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SUMMARY

The robust and reliable identification of fungi underpins virtually
every element of plant pathology, from disease diagnosis to studies
of biology, management/control, quarantine and, even more
recently, comparative genomics. Most plant diseases are caused by
fungi, typically pleomorphic organisms, for which the taxonomy
and, in particular, a dual nomenclature system have frustrated and
confused practitioners of plant pathology. The emergence of DNA
sequencing has revealed cryptic taxa and revolutionized our under-
standing of relationships in the fungi. The impacts on plant pathol-
ogy at every level are already immense and will continue to grow
rapidly as new DNA sequencing technologies continue to emerge.
DNA sequence comparisons, used to resolve a dual nomenclature
problem for the first time only 19 years ago, have made it possible
to approach a natural classification for the fungi and to abandon
the confusing dual nomenclature system. The journey to a one
fungus, one name taxonomic reality has been long and arduous, but
its time has come. This will inevitably have a positive impact on
plant pathology, plant pathologists and future students of this
hugely important discipline on which the world depends for food
security and plant health in general. This contemporary review
highlights the problems of a dual nomenclature, especially its
impact on plant pathogenic fungi, and charts the road to a one
fungus, one name system that is rapidly drawing near.

INTRODUCTION

The responsible and accurate diagnosis of plant diseases is fun-
damental to the implementation of effective management strate-
gies. This process includes the isolation of a putative pathogen,
accurate identification and, subsequently, proof of pathogenicity
via the testing of Koch’s postulates. Although these steps are
essentially relatively simple, they are also fraught with complica-
tions. The effective isolation of putative pathogens is often difficult
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and sometimes requires long periods of trial and error before
success is achieved. The testing of Koch's postulates, although on
the surface appears to be simple, can be extremely difficult. Some-
times it is not possible, at least in a manner that appropriately
reflects natural ecological situations. Although the above two
steps in disease diagnosis harbour problems, it is the identification
of putative pathogens that can be most complicated. For the fungi,
this is a particularly pertinent issue and one that is currently the
subject of substantial debate.

It is an interesting fact that most plant diseases are caused by
ascomycete fungi. The taxonomy of these organisms has been
problematic ever since they were first recognized. One of the most
difficult elements of fungal taxonomy with which plant patholo-
gists have had to contend is pleomorphism in fungal pathogens.
This pleomorphism arises from the fact that many ascomy-
cete fungi occur in either their sexual (teleomorph) or asexual
(anamorph) states alone, or in combination. To complicate this
situation further, some fungi have more than one asexual morph
(synanamorph) and these are often linked to unique ecological
niches. This unusual situation has complicated the taxonomy of
ascomycetes since the mid-19th century; it has also confused plant
pathologists and confounded plant disease diagnosis.

DUAL NOMENCLATURE

Pleomorphism is encountered in many of the most important
ascomycete plant pathogens. The most obvious manifestation is
found when fungi have both sexual (teleomorph) and asexual
(anamorph) states. Common examples (Fig. 1) include species of
Calonectria with Cylindrocladium asexual states, Gibberella with
Fusarium asexual states, Ceratocystis with Thielaviopsis asexual
states, Grosmannia with Leptographium asexual states, and Botry-
osphaeriaceae, Mycosphaerellaceae and Teratosphaeriaceae with
large numbers of very distinct asexual states, to name just a few. For
most of these fungi, the asexual states are the most commonly
found and typically represent the morphs that produce repeating
cycles of infective spores that give rise to plant disease epidemics.
Sexual states for many pleomorphic ascomycete plant pathogens
are very seldom encountered and represent the more durable
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Fig. 1 Symptoms of diseases caused by fungi belonging to the groups illustrated in the phylogenetic trees (Fig. 2) and where a single genus name (alternatives in
parentheses) will simplify many aspects of dealing with them. (A) Diaporthe rhusicola (Phomopsis) leaf spot on Rhus pendulina. (B) Leaf disease caused by
Teratosphaeria (Kirramyces) cryptica on Eucalyptus sp. (C) Ramularia lamii (Mycosphaerella) leaf spot on Leonotus leonurus. (D) Black pod rot on peanut caused by
Calonectria illicicola (Cylindrocladium). (E) Streaked discoloration of Platanus wood caused by Ceratocystis platani (Thielaviopsis). (F) Neofusicoccum protearum
(Botryosphaeria) canker on Protea sp.

overwintering forms that often initiate new infections in new
rotations (e.g. apple scab caused by Venturia inaequalis, anamorph
Fusicladium pomi, synanamorph Spilocaea pomi) (Schubert et al.,
2003).

