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Abstract: Many members of the  genus  cause economic and environmental impact diseases in nurseries, horticulture, forest, and 

natural ecosystems and many are of regulatory concern around the world. At present, there are 223 described species, including eight unculturable and 

three lost species. Twenty-eight species need to be redescribed or validated. A lectotype, epitype or neotype was selected for 20 species, and a redescription 

EDVHG�RQ�WKH�PRUSKRORJLFDO�PROHFXODU�FKDUDFWHUV�DQG�SK\ORJHQHWLF�SODFHPHQW�LV�SURYLGHG��,Q�DGGLWLRQ��WKH�QDPHV�RI�¿YH�VSHFLHV�DUH�YDOLGDWHG�� , 

 (Synonym: ), ,  and  for which morphology and phylogeny are given. Two species, 

P. and  are presented as new combinations.  is treated with a representative strain as both lecto- and 

HSLW\SL¿FDWLRQ�DUH�SHQGLQJ��7KLV�PDQXVFULSW�SURYLGHV�WKH�XSGDWHG�PXOWLJHQH�SK\ORJHQ\�DQG�PROHFXODU�WRROER[�ZLWK�VHYHQ�JHQHV��,76�U'1$�� , COI, 

, , , and ��JHQHUDWHG�IURP�WKH�W\SH�VSHFLPHQV�RI�����YDOLGO\�SXEOLVKHG��DQG�FXOWXUDEOH�VSHFLHV��LQFOXGLQJ�QLQH�K\EULG�WD[D���7KH�JHQRPH�
LQIRUPDWLRQ�RI����W\SHV�SXEOLVKHG�WR�GDWH�LV�DOVR�LQFOXGHG��6HYHUDO�DVSHFWV�RI�WKH�WD[RQRPLF�UHYLVLRQ�DQG�SK\ORJHQHWLF�UH�HYDOXDWLRQ�RI�WKH�JHQXV�LQFOXGLQJ�
species concepts, concept and position of the phylogenetic clades recognized within  are discussed. Some of the contents of this manuscript, 

including factsheets for the 212 species, are associated with the “ ��PROHFXODU�DQG�PRUSKRORJLFDO�LGHQWL¿FDWLRQ�RI�  based on the types” 

RQOLQH�UHVRXUFH��KWWSV���LGWRROV�RUJ�WRROV������LQGH[�FIP���7KH�¿UVW�YHUVLRQ�RI�WKH�  online resource released to the public in September 2019 contained 

161 species. In conjunction with this publication, we are updating the  online resource to version 2 to include the 51 species recently described. The 

current status of the 223 described species is provided along with information on type specimens with details of the host (substrate), location, year of collection 

DQG�SXEOLFDWLRQV��$GGLWLRQDO�LQIRUPDWLRQ�LV�SURYLGHG�UHJDUGLQJ�WKH�H[�W\SH�FXOWXUH�V��IRU�WKH�����YDOLG�FXOWXUDEOH�VSHFLHV�DQG�WKH�GLDJQRVWLF�PROHFXODU�WRROER[�
with seven genes that includes the two metabarcoding genes (ITS and COI) that are important for Sanger sequencing and also very valuable Molecular 

2SHUDWLRQDO�7D[RQRPLF�8QLWV��0278��IRU�VHFRQG�DQG�WKLUG�JHQHUDWLRQ�PHWDEDUFRGLQJ�+LJK�WKURXJKSXW�VHTXHQFLQJ��+76��WHFKQRORJLHV��7KH�  online 

resource will continue to be updated annually to include new descriptions. This manuscript in conjunction with  represents a monographic study and 

WKH�PRVW�XSGDWHG�UHYLVLRQ�RI�WKH�WD[RQRP\�DQG�SK\ORJHQ\�RI�  widely considered one of the most important genera of plant pathogens.
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INTRODUCTION

The  genus  is one of the most important 

and studied groups of plant pathogens causing devastating 

GLVHDVHV�JOREDOO\�ZLWK�HFRORJLFDO��HFRQRPLF��VRFLDO��DQG�VFLHQWL¿F�
LPSDFWV��(UZLQ�	�5LEHLUR�������+DQVHQ et al. 2012a, Brasier et al.

2022). The genus encompasses a range of morphologically diverse 

species that can be either aggressive pathogens on different 
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herbaceous and woody plants, saprophytes, or opportunistic 

necrotrophic pathogens (Jung et al. 2015, Brasier et al. 2022, Abad 

et al. 2023). The frequent association of  species with 

plant diseases, from crops to ornamental and forest hosts, and their 

increased detection in natural and forest ecosystems in different 

geographical and climatic areas of the world over the last decades, 

have stimulated substantial interest in this group (Jung et al. 2022a, 

Chen et al. 2022, Abad et al. 2023).

The genus  (Ancient Greek for ‘plant destroyer’) 

ZDV�LQWURGXFHG�E\�WKH�*HUPDQ�P\FRORJLVW�$QWRQ�'H�%DU\�ZLWK�WKH�
description of  (Mont.) de Bary, the causal agent of the 

potato late blight epidemic responsible for the Irish famine between 

�����DQG�������'H�%DU\�������$EDG�	�$EDG�������+DDV et al. 2009). 

The species was previously named  by Montagne 

(1845), �E\�8QJHU��������DQG�
 by Caspary (1853). After the discovery of  the 

number of described  species increased gradually 

(Erwin & Ribeiro 1996). Several species currently accepted were 

described between the 19th and beginning of the 20th century, 

VXFK� DV�� IRU� H[DPSOH��  (1886),  (1896), 

 (1889),  (1905),  (1913), P. 

(1919), 

(1922) and  (1922). At that time, the description of 

QHZ�VSHFLHV�DQG�WKH�WD[RQRPLF�SRVLWLRQ�RI�WKH�JHQXV�  

ZHUH� H[FOXVLYHO\� EDVHG� RQ� WKHLU� PRUSKRORJLFDO� FKDUDFWHULVWLFV��
especially their reproductive structures (Erwin & Ribeiro 1996, 

Jung et al. 2022a, Chen et al. 2022). Initial assumptions about 

KRVW�VSHFL¿FLW\� OHDG� WR� VHYHUDO� HDUO\� IDFXOWDWLYH� V\QRQ\PV� IRU�
species with wide host ranges, including  and  

(Waterhouse 1963).

Concepts relying on morphological features resulted in several 

attempts to produce tabular keys to distinguish species. Rosenbaum 

�������ZDV� WKH�¿UVW� WR�SURSRVH�NH\V�EDVHG�RQ�PRUSKRORJ\��VXFK�
as the sporangial dimension and shape, size and abundance of 

oogonia, type of antheridium, and presence or absence and size of 

chlamydospore to differentiate species. Tucker (1931) recognized 

WZHQW\� VSHFLHV�� HPSKDVL]LQJ� WKH� VLJQL¿FDQFH� RI� RQWRJHQHWLF�
characters of sporangia and gametangia and temperature-growth 

UHODWLRQV�LQ�FODVVL¿FDWLRQ��/HRQLDQ��������XWLOL]HG�PRVW�RI�7XFNHU¶V�
criteria but added growth characteristics in different media as a 

KHOSIXO�WRRO�IRU�VSHFLHV�LGHQWL¿FDWLRQ��,Q�KHU�HDUOLHU�ZRUN��:DWHUKRXVH�
�������UHFRJQL]HG�VL[�JURXSV�EDVHG�RQ�D�VHULHV�RI�PRUSKRORJLFDO�
and physiological parameters to which around 40 species were 

assigned. Later, she listed 60  species with a Latin 

description and/or a designated type (Waterhouse 1970). The 

:DWHUKRXVH�NH\�ZDV�IXUWKHU�UHYLVHG�E\�1HZKRRN et al. (1978) and 

Stamps et al. (1990) raising the number of  species to 

����+RZHYHU�����RI�WKHVH�ZHUH�ODWHU�GLVFDUGHG�E\�(UZLQ�	�5LEHLUR�
(1996) who, in their comprehensive monograph, reported 58 

species, seven of which were later considered invalidly published 

or lost.

:LWK�WKH�DGYHQW�DQG�DGYDQFH�RI�'1$�VHTXHQFLQJ�WHFKQLTXHV�
DQG� SK\ORJHQHWLF� PHWKRGV�� XQGHUVWDQGLQJ� WKH� WD[RQRP\� DQG�
diversity of  species has, over time, changed 

profoundly (Burgess et al. 2021). Since 1996, several authors using 

sequence data have studied the phylogenetic relationships of this 

genus, and currently more than 200 species have been described 

(Jung et al. 2022a, Chen et al. 2022, Abad et al. 2023). Most of the 

newly described species were recovered from forest and natural 

ecosystems (Jung et al. 2002, 2011, 2016, 2017b, 2022, Scanu et 

al. 2015, Burgess et al. 2018, Bose et al.��������+RZHYHU��XVLQJ�
PHWDEDUFRGLQJ�DSSURDFKHV��QHZ�WD[D�DUH�DOVR�EHLQJ�GLVFRYHUHG�LQ�

anthropized ecosystems investigated for decades and historically 

assumed to be well known (Prigigallo et al. 2016, Burgess et al. 

2017, 2022, Bose et al. 2018, Riddell et al. 2019, Khdair et al. 

2020a, Riolo et al. 2020, Gyeltshen et al. 2021, La Spada et al. 

������� &RQVLGHULQJ� WKH� H[SRQHQWLDO� LQFUHDVH� RI� QHZO\� GHVFULEHG�
species in the last years, probably another 200–400 species may 

remain to be discovered (Brasier 2009, Scott et al. 2019a).

 species morphologically resemble members 

of the kingdom  ( ), but are oomycetes (Phylum 

), within kingdom  (Beakes & Sekimoto 

2009). Although previously placed in the , the higher-level 

FODVVL¿FDWLRQ�RI� WKH�JHQXV� LV�ZLWKLQ� WKH� IDPLO\� , 

order  and class  (Fig. 1). 

Besides , the  contains four 

genera of early-diverging, culturable organisms and 20 genera of 

unculturable pathogenic biotrophs collectively known as downy 

PLOGHZV��'0V���)LJV�������
7KH�¿UVW�SK\ORJHQHWLF�VWXG\�RI�WKH�JHQXV�EDVHG�RQ�,76�U'1$�

sequences included 50 described  species and 

separated the genus into eight phylogenetic clades (Clades 1–8) 

and two putatively more distantly related clades (Clades 9 and 

10) (Cooke et al. 2000). This phylogenetic clade structure was 

supported by Kroon et al. (2004) who added four additional genes 

(COI, ,  and 1) for the evaluation of 48 species. 

7KLV� LQIUDJHQHULF� VWUXFWXUH� ZDV� ODWHU� FRQ¿UPHG� E\� PXOWLJHQH�
phylogenetic analysis of 82  species using seven 

loci, including 60S ribosomal protein , , enolase, heat 

shock protein90 ( ��� ODUJH� VXEXQLW� U'1$��  gene fusion 

and  (Blair et al.� ������� 'HVSLWH� DGGLQJ� PDQ\� QHZ� VSHFLHV�
and subsequent multigene phylogenetic studies, including several 

mitochondrial genes, the clades have remained structurally stable 

H[FHSW�IRU�WKH�SODFHPHQW�RI�  (Robideau et al. 2011, Kroon 

et al. 2012, Martin et al.� �������+RZHYHU��5DKPDQ et al. (2015) 

proposed an eleventh clade for isolates of , as they formed 

a separate monophyletic group from the phylogenetic clades 

GH¿QHG�E\�%ODLU et al. (2008). In a comprehensive phylogeny with 

142 described and 43 provisionally named  species, 

Yang et al. (2017) stated that  could not be assigned to a 

distinct clade, due to the relatively low clade-to-clade resolutions 

and concluded that further analyses were warranted to determine 

whether this unique species should be assigned to a new clade. 

Jung et al. (2017a) constructed a multigene phylogeny based on 

nuclear ITS,  and  and mitochondrial 1 and 1 

gene sequences and accommodated , and the newly 

described species  and  to Clade 12. 

The species was previously assigned to Clades 3, 4 and 1 (Cooke 

et al. 2014). Another species,  had a phylogenetic position 

that varied depending on the type of analysis and loci used but 

appeared to constitute a separate clade as well (Yang et al. 2017). 

