Letter to the Editor

Preserving the Biologically Coherent Generic Concept of Phytophthora,
“Plant Destroyer”

“We can see no reason why a Darwinian should adopt the concept of paraphyly” (Ernst Mayr and Walter Bock 2002)
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Abstract

Phytophthora is a long-established, well-known, and globally important
genus of plant pathogens. Phylogenetic evidence has shown that the
biologically distinct, obligate biotrophic downy mildews evolved from Phy-
tophthora at least twice. Because, cladistically, this renders Phytophthora
“paraphyletic,” it has been proposed that Phytophthora evolutionary clades
be split into multiple genera (Crous et al. 2021; Runge et al. 2011; Thines
2023, 2024). In this letter, we review arguments for the retention of the
generic name Phytophthora with a broad circumscription made by Brasier
et al. (2022) and by many delegates at an open workshop organized by
The American Phytopathological Society. We present our well-considered
responses to the genus splitting proposals, both in general terms and in
terms of the specific proposals for new genera, alongside new information
regarding the biological properties and mode of origin of the Phytophthora
clades. We consider that the proposals are mostly non-rigorous and not

supported by the scientific evidence. Further, given (i) the apparent lack of
any distinguishing biological characteristics (synapomorphies) between the
Phytophthora clades; (ii) the fundamental monophyly of Phytophthora in
the original Haeckelian sense (Haeckel 1877); (iii) the fact that paraphyly
is not a justification for taxonomic splitting; and (iv) the considerable likely
damage to effective scientific communication and disease management
from an unnecessary breakup of the genus, we report that workshop
delegates voted unanimously in favor of preserving the current generic
concept and for seeking endorsement of this view by a working group of
the International Commission on the Taxonomy of Fungi.

Keywords: clades, cladistics, disease management, downy mildews,
oomycetes, Pangea, paraphyly, phylogeny, plant biosecurity, scientific com-
munication, taxonomy

In modern taxonomy, species circumscriptions are often rela-
tively well defined. However, genera are still often loosely described
as groups of species with similar characters or biological properties
derived from a common ancestor. In consequence, their circum-
scription can be more open to debate, especially in the context of
different macroevolutionary theories. This has recently become the
case for the genus Phytophthora, a globally significant group of
destructive plant pathogens affecting plants in forests, horticulture,
agriculture, natural ecosystems, and urban landscapes (Brasier et al.
2022).

The genus Phytophthora was first described almost 150 years
ago (de Bary 1876), and for nearly a century, a broad generic
concept, promulgated in the 1930s to 1960s mainly by C. M.
Tucker and G. M. Waterhouse (Abad et al. 2023; Brasier 1991;
Brasier et al. 2022; Erwin and Ribeiro 1996; Waterhouse et al.
1983), was almost unanimously accepted by Phytophthora re-
searchers and plant health practitioners worldwide. Through-
out this period, systematic interest was largely focused on the
morphology-based groups proposed by Waterhouse (1963). By
the early 1990s, however, more holistic, population-based taxo-
nomic concepts for Phytophthora were advocated, including molec-
ular profiling and consideration of the adaptive evolutionary pro-
cesses underlying the emergence of taxonomic units (Brasier 1991;
Hansen 1991).

The first hard evidence for evolutionary substructure within
the genus stemmed from the resolution of 10 molecular phylo-
genetic clades, which was presented alongside evidence that the
biologically distinct downy mildews (DMs) had evolved from Phy-
tophthoras (Cooke et al. 2000). Although the authors speculated
on evolutionary trends in Phytophthora, no evidence of signifi-
cant biological differences between the clades was found. Since
then, surveys in natural ecosystems have greatly enhanced our
knowledge of Phytophthora diversity (Brasier 2009; Burgess et al.
2018; Jung et al. 2024). Nonetheless, nearly all subsequent molec-
ular phylogenies involving representative Phytophthora species
and DMs have produced a similar topology, with DMs emerging
on long branches from a paraphyletic Phytophthora genus (Abad
et al. 2023; Bourret et al. 2018; Coomber et al. 2023; McCarthy
and Fitzpatrick 2017; Runge et al. 2011; Scanu et al. 2021;
Thines et al. 2023).

To date, all DMs and Phytophthora species have been consis-
tently shown to share one common ancestor. However, Runge et al.
(2011) argued that the paraphyly of Phytophthora with respect to
DMs necessitated the splitting of Phytophthora into multiple new
genera on cladistic grounds (also Crous et al. 2021). In response,
Brasier et al. (2022) undertook a comprehensive assessment of the
history, biological characteristics, evolutionary structure, and social
impact of the Phytophthora genus and its relationship to the DMs.
It was concluded that splitting the genus into several genera is un-

warranted, emphasizing that Phytophthora is an ancient, historic,
biologically cohesive, and evolutionarily successful genus and that
a single name has very high value for clear scientific communi-
cation and disease management. Further, strongly advocating for
the preservation of the current generic concept to avoid unneces-
sary taxonomic confusion or unintended consequences for global
plant and food biosecurity, a proposal was made to secure a con-
sensus on maintenance of the current broad usage of the generic
name and to make a request to the International Commission on
the Taxonomy of Fungi to review the evidence for maintaining the
concept.