The existence of very different morphological forms of many
commonly encountered ascomycete plant pathogens has pre-
sented a long-standing and complicated challenge for fungal tax-
onomists. It has commonly confused and often irritated plant
pathologists. A solution to this problem was presented by promot-
ing a dual system of fungal nomenclature, promulgated by Sacca-
rdo (1904), who recommended both sexual (Fungi Perfecti)
and asexual (Fungi Imperfecti) names for fungi. (Correction added
after online publication 6 Dec 2011: In the preceding sentence,
the terms ‘sexual’ and ‘asexual’ were corrected.) This approach
was considered by the International Botanical Congress (IBC)
in Vienna, Austria (Briquet, 1905), and captured in Article 49
(precursor of the current Article 59) of the International Code of
Botanical Nomenclature (ICBN) (Briquet, 1912; Hennebert, 2003;
Taylor, 2011; Weresub and Pirozynski, 1979), allowing for different
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names to be applied to different morphs of the same fungus. These
morphs are often discovered separately, commonly several years
apart, and this also means that the same fungus may have not
only different generic names, but also different species’ names.
Thus, Cylindrocladium scoparium is the anamorph of Calonectria
morganii (not Calonectria scoparia, which is a different species;
Crous etal., 1993a; Schoch etal., 2000a, b), Botryosphaeria
rhodina is the teleomorph of Lasiodiplodia theobromae (Alves
et al., 2008), and Thielaviopsis ungeri is the anamorph of Cerato-
cystis coerulescens (Paulin-Mahady et al., 2002). To add stability to
this dual nomenclature, where a sexual state is clearly shown to be
connected to an asexual morph, the ICBN has dictated that priority
should accrue to the sexual morph (McNeill et al., 2006). Unfor-
tunately, since the onset of DNA sequencing in fungi in the early
1990s, many published anamorph—teleomorph connections have
been refuted. This has led to either the anamorph or teleomorph
gaining yet another name, or the anamorph/teleomorph genus
being split into several cryptic genera (Crous and Groenewald,
2005).

MOLECULAR PLANT PATHOLOGY © 2011 BSPP AND BLACKWELL PUBLISHING LTD MOLECULAR PLANT PATHOLOGY (2012) 13(6), 604-613



606 M. J. WINGFIELD et al.

Long-standing and active debate has underpinned problems
relating to pleomorphism in fungi. Perhaps the most active period
of discussion was in the late 1970s, when the famous Kananaskis
conferences were held. The first of these considered the taxonomy
of the conidial fungi (Kendrick, 1971). The focus here was on the
discovery of many previously unrecognized morphological charac-
teristics that could be used to identify conidial fungi, the asexual
forms of mostly ascomycetes. The recognition of these characters,
and patterns sometimes linking them to sexual morphs (Hughes,
1953), arose largely from the fact that electron microscopy
became readily available to mycologists (for example, Cole and
Samson, 1979). However, the many limitations of focusing particu-
larly on asexual forms of fungi to promote more accurate tax-
onomy were clear and this gave rise to the second Kananaskis
conference, in which a focus on the 'Whole Fungus’ (Kendrick,
1979) was promoted. In an attempt to accommodate this bizarrely
artificial system, a new terminology was introduced, which is still
used amongst mycologists and plant pathologists today. Here,
sexual states are referred to as teleomorphs, asexual states
as anamorphs and the whole fungus (encompassing all known
morphs) as the holomorph (Weresub and Pirozynski, 1979).

Subsequent to the second Kananaskis conference, plant
pathologists have attempted to accommodate the dual nomencla-
ture system for ascomycete plant pathogens. This has led to many
name changes for economically important plant pathogens, con-
sistent with the warning by Hawksworth and Sutton (1974) that
this would occur. For instance, Cylindrocladium parasiticum, the
causal agent of Cylindrocladium pod rot of peanut, was linked
to Calonectria ilicicola (Crous et al., 1993b), whereas Cylindrocla-
dium ilicicola was shown to be the anamorph of Calonectria lauri
(Lechat et al., 2010). The accommodation of these changes has not
always been easy. Many practitioners of plant pathology have
been confused and frustrated by having to deal with two names
for a single plant pathogen. This confusion has also frustrated
important quarantine regulations linked to import and export
requirements, where some countries list the anamorph name for
an organism, whereas others list the teleomorph. Although geneti-
cally identical, these are frequently perceived as different taxa by
quarantine officers who are not well versed with the constantly
changing anamorph—teleomorph taxonomy. Even in the Basidi-
omycota, dual nomenclature has taken its toll. A striking example
is the recent identification of an invasive new rust on Myrtaceae as
myrtle rust (Uredo rangelii) in Australia (Carnegie et al., 2010).
This raised confusion as to whether or not the much feared
Eucalyptus rust (Puccinia psidii), a serious quarantine organism,
and listed on quarantine lists in countries in which eucalypts are
cultivated (Coutinho et al., 1998; Glen et al., 2007), had been
introduced into Australia. Genetically, these names represent
the same fungus or, at least, very closely related fungi causing the
same disease, which suggests that they should be treated in a
similar fashion related to quarantine. However, they have not been