Clades 1–12 were validated and additional clades (13–16) were 

proposed by Bourret et al. (2018); these additional clades include 

the provisional species � WD[RQ�PXJZRUW (Clade 13), 

the unculturable (Clade 14) and the recently-described 

species (previously P. WD[RQ� WRWDUD�� �&ODGH� ����
�'REELH et al.��������ZLWK�WKH�'0V�SODFHG�LQWR�&ODGHV����DQG�����
7KH� FODVVL¿FDWLRQ� VFKHPH� EDVHG� RQ� JURXSLQJ� into 

phylogenetic clades has so far proved to be reasonably robust 

DQG�DW�WKH�VDPH�WLPH�ÀH[LEOH�HQRXJK�WR�DFFRPPRGDWH�ERWK�QHZO\�
GLVFRYHUHG�WD[D�DQG�KLVWRULFDOO\�FRQVROLGDWHG�VSHFLHV�

6HYHUDO� VWXGLHV� KDYH� QRZ� VKRZQ� WKH� GRZQ\�PLOGHZV� �'0V��
reside within ��ZLWK�WKH�'0V�EHLQJ�HLWKHU�PRQRSK\OHWLF�
or polyphyletic and  paraphyletic in cladistic terms 
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Fig. 1. Order ��0D[LPXP�OLNHOLKRRG�WUHH�LQIHUUHG�ZLWK�,4�75((�Y����IURP�D�WKUHH�ORFL��,76��COI and ) alignment (Supplementary Table 

6����8OWUDIDVW�ERRWVWUDS�VXSSRUW�YDOXHV��������DUH�QRW�VKRZQ��7KH�VWUDLQV�HPSOR\HG�DV�RXWJURXSV�IRU�WKH�UHPDLQGHU�RI�WKH�SK\ORJHQHWLF�LQIHUHQFH�DUH�VKRZQ�
in bold. The uncollapsed version of this tree is available as Supplementary Fig. S1. 
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(Cooke et al. 2000, Runge et al. 2011, Thines & Choi 2016, Bourret 

et al. 2018, Scanu et al. 2021) (Fig. 2). It has been suggested to 

split  into several genera based on its paraphyletic 

nature (Runge et al. 2011, Crous et al.� ����F��� +RZHYHU�� WKLV�
ZRXOG� HQWDLO� VXEVWDQWLDO� WD[RQRPLF� DQG� QRPHQFODWXUDO� FKDQJHV�
ZLWK�D�VWURQJ�LPSDFW�RQ�ERWK�WKH�VFLHQWL¿F�FRPPXQLFDWLRQ�DQG�WKH�
management of diseases caused by these pathogens (Brasier et 

al.��������:KLOH�GLIIHUHQW� WD[RQRPLF�FULWHULD�DUH�EHLQJ�GLVFXVVHG��
LW�ZRXOG�EH�SUXGHQW�WR�FRQVROLGDWH�WKH�FXUUHQW�WD[RQRP\�EDVHG�RQ�
clades, which has proven to be phylogenetically informative and 

KDV�EHHQ�DOPRVW�XQLYHUVDOO\�DGRSWHG�E\�WKH�VFLHQWL¿F�FRPPXQLW\��
To make this goal a reality, knowledge must be systematized and 

made available to a broad audience.

Abad et al. (2023) highlighted that despite the increase in 

new -related studies worldwide, there is still a lack 

of standard databases gathering both morphology and molecular 

information based on type material and well-authenticated 

specimens that are consistently curated and maintained over time. 

$FFRUGLQJ� WR� WKH� ,QWHUQDWLRQDO� &RGH� RI� 1RPHQFODWXUH� IRU� DOJDH��
IXQJL� DQG� SODQWV� �KWWSV���ZZZ�LDSW�WD[RQ�RUJ�QRPHQ�PDLQ�SKS��� D�
type designation serves to link the name for a given species to a 

physical entity (a dry specimen, or a ‘metabolically inactive culture’, 

or in special cases, an illustration), which is selected to represent 

that name (Turland et al.� �������$� W\SH� VSHFLPHQ� RU� DQ� H[�W\SH�
culture (a living strain obtained from the type) then serves as the 

standard for future comparative analyses. 

In the genus  the use and the importance of 

the types has not always been considered, even when describing 

UHODWHG�VSHFLHV��RIWHQ�JHQHUDWLQJ�FRQIXVLRQ�DQG�PLVLGHQWL¿FDWLRQ�
of species (Abad et al. 2023). Additionally, due to incorrectly 

QDPHG�VSHFLPHQV��DQG�VHTXHQFH�GDWD��DW�1&%,��PLVLGHQWL¿FDWLRQ�
of species is continuing; most notably for 

, and  (Abad 

et al. 2023). For the description of , Scanu et al. 

(2021) considered  var.  might be a 

V\QRQ\P��+RZHYHU��QR�VSHFLPHQV�RU�'1$�VHTXHQFH�GDWD�OLQNHG�
WR� WKH�RULJLQDO�GHVFULSWLRQ�RI� WKH�YDULHW\�DUH�DYDLODEOH� WR�FRQ¿UP�
this hypothesis. , the type species of the 

JHQXV�� KDV� RQO\� UHFHQWO\� EHHQ� HSLW\SL¿HG�� GHVSLWH� LWV� RI¿FLDO�
description in 1876 (Chen et al. 2022). The type species concept 

KDV�EHHQ�TXHVWLRQHG�DV� LW� GRHV�QRW� UHÀHFW� WKH�EURDG�YDULDELOLW\�
ZLWKLQ�SRSXODWLRQV��%UDVLHU��������+RZHYHU��W\SHV�DUH�DQ�DWWHPSW�
to materialize a concept based on representative metabolically 

LQDFWLYH�RUJDQLVPV��W\SHV��RU� OLYLQJ�RUJDQLVPV��H[�W\SHV���0DQ\�
H[�W\SHV� DUH� RIWHQ� ROG� DQG� KDYH� XQGRXEWHGO\� FKDQJHG� WKHLU�
morphological, physiological, and even genetic properties. 

$OWKRXJK� WKH� H[FOXVLYH� IRFXV� RQ� W\SH� VWUDLQV� KDV� XQGHQLDEOH�
OLPLWV� EHFDXVH� LW� WHQGV� WR� LJQRUH� LQWUDVSHFL¿F� YDULDELOLW\� DQG� LV�
QRW� LQIRUPDWLYH�RI� WKH�VSHFLHV�ERXQGDULHV�� WKH�GH¿QLWLRQ�RI� W\SH�
specimens for all the described species of  according 

WR� WKH� ,&1DIS� KDV� VRPH� DGYDQWDJHV�� QRW� OHDVW� WKDW� RI� EHLQJ� D�
UHIHUHQFH�IRU�D�VWDEOH�WD[RQRPLF�V\VWHP��7R�SDUWO\�FLUFXPYHQW�WKH�
OLPLWV� RI� D� WD[RQRPLF� V\VWHP� UHO\LQJ� RQ� W\SH� VSHFLPHQV�� QRYHO�
species descriptions should include more than a single strain, 

naming genetically distinct paratypes (a specimen cited in the 

protologue other than the holotype or isotype) to provide access 

WR� LQWUDVSHFL¿F�SKHQRW\SLF�DQG�JHQRW\SLF�GLYHUVLW\� �IRU�H[DPSOH�
Vettraino et al. 2011, Scanu et al. 2021, Jung et al. 2022).

$SSUR[LPDWHO\����  species need to be redescribed 

RU�UHYDOLGDWHG�DV�WKH�W\SH�RU�H[�W\SH�KDV�EHHQ�ORVW�DW�LQWHUQDWLRQDO�
herbaria or culture collections or the species have been incorrectly 

GHVFULEHG��,Q�DGGLWLRQ��W\SH��H[�W\SHV�RU�DXWKHQWLF�PDWHULDO�IRU�WKUHH�
species ( , , and ) have been lost (no 

VSHFLPHQV�H[LVW�LQ�DQ\�FROOHFWLRQ�RU�ODERUDWRU\�ZRUOGZLGH��DQG�HLJKW�
species are unculturable and have therefore not been evaluated in 

SUHYLRXV�DQG�RXU�SK\ORJHQHWLF�DQDO\VLV�ZLWK�WKH�H[�W\SHV�� , 

, , , , 

,  and ). In the group of 27 species 

WKHUH�DUH�¿YH�VSHFLHV� WKDW�DUH� LQYDOLG� � , 

and ) as the respective 

GHVFULSWLRQV� GR� QRW� IROORZ� WKH� UXOHV� RI� WKH� ,&1DIS�� 7KLV� UHYLHZ�
H[DPLQHV�DOO�WKH�FXUUHQWO\�NQRZQ 212  species, based 

on their morphological characters and phylogenetic relationships, 

LQ�D�FRPSUHKHQVLYH�VFKHPH�IRXQGHG�RQ�FODGHV��7KH�¿QGLQJV�DUH�
supported by � Y�� �� �KWWSV���LGWRROV�RUJ�WRROV������LQGH[�FIP��
online resource including the factsheets for 212 species and the 

PRUSKRORJLFDO� DQG� PROHFXODU� LGHQWL¿FDWLRQ� WRROV� IRU� FXOWXUDEOH�
species (Abad et al. 2023). In this version of  we have 

updated the tabular key, lucid key, and molecular information for the 

212 species, presented new factsheets for 51 species described 

after September 2019, and listed genomes for 23 culture types 

(Tables 1–3). The authors intend to provide a baseline tool to 

researchers who want to identify isolates or describe new species 

of  and also for those who are approaching the study 

of this �JHQXV�IRU�WKH�¿UVW�WLPH�

MORPHOLOGICAL PROTOCOLS AND 

IDENTIFICATION

Protocols for isolation, maintenance, storage of isolates, 

methods for sporulation, and other tasks related to morphological 

LGHQWL¿FDWLRQ�DUH�SUHVHQWHG�DV�623�3,'�������DQG�623�3,'�������
of the Morphology Section of  (https://idtools.org/tools/1056/

LQGH[�FIP"SDJH,' �������7KLV�VHFWLRQ�DOVR�FRQWDLQV�DVSHFWV�RI�WKH�
PRUSKRORJLFDO�FKDUDFWHUV�RI�WKH�DVH[XDO�DQG�VH[XDO�PRUSKV�XVHIXO�
IRU�FRUUHFW�LGHQWL¿FDWLRQ�RI�VSHFLHV�LQFOXGLQJ�FRORQ\�PRUSKRORJ\��,Q�
order to facilitate the work for researchers that need access to the 

protocols we are including it with this manuscript as Supplementary 

¿OH� 6�� �� 0HWKRGV� IRU� LVRODWLRQ�� PDLQWHQDQFH�� VSRUXODWLRQ�� DQG�
storage of  species.

Isolates

,Q� WKLV� VWXG\� ZH� KDYH� HYDOXDWHG� DSSUR[LPDWHO\� ���� FXOWXUH� W\SH�
VSHFLPHQV� LQFOXGLQJ� H[�W\SHV� �(7��� H[�HSLW\SHV� �((S7�� DQG�
H[�QHRW\SHV� �(17�� WKDW� ZHUH� DFTXLUHG� E\� *ORULD� $EDG� �86'$�
$3+,6�334�6	7�33&'/��IURP�WKH�:RUOG�  Collection 

DW� 8QLYHUVLW\� RI� &DOLIRUQLD� LQ� 5LYHUVLGH� RU� SURYLGHG� E\� *HUDUG�
Verkleij from the Westerdijk Fungal Biodiversity Institute, the 

1HWKHUODQGV� �KWWSV���ZL�NQDZ�QO�SDJH�IXQJDOBWDEOH��DQG� IURP�RWKHU�
co-authors including Treena Burgess, Bruno Scanu, and Koji 

Kageyama, and other collaborators (https://idtools.org/tools/1056/

LQGH[�FIP"SDJH,' ������ IRU� WKH� LPSOHPHQWDWLRQ� RI�  online 

UHVRXUFH� DQG� WKLV�PDQXVFULSW�� 7KHVH� VSHFLPHQV�ZHUH� H[DPLQHG�
by morphological and molecular characterization. Additional 

information for these and other species was obtained from the 

original publications of the 212 species and is presented at the 

factsheets of each of the species (https://idtools.org/tools/1056/

LQGH[�FIP"SDFNDJH,' ������DQG�LQ�7DEOHV��±��
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Various media amended with antibiotics allow the isolation of 

 species from infected plant material including roots, 

stems, leaves, trunks, or fruits (Erwin & Ribeiro 1996, Martin et 

al. 2012, Sarker et al.� ������ 3pUH]�6LHUUD et al. 2022). A recent 

SXEOLFDWLRQ� E\� 3pUH]�6LHUUD� et al. (2022) presented a variety of 

techniques for successful sampling methods for soil, roots, bark 

FDQNHUV�� DQG� ZDWHUERGLHV�� DQG� IRU� EDLWLQJ�� LVRODWLRQ�� SXUL¿FDWLRQ��
and conservation of pure cultures. The work with species for 

this manuscript and  online resource has been done with 

VHOHFWLYH� DJDU� 3$53+� 0HGLXP� �.DQQZLVFKHU� 	� 0LWFKHOO� ������
which includes antibiotics (pimaricin, ampicillin, rifampicin, 

SHQWDFKORURQLWUREHQ]HQH�DQG�K\PH[D]RO��DGGHG�LQWR�EDVH�PHGLXP�
of corn meal agar (CMA), Coffey’s pea agar, V8 juice agar (V8-A) 

or oatmeal agar (OMA) and is one of the most used for original 

isolations from different plant tissues ( �� 623�3,'�������
DQG�623�3,'���������7KH�DGGLWLRQ�RI�Q\VWDWLQ��SLPDULFLQ�� LQWR� WKH�
EDVH�PHGLD�KDV�EHHQ�XVHG�H[WHQVLYHO\�LQ�VXUYH\V�DQG�PRQLWRULQJ�

� VSHFLHV� LQ� QDWXUDO� HFRV\VWHPV� �3pUH]�6LHUUD et al. 

