear) 5. Hughes (7)

Phacoisariopsis griseola (Sacc.) Ferr,

Phaeophleospora epicoccoides (Cooke & Massee) Crous,

Phagoramularia dissiliens (Duby) Deighton
Phavoramularia sauwruri (Eilis & Everh.), Crous & El-Gholl
Pseudocercospora basiramifera Crous

Pseudovercospora colontbiensis Crous & M.J, Wingf.
Psendocercospora cruenta {Sace.) Deighton
Psendocercospora crystalling Crous & M., Wingfl
Psendocercaspora eriodendri (Raciborski) U. Braun
Psendocercospora heimii Crous

Pseudocercospora heimioides Crous & M.J, Wingf,
Pseudocercospora frregulariramosa Crous & M1 Wingf
Pseudocercospora musae (Zimm.) Deighton
Pseudocercospora musae (Zimm.) Deighton

ATCC 12246

Beta, aty

Chenopodium, Haly

ATOC 32779 (Mungbean, Talwan)

ATCC 12234 (Bonana, Cubn)

Soybean, Hinois, U.S.A.

Soybean, IHinois, U.S.A.

Nicotiana, location unkaown

ATCC 44531 {Soybean, Hinois, US.A)

Diaspyros, Morocco

Allivm, Switzerland

Euecalyptus, Californis, U.S.A.

Eucalyptus, Poriugal

CBS 342.82 {ex Erysiphe sp. on Medicago,
Germany}

Eucalyptus, Zambia

Eucalyptus, Zambia

Eucalypnies, South Africa

CBS 567.89 (Juniperus, The Netherlands)

Cynanchion, Switzerdand

Euvcalyptus, Brazit

Saccharum, Taiwan

ATCC 22116 {Banana, Philippincs}

ATCC 22117 (Banang, Hawaii)

ATCC 36054 {Musa, Honduras)

MPPD L2122 {Peanut, Okluhoma, US A)
MPPD L2121 (Peanut, Okiahoma, US.A)
Robinia, US.A,

Phaseolus, Portugal

Eucalyprus, Indonesia

Vitis, Iraq

Saururus, U S.A.

Eucalyptus, Thaitand

Eucalyptus, Colombia

ATCC 262271 (Cowpen, Puerto Rico)
Eucalyptus, South Africa
Eriodendron, Somatia

Eucalypmis, Modagascar
Encalyptus, Indonesia

Eucabpius, South Afica

ATCC 22115 (Banang, Philippines)
ATCC 36143 {Afusa, Honduras)

TF LT SNOUD) M d



STE-U 1264
STE-U 1458
CBS 282.66
CBS 149.53

STE-1) 2428
STE-U 656
CBS 942.57
RAE22
RAN45
STE-U 353
€8S 33633
STE-U 794
CBS 266.53
STE- 1084
STE-U 935
STE-U 1224
STE-U 1225
STE-U 1004
STE-U 1005

Mycosphaerella state unknown
Mycosphaerella state unknown
Mycosphaerella state unknown
Mycosphaerelln state unknown

AMycasphaerelia stale unkaown

M. fragarice {Tul) Lindau

M. punectiformis {Pers. . Fr.) Starbiick
Tapesia state unknown

Tapesia state unknown

M. parkii Crous & M.J. Wingf.
Mycosphaereila state unknown

A africana Crous & M), Wingf.
M. asteroma (Fr) Lindsu (7)

M. keniensis Crous & T. Coutinho
M. marksii Carnegie & Keane

M. ellipsoidea Crous & M.J. Wingf.
M ellipsoidea Crous & M.J. Wingf.
M. jivenis Crous & M.J, Wingf.

M. juvenis Crous & M.J. Wingf.

Pseudocercospora natalensis Crous & T. Coutinho

Pseudocercospora paraguayensis (Kobayashi) Crous

Pseudocercospora rhapisicola (Tominaga) Goh & W.H, Hsich

Psendophaeoramularia angolensis {T. Carvatho & O, Mendes)
U. Braun

Ramularia collo-cpgni B, Sutton & J.M, Waller

Ramularia grevilleana (Tub, & €. Tul) Jorst,

Ramularia sp.

Ramulispora aestiva {Nisenberg) EL. Stewort & Crous

Ramulispora anguioides (Nirenberg) Crous

Stenella parkii Crous & Alfenas

Stigmina platani {Fuckel) Sace,

Unknown

Unknown

Unknown

Unknown

Uwebraunia ellipsoidea Crous & MJ. Wingf.

Unwebraunia eflipsoidea Crous & M.J, Wingf.

Uwebraunia juvenis Crous & M.J. Wingf.

Uwebraunia fuvenis Crous & M.J, Wingf.

Eucalypius, South Africa
Eucalypius, Brazii
Rhapis, Jepan

Citrus, Angota

Barley, Germany
Strawberry, South Africa
Quercus, Belgium

Wheat, Washington, U.5.A.
ATCC 60971 (Wheat, Germany)
Eucalyptus, Brazil

Platanus, Locationn unknown
Eucalyptus, South Africa
Polygonatum, Switzerland
Eucalypius, Kenya
Eucalyptus, Australia
Eucalyprus, South Africa
Eucalyptus, South Africa
Fucalyptus, South Africa
Eucalyptus, South Africa

STE-U = Culture collection of the Department of Plant Pathology, University of Stellenbosch, South Africa
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