treated equally and this has caused very substantial complications
relating to the treatment of the new P. psidii sensu lato invasion in
Australia (Carnegie and Cooper, 2011).

For a period of time, it became relatively commonplace to
provide names for fungi having more than one asexual state,
so-called synanamorphs. Because this is a relatively common
occurrence in ascomycetes, the practice had the potential to result
in a huge proliferation of fungal names. It clearly would have
added further confusion to practitioners of mycology, including
plant pathologists. The naming of synanamorphs was consequently
discouraged (Gams, 1995), although it was relevant not to lose
valuable information regarding asexual morphs that often had
important ecological value (Malloch and Cain, 1972). For example,
a single fungus might have an asexual morph with wet sticky
spores adapted to insect dispersal and dry wind-borne conidia (e.g.
the Pesotum and Sporothrix asexual states of some Ophiostoma
spp., respectively). With a dual nomenclature system, the decision
as to which of these states would justify having a name was
generally arbitrary and often the source of conflict.

In order to further reduce confusion arising from a dual
name for pleomorphic ascomycete plant pathogens, mycologists
generally agreed in 2005 not to assign asexual state names to
fungi that were known in their sexual form (McNeill et al., 2006).
Yet, this remains only a recommendation and, although it has been
taken up as part of the editorial policy by leading mycological
journals (Hawksworth, 2007a), it is still not strictly adhered to (see
Pdldmaa, 2011). Following the whole fungus approach and the
rules of the ICBN (McNeill et al., 2006), priority was always given
to the sexual state, perceived to be the more important morph.
This is despite the fact that this morph is often less commonly
observed in the case of many plant pathogens, and, as a conse-
quence, mycologists and plant pathologists have used the names
associated with the forms that they have observed in the field or
the laboratory.

THE IMPACT OF MOLECULAR BIOLOGY

Despite the complications and confusion presented by the dual
nomenclature for fungi to practitioners and, in particular, plant
disease diagnosticians, this has been the only system approved. To
be fair, taxonomic mycologists have debated this problem actively
since the mid-1970s. Such debates (often heated) and discussions
have been hosted at all International Mycological Congresses
(IMCs), including and subsequent to the second IMC in Tampa, FL,
USA in 1977.

In the early 1990s, molecular methods and, in particular, DNA
sequences, providing opportunities for phylogenetic inference,
began to have a significant impact on the taxonomy of fungi. For
example, Berbee and Taylor (1992) provided the first example
of the linking of an asexual fungus, in this case the important
human pathogen Sporothrix schenkii, to a teleomorph genus
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(Ophiostoma) on the basis of DNA sequences and phylogenetic
inference. This and many subsequent studies, including increas-
ingly robust phylogenetic information, began to substantially
question the need to perpetuate a dual nomenclature for fungi
(Reynolds and Taylor, 1992; and others).

DNA sequence data for the fungi have accumulated exponen-
tially subsequent to the initial study of Berbee and Taylor (1992).
Amongst the most important discoveries has been that many
fungal names, including important plant pathogens, previously
treated as one organism, in many cases represent large numbers
of separate taxa (Bensch et al., 2010; Crous and Groenewald,
2005). In this regard, the implications for plant pathology are
immense. Many species previously thought to cause diseases have
been shown to be different from those that are actually involved.
Just as an example, diseases of woody plants caused by Botry-
osphaeria spp. were, for many years, attributed to a small number
of taxa, notably B. dothidea and B. ribis (Slippers et al., 2004). Yet,
various phylogenetic studies have shown that the fungi associated
with these diseases represent numerous different taxa. In most
cases, phylogenetic inference has made it possible to recognize
differences, but the taxa have also been shown to be different on
the basis of morphological, ecological and other characteristics.
Some other important examples of plant pathogens that have
been affected in this way include species of Fusarium (O'Donnell
et al., 2004; 2009), Calonectria (Lombard et al., 2010a, b, ), Cera-
tocystis (van Wyk et al., 2009), Ophiostoma, Grosmannia (Zipfel
etal., 2006) and numerous taxa in the Teratosphaeriaceae and
Mycosphaerellaceae (Crous et al., 2007, 20094, b, c).