�������+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�WKH�FDUFLQRJHQLF�SURSHUWLHV�
of pentachloronitrobenzene (EPA 2006), which was a component 

of the original formulation, means that this compound has been 

eliminated by many researchers (Sarker et al. 2020). The Synthetic 

Mucor Agar (Elliott et al. 1966) added with pimaricin, ampicillin, 

ULIDPSLFLQ� DQG� K\PH[D]RO� LV� DOVR� D� JRRG�  selective 

medium (Brasier et al. 2005, Scanu et al. 2014). The technique 

of the pancake method to ensure pure cultures (Sleeth 1945) for 

isolation of  species free from bacterial contamination is 

also handy for the culture of  species. 

Cultural characteristics

&RORQLHV�RQ�9��MXLFH�DJDU��9��$���3RWDWR�'H[WURVH�$JDU��3'$��DQG�
0DOW� ([WUDFW�$JDU� �0($�� DUH� WKH�PRVW� XVHG� IRU� FKDUDFWHUL]DWLRQ�
RI� FRORQ\� PRUSKRORJ\�� 'LIIHUHQW� VKDSHV� RI� FRORQ\� SDWWHUQV� FDQ�
be observed in this media including no distinct, stellate, radiate, 

chrysanthemum, and petaloid patterns  v. 2 (https://idtools.

RUJ�SK\WRSKWKRUD�LQGH[�FIP"SDJH,' ������� &RORQ\� PRUSKRORJ\�
is determined by growing the isolates for 7 and 14 d at room 

temperature (20–25 °C) in the indicated culture media or other 

DGHTXDWH�PHGLD��0LQLPXP��RSWLPXP��DQG�PD[LPXP�WHPSHUDWXUHV�
for growth can be tested in plates growing at the indicated media 

at 5, 10, 15, 20, 25, 27, 30, 32, 35, and 37 °C. Radial growth is 

recorded after 7–14 d, before colonies reach the margin of the Petri 

dishes.

Sporangia production for Phytophthora species

Formation of sporangia was stimulated by incubating specimens 

LQ� ZDWHU� FXOWXUHV� XQGHU� FRQWLQXRXV� ÀXRUHVFHQW� OLJKW�� 7KH� ZDWHU�
systems could also be used for symptomatic small part of plants. 

The process consists in placing pieces of agar medium or small 

part of plants in Petri dishes containing liquid cultures at room 

temperature (22–26 °C) under continuous light for 48 h to 5 d, 

depending on the species. The water cultures are prepared by 

transferring small plugs from the edge of active cultures growing 

IRU��±��G�LQ�&RIIH\¶V�SHD�DJDU��KHPS�VHHG�DJDU������9��MXLFH�DJDU��
carrot agar, lima bean agar, or cornmeal agar into water blank 

cultures (see �SURWRFRO�623�3,'�������DQG�6XSSOHPHQWDU\�
¿OH� 6���� 8VLQJ� DQ� HPSW\� SODWH�� GHSRVLW� D� IHZ� EORFNV� IURP� WKH�

FXOWXUH�� DQG� DGG� ZDWHU� WR� WKH� DJDU� OHYHO�� 'LIIHUHQW� NLQG� RI� OLTXLG�
cultures can be used depending on the species including distilled 

GHLRQL]HG� +
2
O, unsterilized or sterilized rainwater, pond water, 

VWHULOL]HG� RU� XQVWHULOL]HG� VRLO� VROXWLRQ� ���� ���� RU� PL[HV� RI� ������
UDLQZDWHU� �� �����VRLO� VROXWLRQ� � ��623�3,'�������DQG�623�
3,'��������� ,Q� RXU� H[SHULHQFHV� PRVW� VSHFLHV� ZHUH� PRUH� DFWLYH�
if unsterilized soil solution is added, and in combinations of soil 

solution with rainwater. Changing the water every 12–24 h may 

VWLPXODWH� VSRUDQJLD� GHYHORSPHQW�� ,W� LV� FUXFLDO� WR� QRW� RYHUÀRZ�
WKH� FXOWXUH� WR� SUHYHQW� WKH� ODFN� RI� R[\JHQ�� 6SRUDQJLD� PD\� EH�
observed at the margin of the colony. The water blanks system is 

advantageous for observing sporangiophore shapes as the blanks 

are less disturbed than microscopic glass slide preparations. For 

release of zoospores, it is recommended to incubate the water 

systems containing sporangia in a refrigerator under 4 °C for 5 min 

and bring back to room temperature. Sometimes it is necessary to 

repeat the temperature cycles a few times. Sporangia production 

and zoospore release for most species can be achieved using 

mycelial mats growing in pea broth under any of the water systems 

mentioned above and under continuous light for 24–48 h. Mycelium 

LV� ¿UVW� JURZQ� LQ� SHD� EURWK� DIWHU� EHLQJ� VFUDSHG� IURP� FXOWXUHV� RQ�
pea agar, V8 agar, carrot potato agar or other adequate media. 

For some species, such as , that may be reluctant to 

produce sporangia, a saline solution can be used instead of water 

(Chen & Zentmyer 1970).

Hyphal swellings and chlamydospores production 

for Phytophthora species

+\SKDO� VZHOOLQJV� DQG� FKODP\GRVSRUHV� DUH� SURGXFHG� E\� VRPH�
VSHFLHV� DQG� FDQ� EH� XVHIXO� VWUXFWXUHV� IRU� VSHFLHV� LGHQWL¿FDWLRQ��
7KH\� DUH� RIWHQ� SURGXFHG� LQ� OLTXLG� FXOWXUHV��+\SKDO� VZHOOLQJV� DUH�
thin-walled structures showing different shapes like globose, sub-

globose, lobate, radiated, irregular, catenulated, clustered, . 

Chlamydospores are thick-walled long-term survival structures that 

are produced in nature under water or soil conditions. They can 

be terminal, intercalary, globose, sub-globose, lobate, radiated, 

irregular, catenulated, clustered, etc.  The main difference in these 

structures is that hyphal swellings are thin-walled and not delimited 

by hypha while chlamydospores are thick-walled delimited by 

hyphae structures (See : https://idtools.org/phytophthora/

LQGH[�FIP"SDJH,' ����).

Gametangia production for Phytophthora species

Oospores of homothallic species were produced in hemp seed 

DJDU�� OLPD�EHDQ�DJDU��EDE\�FDUURW�DJDU��PDOW�H[WUDFW�DJDU�DQG�9��
agar. Production of oospores in heterothallic species requires the 

addition of a strain of the opposite mating type (A1 or A2). The 

addition of sterols ( ���ȕ�VLWRVWHURO���DQG�IDWW\�DFLGV�PD\�EH�XVHG�
to stimulate oospore production in some  species 

�+HQGUL[� ������ (OOLRW� 	� 0DWK� ������ -HH� 	� .R� ������ .R� ������
Martin et al. 2012). In our studies with homothallic and heterothallic 

species of  we have found that the use of hemp seed 

agar with omega-3, -6, -9 fatty acids (alpha-linolenic, linoleic, 

JDPPD�OLQROHLF�� DQG� ROHLF�� LQ� WKH� SURGXFW� 8GR¶V� 2LO� �PDGH� ZLWK�
RUJDQLF� ÀD[�� VHVDPH� DQG� VXQÀRZHU� VHHG� RLOV�� PDQXIDFWXUHG� E\�
)ORUD��,1&��/\QGHQ��:$��86$��DW������/�LQ�����P/�EDVH�PHGLXP�
is an ideal medium to enhance the production of oospores. Plates 

of homothallic or heterothallic species with pairings (A1 × A2) are 

incubated in the dark at 20 ºC. Compared to other oils, macadamia 
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oil also works very well to produce oospores (Abad Z.G. pers. 

comm., �� 623�3,'��������� Selfed gametangia may be 

induced in polycarbonate membrane tests with an opposite mating 

type tester strain of  using carrot agar (Scanu et al. 

2021).

Maintenance and storage of cultures

The rye vials are used for prolonged storage of  

VSHFLHV� IROORZLQJ� WKH� SURWRFRO� SURYLGHG� E\� 3DXO� 7RROH\� �86'$�
ARS). It consists of placing 4–8 grains of whole grain rye (available 

at health food stores) into about 10 mL of distilled water in a 20 

mL Wheaton vial and autoclave (Recommended: Wheaton Science 

3URGXFWV� ������� FOHDU� ERURVLOLFDWH� JODVV� VDPSOH� YLDO� LQ� ODE� ¿OH�
with 14B rubber lined cap, 20 mL capacity). When cool, store 

refrigerated until use. Place several small agar pieces containing 

the  species into the vial, let grow for about a week 

(we grow at 18–20 ºC in the dark) until you see mycelium growing 

out from around the seeds and up into the water. Then tighten 

WKH� FDS�� DQG� �RSWLRQDO��ZUDS� SDUD¿OP�DURXQG� WKH� FDS� WR� SUHYHQW�
evaporation if they are to be stored for a long time. Store at 18–20ºC 

for up to 2 yr. Some will even go longer than that, depending on the 

species. For additional information of this method see : SOP-

3,'��������$�PHWKRG� IRU� WKH�XVH�RI� KHPS�VHHG�YLDOV� IRU� VWRUDJH�
of  species was also used and it was provided by 

-XDQLWD�&LDPSLQL�IURP�WKH�9HJHWDWLRQ�+HDOWK�6HUYLFH��9+6��DW�WKH�
'HSDUWPHQW�RI�%LRGLYHUVLW\��&RQVHUYDWLRQ�DQG�$WWUDFWLRQV��'%&$��LQ�
Kensington, Western Australia. The protocol consists of sterilizing 

¿YH�KHPS�VHHGV� LQ� ���P/�',�ZDWHU� LQ� D� JODVV�0F&DUWQH\�ERWWOH�
during two consecutive days (~10–15 min). Cut some strips out of 

the plate and add to McCartney bottles from a clean isolate growing 

on a plate of CMA. Leave them to grow on the bench for at least 

��PR�WKHQ�VWRUH�LQ�D�����&�LQFXEDWRU��1XPHURXV�UHIHUHQFHV�H[LVW�
on the short, medium, and long-term maintenance and storage 

of  cultures (Erwin & Ribeiro 1996). One easy and 

effective technique for temporarily storing  is using 

agar plugs immersed in sterile water in plastic vials. All species 

can be stored on lima bean or cornmeal agar disks in sterile water 

with sterile hemp seed for long-term storage (10–12 ºC). The most 

used methods for long-term storage are liquid nitrogen or ultra-cold 

conditions (-80 ºC) (Tooley 1988).

MOLECULAR DATA AND ANALYSIS

3URWRFROV� IRU� DVSHFWV� UHODWHG� WR� PROHFXODU� LGHQWL¿FDWLRQ� DUH�
SUHVHQWHG� LQ� ¿YH� SURWRFROV� �623�3,'���� WR� 623�3,'����� LQ� WKH�
Molecular Section of � �KWWSV���LGWRROV�RUJ�WRROV������LQGH[�
FIP"SDJH,' ������� ,Q�RUGHU� WR� IDFLOLWDWH� WKH�ZRUN�RI� UHVHDUFKHUV�
with no access to our online resources we are presenting the most 

relevant Molecular Protocols as Supplementary Files S2 & S3.

Generation and compilation of sequence data 

Multi-locus phylogenies of the genus , employing 

VHYHQ�ORFL��,76�U'1$��COI, , , , , and ), 

were inferred (Table 4). The primary source of sequence data 

consisted of over 1 320 publicly available nucleotide accessions 

LQ� WKH� QXFOHRWLGH� FROOHFWLRQ� RI� *HQ%DQN�� $ERXW� ��� �� RI� WKHVH�
sequences were generated during the implementation of the  

online resource (Abad et al. 2023) and sequences generated for 

WKLV�PDQXVFULSW��7DEOH�����7RWDO�JHQRPLF�'1$�ZDV�H[WUDFWHG�IURP�
fresh mycelia grown in pea broth at room temperature for about 

�±���G��GHSHQGLQJ�RQ�WKH�VSHFLHV��DQG�XVLQJ�WKH�VXJJHVWHG�4LDJHQ�
'QHDV\�3ODQW�0LQL�.LW��VHH�623�3,'���������$OO�SULPHUV�XVHG�LQ�WKH�
FXUUHQW�VWXG\�DUH�OLVWHG�LQ�7DEOH����PROHFXODU�LGHQWL¿FDWLRQ�VHFWLRQ�
at the  online resource and a previous publication (Abad 

et al.� ������� 3&5� DPSOL¿FDWLRQ� ZDV� SHUIRUPHG� DV� GHVFULEHG� E\�
Blair et al. (2008), Kroon et al. (2004), Robideau et al. (2011) and 

White et al. ������� DQG�PRGL¿HG� E\�$EDG�et al. (2023). Most of 

WKH� 3&5� DPSOLFRQV�ZHUH� SXUL¿HG� DQG�6DQJHU� VHTXHQFHG� DW� WKH�
*(1(:,=�VHTXHQFLQJ�IDFLOLW\�LQ�0DU\ODQG��86$��7KH�IRUZDUG�DQG�
reverse reads were paired, and consensus sequences calculated 

in Geneious Prime v. 2020.0.5 (https://www.geneious.com). All 

sequences have been uploaded to GenBank and accessions are 

available in Table 2. 

