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A phylogenetic study of some Septoria species pathogenic to
Asteraceae based on ITS ribosomal DNA sequences

Gerard J. M. VERKLEY1." and Mieke STARINK-WILLEMSE'

The phylogenetic relationships of the following 14 Septoria species pathogenic to Asteraceae were inferred from sequence
analyses of the 5.8 S gene of nuclear rDNA and flanking internal transcribed spacers: Septoria atropurpurea, S. astericola,
S. calendulae, S. erigerontis, S. gerberae, S. helianthi, S. helianthicola, S. lactucae, S. leucanthemi, S. obesa, S. schnabliana,
S. senecionis, S. socia, and S. taraxaci. Fifteen additional Sepforia species originating from other host families, eight of
which have a known Mycosphaerella teleomorph, were included in the alignment. Also included were selected strains of
Cercospora, Pseudocercospora (including Paracercospora), Ramularia, and several other anamorph genera linked to Myco-
sphaerella available from previous studies.

The analyses indicate that the Sepforia species from Asteraceae are all closely related, and share an evolutionary history
within the Mycosphaerellaceae, grouping amongst miscellaneous Mycosphaerella species, Cercospora and Pseudocerco-
spora spp. Septoria socia is relatively distant from the other Septoria on Asteraceae, and the data suggest that it is more
closely related to the maple pathogen S. aceris (tel. M. latebrosa) and poplar pathogen S. populicola (tel. M. populicola).
Differences in the ITS sequences indicate that S. socia and S. leucanthemi, which have very similar phenotypes and have

been considered to be conspecific in the past, are specifically distinct.

lomycetes with filiform, often multiseptate hyaline
conidia (SUTTON 1980, CONSTANTINESCU 1984, FARR
1991, 1992, MUTHUMARY 1999, VERKLEY & PRIEST 2000).
Most taxa cause leaf spot diseases, and some inflict consider-
able damage to economically important crops, ¢.g., Septoria
apiicola of celery (SUTTON & WATERSTON 1966, RYAN &
KAVANAGH 1971), and S. #ritici of wheat (WIESE 1987, Mc-
DonNALD et al. 1999, CUNFER & UENG 1999). Over 2000 names
have been described in Septoria. On plants of the family Astera-
ceae (Compositae) alone, some 300 species have been de-
scribed in the literature (Verkley & Vanev, unpublished data).
Due to the limited number of useful morphological characters,
and the paucity of physiological and other data in vitro, the
taxonomy of these fungi still remains confusing and largely
dependant on the host. Controlled inoculation experiments to
test host specificity have only been performed for a limited
number of species occurring on composite hosts (WADDELL
& WEBER 1963, PUNITHALINGAM & WHEELER 1965).
Several Septoria spp. are responsible for leaf spot or blight
of Chrysanthemum cultivars and other ornamental Asteraceae
(JorSTAD 1965, PUNITHALINGAM 1967a, Holliday & PUNITHA-
LINGAM 1970, PUNITHALINGAM & HOLLIDAY 1972, HORST &

T he fungi classified in Septoria Sacc. are pycnidial coe-
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NELSON 1997). Septoria chrysanthemella, S. obesa, S. leucan-
themi, and S. socia cause considerable damage in Chrysan-
themum nurseries world-wide (PUNITHALINGAM 1967 b, ¢, d, e,
HORST & NELSON 1997). The disease is not always severe, but
infected plants usually lose their commercial value. The sexu-
al states of these pathogens are unknown, and the phyloge-
netic relationships still need clarification. Teleomorphs are
known for only a relatively small number of Septoria species,
and in all cases they are species of Mycosphaerella Johan-
son (Dothideales, Ascomycota), a genus with numerous plant
pathogenic taxa and over 20 reported anamorph genera (VON
ARX 1983, SUTTON & HENNEBERT 1994, CrOUS et al. 2000,
Crous, KANG & BRAUN 2001). Based on sequence analyses
of the ITS and D2-LSU regions of the nuclear ribosomal
DNA, VERKLEY et al. (2004) found that several presumably
asexual Septoria species from various host families group
amongst Mycosphaerella spp., and that Septoria is not mono-
phyletic within Mycosphaerella.