ONE FUNGUS, ONE NAME

DNA sequence comparisons have made it possible to reliably
connect asexual states of fungi to their sexual states. Some exam-
ples for important plant pathogenic genera are illustrated in Fig. 2.
Perhaps more importantly, it has become possible to connect
asexual states of fungi to teleomorph-typified generic names,
without ever having seen the sexual morphs (see, for example,
species in the Botryosphaeriaceae and Teratosphaeriaceae, Fig. 2).

In a recent treatment of diverse genera of Ascomycota with
pleomorphic life cycles, Rossman and Seifert (2011) presented five
options that might be followed when deciding on a single name
for a fungus. These included:

e strict priority irrespective of names originally typified by
anamorphic or teleomorphic elements with strict application of
priority of both generic names and species’ epithets (Grafenhan
etal., 2011; Schroers et al., 2011; Summerbell et al., 2011);

e teleomorph priority with anamorphic species’ epithets (Chaverri
etal., 2011);

e teleomorph priority with earlier anamorph species’ epithets
not considered (Hirooka et al., 2011; Mejia et al., 2011; Sultan
etal., 2011);
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o teleotypification (Réblova and Seifert, 2011); or
e single species’ names but allowing two genera per clade
(P6ldmaa, 2011).

Of these various options, the easiest to implement would be
strict priority with relation to genus and species’ epithet (Table S1,
see Supporting Information). Given this situation, Crous et al.
(2006) took the unprecedented step of describing new genera in
the Botryosphaeriaceae linked to obvious phylogenetic lineages
in the family, using the oldest available name for the lineage (strict
priority), irrespective of whether this was an asexual or sexual
state. Thus, a single name was given to each genus and this
accommodated all known morphs of the fungus. The genus Neo-
fusicoccum is used for the clade with unnamed Botryosphaeria-
like teleomorphs (Crous et al., 2006). Likewise, Damm et al. (2008)
used this approach to name an asexual Phialophora-like fungus in
the teleomorph genus Jattaea, Lombard et al. (2009, 20104, b, c)
described Cylindrocladium species using the older generic name
Calonectria, and Crous et al. (2007, 2009a, b, c) described asexual
morphs in Teratosphaeria. Similarly, this approach was used to
describe sexual Davidiella species in the older generic name
Cladosporium (Crous et al., 2011), and Phomopsis species in the
older, sexual genus Diaporthe (Crous et al., 2011). Grafenhan et al.
(2011) and Schroers et al. (2011) used the same approach in their
revisions of parts of Fusarium, Aveskamp et al. (2010) in their
treatment of Phoma, and Summerbell et al. (2011) followed this
route with Acremonium.

Although the application of a single name for a fungus as
illustrated above was contrary to the intention of Article 59, it did
not contradict the rules of the ICBN. The reason was that Article
59 was a later addition that only became operative when both
the sexual and asexual states were known. Thus, these names
are legal under the ICBN, although some mycologists have been
openly antagonistic towards their application (e.g. Gams and Jak-
litsch, 2011). The decision to apply a single name for a fungus was,
in itself, fuelled by a desperate desire for meaningful names for
genetic entities that were associated with important plant dis-
eases. Some of these could have up to four different morphs, but
for which it was felt that one name, linked to a DNA signature or
DNA barcode (or genome), would suffice. The approach of one
fungus having one name is also essential for the rapidly prolifer-
ating whole genome sequencing projects, where plant patholo-
gists must compare species representing single entities with
their closest neighbours. For instance, comparing Mycosphaerella
tritici (now Zymoseptoria; see Quaedvlieg etal., 2011) with
Mycosphaerella fijiensis (now Pseudocercospora; see Crous et al.,
2009d), is not very informative, as these are simply two genera in
the same family, not two species of the same genus.