Most recently, coming from a perspective of redefining DM tax-
onomy and pursuing the theme of recognizing multiple new genera
within the current concept of Phytophthora, Thines et al. (2023)
and Thines (2023, 2024) proposed assigning the described taxa in
Phytophthora Clade 4 to what is generally considered a synony-
mous generic name, Peronophythora. That genus was established
by Chen (1961) to accommodate a single, morphologically unique
species, Peronophythora litchii, and later transferred to Phytoph-
thora (Goker et al. 2007). However, neither a clear statement as
to why Clade 4 species should be reclassified in the resurrected
Peronophythora nor a taxonomic redescription with synapomor-
phies for Peronophythora in their new interpretation was provided
(Thines et al. 2023; Box 1). Introducing a new or unfamiliar scien-
tific name carries an important responsibility: Such names remain
in databases in perpetuity, even if the name is not validly published
or recognized as a synonym of an already known genus or species
(Aime et al. 2021). This development therefore added greater ur-
gency to the process of preserving the long-established concept of
Phytophthora.

An open registration virtual workshop entitled “The Genus Phy-
tophthora — Don’t Change a Winning Concept?,” kindly hosted by
The American Phytopathological Society (hereafter, APS Work-
shop), was convened from 22 to 25 April 2024 to gauge the scientific
consensus for retaining the name Phytophthorafor all major clades
within the genus. With over 265 participants from 45 countries,
the workshop explored the broad ramifications of the case and pro-
ceeded to a vote on a motion, for or against, maintaining the present
broad generic circumscription.

In this letter, we build on the case for preserving the current
generic concept made by Brasier et al. (2022) and during the APS
Workshop, present new evidence regarding the biological proper-
ties and origins of some of the clades, and critically evaluate the
recent proposals of Thines et al. (2023) and Thines (2023, 2024).
We also present the results of the community vote, which unani-
mously recommended the preservation of the present circumscrip-
tion. All oral presentations were recorded during the APS Work-
shop and are available open access (American Phytopathological
Society 2024).
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Phytophthora Is a Biologically Cohesive Genus
Across All of Its Clades

In the decades following the introduction of the generic name
Phytophthora (Greek for “plant destroyer”), with P. infestans
as the “type” species (de Bary 1876), there was a tendency to
assign newly discovered, biologically similar species to novel
genera based on small morphological or behavioral differences
(examples include Blepharospora cambivora, Kawakamia cyperi,
Mycelophagus castaneae, Phloeophthora syringae, Pythiacistis
citrophthora, and Pythiomorpha gonapodyides; Waterhouse 1970).
These generic names were later treated as synonymous with
and transferred into Phytophthora as the wider properties of the
genus (beyond P. infestans) were resolved (Blackwell et al. 1941;
Buisman 1927; Drechsler 1931; Leonian 1925; Tucker 1931;
Waterhouse 1956). By the 1960s, it was universally accepted that,
structurally and behaviorally, Phytophthora was a highly variable
yet easily diagnosable and biologically meaningful genus. This is
in striking contrast to the view of Thines (2024) that “the genus
Phytophthora has been a catch-all for plant-pathogenic oomycetes
infecting a variety of land plants.”

Following the initial resolution of the Phytophthora phylogenetic
clades (Cooke et al. 2000), now considered to comprise 11 major
and at least 5 minor clades (Abad et al. 2023; Bourret et al. 2018;
Chen et al. 2022; Coomber et al. 2023) (Fig. 1), the evidence for
biological cohesion has been strengthened by the demonstration
of considerable diversity in morphological structures, breeding
systems, and lifestyles not only across the clades but even within
single clades (Brasier et al. 2022; Burgess et al. 2018; Jung et al.
2011, 2017b, c, 2022, 2024). Clade 2, for example, exhibits almost
all the morphological and behavioral features of the genus at large
(Jung 2024; Jung et al. 2024; Fig. 2). Furthermore, no clade shows a
unique combination of major characters and special morphological
adaptations (=synapomorphies) that could reasonably be expected
of a distinct genus (Brasier et al. 2022; Jung 2024).

Origins of the clades

Understanding the origins of the Phytophthora clades is also im-
portant for determining their taxonomic status: Clade diversity and

Phytophthora Clade 1

the mode of clade emergence are complementary issues. There-
fore, taxonomic choices need to be based not only on phenotypic
differences and phylogenetic monophyly but also, where possi-
ble, on an understanding of the evolutionary processes, whether
largely neutral or adaptive, that gave rise to the phylogenetic nodes
(Brasier 2009; Brasier et al. 2022; Jung et al. 2024). Collectively,
the clades, though phylogenetically divergent, tend to have clear
and often overlapping geographical associations yet strong confor-
mity in biological and behavioral characteristics. It is suggested
that they originated through the migration of a group of early
Phytophthoras on the emerging continents following the breakup
of Pangea around 175 Mya. As a result, a degree of genotypic
divergence via genetic drift, and local adaptation to different cli-
mates, hosts, and host tissues occurred but without marked phe-
notypic divergence (Brasier et al. 2022; Jung et al. 2022, 2024).
Supporting evidence for such a pattern of events can be seen in
individual clades, including substantial new information regard-
ing subclade distribution and synapomorphies in Clades 2 and
10 (Figs. 2 and 3; Jung et al. 2022, 2024), and in the apparent
local radiation of taxa from a common progenitor, for example,
radiation of Clade lc (which includes P. infestans) in Central
America through host specialization (Brasier and Hansen 1992;
Griinwald and Flier 2005; Griinwald and Goss 2011; Goss et al.
2014).

