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Abstract

Botryosphaeriaceae is species rich family comprising numerous plant pathogens and
endophytes. Due to their importance, many studies have focused on this family and as a result, the
family, genera and species are relatively well defined. Plant pathologists as well as workers
involved in the agricultural and forestry sections rely heavily on accurate information concerning
species. Scientific names are the primary means of communication concerning these fungal taxa.
Names are linked to information such as their biology, ecological niches, distribution, possible
threats and even control measures. Hence, naming Botryosphaeriacae species is of utmost
importance.
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Introduction

The family Botryosphaeriaceae was introduced by Theissen and Sydow (1918) with the
type genus Botryosphaeria Ces. & De Not. classified in the order Botryosphaeriales C.L. Schoch,
Crous & Shoemaker (1963), Dothideomycetes (Ascomycota) (Schoch et al. 2006, Hyde et al. 2013,
2014, Phillips et al. 2013). Species in this family are cosmopolitan and occur on a wide range of
substrates, such as on woody branches, herbaceous leaves, stems and culms of grasses and on twigs
of wide range of hosts (monocotyledons, dicotyledons and gymnosperms) and in the thalli of
lichens (Barr 1987, Denman et al. 2000, Crous et al. 2006, Mohali et al. 2007, Lazzizera et al.
2008, Marincowitz et al. 2008, Hyde et al. 2013, 2014). Botryosphaeriaceous species are
widespread in tropical and temperate regions with a broad range of habits from saprobic to
pathogenic or endophytic (Smith et al. 1996, Denman et al. 2000, Burgess et al. 2001, Flowers et al.
2001, Phillips et al. 2006, Slippers & Wingfield 2007, Gonzalez & Tello 2011, Hyde et al. 2013,
2014, Jami et al. 2014). Most of the species are endophytes in healthy hosts for extended periods of
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time (Hawksworth et al. 1995, Smith et al. 1996, Slippers & Wingfield 2007, Sakalidis 2011, Yan
et al. 2013), however when induced by environmental factors or when the vigor of plants is
reduced, these roles as endophytes and pathogens tend to overlap, resulting in diseases (Swart &
Wingfield 1991, Slippers & Wingfield 2007, Bihon et al. 2011, Slippers et al. 2013). All species are
plant associated and many cause diseases on a wide range of ecologically and economically
important plants in forestry and agriculture (van Niekerk et al. 2004, Mehl et al. 2011, Hyde et al.
2013, 2014, Slippers et al. 2013). They are frequently associated with diseases such as dieback,
cankers, shoot blights, leaf spots, fruit and seed rots and witches’ brooms (Denman et al. 2000, van
Niekerk et al. 2004, Urbez-Torres 2011, Phillips et al. 2013). There have also been reports of some
of the botryosphaeriaceous species causing opportunistic infections in humans (de Hoog et al.
2000).

With well-defined morphology and support from molecular data, various new sexual and
asexual genera have been introduced in the family, some older genera have been redefined and
some have been transferred to other families during the past decade (Burgess et al. 2005, Phillips et
al. 2005, 2008, Crous et al. 2006, Schoch et al. 2009, Liu et al. 2012, Wijayawardene et al. 2012,
Hyde et al. 2013, 2014). Emergence of the hidden phylogenetic diversity using DNA-based
sequence analyses have made significant changes in the nomenclature and circumscription of
botryosphaeriaceous species (Hyde et al. 2013, 2014, Slippers et al. 2013). Currently
Botryosphaeriaceae comprises Alanphillipsia Crous & M.J. Wingf., Barriopsis A.J.L. Phillips, A.
Alves & Crous, Botryobambusa R. Phookamsak, J.K. Liu & K.D. Hyde, Botryosphaeria,
Cophinforma Doilom, J.K. Liu & K.D. Hyde, Diplodia Fr., Dothiorella Sacc., Endomelanconiopsis
E.l. Rojas & Samuels, Eutiarosporella Crous, Lasiodiplodia Ellis & Everh., Macrophomina Petr.,
Marasasiomycyes Crous, Mucoharknessia Crous, R.M. Sanchez & Bianchin., Neodeightonia C.
Booth, Neofusicoccum Crous, Slippers & A.J.L. Phillips, Neoscytalidium Crous & Slippers,
Phaeobotryon Theiss. & Syd., Pseudofusicoccum Mohali, Slippers & M.J. Wingf., Sakireeta
Subram. & K. Ramakr., Spencermartinsia A.J.L. Phillips, A. Alves & Crous, Sphaeropsis Sacc.
and Tiarosporella Hohn (Hyde et al. 2013, 2014, Slippers et al. 2013, Crous et al. 2015a). Due to
their ecological and economical significance and with their cryptic nature as endophytes, these
fungi are an important group of fungal pathogens (Desprez-Loustau et al. 2006, Dakin et al. 2010,
Piskur et al. 2011, Slippers et al. 2013). Hence a significant amount of research has focused on this
group, leading to a large knowledge base for the family.