If no sequences for the seven genes were available at the 

1&%,��WKH�JHQRPH�VHTXHQFLQJ�GDWD�IURP�WKH�DYDLODEOH�VWUDLQ�ZDV�
used (Table 3); genomic data was mined for the missing loci using 

the methods of Bourret et al. (2018). Genome-sequencing data 

from  and  species were used as 

outgroups (Supplementary Table S1). The data set comprised 212 

described  species, three undescribed, provisional 

 species and the two outgroups for a total of 217 

WD[D�� &RPSOHWH� FRYHUDJH� ZDV� DYDLODEOH� DW� WKH� ,76� ORFXV�� DQG�
FRYHUDJH�RI�WKH�RWKHU�VL[�ORFL�UDQJHG�IURP�����������FRYHUDJH��WR�
����WD[D�������FRYHUDJH���7DEOH�����7KH�¿QDO�DOLJQPHQW�FRQWDLQHG�
a total of 6 102 nucleotide positions and 726 binary indel “gap” 

positions. 

7KH� EHWD�WXEXOLQ� DFFHVVLRQV� RI� WKH� H[�W\SHV� RI� , 

 and  all contained single spurious, 

IUDPHVKLIWLQJ� LQGHOV� WKDW� ZHUH� RPLWWHG� IURP� WKH� ¿QDO� DOLJQPHQW��
The quality of the � H[�W\SH� WUDQVODWLRQ� HORQJDWLRQ�
IDFWRU���DOSKD�DFFHVVLRQ�ZDV�GHHPHG�LQVXI¿FLHQW�WR�LQFOXGH�LQ�WKH�
analysis based on a profusion of apparent single nucleotide variants 

�619V���WKH�KHDW�VKRFN�SURWHLQ����DFFHVVLRQ�IURP�WKH�  

H[�W\SH�ZDV�RPLWWHG�EHFDXVH�LW�ZDV�LGHQWLFDO�WR�WKH�DFFHVVLRQ�IURP�
�� 7KH� WKUHH� GLVWLQFW� H[�W\SH� ,76� DFFHVVLRQV� IURP�P. 

 were combined into a single version for the analysis.

Phylogenetic inference

Loci were aligned individually with MAFFT v. 7.5 using the L-ins-I 

option (Katoh et al. 2005, Katoh & Standley 2013) and manually 

improved within AliView v. 1.28 (Larsson 2014); ITS was aligned 

with the MAFFT option X-ins-I (Katoh & Toh 2008). FastGap v. 1.2 

(Borchsenius 2009) was used to encode binary data sets from the 

gap-rich ITS and �DOLJQPHQWV�ZKLFK�ZHUH�XVHG�IRU�WKH�PD[LPXP�
likelihood (ML) inference. The ITS alignment was partitioned by 

VHSDUDWLQJ� WKH� ,76��� ���6� U'1$� DQG� ,76�� UHJLRQV�� DQG� SURWHLQ�
coding loci were partitioned by codon position. Still partitioned by 

FRGRQ�SRVLWLRQ�� WKH�H[RQV�RI� WKH�  locus were combined into 

WKUHH�VXEVHWV�DQG�WKH�LQWURQV�OHIW�DV�VHSDUDWH�VXEVHWV��,4�75((��
v. 2.1.2 (Chernomor et al. 2016, Kalyaanamoorthy et al. 2017, Minh 

et al. 2020) was used to combine subsets with branch lengths 

HVWLPDWHG� VHSDUDWHO\� IRU� HDFK� ¿QDO� VXEVHW� XVLQJ� WKH� FRUUHFWHG�
Akaike information criterion with the PartitionFinder function 

LQYRNHG�E\�WKH�SDUDPHWHUV��4��PHUJH�JUHHG\��$,&F��PHUJH�PRGHO�
DOO� �PHUJH�UDWH� DOO�� 7KH� PD[LPXP� OLNHOLKRRG� �0/�� EHVW�WUHH� ZDV�
estimated with –allnni -czb and support values estimated using 

WKH�XOWUDIDVW�ERRWVWUDS�DSSUR[LPDWLRQ�ZLWK��%�������%D\HVLDQ�WUHHV�
were inferred using MrBayes v. 3.2.7 (Ronquist et al. 2012) using 

a partitioning scheme determined by PartitionFinder2 v. 2.1.1 
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(Lanfear et al. 2017) with a combined branch length estimation. 

$IWHU� ���PLOOLRQ� JHQHUDWLRQV� WKH� UXQV� KDG� VXI¿FLHQWO\� FRQYHUJHG��
DQG� PD[LPXP� SRWHQWLDO� VFDOH� UHGXFWLRQ� IDFWRU� ZDV� EHORZ� ������
7UHHV�ZHUH�YLVXDOL]HG�DQG�¿JXUHV�FUHDWHG�ZLWK�7UHH*UDSK��(Stöver 

& Müller 2010) and InkScape v. 1.2 (www.inkscape.org). 

To illustrate the higher-level phylogenetic placement of 

, a  data set was constructed by 

augmenting the ITS, COI, and  alignments with additional 

DFFHVVLRQV� IURP� UHSUHVHQWDWLYH� WD[D� �6XSSOHPHQWDU\� 7DEOH� 6���
Figs. S1, S2). To illustrate the phylogenetic relationships of some 

obligate biotrophs of the that were not included 

LQ�WKH�VHYHQ�ORFL�GDWD�VHW��D�¿YH�ORFL�GDWD�VHW�ZDV�FRQVWUXFWHG�IURP�
the seven-loci, omitting ITS and  and adding accessions 

IURP� UHSUHVHQWDWLYH� WD[D�� LQFOXGLQJ� VHTXHQFHV� GHULYHG� IURP� '0�
genomic data (Supplementary Table S1, Fig. 2). The data set was 

�DQFKRUHG�DQG� WD[D�ZLWKRXW� UHSUHVHQWDWLYH�DFFHVVLRQV�ZHUH�
QRW� LQFOXGHG��0D[LPXP� OLNHOLKRRG� WUHHV�ZHUH� LQIHUUHG� IURP� WKHVH�
data sets using the same methods as the primary seven-loci data 

set (Figs 1, 2).

Multi-locus phylogeny of Phytophthora

The trees inferred from the 7-loci data set generally had very 

high support for most relationships. All non-singleton clades and 

VXEFODGHV�UHFHLYHG�PD[LPXP�VXSSRUW�RI�������0/�ERRWVWUDS�DQG�
���� %D\HVLDQ� SRVWHULRU� SUREDELOLW\� YDOXHV�� ZLWK� WZR� H[FHSWLRQV��
6XEFODGH� �H�� ZKLFK� UHFHLYHG� ��� �� 0/� ERRWVWUDS� VXSSRUW�� EXW�
was not monophyletic in the Bayesian tree, with  

separated from the rest of the subclade (Fig. 3, Supplementary 

)LJ��6����DQG�&ODGH�����ZKLFK�UHFHLYHG�������������VXSSRUW��7KH�
VXSSRUW� IRU� 6XEFODGHV� ��D±F�ZDV� VRPHZKDW� VWURQJHU� DW� ����� ��
1.0, and like Jung et al.��������ZH�GLG�QRW�¿QG�FRQVLVWHQW�VXSSRUW�
to include  and  in a monophyletic 

Subclade 10b, necessitating a new subclade to accommodate the 

SDLU��6XEFODGH���F���'XH�WR�WRSRORJLFDO�GLIIHUHQFHV��ZH�UHDVVLJQHG�
Subclade 10a of Jung et al. 2022 to our Subclade 10d in case 

future studies choose to separate the early-diverging Subclade 10d 

as its own numbered clade (Fig. 3). Four subclades were named 

within Clade 9 (Fig. 3). Other new subclades were added for pairs 

RU�VLQJOHWRQ�WD[D�LQ�&ODGHV���������DQG����7KH�SURYLVLRQDO�VSHFLHV�P. 

WD[RQ�MXQLSHUXV�IRUPHG�D�ODUJHU�FODGH�ZLWK�WKH�WZR�VSHFLHV�LQ�&ODGH�
11 in the multi-locus tree, but due to the deep branch, as well as a 

separate placement from  in the -only tree, we declined 

to place P.�WD[RQ�MXQLSHUXV�LQ�D�QXPEHUHG�FODGH�XQWLO�PRUH�GDWD�LV�
available. 

Relationships within the clades were also well-supported with 

H[FHSWLRQV�RFFXUULQJ�ZLWKLQ�VSHFLHV�FOXVWHUV�DQG�FRPSOH[HV��$V�
with previous multi-locus, genus-wide phylogenies (Blair et al. 

2008, Martin et al. 2014, Yang et al. 2017, Bourret et al. 2018), 

the phylogenetic backbone of the genus ( ., the relationships 

EHWZHHQ�WKH�FODGHV��ZHUH�QRW�VWURQJO\�VXSSRUWHG��+RZHYHU�� WKH�
IROORZLQJ� UHODWLRQVKLSV� EHWZHHQ� FODGHV� GLG� UHFHLYH� PD[LPXP�
support: Clades 9+10, as well as the rest of the genus (Clades 

1–8+11–�����������)LJ������7KHUH�ZDV�DOVR�PD[LPDO�VXSSRUW�IRU�
a larger clade containing Clades 1–5+12–13+15, and a smaller 

one with Clades 1–4+12–13. Within the smaller clade, the 

SDLULQJV�RI�&ODGHV������DQG�&ODGHV������DOVR� UHFHLYHG�������
�� ���� VXSSRUW�� :LWK� WKH� H[FHSWLRQ� RI� WKH� SODFHPHQW� RI� &ODGH�
12, these relationships are generally congruent with the more 

PLWRFKRQGULDOO\�LQÀXHQFHG�GDWD� VHWV�RI�Martin et al. (2014) and 

Bourret et al. (2018), as well as the nuclear-only data sets of Blair 

et al. (2008) and Yang et al. (2017). The placement of the obligate 

ELRWURSK�FRQWDLQLQJ� FODGHV� �&ODGHV� ��±���� LQ� RXU� ¿YH�ORFL� WUHH�
was not congruent with the results of Bourret et al. (2018), with 

all obligate biotrophs forming a monophyletic clade along with an 

early-diverging  (Fig. 2). Relevant phylogenetic data, 

including multi-sequence alignments, data partitioning schemata 

DQG� WUHHV� DUH� DYDLODEOH� LQ� WKH� 0HQGHOH\� 'DWD� UHSRVLWRU\� �GRL��
10.17632/yg2rmfzstw.1).

$OWKRXJK�LW�DOORZHG�IRU�WKH�LOOXVWUDWLRQ�RI�DOO�WD[D��WKH�LQFOXVLRQ�RI�
LQFRQJUXHQW�VHTXHQFH�DFFHVVLRQV�DQG�K\EULG�WD[D�OLNHO\�UHVXOWHG�
in lower support values and a potential reduction in phylogenetic 

performance. Because of the presence of hybrids with nuclear or 

mitochondrial genomes identical to other species, no single locus 

was able to resolve all 212 described species. The topologies of 

the single-locus trees inferred from ITS,  and  and most 

resembled the multi-loci tree (Supplementary Figs. S4, S6, S7), 

although most individual loci were able to recover most clades 

and subclades. In the -only tree, the  outgroup 

was placed on a long branch with  within Clade 6, 

and Clade 10 was polyphyletic (Supplementary Fig. S6). In the 

-only tree Clade 5 was nested within Clade 7, and Clades 

9 and 10 were polyphyletic (Supplementary Fig. S10). The -

only tree could not be rooted with the outgroups, had  

separated from the rest of Clade 6, had polyphyletic Clades 4 

and 10, and Clade 9 was paraphyletic with respect to Clade 11 

(Supplementary Fig. S8). The -only tree could not be rooted 

with the outgroups and had many polyphyletic and paraphyletic 

clades. Two Clade 9 species,  and  

had phylogenetically distinct, incongruent COI sequences, which 

were placed outside the rest of  in the COI-only 

WUHH� �6XSSOHPHQWDU\� )LJ�� 6��� DQG� UHVXOWHG� LQ� H[WUHPHO\� ORQJ�
branches in the multi-locus tree. These incongruences were likely 

responsible for the relatively lower support values within Subclade 

9a in the seven-loci tree (Fig. 3).  

also had an incongruence that placed it as sister to Clade 11 

rather than within Clade 6 in the COI-only tree, and the COI of 

 was nested within Clade 6 rather than the species’ 

typical early-diverging placement. In the COI-only tree Clade 10 

was polyphyletic and Clades 2, 3 and 13 were nested within a 

paraphyletic Clade 4.

CHARACTERISTICS OF THE PHYLOGENETIC 

CLADES

Table 5 presents the tabular key organized by the 

position of 212 species at the phylogenetic tree with seven genes 

and the morphological characters. Following are the most relevant 

characteristics of the clades and subclades. Clades 14–16 (Fig. 

2) have been allocated to downy mildews (Bourett et al. 2018) 

and will not be discussed here. The recently described species P. 