Overall, the remarkable diversity of form and behavior in Phy-
tophthora, coupled with the plasticity of its genetic system, makes
it extremely flexible, facilitating high potential adaptability to new
environments and hosts (Brasier et al. 2022). A consequence of
this flexibility is that Phytophthora species from phylogenetically
divergent clades occurring on different continents can exhibit re-
markably similar characters and character combinations. Exam-
ples, among many, include P. infestans in Clade lc, P. meadii
in Clade 2a, and P. ramorum in Clade 8c, geographically as-
sociated with the Americas, the Indian subcontinent, and East
Asia, respectively (Brasier et al. 2022; Goss et al. 2014; Jung
et al. 2021, 2024), and P. tropicalis in Clade 2b from Central and
South America and P. heterospora and P. palmivora in Clade 4
from Southeast Asia (Jung 2024; Jung et al. 2024; Scanu et al.
2021).

DM with pyriform haustoria

Phytophthora Clade 12

Phytophthora Clade 13
Phytophthora Clade 3
Phytophthora Clade 2

Phytophthora Clade 4

Phytophthora (Kawakamia) cyperi

DM with colored conidia

Graminicolous DM

Phytophthora podocarpi
Phytophthora Clade 5
Phytophthora Clade 7
Phytophthora Clade 11
Phytophthora Clade 8
Phytophthora Clade 17
Phytophthora Clade 6
_,7Phytophthora Clade 9

Phytophthora Clade 10
Nothophytophthora sp.

Phytopythium vexans

Brassicolous DM

Fig. 1. Condensed phylogenetic tree inferred from a 134-taxon, six-locus nuclear alignment (LSU, btub, tefla, hsp90, rpl10, and enl) showing the relationships between
the Phytophthora clades and downy mildew (DM) groups (redrawn from Bourret et al. 2018). Groups or taxa with an obligate biotrophic lifestyle are highlighted in
green. Thicker branches received bootstrap support of 95% or greater. DMs with pyriform haustoria comprise the genera Basidiophora, Benua, Bremia, Novotelnova,
Paraperonospora, Plasmopara, Plasmoverna, and Protobremia. DMs with colored conidia comprise the genera Peronospora and Pseudop ypora. Graminicolous
DMs comprise the genera Baobabopsis, Eraphthora, Graminivora, Peronosclerospora, Poakatesthia, Sclerophthora, Sclerospora, and Viennotia. Brassicolous DMs
comprise the genera Hyaloperonospora and Perofascia. Genera shown in bold were included in the analysis. The obligate biotroph Phytophthora cyperi (originally
Peronospora cyperi), while often referred to as Phytophthora cyperi, was considered a DM (as Kawakamia cyperi) by Thines et al. (2023) and Brasier et al. (2022).
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The Relationship of Phytophthora
to the DMs Is Accepted

The DMs have a substantially different “lifestyle” from Phy-
tophthoras (Table 1), probably evolving from their Phytophthora
ancestors via one or more rapid “evolutionary jumps” (Brasier
et al. 2022), that is, by a macro-evolutionary event, which jus-
tifies the erection of new genera (Mayr and Bock 2002). Most
notably, DMs are obligate biotrophs with narrow host ranges, of-
ten infecting Asteraceae, Brassicaceae, and Poaceae, producing
determinate sporangiophores and, in many genera, directly ger-
minating conidia-like sporangia. Key Phytophthora characteristics
such as saprotrophy, necrotrophy, culturability, and the ability to
infect woody tissues are absent, and many DM genera cannot form
zoospores. Whereas Phytophthoras exhibit high ecological flex-
ibility, DMs have apparently sacrificed ecological flexibility for
more sophisticated and intimate host and host tissue specialization
(Brasier et al. 2022; Dick 2001, 2002; Fletcher and Michelmore

2023; Shaw 1981). Of course, among such a wide array of charac-
ters, there are variants, including individual Phytophthora species
that have developed unique sporangial characteristics, in rare cases
strongly resembling sporangia of DMs (Table 1; Brasier et al. 2022;
Jung 2024; Scanu et al. 2021). There are also several unculturable
and seemingly host-specific species that nevertheless strongly re-
semble Phytophthora and not the DMs (Bourret et al. 2025; Ho
et al. 2004; Zheng and Ho 2000).

Although the earliest molecular phylogeny revealed that the
DMs arose directly from Phytophthoras (Cooke et al. 2000), more
recently, it has been shown (Fig. 1) that they may have done so
at least twice (Bourret 2024; Bourret et al. 2018, 2025; Dussert
et al. 2019; Fletcher et al. 2019, 2023; McCarthy and Fitzpatrick
2017; Scanu et al. 2021; Winkworth et al. 2022). These studies
have also typically revealed Phytophthora clades as a tight, fun-
damentally monophyletic, “bush-like” evolutionary cluster; that is,
Phytophthoras as a group are closely related and have arisen from
a common ancestor (Fig. 1). Further, in contrast to the relatively

Clade 2
M Clades 1, 3-10, 12

M Genus

Fig. 2. Comparison of the properties of the 84 species and informally designated taxa in Phytophthora major Clade 2 with those of 173 species in 10 other major
clades (Clades 1, 3 to 10, and 12) and with the genus as a whole (all 11 major clades, 257 species/taxa), showing that Clade 2 is highly representative of the genus.
Bars reflect the percentages (y axis) of species in each group showing the indicated characteristics. A, Morphological and physiological characteristics and breeding

systems. B, Lifestyles, diseases, and host ranges.
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neutral evolutionary processes postulated for the emergence of the
Phytophthora clades, the DM lineages, from their longer branch
lengths, appear to have emerged relatively recently from Phytoph-
thora through host jumps and radiative, adaptive macroevolution.
Also, because they are often adapted to and therefore physically
and spatially restricted to a single host, DMs are probably more
reproductively isolated compared with most Phytophthoras.

