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Fig. 22. Phyllosticta spinarum (CBS 292.90). A, B. Colony sporulating on SNA. C, D. Conidiogenous cells giving rise to conidia. E, F. Conidia. Scale bars = 10 ym.

pycnidial wall of several layers of textura angularis, up to 25 ym
thick; inner wall of hyaline textura angularis. Ostiole central, up
to 20 pym diam. Conidiophores subcylindrical to ampulliform,
reduced to conidiogenous cells, or with 1 supporting cell, that
can be branched at the base, 10-20 x 3-5 um. Conidiogenous
cells terminal, subcylindrical, hyaline, smooth, coated in a mucoid
layer, 8-15 x 3—4 um; proliferating several times percurrently near
apex. Conidia (9-)10-12(-13) x (6-)7(-8) pm, solitary, hyaline,
aseptate, thin and smooth walled, granular, with a single large
central guttule, ellipsoid to obovoid, tapering towards a narrow
truncate base, 3-4 um diam, enclosed in a thin persistent mucoid
sheath, 0.5-1 pm thick, and bearing a hyaline, apical mucoid
appendage, 7-25 x (1.5-)2 pm, flexible, unbranched, tapering
towards an acutely rounded tip.

Culture characteristics: Colonies flat, spreading with sparse aerial
mycelium and feathery, lobate margins, reaching 15 mm diam after
2wk at25°C. On OA surface iron-grey. On PDA surface and reverse
iron-grey. On MEA surface pale olivaceous-grey to olivaceous-grey,
reverse olivaceous-grey.

Specimen examined: USA, on living leaf of Vaccinium macrocarpum, Mariusz
Tadych, (holotype CBS H-21399, ex-type culture CPC 18590 = CBS 136062).

Notes: A recent study published by Zhang et al. (2013) revealed
P. vaccinii (ex-epitype ATCC 46255) to be distinct from Guignardia
vaccinii (ex-holotype CBS 126.22), and also revealed that several
undescribed Phyllosticta spp. are associated with Vaccinium, one
of which is described here as P, vacciniicola. The correct name for

Fig. 23. Phyllosticta vacciniicola (CPC 18590). A. Colony sporulating on OA. B-D. Conidiogenous cells giving rise to conidia. E, F. Conidia. Scale bars = 10 um.
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G. vaccinii should thus be that of its asexual morph P. elongata, in
accordance with Weidemann et al. (1982).

Phyllosticta sp.

Specimen examined: Spain, on living leaf of Eucalyptus globulus, 4 Jan. 2004, M.J.
Wingfield, culture CPC 11336.

Notes: Two species of Phyllosticta are known from Eucalyptus. Van
der Aa & Vanev (2002) treated P, eucalyptorum (on E. grandis from
Brazil, conidia (7.5-)11-20 x (5-6(-6.5) ym; Crous et al. 1993) as
synonymous with P. eucalyptina (on E. globulus, Tunisia, conidia
18-20 x 5-6 pm). No cultures of P. eucalyptina are available, and
P. eucalyptorum was considered a synonym of P. capitalensis (Fig.
1). Although the present collection appears to represent a novel
species, it is not treated further as the cultures proved to be sterile.

Phyllosticta sp.

Specimens examined: Brazil, Sdo Paulo, Pompeia, on living leaf of Mangifera
indica, 14 May 2007, C. Glienke & D. Stringari CPC 17454; ibid., CPC 17455.

Notes: Although phylogenetically distinct (Fig. 2), both cultures of
this species proved to be sterile, and thus are not treated further.

DISCUSSION

The resurrection of the Phyllostictaceae, and its separation from
the Botryosphaeriaceae is justified based on morphology and DNA
phylogeny (Crous et al. 2006, Liu et al. 2012, Slippers et al. 2013,
this volume). Phyllosticta is a well-established genus, distinct from
genera in the Phoma complex (Aveskamp et al. 2010, de Gruyter
et al. 2009, 2012, 2013), while the Bofryosphaeria complex has
also been shown to represent numerous genera (Crous et al. 2006,
Phillips et al. 2008, Liu et al. 2012), and even families (Slippers et
al. 2013, this volume).