The aim of the present study was to infer a molecular phy-
logeny of 14 Septoria species pathogenic to Asteraceae by
analysing 5.8S ribosomal RNA gene and flanking internal
transcribed spacer (ITS1 and ITS2) sequences, and to test our
hypothesis that they are closely related to other Sepforia and
belong within the main Mycosphaerella clade. In the analyses,
we also included 15 additional Sepforia species originating
from other host families. Eight of these species have a known
Mpycosphaerella teleomorph. Also included were strains of
Cercospora Fresen., Pseudocercospora Speg. (syn. Paracer-
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cospora Deighton), Ramularia Unger, and several other ana-
morph genera that have been linked to Mycosphaerella.

Materials and methods

The 17 strains of Septoria spp. from Asteraceae used in this
study are listed in Tab. 1. These included strains from the CBS
culture collection and material newly collected by the first
author in Europe. The morphology of these strains in vitro was
studied as described by VERKLEY (1998).

DNA extraction and sequencing

Strains were transferred from agar cultures to 2 mL liquid
medium (2 % malt extract) and incubated on a rotary shaker
(300 rpm) for 3 wk at room temperature. After transer to 2-mL
tubes, liquid cultures were centrifuged and washed twice with
sterile water. DNA was extracted from mycelia with the
FastDNAkit (Omnilabo 6050073, BIO 101, CA) according to
the manufacturer’s instructions. Part of the ribosomal RNA
gene cluster was amplified by PCR with primers VOG (DE
Ho0G & GERRITS VAN DEN ENDE 1998) and LRS (VILGALYS
& HESTER 1990). PCR was performed in 50 BL reaction volu-
mes, each reaction containing 10-100 ng of genomic DNA,
25 pM of each primer, 40 uM dNTP, 1.0 unit Supertaqg DNA
polymerase and 5 pLL 10x PCR buffer (SphaeroQ, Leiden, the
Netherlands). PCR was performed in an Applied Biosystems
(Foster City, CA) thermocycler with the following program:
1 min 95 °C, 30x {1 min 95 °C, 1 min 55 °C, 2 min 72 °C} and
followed by a final extension of 5 min at 72 °C. PCR products
were cleaned using GFX columns (Amersham Pharmacia, NJ,
27-9602-01). DNA concentration was estimated on a 2 %
agarose gel. ITS1 and ITS4 (WHITE et al. 1990) were used as
internal sequencing primers. Sequencing was performed with
the BigDye terminator chemistry (Part number 403049, Ap-
plied Biosystems) following the manufacturer’s instructions.
The sequencing products were cleaned with G50 Superfine
Sephadex columns (Amersham Pharmacia 17-0041-01), and
separated and analyzed in ABI Prism 3700 DNA Analyzer
(Applied Biosystems). Forward and reverse sequences were
matched using SeqMan (DNAstar Inc., WI).

Phylogenetic analyses

Pairwise and global alignment of consensus sequences were
performed in Bionumerics 3.0 (Applied Maths, Kortrijk, Bel-
gium). The alignment was manually adjusted where neces-
sary. Parsimony analysis was performed in PAUP v. 4.0b10
(SwoFrFORD 2003). The heuristic search was performed with
the following parameters: characters unordered with equal
weight, random taxon addition, branch swapping using tree
bisection-reconnection (TBR) algorithm, with branches col-
lapsing if the maximum branch length was zero, and maxtrees
set at 10000. Alignment gaps were treated as missing charac-
ters. Parsimony bootstrap analyses were performed using the
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full heuristic search option, random stepwise addition, and
1000 replicates, with maxtrees set at 100.