The now substantial evidence that the DMs have evolved from
Phytophthora renders Phytophthora “paraphyletic” (a group of or-
ganisms that share a common ancestor but do not contain all of its
descendants), which has led to a proposal to distribute the main phy-
logenetic clades of Phytophthora among five or more “resurrected”
old, or new, generic names (Runge et al. 2011; Thines 2023, 2024;

— Clade 2a
— Clade 2b
— Clade 2¢
— Clade 2e
m—  Clade 2f
e Clade 2g

.

Thines et al. 2023). However, we consider that whether Phytoph-
thora is or is not paraphyletic in terms of taxonomic cladism is not
relevant to its taxonomic status. Thus, we contend (i) that the ten-
dency of taxonomic cladists to focus the definition of monophyly
on biologically distinct descendants (in this case the DMs) and not
on the progenitor (Phytophthora) as in the original 1877 Haecke-
lian sense (Haeckel 1877) is non-Darwinian and (ii) that cladism
overemphasizes lineages without taking into account the evolution-
ary processes (at the nodes) that gave rise to their emergence or
the evidence gaps represented by past reticulations (e.g., hybridiza-
tion events, horizontal gene transfer) and extinctions (Bourret 2024;
Brasier et al. 2022; Horandl 2006, 2007; Lachance 2016; Mayr and
Bock 2002; Zander 2013) or lack of sampling of evolutionarily in-

Clade 10a
Clade 10b
Clade 10c

Fig. 3. Natural global biogeography (omitting probable anthropogenic introductions) of A, Phytophthora Clade 2 and its six subclades (redrawn from
Jung et al. 2024) and B, Phytophthora Clade 10 and its three subclades (based on data from Jung et al. 2022).
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termediate taxa. The apparently rapid emergence of the DMs in their
obligate biotrophy niche appears to be a consequence of at least two
independent events that have not influenced the parental taxon, Phy-
tophthora. Accordingly, in agreement with Mayr and Bock (2002)
and others, the emergence of the DM progenitors should not have
taxonomic consequences for the ancient parental genus Phytoph-
thora. Paraphyly is a normal and inevitable event in the ultimate
taxonomy system: the Tree of Life (Crisp and Chandler 1996; Ross
2014).

Moreover, despite a rapid increase in the number of described
Phytophthora species (Brasier 2009; Brasier et al. 2022; Jung et al.
2022, 2024) and much new information from well over a cen-
tury of detailed taxonomic description and experimentation with
Phytophthoras, meaningful sets of biological differences (‘“synapo-

morphies”), thatis, differences sufficient to justify recognizing them
as different genera, have not, so far, been demonstrated between the
Phytophthora clades or groups of clades. The biological cohesive-
ness of the Phytophthora clades and their essential distinctiveness
from the DM are generally well understood and accepted by the in-
ternational Phytophthora and plant pathology communities (Brasier
et al. 2022, 2024; Jung 2024; Jung et al. 2024).

Actions and Reactions

The evidence of the taxonomic status of Phytophthora relative
to the DM, in particular the evidence of Phytophthora paraphyly
(Cooke et al. 2000), DM polyphyly (Bourret et al. 2018), and
the case for retention of the broad Phytophthora circumscription

BOX 1

Responses to recent proposals by Thines et al. (2023) and Thines (2023, 2024) to name new genera within Phytophthora

Thines (2023) proposed the transfer of all known Clade 4 Phytophthora species into the resurrected genus Peronophythora (originally erected
by Chen [1961] for P. litchii). This proposal was based primarily on cladistic criteria, a “first step in the process of relieving Phytophthora of its
paraphyly,” and on the occurrence of a few “downy mildew-like” characters in the otherwise culturable, zoosporic P. litchii (Thines et al. 2023).
However, the fact that none of the other nine currently described species in Clade 4 fits the original description of Peronophythora invalidates this
argument. Further, Thines et al. (2023) also state that Clade 4 species produce great amounts of aerial and papillate sporangia borne on somewhat
differentiated sporangiophores and usually produce aplerotic oospores. However, these traits, or a combination of them, are not generally considered
common features of Clade 4: 6 of the 10 species in the clade have persistent sporangia, associated with a soilborne lifestyle, and 4 of them (P. alticola,
P. arenaria, P. cathayensis, and P. panamensis) and all four Clade 4 species with caducous sporangia (P. heterospora, P. litchii, P. megakarya, and
P. palmivora) tend to have both aplerotic and plerotic oospores (Brasier and Griffin 1979; Chen et al. 2022; Jung et al. 1999, 2017b; Kao and Leu
1980; Morales-Rodriguez et al. 2021; Paap et al. 2017; Rea et al. 2011; Scanu et al. 2021; Simamora et al. 2015). The proposal to reactivate the genus
Peronophythora without a consistent clade-wide description, and without presenting a proper scientific justification, is taxonomically imprudent.

Thines (2024) proposed the transfer of Phytophthora Clade 12 taxa into Peronophythora, despite its members being exclusively soilborne fine
root pathogens lacking the synapomorphies listed in the original description of Peronophythora or in the statements claimed to distinguish the
resurrected genus from Phytophthora (Thines et al. 2023). Further, there are no consistent phylogenetic data supporting Clades 4 and 12 as sibling
clades (Bourret et al. 2018; Chen et al. 2022; Scanu et al. 2021; Seidl and Bourret 2024; Van Poucke et al. 2021; Winkworth et al. 2022). Therefore,

this Clade 12 proposal is not supported by the evidence.