The debate regarding dual nomenclature has increased concur-
rently with the growing mass of sequence data for fungi. Indeed,
there has been increasing support from mycologists to abandon
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Fig. 2 Phylogenetic trees for selected species of the plant pathogenic genera (following strict priority): (A) Calonectria; (B) Diaporthe; (C) Neofusicoccum; (D)
Teratosphaeria; (E) Ceratocystis; (F) Grossmania. Trees were constructed using neighbour-joining analysis with HKY85 as substitution model in PAUP version 4.0b10.
Teleomorph names in the trees are shown in blue and anamorph names in green. Basionyms are presented in either blue or green in parentheses, and GenBank
accession numbers are in black in parentheses. The single name highlighted in the right-hand column for each species presents the name that will probably be used
for the fungi following the ‘one fungus, one name" approach. Bootstrap support values are based on 1000 replicates and the scale bar indicates the number of

substitutions per site. ITS, internal transcribed spacer.

dual nomenclature and to allow only one name for each fungus
(Hawksworth, 2007b). Already, in 2005, at the 17th IBC in Vienna,
Austria, a Special Committee on the Nomenclature of Fungi with
a Pleomorphic Life Cycle was appointed with the mandate to
provide guidance on a proposal to prohibit dual nomenclature and

to review the need for Article 59. However, the committee failed to
reach a consensus and, as a body, could not make a recommen-
dation for acceptance or rejection of any particular proposal
(Redhead, 2010). Thus, the topic was again open for discussion at
one of the nomenclature sessions at the 9th IMC in Edinburgh, UK,
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Fig. 2 Continued.

in 2010, leading to an extensive debate of the matter. The results
of a questionnaire circulated among delegates confirmed that the
majority favoured a progressive move towards adopting one name
for each fungal taxon. There was also considerable support to
delete Article 59, with provision that existing names were not
retroactively invalidated (Norvell etal., 2010). The immediate
problem that arose was the fact that fungal nomenclature contin-
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ues to be governed by the ICBN and that any changes to the code
would need to be made at the 18th IBC in Melbourne, Australia, in
2011.The next opportunity for change would have been at the IBC
in Beijing, China, in 2017.

The dissent and confusion related to the dual nomenclature
system for fungi is a rising tide. This has been strongly linked to the
fact that available data regarding the identity of fungi, emerging
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through the availability of DNA sequence data, have made the
current rules largely redundant, further fuelling confusion. The
speed at which changes to the rules can be made is inconsistent
with the available knowledge. Ignoring this fact makes no sense,
and also leads to erroneous diagnoses of important plant diseases.
It is against this backdrop that a symposium was arranged under
the auspices of the International Commission on the Taxonomy of
Fungi following discussions at the IMC in Edinburgh, UK, to debate
this issue further. This symposium, ‘One Fungus: One Name', was
held at the Royal Netherlands Academy of Arts and Sciences
offices in Amsterdam, the Netherlands, during 20-21 April 2011.
The meeting included a number of presentations outlining the
current problems, and presenting potential solutions, concluding
with the 'Amsterdam Declaration on Fungal Nomenclature', pub-
lished recently (Hawksworth et al., 2011). The latter declaration
was co-authored by numerous prominent mycologists and plant
pathologists, and endorsed by a variety of other bodies, includ-
ing the governing bodies of the International Mycological Asso-
ciation and the European Mycological Association, as well as the
Nomenclature Committee for Fungi appointed by the Vienna IBC.
However, it was not unanimously supported (Gams and Jaklitsch,
2011).

Effectively, the Amsterdam Declaration recognized the desire of
mycologists to adopt one name for each fungal species, and cap-
tures the view that a unified BioCode (Greuter et al., 2011) or an
independent MycoCode needs to be considered for the fungi. The
Declaration included various other recommendations that facili-
tate a one fungus, one name taxonomy and also one that will
reduce an undue proliferation of fungus names. It did not contain
specific proposals, but rather a road-map giving the direction that
should be taken, and serving as a guide to mycologists attending
the IBC in Melbourne, Australia.

ONE FUNGUS WHICH NAME?

Although not unanimous, there has been broad support amongst
mycologists, especially those using DNA sequence data to identify
fungi, to move away from the system of dual nomenclature (con-
fusion illustrated in Fig. 2). This is especially so as DNA sequence
data and the genomes of fungi become increasingly available to
mycologists and plant pathologists who deal with fungal names.
Clearly this support, also prompted by the ‘Amsterdam Declara-
tion’, led to a momentous decision at the 18th IBC in Melbourne,
Australia, to implement several radical changes to the ICBN
(Hawksworth, 2011; McNeill et al., 2011; Norvell, 2011). The latter,
which was renamed the International Code of Nomenclature for
Algae, Fungi and Plants (ICN), proposed that, from 1 January 2013,
all nomenclatural details of fungal novelties should be registered
in a database, such as MycoBank (Crous et al., 2004), although the
repository of choice has yet to be approved by the Nomenclature
Committee for Fungi. Furthermore, as from 1 January 2012, the