, a non-papillated/semi-papillate, persistent/caducous, 

homothallic species, is basal to Clade 15 (Fig. 2, Table 5). Bourret 

et al. (2018) found clade 15 to contain  and three of the 

IRXU�'0�JURXSV��,Q�RXU�VWXG\�� was the early-diverging 

member of Clades 14–16 which contains all the obligate biotrophs 

LQFOXGHG� LQ� WKH�VWXG\� �'0V�DQG� ) (Fig. 2). To 

date, �LV�ZLGHVSUHDG�LQ�1HZ�=HDODQG��ZKHUH�LW�KDV�EHHQ�
recovered from diseased needles and shoots of native 

�'REELH et al. 2022). It is a slow-growing species with low-

WHPSHUDWXUH� RSWLPD� DQG� PD[LPD�� $QRWKHU� SURYLVLRQDO� VSHFLHV�
WD[RQ� MXQLSHUXV�KDV�QRW�EHHQ�DVVLJQHG� WR�D�&ODGH�

(Fig. 3).
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Fig. 3. Seven-loci �SK\ORJHQ\�IHDWXULQJ�����GHVFULEHG�VSHFLHV��0D[LPXP�OLNHOLKRRG�EHVW�WUHH�LQIHUUHG�ZLWK�,4�75((�Y�����8OWUDIDVW�0/�ERRWVWUDS�
DSSUR[LPDWLRQ�VXSSRUW�YDOXHV�!������DUH�VKRZQ��DQG�ELSDUWLWLRQV�UHFHLYLQJ�D�����SRVWHULRU�SUREDELOLW\�LQ�D�%D\HVLDQ�DQDO\VLV�DUH�WKLFNHQHG��7D[D�LQ�EROG�
were re-described or newly described in the present manuscript. Clades and subclades are indicated with bold numerals and letters. The length of the 

�RXWJURXS�EUDQFK�ZDV�KDOYHG�IRU�GLVSOD\�SXUSRVHV��(7� �H[�W\SH��((S7� �H[�HSLW\SH��(17� �H[�QHRW\SH��6(� �VHOHFWHG�VSHFLPHQ��6HTXHQFH�
accessions are listed in Table 2. 
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Clade 1

Clade 1 consists of 17 species and two hybrids in four subclades 

(Fig. 3, Table 5). Species in this clade have papillate sporangia 

H[FHSW� IRU�  and species in Subclade 1c which are 

semi-papillate. Proliferation after the release of zoospores is 

rare. Most of the species in Clade 1 are caducous; the most 

QRWDEOH�H[FHSWLRQV�DUH�  which is persistent with a short 

pedicel that does not break from the sporangiophore and P. 

with some, but not all, isolates producing a proportion 

of caducous sporangia. Subclades 1a and 1b contain homothallic 

VSHFLHV��ZKLOH�PRVW�RI�6XEFODGH��F��H[FHSW�  and P. 

) and are heterothallic;  has 

been variously reported as homothallic or heterothallic (Erwin & 

Ribeiro, 1996).

Subclade 1a contains , , ,

, , and P. ×

 and have a broad host 

range and distribution, while the remaining species have a 

restricted host range and distribution.  was 

RQH�RI� WKH�¿UVW� VSHFLHV� WR�EH�GHVFULEHG�DQG�KDV�D�FRVPRSROLWDQ�
GLVWULEXWLRQ�DQG�DQ�H[WHQVLYH�KRVW�UDQJH�WKDW�LQFOXGHV�ERWK�DQQXDO�
and perennial crops, most commonly causing root rots and crown 

rots (Erwin & Ribeiro 1996). causes 

diseases of ornamental plants and has not been recovered from 

natural ecosystems �'H�&RFN�	�/pYHVTXH������. For a long time, 

 was known only as a pathogen of 

�LQ�QRUWK�ZHVWHUQ�86$��+DPP�	�+DQVHQ������ however, 

it has now been recovered from other hosts in California (Bourret

et al. 2022b). To date,  is only known as causal agent 
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of a root and collar disease of �LQ�1HZ�=HDODQG�(Scott 

et al. 2019b).  is a root pathogen only found in 

Europe on a single host, (raspberry) (Kennedy & 

'XQFDQ������.  has only been recovered from 

stem cankers and rhizosphere soil of  in alpine regions 

of Italy (Bregant et al. 2020).

Subclade 1b contains three species: ,  and 

The known distribution of  is 

limited to Australia, where it is found in association with subterranean 

clover in pastures (Taylor et al. 1985).  was 

described as a pathogen of eggplant from Iran. 

 causes root and stem rot of ornamentals in Europe, Asia, 

DQG�WKH�86$��DQG�KDV�UHFHQWO\�EHHQ�UHFRYHUHG�DV�D�VHYHUH�LQYDVLYH�
pathogen in Californian natural ecosystems, especially at restoration 

sites, and it is thought to have been introduced to these sites with 

planting stock (Rooney-Latham et al. 2019). 

Subclade 1c contains  and closely 

related species , , , , 

, and . Species in Subclade 1c are mostly 

KHWHURWKDOOLF� �H[FHSW�  and  that are 

homothallic) and are phylogenetically very similar (Fig. 3) and 

differ primarily in host specialisation. All species in this clade have 

D� OLPLWHG� KRVW� UDQJH� DQG� JHRJUDSKLFDO� GLVWULEXWLRQ�� ([FHSW� IRU�P. 

the other species have only been reported from one 

country or region.

Like other serious agricultural pathogens and P. 

  (synonym was one of the 

¿UVW�GHVFULEHG�VSHFLHV��LQLWLDOO\�NQRZQ�DV�WKH�FDXVDO�DJHQW�RI�EODFN�
shank of tobacco. It is now known from numerous hosts, including 

annual and perennial crops, ornamental plants in nurseries and 

gardens and natural ecosystems and has a global distribution. 

Phylogenetically it resides separately from other species in 

Subclade 1d.

There are two named hybrids in Clade 1:  

(Subclade 1a) and  (Subclade 1d). 

×  is a hybrid between  and , 

and P. ×  is a hybrid between and 

(Man in ‘t Veld et al. 2012). The parent species are commonly found 

together, especially in ornamental nurseries, and it is not clear if 

these are stable hybrids that are now on their own evolutionary 

trajectory (similar to ), or if they are a product of continuous 

hybridization event (as is the case for many hybrids in Subclade 

6b) (Burgess 2015).

Clade 2

Clade 2 consists of 36 formally described species and numerous 

SURYLVLRQDOO\� QDPHG� WD[D� LQ� ¿YH� VXEFODGHV�� RI� ZKLFK� ��� KDYH�
been described since 2000 (Fig. 3, Table 5). Most species in 

&ODGH� �� SURGXFH� SDSLOODWH� WR� VHPL�SDSLOODWH� VSRUDQJLD� �H[FHSW�P. 

 that produces semi-papillate and non-papillate 

sporangia). Sporangia may be bi- and tri-papillate and occasionally 

EL�� RU� WUL�OREDWH�� 8VXDOO\�� WKH\� DUH� SHUVLVWHQW�� EXW� VRPH� VSHFLHV�
produce caducous sporangia in favourable conditions. Most species 

in this clade are homothallic, while those that are heterothallic, P. 

,  and , are functionally 

sterile. All Clade 2 species occur in terrestrial habitat, and most 

are aggressive plant pathogens; in humid environments, some can 

adapt to an aerial lifestyle and infect the aboveground organs of 

the plant. Many species in this clade are polyphagous and have an 

intercontinental distribution, while others have a very restricted host 

range and geographical distribution. 

Subclade 2a contains eleven species: , P. 

, , , , P. 

, , , , , 

and P. × . Species of Subclade 2a most probably 

originate from Asia (Puglisi et al. 2017, Jung et al.� ������ 'DQJ 

et al. 2021), and the current geographical distribution of most 

RI� WKHVH� VSHFLHV� LV� FRQVLVWHQW� ZLWK� WKLV� K\SRWKHVLV�� ([FHSWLRQV�
include , which is a widespread pathogen of  

globally (and affects numerous other woody plants of ornamental 

and horticulture importance), , which has been reported 

IURP� $VLD�� (XURSH� DQG� WKH� 3DFL¿F� ,VODQGV�� , which 

KDV�EHHQ�UHSRUWHG�IURP�(XURSH�DQG�86$��DQG P. , the 

causal agent of a Taro ( ) leaf blight across 

the topics. These species likely spread from their centre of origin 

to other continents through the plant trade; records outside Asia 

are prevalently from horticultural crops, managed tree plantations 

and nurseries. Polyphagous species, such as and P. 

��DUH�FRQVLGHUHG�SODQW�SDWKRJHQV�RI�FRQFHUQ�IRU�WKH�86$�
(Reeser et al. 2015). 

Subclade 2b encompasses eight validly described species: 

, , , , , P. 

, ,  and 

.  was this 

FODGH¶V� ¿UVW� GHVFULEHG�DQG�PRVW� FRPPRQO\� UHFRYHUHG�VSHFLHV�� ,W�
is a cosmopolitan pathogen with numerous horticultural hosts 

causing diseases such as Phytophthora blight, Phytophthora crown 

and root rot and Phytophthora fruit rot. , a 

species long been confused with  �$UDJDNL� 	� 8FKLGD�
2001), also has a broad host range and geographical distribution, 

although records from colder climates are limited to glasshouses; 

many �LVRODWHV�PD\�KDYH�EHHQ�PLVLGHQWL¿HG�DV�  

prior to the molecular era (Bourret et al. 2022a). The remaining 

species in Subclade 2b have a restricted host and geographic 

distribution.   has been recovered from 

stem cankers on  ( ) and 

 ( ), but little is known about its 

pathogenicity (Reeser et al. 2007).  was 

¿UVW� LVRODWHG� IURP�WKH�URRW�DQG�FROODU� URW�RI , a 

native plant from Chile (Crous et al. 2020a). Although described in 

1923 �+RWVRQ�	�+DUWJH������,  records are limited to 

WRPDWRHV�LQ�0H[LFR�DQG�$UJHQWLQD�DQG�&KLOL�SHSSHU�YDU��µ/DWLJR¶�IURP�
7H[DV��7KH�VSHFLPHQ�VHOHFWHG� WR�EH� WKH�HSLW\SH� IRU�  

was isolated from symptomatic roots of Chili pepper var. ‘Latigo’ 

LQ�7H[DV� �86$���  is a pathogen of avocado 

( ��LQ�&DOLIRUQLD��86$���+RQJ et al. 2009), while P. 

 is a recently described species responsible for Black 

3RG�'LVHDVH�RI�FRFRD�LQ�%UD]LO��'HFORTXHPHQW et al. 2021).

6XEFODGH� �F� FRPSULVHV� WD[D� RI� WKH� � FRPSOH[��
including nine validly described species, , , 

, , , , , P. 

 and �DV�ZHOO�DV�VHYHUDO�LQIRUPDOO\�GHVLJQDWHG�WD[D��
��WKH�¿UVW�VSHFLHV�GHVFULEHG�LQ�WKLV�FODGH��ZDV�

considered to have a cosmopolitan distribution and a wide host 

UDQJH��+RZHYHU��DIWHU�WKH�GHVFULSWLRQ�RI�VHYHUDO�QHZ�VSHFLHV�LQ�WKH�
FODGH�DQG�H[WHQVLYH�SK\ORJHQHWLF�UH�HYDOXDWLRQ��  appears 

to be associated with a very narrow list of hosts including  and 

hybrid Verbena (Abad et al. 2023). In contrast, the other species 

of this group can cause root rot, bark cankers, and shoot dieback 

on multiple hosts from different genera and families. In particular, 

both  and �KDYH�DQ�H[WHQVLYH�JHRJUDSKLFDO�
distribution and host range, including dicotyledons and conifers. 

They are considered invasive, having established in many 
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natural and forest ecosystems outside their putative geographical 

location area of origin.  has been reported 

predominantly in the northern hemisphere (Schoebel et al. 2014), 

while  is more common in the southern hemisphere 

(Tsykun et al. 2022). � ZDV� ¿UVW� UHFRYHUHG�
from the severe dieback of a native tree,  in 

SODQWDWLRQV�RI�1RUWKHUQ�,WDO\�(Ginetti et al. 2014) and has since been 

UHFRYHUHG�IURP�DGGLWLRQDO�KRVWV��,Q�WKH�QRUWK�HDVWHUQ�86$��  

is frequently associated with bleeding canker disease on European 

beech ( ). Compared to the other members of the 

�FRPSOH[�� LV�DQ�H[FHSWLRQ�DV�LW�LV�RQO\�ZHDNO\�
pathogenic (Brazee et al. 2017). While there is evidence that P. 

,  and  are native to eastern Asia, and 

 and  are native to Southern Africa (Bose 

et al. 2021), both  and are believed to be native 

WR�HDVWHUQ�86$� (Brazee et al. 2017). Many isolates submitted to 

GenBank as ZLOO� UHTXLUH� UH�LGHQWL¿FDWLRQ� �$EDG� et al. 

2023).

 is basal to Subclades 2a–c and is the only 

species in Subclade 2d. It was reported as a causal agent of fruit rot 

of olive ( ) in Italy (Ruano-Rosa et al. 2018) and was 

found to be associated with the roots of declining wild olive trees 

in Spain �*RQ]iOH] et al. 2019). More recently, it was recovered 

from rhizosphere soil of southern live oak ( ) in 

Sicily (southern Italy) (Riolo et al. 2020). The origin and the actual 

geographical distribution of this species are not known.

6XEFODGH� �H� LQFOXGHV� VL[� VSHFLHV�� , , 

 (formerly ), , and P. 