Thines et al. (2023) and Thines (2024) also proposed transferring other Phytophthora clades to currently unused or new genera. This is based, in
our view, on oversimplified or flawed conceptions of their biological properties:

a) Proposal to transfer Clade 2 taxa to the synonymized genus Pythiacystis, erected by Smith and Smith (1906), to accommodate the sterile
papillate Clade 2 species P. citrophthora: In practice, the generic name Pythiacystis was soon declared redundant by Leonian (1925), who
in transferring P. citrophthora to Phytophthora, stated, “This organism is so obviously a Phytophthora species that the genus Pythiacystis
is no longer tenable.” The main justification by Thines (2024) for transferring Clade 2 species to Pythiacystis (besides a desire to render
Phytophthora holophyletic) appears to be based on the misconception that all Clade 2 species are terrestrial with semipapillate sporangia. This
ignores evidence that the currently 84 Clade 2 taxa with available data are very diverse and include species with (i) a mainly or partially aerial
lifestyle (32%); (ii) mainly or partially papillate sporangia (59.5%); (iii) mainly nonpapillate sporangia (5%); and (iv) partially nonpapillate
sporangia (31%) (Jung 2024; Jung et al. 2024) (Fig. 2). Hence, based on these characteristics, the transfer of Phytophthora Clade 2 taxa to the

genus Pythiacystis is taxonomically inappropriate.

b) Proposal to transfer Clade 6 taxa to the genus Pythiomorpha introduced by Petersen (1909) for P. gonapodyides: Blackwell et al. (1941) and
Waterhouse (1958) demonstrated that the characteristics listed by Petersen and others for differentiating Pythiomorpha from Phytophthora
(i.e., proliferating sporangia, irregular undulating hyphal growth, diplanetic zoospores, absence of true conidia, and the aquatic habitat) were
in fact common features of known Phytophthora species and concluded that Pythiomorpha was an invalid genus. In addition, features listed by
Thines (2024) as the characteristics of a potentially resurrected genus Pythiomorpha, such as nonpapillate sporangia, simple nondifferentiated
sporangiophores, frequent internal proliferation, and an aquatic lifestyle, are common across many Phytophthora clades, including Clades 2, 6,
7,8,9, 10, and 11 (Abad et al. 2023; Brasier et al. 2022; Burgess et al. 2018; Chen et al. 2022; Hong et al. 2010; Jung et al. 2002, 2011, 2017a,
2022, 2024; Rahman et al. 2015; Safaiefarahani et al. 2015; Yang and Hong 2013). Consequently, the proposed resurrection of Pythiomorpha

for Clade 6 is not justified.

c) Proposal to transfer Phytophthora Clade 8 species to the genus Phloeophthora: The latter genus was erected by Klebahn (1905) to accommodate
the self-fertile semipapillate Clade 8 species P. syringae but was soon declared redundant by Klebahn (1909) himself, who transferred it into
Phytophthora. Further, the implication by Thines (2024) that Clade 8 is terrestrial (soil inhabiting) with mostly nonpapillate sporangia is
unsound, as this ignores the predominantly semipapillate species from subclades 8b, 8c, and 8d, including P. syringae and the predominantly
or partly aerial subclade 8c pathogens P. foliorum, P. hibernalis, P. lateralis, and P. ramorum (Donahoo et al. 2006; Webber et al. 2012; Werres
etal. 2001). Moreover, the species from Clade 8a with predominantly nonpapillate, internally proliferating sporangia and an A1 x A2 breeding
system, such as P. cryptogea, P. drechsleri, and P. pseudocryptogea, do not conform to the original description of Phloeophthora (Griinwald
et al. 2012; Jung et al. 2003; Klebahn 1905; Safaiefarahani et al. 2015).

d) Proposal to transfer Phytophthora Clades 9 and 10 to a new genus, Phytophthoropsis, characterized by nonpapillate sporangia on simple
sporangiophores and an aquatic saprotrophic lifestyle: This is a considerable oversimplification that ignores the soilborne and partially
airborne pathogenic lifestyle of the Clade 9 species P. constricta in dry heathlands of southwestern Australia (Rea et al. 2011); the eucalypt
canopy-dwelling Clade 9 species P. captiosa and P. fallax in Australasia (Dick et al. 2006); and the fact that Clade 10c comprises exclusively
aerial pathogens, such as the four species of the P. kernoviae complex and P. boehmeriae, P. celebensis, P. gondwanensis, P. javanensis,
P. morindae, and P. multiglobulosa, which form papillate caducous sporangia in composite sympodia (Brasier et al. 2005; Jung et al. 2022;

Nelson and Abad 2010).
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(Brasier et al. 2022), is inevitably resulting in publication chain-
reactions. Highly relevant to our case for Phytophthora retention
are recent publications by Thines et al. (2023) and Thines (2023,
2024). These put forward broad taxonomic proposals for new genera
and generic names for existing clades of Phytophthora, and make
specific comments about statements within Brasier et al. (2022) and
Bourret et al. (2018).

We present our detailed responses to these comments or pro-
posals in Boxes 1 and 2, together with some related observations.
Broadly, we view most of the taxonomic proposals in Thines et al.
(2023) and Thines (2023, 2024) as non-rigorous, unsupported by
the evidence, or scientifically inappropriate. Further, if one accepts
that on current evidence, the proposals to split Phytophthora into
separate genera are biologically and phylogenetically inappropri-
ate, then we consider as largely irrelevant the particulars of any
genus name that might be assigned during such a process, whether
they include new names or resurrected names (Thines 2023, 2024;
Thines et al. 2023).