Traditionally species of Phyllosticta have been chiefly identified
by their host association. Several recent papers have shown that
many traditional morphological species represent complexes of
species, .. P, citricarpa on citrus, P musarum on banana (Glienke
etal. 2011, Wang et al. 2012), and P, elongata on Vaccinium (Zhang
etal. 2013).

Freckle disease of banana was usually referred to in literature
under its sexual name, Guignardia musae, or that of its purported
asexual morph, Phyllosticta musarum. By employing multigene
DNA analysis combined with a morphological comparison,
Wong et al. (2012) demonstrated that these two names were not
conspecific, and that the the common species occurring on banana
cultivar Cavendish was in fact a novel taxon, which they described
as P cavendishii. The commonly occurring species in Southeast
Asia and Oceania on non-Cavendish bananas was in fact another
taxon, P maculata. A third species on bananas, P. musarum
was confirmed from India and Thailand. The most recent studies
focusing on the taxonomy of Phyllosticta species associated with
citrus black spot is that of Glienke et al. (2011) and Wang et al.
(2012). Surprisingly, several species of Phyllosticta were shown to
cause these symptoms on Citrus, although there was a difference
in their host range and preference. The citrus black spot pathogen
which is presently subjected to phytosanitary legislation in the
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EU and United States, P. citricarpa, was isolated from lemons,
mandarins and oranges in China, although Wang et al. (2012)
did define two subclades, one from mandarins, and another from
oranges and lemons. Phyllosticta citriasiana was newly described
on Citrus maxima in Asia by Wulandari et al. (2009), while Glienke
et al. (2011) described P. citribraziliensis on Citrus limon from
Brazil. Wang et al. (2012) also described P. citrichinaensis on C.
maxima and C. reticulata from China. The present study adds
yet a fifth species to this complex, namely P citrimaxima, which
is associated with tan spots on the fruit rind of Citrus maxima in
Thailand. When considering that P. capitalensis can still co-occur
as an endophyte in fruit or leaf lesions caused by these five species
(Wikee et al. 2013), it is clear that these taxa are best distinguished
by DNA sequence data. This has important biosecurity implications
for the Citrus industries in many countries.

Guignardia philoprina (asexual morph P. concentrica) has been
known as the taxon occurring on hosts such as Rhododendron,
Hedera, llex, Magnolia, and Taxus (von Arx & Mller 1954). Not
surprisingly, this turned out to represent a species complex, with
numerous names available for consideration under the sexual
and asexual morph. Although some of these names have been
resurrected and applied in the present study, e.g. P. concentrica
on Hedera helix, P. foliorum on Taxus, and P. philoprina on llex,
many taxa still need to be recollected to resolve their phylogeny
and correct taxonomy.

One aim of the present paper was to employ multigene DNA
sequence analysis to discriminate among all species of Phyllosticta
that were available to us from the CBS culture collection,
supplemented by our own working collections, which resulted in
a total of 160 strains. In addition to dealing with old synonymies
that represented names that had to be resurrected, a further
challenge has been to also merge Phyillosticta and Guignardia
epithets, to obtain the best possible unit nomenclature for these
species (Wingfield et al. 2012). In the present study we described
12 novel species, and designated a further eight epitype or neotype
specimens. From the results obtained here, it is clear that in the
case of epitypification, epitypes need to be designated based on
the same host, recollected in the same geographic region (see
Cannon et al. 2012). This is extremely difficult, as American names
are commonly used for European of Asian taxa, and also vice versa
(see the same situation in Cercospora and Pseudocercospora;
Crous et al. 2013, Groenewald et al. 2013). In these cases the
application of names to collections from other countries that appear
morphologically similar, can at best be regarded as tentative,
pending further collections.