electronic publication of new names will be permissible (see
Knapp et al., 2011 for details), and either English or Latin would
be acceptable for the validation of new fungal descriptions.
Perhaps, surprisingly to many, the more than 200 registered
delegates of the entire Nomenclature Section of the Congress
voted overwhelmingly to abandon the dual nomenclature system
(from 1 January 2013), thus paving the way for a new era in the
taxonomy of fungi where one name will be applied to every fungal
taxon (Hawksworth, 2011; McNeill et al., 2011; Norvell, 2011).The
International Committee for the Taxonomy of Fungi will hold a
follow-up meeting to the One Fungus: One Name symposium held
in Amsterdam in 2011 in order to set up a series of subcommittees
and guidelines to streamline the integration of names into a single
nomenclature for fungi. The choice of these names is crucially
important and will impact strongly on plant pathology and plant
pathologists.

Although the force towards the application of only one name for
a fungus became so overwhelming that it eventually became a
reality, the issue of which name to use for these fungi is somewhat
more complex. Based on the accepted recommendations, all legiti-
mate fungal names are now treated equally for the purposes of
establishing priority, essentially meaning that anamorphic genera
compete with teleomorph genera based on priority, i.e. precedence
by date [thus Trichoderma (1794) not Hypocrea (1825), Alternaria
(1817) not Lewia (1986), Cladosporium (1816) not Davidiella
(2003), Fusarium (1809) not Gibberella (1877), Sphaceloma (1874)
not Elsinoé (1900), Diaporthe (1870) not Phomopsis (1905), Phyl-
losticta (1818) not Guignardia (1892), etc.]. Exceptions (younger,
more commonly used genera) for conservation would, however, be
considered by the Committee, and a support structure and database
must now be established to manage this process.

CONCLUSIONS

The dual system of fungal nomenclature has served plant patholo-
gists relatively well in the past, although it has often been noted
as the source of substantial confusion. Plant pathology students
are well known to have been confused (and bemused) at the fact
that a single plant pathogen can have both different and correct
genus and species’ names. However, more importantly, as DNA
sequence data have become available and an increasing instabil-
ity of names has emerged, the credibility of mycologists has come
into question by practitioners of mycology, importantly including
plant pathologists.

As DNA sequence data become available for increasing
numbers of fungi, including plant pathogens, previously unrecog-
nized relationships between these fungi will emerge. Indeed, this
is already happening increasingly regularly, and fungal pathogens
are increasingly being found to bear generic names that are
inconsistent with their phylogenetic relationships. Thus, pathogens
believed to be related on the basis of their names are increasingly
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being found to be unrelated or only distantly related (Ceratocystis
and Ophiostoma are good examples). As robust identities and
relationships emerge from increasingly informative phylogenetic
studies, the justification for a single name applied to a single
fungal taxon will become overwhelmingly evident. Indeed, the
pressure in this direction is already substantial and, as pointed out
by John Taylor, one of the keynote speakers at the One Fungus:
One Name symposium, ‘the horse has already bolted’ (Taylor,
2011). Put another way, DNA sequence data, as they apply to
fungal names, might be seen as a metaphorical earthquake; what
we are now dealing with is the tsunami in terms of the application
of available knowledge.

We believe that the debate regarding the application of single
names for fungi has largely passed and the outcome of the recent
meeting of the 18th IBCin Melbourne, Australia, has reaffirmed this
fact. Yet much needs to be done regarding practical issues. Clearly,
areliable and stable system of fungal nomenclature is required, but,
for fungi, it must also be one that is able to respond to the realities
of the data available to mycologists and plant pathologists. The fact
that the ICBN has always included the fungi is the result of a long
history of poorly understood relationships between fungi and other
organisms. This dates back as far as Linnaeus's (1753) Species
Plantarum. Today, we clearly understand that fungi are not plants;
they are only very distantly related to plants and, indeed, are more
closely related to animals (James et al., 2006), or to use a quote
from the eminent Fusarium taxonomist, W. F. 0. Marasas, ‘Fungi are
more closely related to the mycologists that study them than to the
plants on which they occur’. The rapidly increasing number of
fungal genomes available for study will more deeply elucidate
these relationships. Furthermore, they will increasingly demand a
more responsive taxonomic system for the fungi. Our view is that a
taxonomic code that is tailored to the needs of mycologists is
inevitable. This might already be offered by the newly accepted ICN,
or it could emerge as an adaptation of the proposed universal
BioCode (Greuter et al., 2011); alternatively, it may be a newly
developed MycoCode. Whichever end point is finally reached, the
needs and support of practitioners and, in particular, plant patholo-
gists will be crucially important.