Lack of Suitable Nomenclatural Alternatives

In the context of the rather narrow cladistic notion that the evo-
lution of the DMs renders Phytophthora “paraphyletic” (and in
those terms, a “problem to be rectified”’), various nomenclatural
options have been presented (Bourret et al. 2018; Brasier et al.
2022; Runge et al. 2011; Voglmayr 2008). Each one of these “so-
lutions” would probably be unsatisfactory to one scientific circle
or another (Voglmayr 2008). They include (i) placing all DMs and
Phytophthora species in a single genus under the oldest generic
name, Peronospora, which is evolutionarily unsound, as it puts
biologically distinct derived taxa (i.e., the DMs) before their an-
cestral progenitor (Phytophthora); (ii) reclassifying all DMs under
the parental group Phytophthora, which is at first sight more log-
ical but conflicts with the International Code of Nomenclature for
algae, fungi, and plants (ICNafp) because Peronospora is the ear-

lier generic name, originally published in 1837 (Corda 1837; the
code could also consider a proposal for the conservation of the
name Phytophthora over Peronospora, but taxonomic chaos could
ensue during the anticipated lengthy period of deliberation required
before such a decision could be reached and confirmed); and (iii) de-
scribing at least six new genera within Phytophthora to conserve the
DM genera. However, as already indicated, this is biologically un-
sound given the lack of meaningful biological differences between
the Phytophthora clades or groups of clades and the likelihood that
the clades are probably more a product of genetic drift than of
adaptation.

Although there is an option to apply names to the various Phy-
tophthora clades by recognizing them as subgenera or sections
within the genus, Brasier et al. (2022) considered that, given the
absence of significant biological differences between clades, this
would probably add little to communication or our understanding
and could be even more confusing to end users. The informal clade
labeling system is now universally applied, usefully reflects the
present evolutionary understanding, and can be adapted flexibly
as more phylogenetic information, such as additional subclades or
minor clades, accumulates.

Therefore, in the absence of strong evidence to the contrary, and
also taking into consideration the critical importance of effective
scientific communication (see below), preservation of the status
quo would appear to be the most scientifically rational, pragmatic,
and sensible choice.

Critical Value of Preserving the Broad Generic
Concept of Phytophthora for Scientific, Regulatory,
and Social Communication

As scientists, we attempt to erect and amend genera using scien-

tific data, but genera are still human constructs. Generic names are,
therefore, part of our “human ecosystem,” where biological science

BOX 2

Responses to other statements by Thines et al. (2023) and Thines (2023, 2024)

Thines et al. (2023) quote a phrase from a paper by Jung et al. (2017c) that describes the Nothophytophthora genus as a new sister genus of
Phytophthora. However, they use the quote out of context, and their interpretation implying that Phytophthora and Nothophytophthora resemble each
other in many morphological characters is misleading. In fact, Jung et al. (2017c) described multiple morphological and behavioral characteristics
that distinguish the two genera. Distinguishing characteristics of Nothophytophthora include the exclusive formation of nonpapillate, often caducous
sporangia with a conspicuous opaque basal plug, typically above the shedding point; the absence of sporangial pedicels; the absence of an Al x
A2 breeding system; generally low cardinal temperatures for growth; and very slow growth rates in culture. Furthermore, in multigene phylogenies,
Nothophytophthora resides in a sister position to Phytophthora rather than within the Phytophthora clades (Fig. 1), with genetic distances to Clades
6,7, and 10 of 8 to 9.2% (LSU-btub-coxI-nadhl alignment) and 31.9 to 43.2% (ITS), respectively (Jung et al. 2017c).

Whether the DMs have emerged from Phytophthora once or twice (Bourret 2024; Bourret et al. 2018; Cooke et al. 2000) (Fig. 1), that is, whether
they are mono- or polyphyletic, is not pivotal to the case for preserving the broad Phytophthora concept. By some definitions, paraphyletic clades
can only be paraphyletic once—a clade that is multiply paraphyletic would be considered polyphyletic and thus not supported under any definition
of monophyly. However, these strict Hennigian clade terms are merely a set of definitions favored by some systematists and are not binding.

How the DMs evolved within Phytophthora remains a methodologically difficult question (Bourret 2024; Bourret et al. 2018; Seidl and Bourret
2024), and debates about phylogenetic methods are beyond the scope of this letter. Nonetheless, it is notable that, despite coming to a different
conclusion regarding DM polyphyly and claiming to have produced a tree with an authoritative topology, Thines et al. (2023) applied none of the
standard measures used by Bourret et al. (2018) to specifically evaluate potential long-branch effects in their inferences and substitution saturation
in their datasets. Further, a more thorough investigation indicates that the DM monophyly indicated in Thines et al. (2023) is probably an artifact of
nucleotide substitution saturation: Filtering the fast-evolving third-codon sites from their dataset resulted in trees with two DM clades, as did trees

inferred from translated amino acid alignments (Bourret 2024).

Thines et al. (2023) commented twice that the statement of Brasier et al. (2022) that the DM genera are more closely related to each other than
are some closely related Phytophthora species is incorrect, suggesting that genetic distances between DM genera are, in fact, considerable and often
greater. However, Brasier et al. (2022) were referring to synapomorphies, not to genetic distances, pointing out that generic differences between some
DMs are even more limited in critical synapomorphies than those between some phylogenetically very closely related Phytophthora species, for
example, P. ramorum and P. hibernalis in Clade 8c. Indeed, Brasier et al. (2022) noted that in phylogenies, “the much longer average branch lengths
in the DMs largely distinguish them from the more tightly clustered ‘bush-like’ Phytophthora clades” and supported the conclusion of Bourret et al.
(2018) that this probably reflects a rapid evolution towards enhanced host specialization and obligate biotrophy.