Results obtained here clearly show that a multi-gene approach
works well for distinguishing these taxa. In this study the intron
dominated genes (ITS, ACT, TEF), and highly conserved gene
coding regions (LSU, GPDH) were used. The result from the five
gene analysis compared with the two gene analysis were similar
(Figs 1, 2), indicating that the phylogeny of Phyllosticta derived
from the ITS and ACT gene loci is sufficiently robust to distinguish
most taxa, except those closely related to P capitalensis. The
biggest challenge ahead is to recollect specimens representative
of the more than 3 000 names that exist in this complex.

ACKNOWLEDGEMENTS

We thank the technical staff, Arien van Iperen (cultures), and Marjan Vermaas
(photographic plates) for their invaluable assistance. This study was financially
supported by the Thailand Research Fund through the Royal Golden Jubilee Ph.D.

27



WIKEE ET AL.

Program (Grant No. PHD/0198/2552) to S. Wikee and Kevin D. Hyde. The National
Research Council of Thailand is thanked for the award of grant No 55201020002 to
study the genus Phyllosticta in Thailand. The Japanese studies were supported by
JSPS KAKENHI (24780149 & 23780168).

REFERENCES

Aa HA van der (1973). Studies in Phyllosticta |. Studies in Mycology 5: 1-110.

Aa HA van der, Vanev S (2002). A revision of the species described in Phyllosticta.
Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands.

Allescher A (1898). Rabenhorst's Kryptogamen-flora, Pilze - Fungi imperfecti. E.
Kummer, Leipzig, Germany.

Arx JA von, Miller E (1954). Die Gattungen der amerosporen Pyrenomyceten.
Beitrdge zur Kryptogamenflora der Schweiz XI(1): 1-434.

Aveskamp M, Gruyter J de, Woudenberg J, Verkley GJM, Crous PW (2010).
Highlights of the Didymellaceae: a polyphasic approach to characterise Phoma
and related pleosporalean genera. Studies in Mycology 65: 1-60.

Baayen R, Bonants P, Verkley GJM, Carroll G, Aa H van der, et al. (2002).
Nonpathogenic isolates of the citrus black spot fungus, Guignardia citricarpa,
identified as a cosmopolitan endophyte of woody plants, G. mangiferae
(Phyllosticta capitalensis). Phytopathology 92: 464—-477.

Barr ME (1970). Some amerosporous ascomycetes on Ericaceae and Empetraceae.
Mycologia 62: 377-394.

Barr ME (1972). Preliminary studies on the Dothideales in temperate North America.
Contributions from the University of Michigan Herbarium 9: 523-638.

Bissett J (1986). Discochora yuccae sp. nov. with Phyllosticta and Leptodothiorella
synanamorphs. Canadian Journal of Botany 64: 1720-1726.

Bissett J, Darbyshire SJ (1984). Phyllosticta minima. Fungi Canadenses: 277.
National Mycological Herbarium, Biosystematics Research Institute, Agriculture
Canada, Ottawa, Canada.

Bissett J, Palm ME (1989). Species of Phyllosticta on conifers. Canadian Journal of
Botany 67: 2278-2285.

Cannon PF, Damm U, Johnston PR, Weir BS (2012). Colletotrichum - current status
and future directions. Studies in Mycology 73: 181-213.

Carbone |, Kohn LM (1999). A method for designing primer sets for speciation
studies in filamentous ascomycetes. Mycologia 91: 553-556.

Chomnunti P, Schoch CL, Aguirre-Hudson B, Ko-Ko TW, Hongsanan S, et al. (2011).
Capnodiaceae. Fungal Diversity 51: 103-134.

Crous PW, Braun U, Hunter GC, Wingfield MJ, Verkley GJM, et al. (2013).
Phylogenetic lineages in Pseudocercospora. Studies in Mycology 75: 37-114.