A commonly accepted benchmark is that there are at least 1.5
million species of fungi on earth (Hawksworth, 1991), which we
are describing at an average of 1200 per year, suggesting that it
will take more than 1170 years to describe the number expected
to exist (Hibbett et al., 2011). However, of the species currently
being described, Hawksworth (2004) reported that only 20%
were being deposited in culture collections (Biological Resource
Centres). It is obvious that a system is needed that can address
these issues more realistically. In other words, a system that is
forward looking, and not locked into a code of naming fungi solely
on the basis of a botanical methodology. To address the vast
fungal biodiversity that exists, we need to re-evaluate the manner
in which we are recording it. Similar to research grants and
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funding agencies that require taxonomists to publish in open
access journals, the question might be raised as to whether
mycologists funded on such grants should be permitted to
name fungi that lack a DNA barcode voucher. Surely this would be
a more progressive approach in an environment in which several
mycologists and plant pathologists are already calling for
genomes, not mere genes, to be sequenced.

Biologists have dreamed of having a natural classification for all
living organisms for decades. In this regard, it is interesting to look
back to the words of Charles Darwin in a letter to Thomas Huxley in
1857 (http://www.darwinproject.ac.uk/entry-2143): ‘In regard to
Classification, and all the endless disputes about the Natural
System which no two authors define in the same way, | believe it
ought, in accordance to my heterodox notions, to be simply genea-
logical. But as we have no written pedigrees, you will, perhaps, say
this will not help much; but | think it ultimately will, whenever
heterodoxy becomes orthodoxy, for it will clear away an immense
amount of rubbish about the value of characters and will make
the difference between analogy and homology, clear. The time
will come I believe, though I shall not live to see it, when we shall
have very fairly true genealogical trees of each great kingdom
of nature’. The relatively limited morphological characteristics of
fungi and the complications arising from pleomorphism have made
this dream especially relevant to mycologists. With the powerful
molecular tools available, we have reached a point at which a
natural classification for fungi is possible and this could include
those that cannot be cultured, perhaps that we will never be able to
see. However, we are trapped in history and face the difficulty of
applying current knowledge, in the face of long-standing and
traditional rules that define how we name fungi. This situation must
change much more rapidly than the current code allows, if we are to
maintain our credibility and serve plant pathologists appropriately.
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Table S1 Selected examples of plant pathogenic Ascomycete genera, with their various morphs listed as synonyms.

Genus Synonyms References

Botryosphaeriaceae Theiss. & H. Syd.

Fusicoccum Corda 1829 Botryosphaeria Ces. & De Not. 1863, Barber et al. 2005, Crous et al. 2006

Dichomera Cooke 1878

Phyllosticta Pers. 1818 Guignardia Viala & Ravaz 1892 Glienke et al. 2011

Sphaeropsis Sacc. 1880 Phaeobotryosphaeria Speg. 1908 Phillips et al. 2008

Ceratocystidaceae Locq. ex Réblova, W. Gams & Seifert

Ceratocystis Ellis & Halst. 1890 Thielaviopsis Went 1893 Paulin-Mahady et al. 2002

Cryphonectriaceae Gryzenh. & M.J. Wingf.

Chrysoporthe Gryzenh. & M.J. Wingf. 2004 Chrysoporthella Gryzenh. & M.J. Wingf. 2004 Gryzenhout et al. 2004

Cryphonectria (Sacc.) Sacc. & D. Sacc. 1905 Endothiella Sacc. 1906 Gryzenhout et al. 2004

Davidiellaceae C.L. Schoch, Spatafora, Crous & Shoemaker

Cladosporium Link 1816 Davidiella Crous & U. Braun 2003 Schubert et al. 2007, Bench et al. 2010

Diaporthaceae H6hn. ex Wehm.