The statement by Thines (2009) and Thines et al. (2023) that the traditional divide between Phytophthora and DMs is artificial, with obligate
biotrophy probably being the only distinguishing synapomorphy, is not borne out by the evidence (Table 1) (Brasier et al. 2022).
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meets social science. Consequently, they have an important social
dimension, especially in the realm of scientific communication and,
with pathogens, in the regulation and management of global plant
and animal health and biosecurity (Brasier et al. 2022; Crous et al.
2021). The importance of this aspect is increasingly being high-
lighted where “unnecessary” generic changes are promulgated, the
latter sometimes by those unfamiliar with front-line disease man-
agement (Brasier et al. 2022; de Hoog et al. 2023; Denning 2024;
Geiser et al. 2013, 2021; Summerell 2019). Typically, the appli-
cation or retention of a broad generic concept is recommended to
maintain stability in names.

The genus Phytophthora is foundational to plant pathology. In-
deed, to both plant pathology and mycology stakeholders world-
wide, the impact of Phytophthora needs little introduction: The
very meaning of the genus name, “plant destroyer,” reflects this.
Current impacts range from threats to food and crop biosecurity
with significant economic consequences (for example, potato late
blight, cocoa black pod, and sudden larch death), to damage to
natural environments and ethnic cultures (for example, cork oak
decline, jarrah dieback, kauri dieback, and sudden oak death),
which are often financially incalculable (Brasier et al. 2022). In
addition, there is the enormous global biosecurity challenge of pro-
tecting crops and natural ecosystems from previously “unknown”
Phytophthora threats, reflected, for example, in the steady esca-
lation in recorded Phytophthora-associated diebacks and declines
(Brasier et al. 2022, 2024; Jung et al. 2018, 2024; Scanu et al. 2015,
2024).

These problems all require effective scientific discourse in re-
search, disease management, regulation, and public awareness. As
a biologically cohesive genus, for well over a century the current
Phytophthora concept has had and continues to have a very high
scientific communication and plant and food biosecurity value. It
has long been fundamental to accurate knowledge and information

TABLE 1. Main characteristics differentiating Phytophthora from the downy
mildews

Taxonomic group

Characteristics Phytophthora Downy mildews

Nutrition
Saprotrophy
Necrotrophy
Hemibiotrophy
Biotrophy
Culturability
Lifestyle
Water inhabiting
Soil inhabiting
Aerial inhabiting
Roots
Stems
Foliar tissues
Woody tissues
High ecological flexibility
Asexual dispersal
Zoospore formation
Non-caducous zoosporangia
Caducous zoosporangia
Conidia
Indeterminate sporangiophores
Determinate sporangiophores

a

X X X X X
o

X X X X X X X X

X X X X X X
X

o

2 All downy mildews are obligate biotrophs.

Y For some Phytophthora species, attempts to grow them in vitro have failed
(e.g., P. cyperi = Kawakamia cyperi, P. cyperi-bulbosi, P. lepironiae, and
P. polygoni).

¢ Ten of the twenty known downy mildew genera form sporangia and zoospores.

4 P heterospora from Clade 4 is the only Phytophthora species known to form
conidia (in addition to sporangia) (Scanu et al. 2021).

¢ P. litchii from Clade 4 is the only Phytophthora species known to form
determinate sporangiophores (Chen 1961).

transfer for scientists across disciplines ranging from mycology and
plant pathology to social history. This value is indicated in a crude
numerical sense by the many conference proceedings and five or
more books dedicated to the genus since 1978, the >16,000 scien-
tific papers on Phytophthora in Scopus, or the >180,000 citations
on Google Scholar and by the numerous legally constituted quaran-
tine statutes worldwide specifying measures against Phytophthora
introduction or spread.

Aspects of the potential “social harm™ that could occur in the
event of scientifically unjustified taxonomic changes to the Phy-
tophthora genus have been described previously (Brasier etal. 2022;
Jung et al. 2024) and across the APS Workshop (Brasier et al. 2024;
Frankel 2024; Scanu et al. 2024; Webber 2024). Howeyver, it is worth
reemphasizing a couple of these.

First, many damaging Phytophthora disease syndromes, from co-
coa black pod disease to diebacks of entire Mediterranean-climate
ecosystems, involve not only multiple (usually introduced) Phy-
tophthora species but multiple Phytophthora clades. For example,
in the current oak decline syndromes in Europe, at least 26 dif-
ferent Phytophthora species from 9 different clades are involved
(Brasier et al. 2022; Jung et al. 2018). One vegetation dieback syn-
drome in western North America involves 51 Phytophthora taxa
from 7 different clades (Frankel et al. 2020). In such examples, the
symptoms caused by the different Phytophthoras on the same host
are often indistinguishable (Jung et al. 2018; Scanu et al. 2024).
The scientific confusion, potential legal confusion in the context
of quarantine legislation and litigation, confusion in fungicide reg-
istration and labeling, and even disruption to global biosecurity
that could result if the Phytophthora clades were unnecessarily
split into multiple genera is self-evident. As Frankel (2024) has
pointed out, lawyers can “make hay” with legal attempts to con-
trol introduced pathogens if the very name of the pathogen is “in
dispute.” At the very least, thousands of government and indus-
try legal and management documents worldwide would need to be
revised.

Second, the current excellent understanding among plant health
regulators and scientists about what is meant by Phytophthora is
a valuable asset in food crop and habitat protection. In some parts
of the world, the impact of the genus on the wider environment
is now so frequent and devastating that terms such as “Phytoph-
thora root rot” and “Phytophthora dieback™ are in common usage
by amateur conservation groups, horticultural magazines, and the
popular media (Brasier et al. 2022). Unnecessary or inappropriate
designation of multiple new genera would seriously damage this
public understanding.