Neighbor joining analysis was also performed in PAUP,
without pairwise corrections. Stability of clusters was tested
with 1000 neighbor joining bootstrap replications. BLAST
searches in GenBank revealed highest similarity to species of
Mpycosphaerella and anamorph taxa known to have links with
this genus. GenBank accession numbers, taxon names and
other information about the sequences from GenBank used in
this study are given Tab. 2. GenBank accession numbers of
new ITS sequences are given in Tab. 1. A strain of Davidiella
tassiana was defined as outgroup, as it was shown by BRAUN
etal. (2003) to be a close sister group of a well-supported main
Mycosphaerella clade.

Results

The alignment of the ITS region comprised 514 characters,
of which 153 were parsimony-informative. Nineteen of the
informative characters which were positioned within small
insertions/deletions or regions with ambiguous position ho-
mology, were excluded from the analyses (indel comprised
54 characters). In the parsimony analysis, all autapomorphic
and constant characters were excluded, while in the neighbor
joining analyses only the constant characters were excluded
to maintain accurate branch lengths in the phylogram.

The heuristic search involving 5000 random input orders
resulted in 2724 MPT’s of 474 steps (consistency index 0.508,
retention index 0.849, rescaled consistency index 0.432, ho-
moplasy index 0.492). The majority rule consensus tree is
shown in Fig. 1. Branch frequencies are given above each
branch (those with 100 % appear also in the strict consensus
tree), bootstrap support over 50% are indicated below the
branches. The neighbor joining tree with the obtained boot-
strap support values over 50 % is given in Fig. 2.

The Septoria spp. from Asteraceae all fell within a major
clade (parsimony bootstrap percentage 87/ neighbor joining
98), comprising miscellaneous Mycosphaerella species, Cer-
cospora and Pseudocercospora spp., and all other included
Septoria except the cereal pathogens S. tritici (tel. M. gramini-
cola) and S. passerinii. Within this clade, high bootstrap sup-
port was only found for a clade with Cercospora spp. (93/
100), and a few single-taxon clades (S. castaneicola, M. popu-
licola, M. latebrosa, M. pyri, M. brassicicola, M. musae, M.
fijiensis). Also well-supported were the clade of M. gramini-
cola and S. passerinii (100/100), and a clade comprising all
taxa with Ramularia anamorphs, including M. punctiformis,
the type species of the genus Mycosphaerella (100/100).

The strains of S. erigerontis (CBS 109094) and S. schnab-
liana (CBS 186.93) from Erigeron annuus had identical ITS
sequences and are probably conspecific. The sequence of S.
helianthicola (CBS 122.81) differs by only a single base po-
sition from that of S. scabiosicola strains isolated from Suc-
cissa pratensis and Knautia arvensis (Dipsacaceae). Other
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Tab. 1: GenBank accession numbers of ITS sequences and other data of the strains of Septoria spp. pathogenic to Astera-

ceae used in this study.

GenBank Taxon Host Origin

AY489274 Septoria astericola Ellis & Everh. Aster canus CBS 347.58; Germany
AY489275 S. atropurpurea Peck A. canus CBS 348.58, Germany
AY 152566 S. calendulae Bernaux Calendula arvensis CBS 349.58; ltaly
AY489273 S. erigerontis Peck Erigeron annuus CBS 109094; Austria

AY 152569 S. gerberae Syd. & P. Syd. Gerbera jamesonii CBS 410.61; ltaly
AY489281 S. helianthi Ellis & Kellerm. Helianthus annuus CBS 123.81; Yugoslavia
AY489270 S. helianthicola Cooke & Harkn. H. annuus CBS 122.81; Yugoslavia
AY489282 S. lactucae Pass. Lactuca sativa CBS 352.58; Germany
AY489278 S. leucanthemi Sacc. & Speg. Chrysanthemum maximum CBS 353.58; Germany
AY489277 S. leucanthemi Sacc. & Speg. C. leucanthemum CBS 109090; Austria
AY489285 S. obesa Syd. C. indicum CBS 354.58; Germany
AY489276 S. schnabliana (Allescher) Died. Erigeron annuus CBS 186.93; country unknown
AY489272 S. senecionis Westend. Senecio fluviatilis CBS 102366; Netherlands
AY489279 S. senecionis Westend. S. fluviatilis CBS 102381; Netherlands
AY489271 S. senecionis Westend. S. nemorensis subsp. fuchsii CBS 109087; Austria
AY489284 S. socia Pass. Chrysanthemum indicum CBS 357.58; Germany
AY489280 S. taraxaci Hollés Taraxacum sp. CBS 567.75; Armenia