Whenever we want to discuss fungi, communication is always based on their names. During
the last two decades, huge amounts of information on fungi have been discovered by the
application of various morphological and molecular techniques in fungal taxonomy and systematics
(Costello et al. 2013). This accumulated knowledge has been linked to scientific names. Hence the
expression of this knowledge and access to it depends heavily on the names. Before the adoption of
the binomial nomenclature by Linnaeus in 1753 (Minnis 2015), many nomenclatural practices were
used from medieval times for naming a fungus (Lepp 2013, Minnis 2015). With an increasing
amount of research focusing on taxonomy, in nineteenth century there was an apparent need for a
set of international rules to govern scientific nomenclature. Multiple attempts were made to bring
more applicable practices, which resulted in various sets of rules such as the International Code for
Botanical Nomenclature (ICBN), which was published by international botanical congress in
Vienna (1905) and informally known as Vienna rules. It is amended every six years and the latest
revision took place at Melbourne in 2011 (Melbourne Code) where the code name was changed to
International Code of Nomenclature for algae, fungi and plants (ICN) to reflect their independence
from botanical nomenclature (Hawksworth 2011, Minnis 2015). During the latest revision, a
milestone was marked in fungal nomenclature, with the introduction of one name-one fungus
concept (McNeil et al. 2012, Gams 2013, Wijayawardene et al. 2014). The latest revision
(Hawksworth 2011) eliminates the separate nomenclatural status for naming asexual and sexual
morphs of the same fungus, which was required by article 59 of ICBN (McNeil et al. 2006, Gams
2013).
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As mentioned previously, due to the great importance attached to this family in research and
pathogenicity of species towards a wide range of hosts, identification and correct naming of the
species is crucial. Therefore this review highlights the importance of naming botryosphaeriaceous
species, both to the scientific community as well as to the general public.

Importance of naming botryosphaeriaceous species

Importance of names in species identification and species diversity

A species name is the initial step in finding and extracting all data available for that species.
Morphological and phylogenetic approaches have been used in the identification of
Botryosphaeriaceae species (Hyde et al. 2014). Once the species is identified, a name is given,
which acts as a reference for its characters during pathogen identification. These names are linked
to validated type specimens, reference sequences and cultures, which establish the foundation of
the species (Crous et al. 2015b). When a species is identified, it releases the data that have been
linked to that name. Hence the pathogen identification lies heavily on the accurate communication
on the fungal species using scientific names.