In this context, in addition to Peronophythora (Box 1), Thines
et al. (2023) and Thines (2024) propose new generic names such
as Pseudophytophthora (literally “false plant destroyer”), Paraphy-
tophthora (‘“somewhat a plant destroyer”), and Phytophthoropsis
(“appears like a Phytophthora’), claiming that this would meet the
low communications barrier recommended by Brasier et al. (2022).
Clearly, having five or six such generic names for Phytophthoras
in scientific publications, biosecurity documents, and at the pub-
lic interface would be confusing and create a significant barrier to
clear communication, rapid risk assessment, and timely responses.
Further, phylogenies presented by Bourret et al. (2018) and Bourret
(2024) suggest that the number of new generic names needed to ren-
der Phytophthora strictly “holophyletic” has been underestimated
due to undersampling of the higher-numbered clades; hence, yet
more minor clades are likely to be discovered.

Indeed, considering the principle that “taxonomy’s purpose is
to foster clear scientific communication ... and weigh the costs
of altering long-standing, effective communication” (Booth 1978;
Wingfield etal. 2012, as paraphrased by Geiser et al. 2021), the state-
ments of Thines et al. (2023) and Thines (2024) suggest insufficient
appreciation of the damage to scientific and popular communication
and global plant biosecurity that could result from an unnecessary
breakup of the Phytophthora genus.
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Canvas of Global Scientific Opinion on Preserving
the Current Phytophthora Generic Concept

An option of trying to secure a consensus on the generic circum-
scription of Phytophthora among researchers actively involved with
Phytophthora and other oomycetes via a working group of the In-
ternational Commission on the Taxonomy of Fungi was advocated
by Brasier et al. (2022). This same route was used by the Interna-
tional Commission of Penicillium and Aspergillus (recognized by
both the International Commission on the Taxonomy of Fungi and
the International Union of Microbiological Societies) to retain the
use of Aspergillus in the broad circumscription and not to accept
various segregate generic names (Samson et al. 2017). That deci-
sion was supported by 10 of the 11 members of the Commission
and has been adopted almost universally. A similar approach has
been advocated by Hyde et al. (2023) for other cases dealing with
major differences in opinion regarding taxonomic concepts.

To assess the scientific consensus, a motion proposing the re-
tention of the name Phytophthora for all major clades of the
genus Phytophthora was voted on by delegates following the 22 to
25 April 2024 online APS Workshop “The Genus Phytophthora —
Don’t Change a Winning Concept?” The workshop was inclusive
and open to all participants and all speakers. The participants were
invited to vote on the following motion:

“We now recommend that the current concept of the genus
Phytophthora be retained with its current circumscription and not
divided into a number of separate genera on the basis that:

* With the exception of the emergent DMs, Phytophthora is a
fundamentally monophyletic genus exhibiting strong biologi-
cal cohesion. Its multiple phylogenetic clades exhibit numerous
overlapping morphological and behavioral properties (synapo-
morphies) but no distinguishing combinations of synapomor-
phies, such that, overall, no clade or group of clades stands out
as a unique biological entity.

The DM genera that evolved from among the Phytophthora
clades are clearly distinguished from Phytophthora by many
striking morphological and behavioral character differences.
The genus is of considerable historical importance to mycology
and plant pathology.

The genus has enormous, global economic and ecological im-
pact due to the diseases it causes to crops and natural ecosys-
tems.

Both well-known disease syndromes and many other disease
symptoms with very similar etiology are often caused by species
from multiple Phytophthora clades.

To break up or rename the clades of the genus without sound sci-
entific justification (evidence of multiple distinguishing synapo-
morphies) could be seriously damaging to global scientific
communication, biosecurity and disease regulation.”

Of the 265 people registered for the APS Workshop, 166 voted
on the motion over a 14-day post-workshop voting period. Of the
166 responders, 164 (98.8%) voted for the motion and 2 (1.2%)
abstained. There were no votes against the motion.

All workshop participants and speakers were invited to coauthor
this “Letter to the Editor” addressing the need for Phytophthora
preservation. Of the 166 responders, 120 (72.3%) expressed a wish
to be a co-author and 46 (27.7%) declined.

Review by the International Commission
on the Taxonomy of Fungi

As APS Workshop participants who voted for the above mo-
tion, many of us are closely engaged with the science around the
taxonomy, biology, evolution, and environmental management of
Phytophthora, or in parallel fields of research. We tend not to
consider the Phytophthora genus (or the DMs) largely as an as-
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semblage of lineages on a cladogram. Dealing with Phytophthora
on a day-to-day basis, many of us have developed a more holistic
view and a professional understanding of what the name Phyrtoph-
thora represents. The result of the workshop vote is evidence of our
overwhelming support for the view that, given the absence of strong
scientific evidence to the contrary, the current concept of the genus
Phytophthora should be retained and protected to avoid unnecessary
damage to effective scientific and regulatory communication.

We further recommend that the retention of the broad concept
of Phytophthora should be supervised by a consensus of the sci-
entific community, including especially any proposals to change
the taxonomic structure of the genus. Any such proposals should,
as far as practicable, take proper account of whether the changes
are justified in terms of the phenotypic properties of the taxonomic
units concerned, the likely evolutionary patterns and processes (e.g.,
adaptive or neutral variation and shared common ancestors) under-
lying their origins, and the social, economic, and regulatory impact
of the changes.

On this basis, we request the International Commission on the
Taxonomy of Fungi to form a representative Working Group to re-
view the evidence and make its views known regarding maintaining
the current circumscription of the genus Phytophthora.
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