Crous PW, Gams W, Stalpers JA, Robert V, Stegehuis G (2004). MycoBank: an
online initiative to launch mycology into the 21st century. Studies in Mycology
50: 19-22.

Crous PW, Groenewald JZ (2005). Hosts, species and genotypes: opinions versus
data. Australasian Plant Pathology 34: 463-470.

Crous PW, Seifert KA, Castafieda-Ruiz RF (1996). Microfungi associated with
Podocarpus leaf litter in South Africa. South African Journal of Botany 62:
89-98.

Crous PW, Slippers B, Wingfield MJ, Rheeder J, Marasas WFO, et al. (2006).
Phylogenetic lineages in the Botryosphaeriaceae. Studies in Mycology 55:
235-253

Crous PW, Summerell BA, Shivas RG, Burgess Tl, Decock CA, et al. (2012). Fungal
planet description sheets: 107-127. Persoonia 28: 138-182.

Crous PW, Verkley GJM, Groenewald JZ, Samson RA (eds) (2009). Fungal
Biodiversity. CBS Laboratory Manual Series 1: 1-269. Centraalbureau voor
Schimmelcultures, Utrecht, Netherlands.

Crous PW, Wingfield MJ, Ferreira FA, Alfenas A (1993). Mycosphaerella parkii and
Phyllosticta eucalyptorum, two new species from Eucalyptus leaves in Brazil.
Mycological Research 97: 582-584.

Donk MA (1968). Report of the committee for Fungi and Lichen 1964-1968. Taxon
17. 578-581.

Fries EM (1849). Summa vegetabilium Scandinaviae. Typographis Academica,
Uppsala.

Glienke C, Pereira O, Stringari D, Fabris J, Kava-Cordeiro V, et al. (2011). Endophytic
and pathogenic Phyllosticta species, with reference to those associated with
Citrus Black Spot. Persoonia 26: 47-56.

Groenewald JZ, Nakashima C, Nishikawa J, Shin H-D, Park J-H, et al. (2013).
Species concepts in Cercospora: spotting the weeds among the roses. Studies
in Mycology 75: 115-170.

Grove WB (1935). British stem-and leaf-fungi (Coelomycetes) 1. University Press,
Cambridge, England.

Gruyter J de, Aveskamp MM, Woudenberg JHC, Verkley GJM, Groenewald JZ,
Crous PW (2009). Molecular phylogeny of Phoma and allied anamorph genera:
Towards a reclassification of the Phoma complex. Mycological Research 113:
508-519.

28

Gruyter J de, Woudenberg JH, Aveskamp MM, Verkley GJM, Groenewald JZ, Crous
PW (2010). Systematic reappraisal of species in Phoma section Paraphoma,
Pyrenochaeta and Pleurophoma. Mycologia 102: 1066-1081.

Gruyter J de, Woudenberg JH, Aveskamp MM, Verkley GJM, Groenewald JZ, Crous
PW (2013). Redisposition of phoma-like anamorphs in Pleosporales. Studies
in Mycology 75: 1-36.

Guerber JC, Liu B, Correll JC, Johnston PR (2003). Characterization of diversity
in Colletotrichum acutatum sensu lato by sequence analysis of two gene
introns, mtDNA and intron RFLPs, and mating compatibility. Mycologia 95:
872-895.

Hawksworth DL, Crous PW, Redhead SA, Reynolds DR, Samson RA, et al.
(2011). The Amsterdam declaration on fungal nomenclature. IMA Fungus 2:
105-112.

Hawksworth DL, David JC (1989). Family Names: Index of Fungi Supplement.
Wallingford: CAB International.

Hoog GS de, Gerrits van den Ende AHG (1998). Molecular diagnostics of clinical
strains of filamentous Basidiomycetes. Mycoses 41:183-189.

Hillis DM, Bull JJ (1993). An empirical test of bootstrapping as a method for assessing
confidence in phylogenetic analysis. Systematic Biology 42: 182—192.