In the case of Botryosphaeriaceae, species identification is complicated by cryptic species.
These morphologically identical species differ in their phylogeny, host range, pathogenicity and
sometimes in distribution (de Wet et al. 2003, Pavlic et al. 2009). Hence, giving a name to them is
important to avoid confusions in subsequent studies. Understanding the diversity of
botryosphaeriaceous taxa has also been hindered by the existence of cryptic and closely related
species (Sogin et al. 2006, Slippers & Wingfield 2007). For example, Pavlic et al. (2007)
discovered the existence of five cryptic species in the Neofusicoccum parvum (Pennycook &
Samuels) Crous, Slippers & A.J.L. Phillips/ Neofusicoccum ribis (Slippers, Crous & M.J. Wingf.)
Crous, Slippers & A.J.L. Phillips complex. Later Pavlic et al. (2009) described and named them as
Neofusicoccum cordaticola Pavlic, T.I. Burgess & M.J. Wingf., Neofusicoccum kwambonambiense
Pavlic, T.l. Burgess & M.J. Wingf. and Neofusicoccum umdonicola Pavlic, T.l. Burgess & M.J.
Wingf. to avoid further confusions. Several other cryptic species complexes have been identified in
the genus Neofusicoccum due to their cosmopolitan distribution and sympatric occurrences on a
wide variety of hosts such as Neofusicoccum luteum (Pennycook & Samuels) Crous, Slippers &
AJ.L. Phillips/Neofusicoccum australe Slippers, Crous & M.J. Wingf.) Crous, Slippers & A.J.L.
Phillip complex (Slippers et al. 2004a, Pavlic et al. 2008) and Neofusicoccum eucalypticola
(Slippers, Crous & M.J. Wingf.) Crous, Slippers & A.J.L. Phillips/ Neofusicoccum eucalyptorum
(Crous, H. Smith & M.J. Wingf.) Crous, Slippers & A.J.L. Phillips species complex (Slippers et al.
2004a). Cryptic species have also been identified in the genera Diplodia and Lasiodiplodia namely,
Diplodia scrobiculata J. de Wet, Slippers & M.J. Wingf./ Diplodia sapinea (Fr.) Fuckel (de Wet et
al. 2003) species complex and Lasiodiplodia theobromae (Pat.) Griffon & Maubl. species complex
(Alves et al. 2008, Sakalidis 2011). Naming these cryptic species avoids the reintroduction of
unnecessary new species, hence, preventing confusion in the taxonomy of the Botryosphaeriaceae
taxa. Resolving and naming them also enables the accurate estimation of the diversity within this
family.

Importance of names for creating knowledge bases

Names are essential for communicating information about fungi. Application of molecular
techniques in fungal taxonomy and systematics has helped to reveal massive amounts of
information on fungi regarding their biology, host range, distribution and potential risk (Costello et
al. 2013, Money 2013). Names link this information together and act as access points to the
information (Costello et al. 2013). Databases such as MycoBank (http://www.mycobank.org, Crous
et al. 2004), Index Fungorum (http://www.indexfungorum.org), Faces of Fungi (Jayasiri et al.
2015) and RefSeq (Schoch et al. 2014) have been developed to store the data on the species and
names are the key to access these data. To date, there are about 2670 records for Botryosphaeriacae
species in Index Fungorum (Index Fungorum 2016). Among these are records of
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botryosphaeriaceous taxa that have been synonymized under different names or have been
transferred to other families. For example, Dothiorella has about 377 records in Index Fungorum,
even though only 25 species are currently accepted in the genus (Phillips et al. 2013,
Abdollahzadeh et al. 2014, Crous et al. 2015c). However, maintaining all these names in single,
easily accessible databases is important for future studies on these pathogens. These databases link
scientific names with reference specimens and molecular data. Hence they provide an important
source of information on vouchers that assists in fungal identification.

Importance of names in quarantine processes

Having names for pathogenic species is crucial for quarantine purposes, natural resource
management and quality assurance in biological and ecosystem sciences (Costello et al. 2013).
Databases such as Q-bank (http://www.g-bank.eu) contain morphological, phenotypical and
ecological data for pathogens of quarantine importance (Crous et al. 2015b). Scientific names acts
as a key to access information on pathogenic fungi in these databases. Due to the endophytic nature
of botryosphaeriaceous taxa, constructing quarantine measures for them is a complicated task
(Slippers & Wingfield 2007, Sakalidis et al. 2011). Even though pathogens like Botryosphaeria
dothidea (Moug.) Ces. & De Not. are listed as quarantine concerns, they are often overlooked due
to their endophytic nature (Slippers & Wingfield 2007). Botryosphaeria stevensii Shoemaker,
currently synonymized under Diplodia mutila (Fr.) Mont., is considered a quarantine pathogen in
China, as it causes diseases on a range of hosts mainly Acacia Miller, Carya Nutt., Ceratonia L.,
Eriobotrya Lindl., Fraxinus L., Malus Mill., Prunus L., Pyrus L., Trachycarpus H. Wendl. and
Vitis vinifera L. species (Luxi et al. 2015). In addition to these pathogens, there are strict quarantine
regulations against several Botryosphaeria species and their anamorphs such as Diplodia sapinea
and Lasiodiplodia theobromae in New Zealand and Australia (Burgess & Wingfield 2002, Hyde et
al. 2010). Some Botryosphaeriaceae pathogens such as Neofusicoccum parvum and Diplodia
mutila are quarantine concerns in many countries (Lee 2013). In order to take precautions when
handling these Botryosphaeriaceae species during quarantine processes, availability of required
ecological, morphological and phenotypical data is important. Species names help to acquire
correct information for those related processes.