. Some phylogenies place  in its 

RZQ�FODGH�ZLWK�WKH�WD[RQ�LQIRUPDOO\�QDPHG�P.�WD[RQ�DTXDWLOLV�(Yang 

et al. 2017). and have limited 

host range and are involved with the dieback of  in 

Vietnam (Burgess et al. 2020) and gummosis of black wattle on 

 in Brazil (Alves et al. 2019), respectively. The latter is 

often associated with ¿UVW�GHVFULEHG�DV�FDXVLQJ collar and 

root rot of , but also known as a pathogen of  spp. 

(Maseko et al. 2007, Alves et al. 2016).  is 

associated with many hosts in Australia but only causes wilting and 

dieback of young eucalypts (Rea et al. 2010). 

causes root and basal rot of strawberry ( × ), 

raspberry ) and rose cuttings LQ�WKH�86$��1HWKHUODQGV��
and Australia, respectively.  has only 

been recovered from  orchids in Australia and Europe 

DQG�LV�FRQVLGHUHG�D�VSHFLHV�RI�FRQFHUQ�IRU�WKH�86$� 

Clade 3

&ODGH���FXUUHQWO\�FRPSULVHV�¿YH�VSHFLHV�� , , P. 

,  and (Fig. 3, Table 5). 

All species in Clade 3 produce semi-papillate, caducous sporangia 

and have a homothallic mating system. They have low-temperature 

RSWLPD�DQG�PD[LPD�DQG�DUH�RQO\�IRXQG�LQ�WHPSHUDWH�FOLPDWHV��$OO�
Clade 3 species have only a few hosts, and their distributions are 

OLPLWHG� WR� HLWKHU�1RUWK�$PHULFD� RU�(XURSH�� , P. 

 and were all described from the north-western 

86$ LV�D�KRVW�VSHFL¿F�SDWKRJHQ�RQ�  spp. 

( ) originally recorded from holly orchards in northern 

America and more recently gardens and natural environments 

in Europe (Scanu et al. 2014). and P. 

 are often found on the same foliar and canker hosts 

as  but do not cause widespread mortality �+DQVHQ et 

al. 2017).  has been found in the forests 

RI� WKH�3DFL¿F�QRUWKZHVW�RI� WKH�86$�DQG�DSSHDUV�HQGHPLF� WR� WKH�
region. and were 

described from European forests (Jung et al. 2002, Jung et al. 

2003).  is more pathogenic and has 

been reported to be associated with decline of oak stands and 

as a causal agent of stem bleeding cankers on Southern beech 

( ), European beech ( ) and Ink 

disease of European chestnut ( ) (Motta et al., 

2003; Scanu and Webber 2016). Subsequently, this species has 

DOVR�EHHQ�IRXQG�LQ�1RUWK�$PHULFD�DQG�&KLOH (Wickland et al. 2008, 

Fajardo et al. 2017). The results of a comparative AFLP analysis 

of two sets of � LVRODWHV��IURP�86$�DQG�(XURSH��
respectively, suggest the hypothesis that this species has been 

LQWURGXFHG�LQWR�86$�IURP�(XURSH��/LQ]HU�et al., 2009).

a primarily foliar species (Reeser et al. 2013), is a major 

invasive pathogen of  ( �� LQ� 1HZ� =HDODQG�
(Brar et al. 2018) and recently emerged as a pathogen of 

�LQ�WKH�8QLWHG�.LQJGRP��3pUH]�6LHUUD et al. 2022).

Clade 4

Clade 4 consists of ten described species: , , P. 

, , , , , P. 

, and  (Fig. 3, Table 5). The 

species in this clade are all papillate, while , , 

 and  are caducous. Besides caducous 

sporangia,  also produces caducous pseudo 

conidia, conidia-like, non-papillate sporangia named because 

of their morphological and functional similarity to fungal conidia 

(Scanu et al. 2021) and  produces downy mildews-like 

sporangiophores. Regardless of these morphological characters 

for these two species, both and all members in Clade 4 have the 

typical characters of species in the genus.

 is a widely distributed species known 

to infect several economically important plant species (Mchau & 

Coffey 1994)��+RZHYHU��WKH�UHPDLQGHU�RI�WKH�VSHFLHV�LQ�WKLV�FODGH�
have limited numbers of known hosts and/or limited geographical 

distribution. is closely positioned to P. 

 in the ITS phylogenetic tree. While described from Italy, 

Iran, and Vietnam phylogenetic reassessment of ITS sequences 

of  available on GenBank suggests that it has a wider 

distribution including Africa.  was long 

confused with a �%UDVLHU� 	�*ULI¿Q� �����; it causes 

black pod disease of  (cacao) and is restricted to 

western Africa �$NUR¿������.  previously known 

as ��H[KLELWV�GRZQ\�PLOGHZ�OLNH�IHDWXUHV�VXFK�
as reduced gene family size, low GC content and streamlined 

genome (Ye et al. 2016).  was recently 

described from  (Chinese hickory) in China and 

includes isolates designated as  sp. pecan from 

��SHFDQ��LQ�WKH�8QLWHG�6WDWHV�(Morales-Rodríguez et al. 

2021).

 and  are currently only 

known from Australia. The distribution of  is restricted 

to the proteaceous kwongan vegetation of the Western Australian 

VDQGSODLQV�� ZKHUH� LW� FDQ� FDXVH� GLVHDVH� IROORZLQJ� H[FHVVLYH�
summer rain (Rea et al. 2011).  was 

¿UVW� IRXQG� DVVRFLDWHG� ZLWK� GLVHDVHG� HXFDO\SWV� LQ� D� QDWLYH� SODQW�
production nursery (Simamora et al. 2015) but has since been 

recovered in remote regions of Western Australia (Burgess et al. 

2021).  is closely related to but 

has only been reported from South Africa. In fact,  was 
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formerly described because the original description of 

ZDV�EDVHG�RQ�PL[HG�VSHFLHV�PDNLQJ�LWV�VSHFLHV�GHVFULSWLRQ�LQYDOLG��
Additional isolates of were later recovered in South Africa, 

and the species description was amended with a neotype (Bose et 

al. 2017)��+RZHYHU��WKHVH�WZR�VSHFLHV¶�PRUSKRORJLFDO�IHDWXUHV�DQG�
molecular data now overlap, and they could potentially represent 

lineages of the same species.

Clade 5

Clade 5 consists of only four described species: , 

, and (Fig. 3, Table 5). All species 

are homothallic and produce papillate, non-caducous sporangia. 

 is a pan-tropical pathogen causing trunk 

and fruit rot in chestnuts and fruit and heart rot in coconuts. 

 also causes coconut fruit and heart rot and 

KDV� RQO\� EHHQ� UHSRUWHG� IURP� +DZDLL� DQG� WKH� ,YRU\� &RDVW� (Weir 

et al. 2015)�� +RZHYHU�� VHYHUDO� LVRODWHV� IURP� $XVWUDOLD� RULJLQDOO\�
designated as �KDYH�QRZ�EHHQ�UH�LGHQWL¿HG�DV�  

(Burgess et al. 2021).  is responsible for 

several tropical tree crop diseases, including black stripe of rubber, 

bud rot, and coconut nut fall. It is found primarily in Asia and South 

$PHULFD�� EXW� WKHUH� KDYH� EHHQ� UHSRUWV� IURP� 1RUWK� &DUROLQD� DQG�
7HQQHVVHH�LQ�WKH�8QLWHG�6WDWHV��7KH�IRXUWK�VSHFLHV�� , 

LV�RQO\�IRXQG�LQ�1HZ�=HDODQG�DQG�FDXVHV�GLHEDFN�LQ�NDXUL��
) trees. Species in Clade 5 appear to have a pan-tropical 

origin, and new species may be uncovered from natural ecosystems 

within the region.

Clade 6

Clade 6 comprises 32 species, one described hybrid and 

LQIRUPDO� WD[D� SODFHG� LQ� ¿YH� VXEFODGHV� ZLWK�  basal 

to all other species in the clade (Fig. 3, Table 5). All species 

produce non-papillate, non-caducous sporangia on unbranched 

sporangiophores. Internal proliferation of sporangia is observed 

IRU� DOO� VSHFLHV� H[FHSW�  which also produces some 

caducous sporangia with medium pedicels. A few species produce 

chlamydospores, and most have hyphal swellings. Many species 

appear functionally sterile, and those that produce oospores are 

mostly homothallic.

Subclade 6a contains thirteen species and can be divided 

DJDLQ� LQWR� WZR� VSHFLHV� FOXVWHUV�� 7KH� ¿UVW� FOXVWHU� FRQWDLQV� P. 

, , , 

and .  was recovered from 

URVDFHRXV�IUXLW�WUHHV�LQ�1RUWK�$PHULFD�DQG�KDV�VLQFH�EHHQ�UHFRYHUHG�
from several locations in Europe and Australia. 

, , and  

have a restricted distribution within natural ecosystems of Australia 

and have not been associated with disease (Burgess et al. 2018, 

Khaliq et al. 2019). The second species cluster in Subclade 6a 

contains , , , , 

, , and  

  was named in 2003 to accommodate 

isolates from various European riparian habitats (Brasier et al. 

2003) and has since been reported from Argentina, Australia, 

&KLOH�� ,UDQ��1RUZD\��7XQLVLD��7XUNH\��DQG� WKH�8QLWHG�6WDWHV��7KLV�
species has also been reported as an opportunistic pathogen of 

FURS�WUHHV�VXFK�DV�ROLYH�DQG�SHDFK�LQ�ÀRRGHG�VRLOV��
� ZDV� ¿UVW� GHVFULEHG� IURP� FLWUXV� RUFKDUG� VRLO� LQ� 7DLZDQ�

(Ko & Ann 1985), but it is also known from Japan and a single 

record in Tuscany, Italy. ,  

and  are only known from Western Australia. 

and , recovered from 

seagrass in the northern hemisphere, are closely related to P. 

and P. , respectively.

has been isolated from various hosts in Australia and 

KDV�DOVR�EHHQ� UHFRYHUHG� LQ�1RUWK�$PHULFD. Based on their close 

phylogenetic relationships and association with natural ecosystems 

in the southwest of Western Australia and their patchy distribution 

elsewhere in the world, all these species in Subclade 6a may be 

endemic to Australia (Burgess et al. 2018). 

6XEFODGH��E�FRQWDLQV�¿IWHHQ�VSHFLHV�DQG�RQH�GHVFULEHG�K\EULG�
( ), most of which are aquatic specialists in temperate 

climates. Many species have high-temperature optima, a likely 

adaptation to their aquatic lifestyle. They are mostly considered 

to be weak pathogens. There is generally low support for species 

FOXVWHUV�ZLWKLQ�WKH�VXEFODGH�LQ�WKH�SK\ORJHQ\��+RZHYHU��RQH�ZHOO�
supported cluster can be recognized, and it contains several 

related species recovered from rivers, streams, and ponds in 

Western Australia; , , , P. , 

and . Of these,  

has the broadest distribution and recovered from rhizosphere soil 

in riparian vegetation. There are reports of  from Italy 

DQG�&DOLIRUQLD��86$�
 and P. � � P. 

WD[RQ� 3J&KODP\GR�� DUH� ZLGHO\� GLVWULEXWHG� DTXDWLF� VSHFLDOLVWV�
from Subclade 6b found commonly in rivers, streams, lakes, and 

ponds in the northern hemisphere. Reports of these species in the 

southern hemisphere are less common, as other species seem to 

dominate the aquatic environment in these regions. 

 has only been found in irrigation reservoirs in 

0LVVLVVLSSL�� 86$��  was recovered initially 

from waterways in Alaska, but based on GenBank sequences it 

has now been recovered in California and China. 

 and  are closely related species described 

simultaneously from Australia. Sequences in GenBank identical to 

 corresponds to isolates from China, Japan, Vietnam, and 

WKH�8QLWHG�6WDWHV��2UHJRQ���,Q�WKH�VXE�DOSLQH�UHJLRQ�RI�$XVWUDOLD��P. 

 has been implicated in dieback of a native shrub, 

 �0F'RXJDOO et al. 2018).  is 

a recently described species recovered from  

in Sardinia, Italy; most isolates recovered were from wetlands or 

ponding water (Scanu et al. 2015).  has 

now also been recovered in Australia from trees planted on a water-

JDLQLQJ��H[�SDVWXUH�VLWH�(Burgess et al. 2021). 

While most of the species in Subclade 6b are considered 

aquatic specialists and weak pathogens, there are three 

H[FHSWLRQV�� ,  and  In 

&KLOH��D�SLQH�QHHGOH�EOLJKW�GLVHDVH� �'DxR�)ROLDU�GHO�3LQR��RI� WKH�
major plantation species  is caused by  

The population in Chile is clonal �'XUiQ et al. 2010), suggesting it 

has been introduced; however, to date, the species has yet to be 

discovered elsewhere. �� ¿UVW� LGHQWL¿HG�
in 1931 as a pathogen of hollyhock ( ), has a global 

GLVWULEXWLRQ�DQG�QXPHURXV�UHSRUWHG�KRVWV��+RZHYHU��EHFDXVH� WKH�
morphology accommodated multiple additional records from a 

variety of hosts, including isolates from alfalfa, clover, and soybean, 

variations or  were used to distinguish groups 

GHPRQVWUDWLQJ� KRVW� VSHFL¿FLW\��
, the legume pathogens , , and , 

and two species later named  and  

�+DQVHQ et al. 2009)�ZHUH�LGHQWL¿HG�DIWHU�D�WKRURXJK�LQYHVWLJDWLRQ�
of a large number of isolates �+DQVHQ�	�0D[ZHOO������. Another 
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species from the � FRPSOH[�� QRW� LQFOXGHG� LQ� WKH�
study of +DQVHQ�	�0D[ZHOO�������, is 

was described in 2015 from Sardinia, Italy (Scanu et 

al. 2015), and is common in restoration sites (Sims et al. 2019) 

DQG�RUFKDUGV�LQ�&DOLIRUQLD��PLVLGHQWL¿HG�DV�  prior to 

the molecular era (Bourret et al. 2022a). Additionally, in Australia, 

numerous isolates previously considered to be  

KDYH� EHHQ� UH�LGHQWL¿HG� DV� (Burgess et al. 2021). 