Diaporthe Nitschke 1870 Phomopsis (Sacc.) Bubak 1905 Mostert et al. 2001

Didymellaceae Gruyter, Aveskamp & Verkley

Ascochyta Lib. 1830 Didymella Sacc. ex D. Sacc. 1880 Peever et al. 2007, De Gruyter et al. 2009, Aveskamp et
al. 2010

Phoma Sacc. 1880 Didymella Sacc. ex D. Sacc. 1880 Peever et al. 2007, De Gruyter et al. 2009, Aveskamp et
al. 2010

Dothidotthiaceae Crous & A.J.L. Phillips

Thyrostroma Hohn. 1911 Dothidotthia H6hn. 1918 Phillips et al. 2008

Glomerellaceae Locq. ex Seifert & W. Gams

Colletotrichum Corda 1831 Glomerella Spauld. & Schrenk 1903 Damm et al. 2009

Mycosphaerellaceae Lindau

Camarosporula Petr. 1954 Anthracostroma Petr. 1954 Crous et al. 2011

Lecanosticta Syd. 1922 Eruptio M.E. Barr 1996 Crous et al. 2009b

Polythrincium Kunze 1817 Cymadothea F.A. Wolf 1935 Simon et al. 2009

Ramularia Unger 1833 Mycosphaerella Johanson 1884 Verkley et al. 2004




Nectriaceae Tul. & C. Tul.

Cylindrocarpon Wollenw. 1913
Cylindrocladiella Boesew. 1982

Calonectria De Not. 1867

Fusarium Link 1809

Gliocephalotrichum J.J. Ellis & Hesselt. 1962

Gliocladiopsis S.B. Saksena 1954
Nalanthamala Subram. 1956
Penicillifer Emden 1968

Xenocylindrocladium Decock, Hennebert &
Crous 1997

Neonectria Wollenw. 1917

Nectricladiella Crous & C.L. Schoch 2000
Cylindrocladium Morgan 1892

Gibberella Sacc. 1877

Leuconectria Rossman, Samuels & Lowen
1993

Glionectria Crous & S.L. Schoch 2000
Rubrinectria Rossman & Samuels 1999
Viridispora Samuels & Rossman 1999
Xenocalonectria Crous & C.L. Schoch 2000

Chaverri et al. 2011
Schoch et al. 2000
Lombard et al. 2010a—c
Grafenhan et al. 2011
Rossman et al. 1993

Schoch et al. 2000
Rossman et al. 1999
Rossman et al. 1999
Schoch et al. 2000

Ophiostomataceae Nannf.

Sporothrix Hektoen & C.F. Perkins 1901

Leptographium Lagerb. & Melin 1927

Ophiostoma Syd. 1919,
Pesotum J.L. Crane & Schokn. 1973

Grosmannia Goid. 1936,

Phialographium H.P. Upadhyay & W.B. Kendr.
1974,

Graphiocladiella H.P. Upadhyay 1981

Berbee & Taylor 1992; Okada et al. 1998

Zipfel et al. 2006

Pleosporaceae Nitschke

Alternaria Nees 1816
Brachycladium Corda 1838
Curvularia Boedijn 1933

Pyrenophora Fr. 1849

Embellisia E.G. Simmons 1971

Exserohilum Exserohilum K.J. Leonard & Suggs
1974

Macrospora Fuckel 1870
Stemphylium Wallr. 1833

Lewia M.E. Barr & E.G. Simmons 1986
Crivellia Shoemaker & Inderbitzin 2006

Cochliobolus Drechsler 1934,
Bipolaris Shoemaker 1959

Drechslera S. Ito 1930, Marielliottia Shoemaker
1999

Allewia E.G. Simmons 1990
Setosphaeria K.J. Leonard & Suggs 1974

Nimbya E.G. Simmons 1989
Pleospora Rabenh. ex Ces. & De Not. 1863

Simmons, 1986, Kwasna & Koslak, 2003
Inderbitzin et al. 2006
Berbee et al. 1999

Zhang & Berbee, 2001

Simmons, 1990
Alcorn 1986, 1988

Hong et al. 2005

Simmons, 1986
Camara et al. 2002
Inderbitzin et al. 2009




Teratosphaeriaceae Crous & U. Braun

Teratosphaeria Syd. & P. Syd. 1912 Kirramyces J. Walker, B. Sutton & Pascoe Crous et al. 2007a, 2009a
1992,
Colletogloeopsis Crous & M.J. Wingf. 1997

Elsinoaceae Hohn. ex Sacc. & Trotter

Sphaceloma de Bary 1874 Elsinoé Racib. 1900 Swart et al. 2001
Venturiaceae E. Miill. & Arx ex M.E. Barr
Fusicladium Bonord. 1851 Acantharia Theiss. & Syd. 1918, Crous et al. 2007b

Dibotryon Thesis. & Syd. 1915,
Venturia Sacc. 1882,

Pollaccia E. Bald. & Cif. 1937,
Pseudocladosporium U. Braun 1998
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