Accurate identification of diseases and the names of their causative agents are important to
determine the quarantine importance of the pathogen. For example, Botryosphaeria dothidea was
considered as the pathogen of excoriose, a disease widely detected from grapevine growing regions
in Europe (Phillips & Lucas 1997, Phillips 1998, Urbez-Torres 2011). However, Slippers et al.
(2004b) used molecular based techniques to clarify the concept for B. dothidea. As a result it
became clear that the pathogen causing excoriose is in fact Neofusicoccum parvum, and not B.
dothidea (Urbez-Torres 2011). Similar confusions were made in the identification of another
aggressive pathogen, Neofusicoccum ribis with B. dothidea before the clarification of its’ concept.
Neofusicoccum ribis causes a variety of stem cankers and fruit rots on a wide range of woody
plants (Witcher & Clayton 1963, English et al. 1975, Maas & Uecker 1984, Pennycook & Samuels
1985, Smith et al. 1994, Romero et al. 2005, Slippers et al. 2009, Urbez-Torres 2011). Multigene
phylogeny has facilitated the identification of this pathogen and differentiated it, not only from B.
dothidea but also from Neofusicoccum parvum, which forms a cryptic species complex with N.
ribis (Slippers et al. 2009, Crous et al. 2006, Urbez-Torres 2011, Phillips et al. 2013). Similarly
Neofusicoccum luteum (Phillips et al. 2002, Urbez-Torres 2011) and Neofusicoccum
mediterraneum Crous, M.J. Wingf. & A.J.L. Phillips (Crous et al. 2007, Urbez-Torres 2011) were
also misidentified previously as B. dothidea. Hence, correct knowledge of the causal agent
facilitates the identification of the disease of quarantine importance.

Importance of names in discovering evolutionary history

Since the sexual stages are relatively uncommon in nature for the botryosphaeriaceous fungi
and inducing them in culture has proven to be difficult, the one name-one fungus approach helps in
studies on their taxonomy (Phillips et al. 2013, Wijayawardene et al. 2014). This approach was
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used by Crous et al. (2006), when some Botryosphaeria-like species grouped as distinct genera
based on the differences of their anamorphs. They addressed this issue by giving these species the
oldest available name, regardless of their sexual or asexual state. Therefore a single genus name
accommodated all known morphs of the fungus. Following the one name-one fungus approach,
many botryosphaeriaceous taxa names were changed to their anamorphic names or vise versa
reflecting their true evolutionary divergences as given in the Table 1. Naming species through this
approach assists the thinking and communication regarding the evolutionary history of these
botryosphaeriaceous groups (de Wet et al. 2008).