strains having identical sequences are those of S. astericola
(CBS 347.58) and S. atropurpurea (CBS 348.58), and these
differ only by a single position from the strain of S. calendu-
lae (CBS 349.58). Septoria socia appears relatively distant
from most other Septoria from Asteraceae, as it differs, for
example, in 26 positions from S. erigerontis, and 16 positions
from S. obesa. It clustered with several Mycosphaerella spp.
with Septoria anamorphs, viz. M. latebrosa (anam. S. aceris)
and M. populicola (S. populicola), albeit with low bootstrap
support.

Discussion

The results of the ITS sequence analyses indicate that the Sep-
toria species from Asteraceae are all closely related, and share
an evolutionary history within the Mycosphaerellaceae. Sep-
toria socia is relatively distant from the other Septoria on
Asteraceae, and the ITS sequence data suggest that it is more
closely related to the maple pathogen S. aceris (tel. M. late-
brosa) and poplar pathogen S. populicola (tel. M. populicola)
of the section Longispora M. E. Barr of the genus M-
cosphaerella. KUUPER & APTROOT (2002), who revised this
section, placed M. populicola under ‘probable synonyms’ of
M. latebrosa, based on microscopic examination of the type
specimens. However, the morphology of the Septoria ana-
morphs and ITS sequences show that they are separate species.
No teleomorphs are currently known for the Septoria species
occurring on Asteraceae. If teleomorphs exist that can be con-
nected with these species, they are predicted to have the Myco-
sphaerella phenotype.

JORSTAD (1965) considered Septoria obesa and S. leu-
canthemi to be conspecific, as both have similar conidial mor-
phologies and occur on several Chrysanthemum spp. Jorstad
studied fresh material and herbarium specimens and observed
that morphological variation in Septoria spp. was in part host-
determined. PUNITHALINGAM (1967 ¢, d), however, considered
Septoria obesa and S. leucanthemi to be distinct species, not-
ing that the conidia of S. obesa are consistently wider than
those of S. leucanthemi. Differences in the ITS sequences
(eight positions) also indicate that they are distinct species.
This is further supported by differences in host ranges: S. obe-
sa is restricted to various species of Chrysanthemum, while S.
leucanthemi is also capable of infecting Tagetes, Achillea,
Centaurea and Helianthus (WADDELL & WEBER 1963, PUNI-
THALINGAM 1967 ¢, d). Septoria obesa also shows morpho-
logical similarities with the sunflower pathogen, S. helianthi,
since the conidia are morphologically similar (S. helianthi
50-85 x 23 pm; S. obesa 50-90 x 2.5-3.5 um). However,
conidia in S. obesa form 5-11 septa, while those of S. helianthi
seldomly form more than five. The ITS sequences differ by
more than 20 base positions, which indicates that S. obesa and
S. helianthi are relatively distant.