Hyde KD, Chomnunti P, Crous PW, Groenewald JZ, Damm U, et al. (2010). A case
for re-inventory of Australia’s plant pathogens. Persoonia 25: 50-60.

Liu JK, Phookamsak R, Doilom M, Wikee S, Li YM, Ariyawansha H, et al. (2012).
Towards a natural classification of Botryosphaeriales. Fungal Diversity 57:
149-210.

Moncalvo JM, Wang HH, Hseu RS (1995). Phylogenetic relationships in Ganoderma
inferred from the internal transcribed spacer and 25S ribosomal DNA
sequences. Mycologia 87: 223-238.

Motohashi K, Inaba S, Anzai K, Takamatsu S, Nakashima C (2009). Phylogenetic
analyses of Japanese species of Phyllosticta sensu stricto. Mycoscience 50:
291-302.

Myllys L, Stenroos S, Thell A (2002). New genes for phylogenetic studies of
lichenized fungi: glyceraldehyde-3-phosphate dehydrogenase and beta-tubulin
genes. Lichenologist 34: 237-246.

Nag Raj TR, Morelet M (1979). Observations on Mucosetospora (Coelomycetes).
Canadian Journal of Botany 57: 1295-1297.

O’Donnell K, Kistler HC, Cigelnik E, Ploetz RC (1998). Multiple evolutionary origins
of the fungus causing Panama disease of banana: concordant evidence from
nuclear and mitochondrial gene genealogies. Proceedings of the National
Academy of Sciences of the USA 98: 2044-2049.

Persoon CH (1818). Traité sur les champignons comestibles, contenant I'indication
des espéces nuisibles; a I'histoire des champignons. Belin-Leprieur, Paris,
France.

Petrak F (1957). Uber die Gattungen Guignardia Viala & Ravaz und Discosphaerina
v. Hohnel. Sydowia 11: 435-445.

Petrak F, Sydow H (1927). Die Gattungen der Pyrenomyzeten, Sphaeropsideen
und Melanconieen. |. Der phaeosporen Sphaeropsideen und die Gattung
Macrophoma. Feddes Repertorium Speciarum Novarum Regni Vegetabilum,
Beihefte 42: 1-551.

Phillips AJL, Alves A, Pennycook SR, Johnston PR, Ramaley A, et al. (2008).
Resolving the phylogenetic and taxonomic status of dark-spored teleomorph
genera in the Botryosphaeriaceae. Persoonia 21: 29-55.

Pu J, Xie Y, Zhang X, Qi Y, Zhang C, Liu X (2008). Preinfection behaviour of
Phyllosticta musarum on banana leaves. Australasian Plant Pathology 37:
60-64.

Punithalingam E (1974). Studies on Spheropsidales in culture Il. Mycological
Papers 136: 1-63.

Rayner RW (1970). A mycological colour chart. CMI and British Mycological Society,
Kew, Surrey, England.

Schoch CL, Shoemaker RA, Seifert KA, Hambleton S, Spatafora JW, Crous PW
(2006). A multigene phylogeny of the Dothideomycetes using four nuclear loci.
Mycologia 98: 1041-1052.

Seaver FJ (1922). Phyllostictaceae. North American Flora 6: 3-84.

Slippers B, Boissin E, Phillips AJ, Groenewald JZ, Wingfield MJ, et al. (2013).
Phylogenetic lineages in the Botryosphaeriales: A systematic and evolutionary
framework. Studies in Mycology 76: 31-49.

Smith H, Wingfield MJ, Crous PW, Coutinho TA (1996). Sphaeropsis sapinea and
Botryosphaeria dothidea endophytic in Pinus spp. and Eucalyptus spp. in
South Africa. South African Journal of Botany 62: 86-88.

Su YY, Cai L (2012). Polyphasic characterisation of three new Phyllosticta spp.
Persoonia 28: 76-84.