Table 1 Current accepted names and the corresponding old names/synonyms

Current accepted name

Old name / Synonyms

Reference

Botryosphaeria
Phaeobotryosphaeria Speg.
Botryosphaeria dothidea

Diplodia corticola A.J.L. Phillips,
A. Alves & J. Luque

Diplodia mutila

Diplodia seriata De Not.
Dothiorella iberica A.J.L. Phillips,
J. Luque & A. Alves

Lasiodiplodia theobromae
Neofusicoccum australe
Neofusicoccum luteum
Neofusicoccum parvum

Neofusicoccum ribis

Spencermartinsia viticola (A.J.L.
Phillips & J. Luque) A.J.L. Phillips,

Fusicoccum Corda
Sphaeropsis
Fusicoccum aesculi Corda

Botryosphaeria corticola A.J.L.
Phillips, A. Alves & J. Luque
Botryosphaeria stevensii
Shoemaker

Botryosphaeria obtusa (Schwein.)
Shoemaker

Botryosphaeria iberica A.J.L.
Phillips, J. Luque & A. Alves
Botryosphaeria rhodina (Berk. &
M.A. Curtis) Arx

Botryosphaeria australis (Cooke)
Petr.
Botryosphaeria
Phillips
Botryosphaeria parva Pennycook
& Samuels

Botryosphaeria ribis Grossenb. &
Duggar

Dothiorella viticola A.J.L. Phillips
& J. Luque

lutea  AJ.L.

Phillips et al. 2013
Phillips et al. 2013
Slippers et al. 2004b, Phillips et
al. 2013

Phillips et al. 2013
Crous et al. 2006
Phillips et al. 2007
Phillips et al. 2013
Crous et al. 2006
Phillips et al. 2013
Phillips et al. 2013
Crous et al. 2006
Slippers et al. 2004b

Phillips et al. 2013

A. Alves & Crous

With the application of novel molecular techniques, some previously defined
botryosphaeriaceous taxa have been redefined and older genera have been transferred to other
families. For example, the genus Phyllosticta Pers. was initially placed in Phyllostictaceae Fr.,
Phyllostictales (Seaver 1922), which was then transferred to Botryosphaeriaceae to be placed
together with its sexual state Guignardia Viala & Ravaz (Barr 1970, 1972, Schoch et al. 2006,
Crous et al. 2006, Liu et al. 2012). With the latest revisions, this genus now lies in its older family
Phyllostictaceae, but in Botryosphaeriales (Slippers et al. 2013, Wikee et al. 2013). Similarly,
Slippers et al. (2013) transferred the botryosphaeriaceous genera; Saccharata Denman & Crous,
Melanops Nitschke ex Fuckel, Aplosporella Speg. and Bagnisiella Speg. into newly introduced
families, Saccharataceae Slippers, Boissin & Crous, Melanopsaceae Phillips, Slippers, Boissin &
Crous and Aplosporellaceae Slippers, Boissin & Crous respectively, to reflect their evolutionary
origin. Diplodia sapinea also carries a confusing taxonomic history with its name. It was initially
described as Sphaeria pinea Desm., then transferred to different genera and synonymized under
many names such as Diplodia pinea (Desm.) Kickx (1867), Macrophomina pinea (Desm.) Petrak
& Syd. (1927), Macrophomina sapinea (Fr.) Petrak (1961), Sphaeropsis sapinea and finally named
as D. sapinea after many revisions (de Wet 2008, Phillips et al. 2013). Three different morphotypes
(A, B and C) of D. sapinea that display differences in their morphology, behaviour and phylogeny
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were differentiated with molecular markers to reflect their evolutionary divergences. (Smith &
Stanosz 1995, Hausner et al. 1999, Burgess et al. 2001, de Wet et al. 2002, 2003, Burgess et al.
2004). In a subsequent study, and to avoid confusions in species identification, the B morphotype
of was described as Diplodia scrobiculata while the typical A and C morphotypes were maintained
as D. sapinea (de Wet et al. 2002, 2003, Burgess et al. 2004). Similar to D. sapinea, Barriopsis
fusca (N.E. Stevens) A.J.L. Phillips, A. Alves & Crous has also been subjected to revisions and has
been accommodated in several families including its initial placement in Physalospora Niessl, then
in Phaeobotryon, Botryosphaeria and Phaeobotryosphaeria Speg. (Phillips et al. 2008, Slippers et
al. 2013). The nomenclature of Neoscytalidium has undergone many controversies due its
morphology. It was initially named as Hendersonula toruloidea Nattrass in Dothideomycetes
Incertae sedis and after several revisions it was placed in a new genus Neoscytalidium to show its
evolutionary relationship with Botryosphaeriaceae (Crous et al. 2006, Madrida et al. 2009, Phillips
et al. 2013). Many previously defined Tiarosporella species have been transferred to Darkera H.S.
Whitney, J. Reid & Piroz. (Phacidiaceae, Phacidiales), Eutiarosporella, Marasasiomycyes,
Sakireeta (Subramanian & Ramakrishnan 1957, Whitney et al. 1975, Roux et al. 1990, Crous et al.
2015a). All these fungal names can acts as chains of well preserved references of communication
(Witteveen 2015). Synonymized names under these species provide access points to each and every
occurrence of change that has happened to the taxonomy of the species. Morphologically similar
but phylogenetically different species were given different names to show their evolutionary
divergences such as species belonging to genera  Spencermartinsia/Dothiorella,
Barriopsis/Lasiodiplodia and Barriopsis/Sphaeropsis (Phillips et al. 2013, Slippers et al. 2013).