Many isolates submitted to GenBank as  will require 

UHFODVVL¿FDWLRQ�
Subclade 6c consists only of , a species 

¿UVW� GHVFULEHG� IURP� $XVWUDOLD� DV� D� SDWKRJHQ� DVVRFLDWHG� ZLWK�
blackberry decline (Aghighi et al. 2012).  

is well established in Europe, and it has been associated with 

severe dieback and mortality of olive and wild olive trees in Italy 

(Santilli et al. 2020, 'HLGGD�et al. 2022).  

is phylogenetically identical to P.� WD[RQ�2DNVRLO��D�VSHFLHV�ZLGHO\�
GLVWULEXWHG� LQ�ZDWHUZD\V�RI� WKH�SDFL¿F�QRUWKZHVW�RI�86$� (Reeser 

et al. 2011). The only distinction is that  is homothallic, 

whereas P�� WD[RQ� 2DNVRLO� LV� VWHULOH�� 6XEFODGH� �G� FRQWDLQV� WZR�
species, � �P.� WD[RQ�6DOL[VRLO�� DQG� As with 

many Subclade 6b species, they are aquatic specialists; 

is widespread in the northern hemisphere, while  has 

EHHQ�UHFRYHUHG�RQO\�LQ�2UHJRQ�DQG�&DOLIRUQLD��86$��
 positions outside of the main cluster of Clade 6 and was 

LQLWLDOO\�LGHQWL¿HG�DV�D�SDWKRJHQ�UHVSRQVLEOH�IRU�VSHDU�DQG�URRW�URW�
RI�DVSDUDJXV�LQ�0LFKLJDQ��86$�(Saude et al. 2008). 

�DFFHVVLRQV�IURP�$XVWUDOLD��&DOLIRUQLD��86$��,WDO\��-DSDQ��
WKH�1HWKHUODQGV��6RXWK�$IULFD��DQG�6ZLW]HUODQG�DQG�VHTXHQFHV�IURP�
China (submitted as ) are all available from GenBank. 

Many species in Clade 6 can readily hybridize; although the 

stability of the hybrids is unknown, generally, they have poor 

survival in culture, and may be transient in nature �1DJHO et al. 

2013, Burgess 2015) as such, most of the hybrids observed from 

this clade have not been named.

Clade 7

Clade 7 consists of 30 species in four subclades, of which 23 have 

been described since 2000 (Fig. 3, Table 5). All species produce non-

papillate sporangia on unbranched, simple sporangiophores. After 

the release of zoospores, the proliferation of the sporangiophores 

leading to new sporangia is found in all species. Of all the species 

in Clade 7, only  produces caducous sporangia, 

and most are homothallic.

Subclade 7a contains 17 species, four of which are described 

as hybrid species: , , , P. 

, , , , , , 

, , , P. , , P. 

, and

 has a global distribution causing root and canker 

disease of numerous woody hosts (Erwin & Ribeiro 1996). 

Conversely, the closely related species is associated 

with only one disease, red core root disease of strawberry �+LFNPDQ�
1941).  has a cosmopolitan distribution but also 

causes a single disease, red raspberry root rot. The severe disease 

named alder dieback in Europe is caused by  

and related species,  and  (Brasier et al. 

2004, Ioos et al.�������+XVVRQ�et al. 2015). Only  has 

been recovered outside Europe, in Alaska and Oregon (Aguayo 

et al. 2013). The remaining species in Subclade 7a have limited 

GLVWULEXWLRQ��([FHSW�IRU�  the other species in Subclade 

7a are associated with forests and fruit trees.

Subclade 7b contains nine species: , , 

, , , , , P. 

and All species in this clade cause diseases 

of economically important crops. and P. 

 have a broad host range; the known host range 

for the other species is much more limited. Subclade 7b contains 

several important pathogens. Most of the species cause diseases 

RI�¿HOG�FURSV�LQ�WKH� ;  ( ) 

(Rahman et al. 2014a), on pigeon pea (

(Amin et al. 1978) and P. pisi on common pea (Pisum sativum) 

�+H\PDQ� et al. 2013).  is a pathogen of 

peas ( ��EXW�LV�EHWWHU�NQRZQ�DV�D�VLJQL¿FDQW�SDWKRJHQ�RI�
cucumber ( ) �+R et al. 2007). The remaining species 

( and ) are pathogens of orchard trees. 

, although only described recently, 

is already widely distributed globally, causing stem cankers and 

gummosis of numerous fruit trees. Moreover, 

USA.  causes similar symptoms but on a 

single host  (Mirabolfathy et al. 2001). 

Subclade 7c contains  and related species P. 

 and . Before their description, the latter 

two species were confused with  

 is a highly aggressive soilborne pathogen listed among 

the 100 worst invasive alien species. It has numerous host species 

and is found on annual crops, ornamentals, orchards, gardens, and 

natural ecosystems (Burgess et al. 2017). Records for  

tend to be from warmer climates, and although not as widely 

distributed as  it can be a severe pathogen of tropical 

fruit trees, Mediterranean plant species and ornamentals (Scanu 

et al. 2014).  is a recently described 

species recovered from root and collar rot of , 

one of the few species in the  endemic in the northern 

hemisphere (Bregant et al. 2021a).  is 

identical to VS��D[�UHFRYHUHG�IURP� and  

LQ�&DOLIRUQLD��86$��6XEFODGH��G�FRQWDLQV�WZR�XQXVXDO�VSHFLHV��P. 

and both were described from Japan from 

single hosts, strawberries, and roses, respectively (Rahman et al. 

2014b).

Clade 8

 Clade 8 comprises 23 described species in four 

SUHYLRXVO\� HVWDEOLVKHG� VXEFODGHV�� FRQWDLQLQJ� DOO� H[FHSW� WKH�PRVW�
recently described species, (Bregant et al. 2021b) (Fig. 3, 

Table 5). Although placed in Subclade 8c in the original description, 

in our phylogenies,  an agricultural pathogen in Italy, 

was placed in an intermediate position between Subclades 8c and 

8d with strong support and has now been placed in Subclade 8e 

(Fig. 3). Clade 8 has a worldwide distribution, mostly restricted to 

temperate climates. Most species in Clade 8 are homothallic and 

produce non- or semi-papillate non-caducous sporangia. In many 

ways, Clade 8 is a microcosm of , since it contains 

species with both wide and narrow host ranges, attacking above 

and below ground plant tissue and with prominence in agriculture, 

horticulture, and natural ecosystems. 

Subclade 8a contains eight species producing non-papillate 

sporangia: , , , , 

, , and . 

0HPEHUV�RI�6XEFODGH��D�DOPRVW�H[FOXVLYHO\�FDXVH�URRW�GLVHDVHV��
UHVXOWLQJ� LQ� D� FROODU� URW� RI� QRQ�OLJQL¿HG� FURSV�� 7KUHH� 6XEFODGH�
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8a species, ,  and , form a 

tight cluster (Fig. 3) and were separated from the  

morphospecies in two studies �+DQVHQ�	�0D[ZHOO�������+DQVHQ 

et al. 2009).  was initially isolated from 

FRQLIHU�VHHGOLQJV�EXW�KDV�H[KLELWHG�D�EURDG�KRVW�UDQJH�� LQFOXGLQJ�
legumes; both  and �H[KLELW�KRVW�SUHIHUHQFH�
IRU�OHJXPHV��7KH�UHPDLQLQJ�¿YH�VSHFLHV�LQ�6XEFODGH��D�FRUUHVSRQG�
to the �VSHFLHV�FRPSOH[�(Safaiefarahani et al. 2015). 

Although  and  were both originally 

isolated from ��DOO�¿YH�VSHFLHV�LQ�WKH�FRPSOH[�DUH�UHJDUGHG�
DV�KDYLQJ�ZLGH�KRVW�UDQJHV��7KHVH�VSHFLHV�DUH�KHWHURWKDOOLF��H[FHSW�
for , which is homothallic. There is a long history 

RI� V\VWHPDWLF� DQG� GLDJQRVWLF� GLI¿FXOW\� ZLWKLQ� WKH� FRPSOH[�� ZKLFK�
appears to have been alleviated by the addition of two modern 

species,  and  (Safaiefarahani et al. 

2015, Crous et al. 2021a).  appears 

to be the most widely distributed and pathogenic member of the 

VSHFLHV� FRPSOH[� EDVHG� RQ� UHFHQW� VWXGLHV� (Khdair et al. 2020b, 

Bourret et al. 2022a, Aloi et al. 2023). Species within Subclade 

8a readily hybridize (Safaiefarahani et al. 2016). Some isolates 

submitted to GenBank as  and  will 

UHTXLUH�UH�LGHQWL¿FDWLRQ��$EDG�et al. 2023).

Subclade 8b comprises the most highly derived culturable 

 species (Fig. 3), suggesting rapid evolution putatively 

related to host specialization (Bertier et al. 2013a, b, Bourret et 

al. 2018). All seven described species, , , P. 

, , , and , and 

VHYHUDO�LQIRUPDO�VSHFLHV�LQ�6XEFODGH��E�H[KLELW�KLJK�OHYHOV�RI�KRVW�
specialization and attack root tissue of non-woody hosts. These 

hosts are commonly temperate crops, and all the species in this 

FODGH�KDYH� ORZ�WHPSHUDWXUH�RSWLPD�DQG�PD[LPD��$OO� VSHFLHV�DUH�
KRPRWKDOOLF�H[FHSW�IRU� . Speciation and host-adaptation of 

Subclade 8b through allopolyploid hybridization was characterized 

by Bertier et al. (2013b).

Subclade 8c contains four species: , , P. 

and P. ��8QXVXDOO\�IRU�&ODGH����DOO�VSHFLHV�H[FHSW�
 produce caducous sporangia. Subclade 8c is notable 

for containing several species that facultatively or primarily attack 

foliage and disseminate sporangia through the air or airborne water 

and includes two of the most important invasive forest pathogens 

in the genus,  and �+DQVHQ et al. 2000, 

Grünwald et al. 2012). , the causal agent of 

6XGGHQ�2DN�GHDWK��62'���LV�NQRZQ�WR�DIIHFW�D�ZLGH�KRVW�UDQJH�RI�
ZRRG\�RUQDPHQWDOV�LQ�(XURSH�DQG�1RUWK�$PHULFD�FDXVLQJ�EOLJKWV��
cankers, and diebacks. This pathogen is thought to have originated 

in Asia although, to date, the invasive lineages have not been 

recovered in Asia (Jung et al. 2021). This pathogen is one of the 

most important species of the present time with national regulatory 

surveys occurring in different areas of the world including Europe 

DQG� WKH� 86$�� is a cool-season  

pathogen responsible for brown rot of fruit, leaf, and twig blight. 

:KLOH� ¿UVW� GHVFULEHG� IURP� :HVWHUQ� $XVWUDOLD� (Carne 1925), this 

species has a global distribution and was likely introduced to 

Australia with  germplasm. More recently,  was 

GHWHFWHG�LQ�KRUWLFXOWXUDO�VHWWLQJV�LQ�WKH�8QLWHG�6WDWHV��LVRODWHG�IURP�
the leaves of cultivated rhododendrons �'RQDKRR et al. 2006). 

Subclade 8d contains three species: ,  

and P.    is one of the earliest-

described species in the genus. The species has a long history with 

agriculture (particularly  orchards) and served as the type 

species for the rejected genus (Waterhouse 1963). 

 is also associated with horticulture, having 

EHHQ�GLVFRYHUHG�LQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ�SODQW�SURGXFWLRQ�
prior to its description (Grünwald et al. 2011). Like , P. 

 appears to attack both the roots and foliage of hosts. 

  was discovered to cause dieback of native 

 conifers in South America (Greslebin et al. 2007). The 

SDWKRJHQ�LV�DOVR�DVVRFLDWHG�WR�MXQLSHU�LQ�8.��*UHHQ�et al. 2015).

Clade 9

Clade 9 comprises 21 species with deep branches separating 

them into four subclades (Fig. 3, Table 5). Almost all species 

produce non-papillate, non-caducous sporangia on unbranched 

sporangiophores ( ,  and 

 also produce semi-papillate sporangia). Internal 

proliferation of sporangia is observed for all species. In each 

subclade, some species produce chlamydospores, and most 

have hyphal swellings. Some species appear to be functionally 

sterile, and those that produce oospores are mostly homothallic 

ZLWK�IHZ�KHWHURWKDOOLF�H[FHSWLRQV��7DEOH�����1R�&ODGH���VSHFLHV�DUH�
FRQVLGHUHG�VLJQL¿FDQW�SDWKRJHQV�

Subclade 9a contains 10 described species and numerous 

GHVLJQDWHG� EXW� XQGHVFULEHG� WD[D� VHSDUDWHG� E\� UHODWLYHO\� VKRUW�
branch lengths: , , , 

, , , , P. 