Sultan A, Johnston PR, Park D, Robertson AW (2011). Two new pathogenic
ascomycetes in Guignardia and Rosenscheldiella on New Zealand’s pygmy
mistletoes (Korthalsella: Viscaceae). Studies in Mycology 68: 237-247.

Swofford DL (2003). PAUP*. Phylogenetic Analysis Using Parsimony (*and Other
Methods). Version 4. Sinauer Associates, Sunderland, Massachusetts.

Takeuchi J, Horie H (1998). First occurrence of leaf spot of Nandina and Japanese
spurge caused by Phyllosticta sp. in Japan (in Japanese). Proceedings of the



A PHYLOGENETIC RE-EVALUATION OF PHYLLOSTICTA (BOTRYOSPHAERIALES)

Kanto-Tosan Plant Protection Society 45: 143-145.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011). MEGAS:
Molecular Evolutionary Genetics Analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Molecular Biology
and Evolution 28: 2731-2739.

Viala P, Ravaz L (1892). Sur la dénomination botanique (Guignardia bidwellii) du
black-rot. Bulletin de la Société Mycologique de France 8: 63.

Vilgalys R, Hester M (1990). Rapid genetic identification and mapping of
enzymatically amplified ribosomal DNA from several Cryptococcus species.
Journal of Bacteriology 172: 4238-4246.

Wang X, Chen G, Huang F, Zhang J, Hyde KD, Li H (2012). Phyllosticta species
associated with citrus diseases in China. Fungal Diversity 52: 209-224.

Wehmeyer LE (1946). Studies on some fungi from north-western Wyoming. II. Fungi
Imperfecti. Mycologia 38: 206-330.

Weidemann G, Boone D, Burdsall H Jr (1982). Taxonomy of Phyllosticta vaccinii
(Coelomycetes) and a new name for the true anamorph of Botryosphaeria
vaccinii (Dothideales, Dothioraceae). Mycologia 74: 59-65.

White TJ, Bruns T, Lee S, Taylor J (1990). Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics. In: PCR Protocols: a guide to
methods and applications (Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds).
Academic Press, San Diego, California: 315-322.

Wicht B, Petrini O, Jermini M, Gessler C, Broggini GAL (2012). Molecular, proteomic
and morphological characterization of the ascomycete Guignardia bidwellii,

3% www.studiesinmycology.org

agent of grape black rot: a polyphasic approach to fungal identification.
Mycologia 104: 1036-1045.

Wikee S, Lombard L, Crous PW, Nakashima C, Motohashi K, et al. (2013).
Phyllosticta capitalensis, a widespread endophyte of plants. Fungal Diversity
60: 91-105.

Wikee S, Udayanga D, Crous PW, Chukeatirote E, McKenzie EHC, et al. (2011).
Phyllosticta — an overview of current status of species recognition. Fungal
Diversity 51: 43-61.

Wingfield MJ, De Beer ZW, Slippers B, Wingfield BD, Groenewald JZ, et al. (2012).
One fungus, one name promotes progressive plant pathology. Molecular Plant
Pathology 13: 604-613.

Wong MH, Crous PW, Henderson J, Groenewald JZ, Drenth A (2012). Phyllosticta
species associated with freckle disease of banana. Fungal Diversity 56: 173—
187.

Wulandari N, To-Anun C, Hyde KD, Duong L, Gruyter J de, et al. (2009). Phyllosticta
citriasiana sp. nov., the cause of Citrus tan spot of Citrus maxima in Asia.
Fungal Diversity 34: 23-39

Zhang K, Zhang N, Cai L (2013). Typification and phylogenetic study of Phyllosticta
ampelicida and P. vaccinii. Mycologia 105: 1030-1042.

Zhang Y, Crous PW, Schoch CL, Hyde KD (2012). Pleosporales. Fungal Diversity
53:1-221.

29