Importance of names for farmers and practitioners

For farmers and crop health practitioners, the most important issue is the protection of
plants against diseases. To implement this, accurate information needs to be communicated to the
public on the disease-causing pathogens. Names are the keys that unlock details of the biology,
distribution, control and the risks associated with the pathogens and they also acts as keys to store
and maintain knowledgebases for botryosphaeriaceous taxa, which will be useful for farmers and
practitioners to identify diseases at preliminary stages, to prevent possible epidemics as well as to
develop new control strategies. For the scientific community, these will provide the foundation for
future research on family Botryosphaeriaceae.

Botryosphaeriaceae consists of many well known plant pathogens at cause severe diseases
such as Botryosphaeria dothidea, Diplodia seriata, Lasiodiplodia pseudotheobromae A.J.L.
Phillips, A. Alves & Crous, Neofusicoccum parvum and many others (Desprez-Loustau et al. 2006,
Dakin et al. 2010, Piskur et al. 2011, Slippers et al. 2013, Hyde et al. 2014). The family also
includes some medically important species such as Lasiodiplodia theobromae, Macrophomina
phaseolina (Tassi) Goid. and Neoscytalidium dimidiatum (Penz.) Crous & Slippers and there are
some reports on opportunistic fungal infections caused by these pathogens in human (Tan et al.
2008, Woo et al. 2008). Neoscytalidium dimidiatum has been reported as the leading cause of
fungal foot disease in Asia, Caribbean, North America, Thailand, West and Central Africa (Levi &
Smith 1994, Ghannoum et al. 2000, Ungpakorn et al. 2005). These medically important
botryosphaeriaceous taxa have been recorded as infecting 500 plant species worldwide including
economically important crops such as grapes, bean, sorghum, corn and soybean (Holliday &
Punithalingam 1988). Therefore farmers who are working in these agricultural fields need to know
about these opportunistic fungal pathogens, so they can handle the pathogens with care. These well
known plant pathogens (Crous et al. 2006) infect humans through environmental exposure and
contact with diseased plant material and contaminated soil (Tan et al. 2008). When the farmers are
aware of the names of these pathogens, they can always take necessary precautions when they are
exposed to these pathogens or when their agricultural fields are under the attack from these
botryosphaeriaceous pathogens. Therefore, accurate communication on these species is critical.
Since this communication occurs via scientific names, naming is of utmost importance to the
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family. Inaccurate communication can cause the spread of potentially devastating pathogens or
unnecessary and costly actions (Hawksworth 2015, Crous et al. 2015b).

Conclusions

Due to the importance of the family Botryosphaeriaceae, which consists of pathogens or
latent pathogens of ecologically and economically important plants, names are of utmost
importance as the primary medium of communication. Scientific names link these pathogens with
their evolutionary history, diversity, distribution and their ecological roles and also act as the keys
to interconnect to their information in various databases. These data facilitate the correct
identification of the pathogens, detection of the pathogens during quarantine processes and
enhances their awareness among the scientific community. Information stored in these databases
will provide the platform for future Botryosphaeriaceae research in any field. Since names help in
accessing these data, naming of Botryosphaeriaceae is essential.
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