At present it is difficult to determine the significance of
the ITS variation observed within Septoria morphospecies.
For example, M. populicola and M. fragariae show infraspe-
cific variation in ITS, whereas no infraspecific variation has
been recorded so far in M. brassicicola, M. latebrosa, and S.
apiicola. The ITS sequences of two strains of S. leucanthemi
differed by a single base, which could be correlated with their
different origins, one being from C. maximum in Germany,
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Fig. 1: Majority consensus tree of 2724 MPT’s of 474 steps (CI = 0.508, RI = 0.849, RCI = 0.432, HI = 0.492), obtained in
PAUP using a heuristic search of the ITS region of nuclear IDNA, using 153 parsimony-informative characters. Numbers above
the branches are branch frequencies. Numbers below the branches are bootstrap values obtained from 1000 replications and
rounded to the nearest integer, shown only for branches supported by more than 50 %. Names of taxa from Asteraceae are shown
in bold, and the host genus is also indicated. Species are presented by teleomorph name, if known (anamorph names are given
in Tab. 2). Davidiella tassiana was used as outgroup taxon.
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Fig. 2: Neighbor joining tree derived from 197 parsimony-informative and autapomorphic characters of the ITS region of
nuclear rDNA, calculated in PAUP without pairwise corrections. Numbers below branches are bootstrap values obtained from
1000 replications and rounded to the nearest integer, shown only for branches supported by more than 50 %. Length of branches
is proportional to number of changes. Species are presented by teleomorph name, if known (anamorph names are given in Tab. 2).

Sequence of Davidiella tassiana was used as outgroup to root the tree.
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and the other from wild montane C. leucanthemum in an
alpine meadow in Austria at 1400 m elevation. Two strains of
S. senecionis, both of which were isolated from Senecio flu-
viatilis in the same river-bank forest in the Netherlands,
showed difference in two base positions. A third S. senecionis
strain, originating from S. nemorensis subsp. ficchsii in a mon-
tane forest in Austria, differed even by five positions from the
other two. In contrast, the anamorphs were all morphologi-
cally indistinguishable and the Austrian isolate only differed
slightly from the Dutch isolates in colony pigmentation.

Septoria helianthicola CBS 122.81 and S. scabiosicola
had almost identical ITS sequences (one C insertion in S. /e-
lianthicola), indicating that this region sometimes may not
even be sufficiently variable to distinguish species. The strains
of S. astericola, S. calendulae, S. taraxaci, S. atropurpurea,
S. erigerontis, which have highly similar ITS sequences, and
also S. gerberae, S. senecionis and S. leucanthemi, were found
to be very closely related to S. helianthicola. We also ran ana-
lyses which included partial sequences of S. chrysanthemella
(CBS 483.63 and 354.73). These analyses indicated that S.
chrysanthemella also grouped among these Septoria species.
Because ITS1 and ITS 2 sequences of the S. chrysanthemella
strains were incomplete, they were excluded from the analyses
presented here. These Septoria species are very difficult to
discriminate morphologically in planta, as they all have rela-
tively narrow and pointed conidia with largely overlapping
length ranges. In culture they typically grow relatively slowly
and produce brightly red or yellowish diffusable pigments. In
practice it is impossible to name such Sepforia spp. when the
host remains unidentified.

Species with Septoria anamorphs are scattered amongst
taxa with hyphomycetous anamorphs. The only exception is
the clade of S. passerinii and S. tritici, which obtained maxi-
mum bootstrap support in parsimony as well as neigbor join-
ing analysis, as was also the case in earlier work (VERKLEY et
al. 2004). Septoria is not monophyletic within Mycosphae-
rella, and conidiomatal structure seems to have little predic-
tive value for phylogenetic relatedness. In the neigbor joining
tree, S. lactucae and S. obesa occupied a basal position in a
major clade comprising most other Septoria spp. on Astera-
ceae, and other Septoria as well as Cercospora spp. from
other host plant families. This major clade is insufficiently
supported, and more taxa and genes need to be analyzed be-
fore any firm conlusions can be drawn. It is, nevertheless, in-
teresting to further investigate the possible role of species on
Asteraceae in the evolution of Sepforia and Cercospora on
various host plant families. In the present study, Ramularia
and Cercospora both formed well-supported clades, but for
the latter this is almost certainly due to the limited sampling
in this study (GOODWIN, DUNKLE & ZISMANN 2001).

The information presented here can contribute to a better
understanding of the evolution of Sepforia pathogens of Astera-
ceae. The relationships between Septoria on wild plants and
pathogens invading nurseries are still poorly understood. It is
hoped that the information obtained in this study will ulti-
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mately lead to improved control of the disease of Chrysan-
themum and other ornamentals.
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