, and  Many of these species 

have a similar aquatic lifestyle to species in Subclade 6b, although 

with a tendency to be recovered from irrigation water in warmer 

climates. Another similarity is the ability to hybridize readily. Much 

more research is needed to determine the species boundaries 

within this clade and their pathogenicity and origin. Many isolates 

submitted to GenBank as ZLOO� UHTXLUH� UH�LGHQWL¿FDWLRQ�
(Abad et al. 2023).

Subclade 9b contains four species: , , 

and  was 

described from Taiwan and now reported from India and Australia 

and has mainly been recovered from irrigation water and nursery soil. 

causes brown rot of pomelo in southern 

Vietnam (Puglisi et al. 2017).  is known only 

IURP�(XURSH��DQG�D�VLQJOH�UHSRUW�IURP�WKH�86$���ZKHUH�LW�KDV�EHHQ�
reported from declining alder stands, although its involvement in 

the decline is unknown. has been 

recovered from a subtropical forest stream in China (Li et al. 2017).

Subclade 9c contains four species: , P. 

, and . 

 is only known from Peru and a single host genus (  

spp.) (Crandal 1947).  was 

described from Australia as associated with soybeans but has 

recently been recovered from asymptomatic natural vegetation 

(Burgess et al. 2021). Additionally, on GenBank, there is a single 

sequence from Vietnam recovered by water baiting (Jung et al. 

2020).  was described in 1927 from calla 

lily ( �� LQ� WKH�1HWKHUODQGV��-DSDQ��DQG� WKH�
86$�� DQG� WKHUH� DUH� IHZ� UHFRUGV� RI� WKLV� VSHFLHV�� 0DQ\� LVRODWHV�
submitted to GenBank as ZLOO�UHTXLUH�UH�LGHQWL¿FDWLRQ�
(Abad et al. 2023).  was recently described 

from Vietnam �'DQJ et al. 2021). 

Subclade 9d currently contains four described species: P. 

, ,  and  

and  were described as minor pathogens of 

�OHDYHV�LQ�1HZ�=HDODQG��'LFN et al. 2006). 

 has since been recovered from the soil beneath 

asymptomatic vegetation in sub-alpine regions of eastern Australia 
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and Tasmania (Khaliq et al. 2019). was 

recovered from sub-alpine vegetation in Tasmania (Khaliq et al. 

2019).  is common in Western Australia’s 

proteaceous heathland and has been linked to occasional episodic 

dieback (Rea et al. 2011). While has not yet been found 

in Australia, given that its host is ��LW�LV�H[SHFWHG�WKDW�LW��
like the other species in Clade 9d, is native to the country (Burgess 

et al. 2021).

Clade 10

With the recent description of 14 new species (Jung et al. 2022), 

Clade 10 now consists of 21 species, placed into four well-supported 

subclades (Fig. 3, Table 5) three of which were recognized by Jung 

et al. (2022). The addition of the phylogenetically distinct Subclade 

10d lowers the statistical support for the entire clade as a whole, 

whereas the clade containing Subclades 10a–c received higher 

support (Fig. 3). Species in Subclade 10b–d have persistent, non-

papillate sporangia while in contrast the species in Subclade 10a 

have caducous, papillate sporangia. Species in Subclades 10b–d 

have mostly been isolated from water and none of these species 

have been associated with disease.

Subclade 10a consists of ten papillate, caducous species: 

, , , , 

, , , , 

 and . All Subclade 10a 

species are homothallic and do not have chlamydospores. A few 

species ( ,  and ) 

sometimes produce hyphal swellings. Apart from and 

, two well-known pathogens, and  

recovered from rainforest soil in Australia, the remaining species 

in this clade have been recovered from water and have a limited 

geographic distribution (Jung et al. 2022). , 

DQ� LQYDVLYH� SDWKRJHQ�� ZDV� GHVFULEHG� LQ� ����� IURP� WKH� 8.�
(Brasier et al. 2005)�KRZHYHU��LVRODWHV�UHFRYHUHG�LQ�1HZ�=HDODQG�
in the 1970s were subsequently found to be P.  (Scott 

& Williams 2014). A recent genomic analysis of isolates from 

1HZ�=HDODQG� DQG�&KLOH� VXSSRUWHG� WKH�1HZ�=HDODQG� RULJLQ� RI�P. 

(Studholme et al. 2019). has 

now been found in South America (Sanfuentes et al.�������9pOH] et 

al. 2020) and related species, , and 

 have also been recovered (Jung et al. 2022). 

 was described in 1927 from a leaf of 

in Taiwan; since then, it has been associated with 

several diseases and reported from Asia and across the southern 

KHPLVSKHUH��+RZHYHU��PDQ\�RI�WKHVH�UHFRUGV�DUH�GRXEWIXO�DV�WKH�
VHTXHQFH� DYDLODEOH� KDV� ������ LGHQWLW\� ZLWK� , a 

species described recently from Australia. Additionally, there are 

other clusters of isolates, usually from the same country, which 

could represent new species (Abad et al. 2023) 

Species in Subclades 10b–d have mostly been isolated from 

water and none of these species have been associated with disease. 

Many species in these subclades are mostly functionally sterile, 

H[FHSW�IRU� ,  and  that are 

homothallic and  which is heterothallic. Subclade 10b 

FRQVLVWV� RI� VL[� VSHFLHV� , , , 

,  and  with restricted 

distributions;  in Europe �-XQJ� 	� 1HFKZDWDO� �����, P. 

 in southern Africa (Bose et al. 2021),  

and  in Vietnam, in Sweden, and P. 

�IURP�8NUDLQH��-XQJ�et al. 2022). Subclade 10c contains 

and Subclade 10d contains three 

recently described species, , ,  

UHFRYHUHG�IURP�ZDWHU�LQ�/RXLVLDQD��86$�

Clade 11

Clade 11 consists of a single described species, , a pathogen 

causing stem rot of Easter lilies cultivated in Okinoerabu Island, a 

remote island in southern Japan (Rahman et al. 2015) (Fig. 3, Table 

5). Another species in the same clade is �WD[RQ�MXQFXV��
which has not yet been formally described (Fig. 3). This species 

ZDV�LVRODWHG�LQ�&DOLIRUQLD��86$�GXULQJ�D�VXUYH\�RI�UHVWRUDWLRQ�RXW�
plantings.

Clade 12

Clade 12 contains four described species: , 

, and  (Fig. 3, Table 5). 

�ZDV�WKH�¿UVW�VSHFLHV�GHVFULEHG�IURP�&ODGH�
12 and was initially attributed to Clade 3b (Cooke et al. 2000), then 

placed in Clade 4 (Blair et al. 2008) and then Clade 1 (Martin et al. 

�������+RZHYHU��WKH�DGGLWLRQ�RI�QHZ�VSHFLHV�FHPHQWHG�WKH�SRVLWLRQ�
of Clade 12 as sharing a common nuclear ancestor with Clade 4 

(Fig. 3). Sporangia are papillate or semi-papillate, proliferation is 

not observed, and the mating system is homothallic. All species 

LQ� &ODGH� ��� JURZ� VORZO\�� DUH� GLI¿FXOW� WR� LVRODWH� DQG� KDYH� D� ORZ�
temperature optima. All species have a limited host range and a 

restricted geographic distribution. Pathogenicity has only been 

demonstrated for  and  in soil infestation 

trials, although considerably less so than other 

species such as and  �'HODWRXU et 

al. 2000, Jung et al. 2017a).  has been 

recovered from the rhizosphere soil a single host, 

, in Western Australia and has not been associated with 

any disease (Paap et al. 2017).

Clade 13

, a non-papillate, sterile species was 

described by Jung et al. (2022a) [Chen et al.� ������@ as residing 

in Clade 3 (Fig. 3, Table 5).�+RZHYHU��DORQJ�ZLWK�WKH�XQGHVFULEHG�
species, , it forms its own clade designated here 

as Clade 13 (Bourret et al. 2018). It was recovered from nursery soil 

in the Czech Republic but has not been associated with a disease.

Clade 17

Clade 17 is another single species clade. , 

a non-papillated, persistent/caducous, heterothallic species, 

KDV�RQO\�EHHQ� UHFRYHUHG� IURP�DTXDWLF�HQYLURQPHQWV� LQ� WKH�86$��
irrigation reservoirs in Mississippi, and streams in Virginia (Yang 

et al. 2014a) (Fig. 3, Table 5). Phylogenetically, the species formed 

a well-supported clade along with Clade 8 (Fig. 3). It is a fast-

growing, high-temperature species.

TAXONOMY

The Tabular Key organized by the position of 212 species in the 

7-gene phylogenetic tree and morphological characters is presented 
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in Table 5. It has been implemented using the information of the 

PRUSKRORJ\�JHQHUDWHG�IURP�FXOWXUHV�RI�WKH�H[�W\SHV�LQ�RXU�ZRUN�DQG�
or the characters presented in the original publications (Tables 1, 

����7KH�7DEXODU�.H\�FRQWDLQV� WKH�FKDUDFWHUV�RI� WKH�DVH[XDO�PRUSK�
including shape of the papilla of sporangia, which is a strong character 

IRU� LGHQWL¿FDWLRQ� RI� VSHFLHV� LQ� WKH� JHQXV�� VKDSH� RI� WKH� VSRUDQJLD�
(not very informative), caducity or persistence of sporangia, size 

of the pedicel when caducous, sporangia proliferation, shape of 

VSRUDQJLRSKRUH��K\SKDO�VZHOOLQJV�DQG�FKODP\GRVSRUHV��7KH�VH[XDO�
morph includes the homothallic or heterothallic or sterile characters 

and the characters of the oogonia, antheridia and oospores. In 

addition, colony pattern and temperature conditions are included 

WR�KHOS� LQ� WKH�SURFHVV�RI�VSHFLHV� LGHQWL¿FDWLRQ�� ,Q� WKH�SDVW�� WDEXODU�
NH\V�KDYH�EHHQ�SXEOLVKHG�E\�1HZKRRN�et al. (1978) and Stamps et 

al. (1990) but these keys have not been implemented based in the 

characters of the types of the species.

7KH� /XFLG�.H\� IRU� ���� VSHFLHV� LV� DOVR� WKH� ¿UVW� LPSOHPHQWHG�
ZLWK� WKH� LQIRUPDWLRQ�RI� WKH�FXOWXUHV�RI� WKH�H[�W\SHV�DQG� LV�SRVWHG�
at the � RQOLQH� UHVRXUFH� �KWWSV���LGWRROV�RUJ�WRROV������LQGH[�
FIP"SDJH,' �������,QIRUPDWLRQ�DERXW�WKLV�NH\�LV�DOVR�DYDLODEOH�LQ�
Abad et al. (2023).

Phytophthora and the redescription or validation of 

twenty-eight species

Phytophthora de Bary, J. Roy. Agric. Soc. England 12: 240. 1876.

: , , , 

, .

:  (Mont.) de Bary

Phytophthora infestans (Mont.) de Bary, J. Roy. Agric. Soc. 

England. ser. 2, 12: 240. 1876. MycoBank MB 232148.

Holotype of : France, from leaves of 

 “Sur les fanes de pomme de terre” M. Vernois, collected 

E\�0RQWDJQH��GHSRVLWHG�E\�0RQWDJQH�RQ�����$XJ���������)86,21�
94490 in PC).

 (designated in Chen et al. 2022, MBT 10005612): 

Netherlands, from infected ��������$��'UHQWK�
�&%6� +��������� ([�HSLW\SH�� &%6� �������  � 7������ 7-������
%DUFRGH� VHTXHQFH� IRU� H[�HSLW\SH� *HQ%DQN�� 0=������� �,76���
Other sequences provided in Table 2. 

:  CBS 

������� �7������7KLV�:KROH�*HQRPH�6KRWJXQ�SURMHFW�KDV�EHHQ�
deposited at GenBank under the accession Genome ASM14294v1 

UHIHUHQFH� �JHQRPH� VL]H� ���� 0ES�� %LR3URMHF� 35-1$�������
%LR6DPSOH� 6$01���������� +DDV� et al. 2009). Additional 

LQIRUPDWLRQ�IRU�WKH�H[�HSLW\SH�JHQRPH�LQ�7DEOH���

Phytophthora cajani K.S. Amin, Baldev & F.J. Williams  Abad, 

sp. nov. MycoBank MB 846822. Fig. 4.

[originally described as:  K.S. Amin, Baldev & 

F.J. Williams, Mycologia 70 (1): 174. 1978. ( ., Art. 8.4. 

6KHQ]KHQ���0\FR%DQN�0%��������@

: Refers to the host genus, . 

Holotype: India, collected from pigeon pea ( ) in 

+\GHUDEDG��FROOHFWLRQ�GDWH�DQG�FROOHFWRU�XQNQRZQ��$7&&��������
preserved in a metabolically inactive state).

: ATCC 44388 (MCI). Other strains S&T BL 

����� 1����� 2WKHU� GXSOLFDWHV� RI� WKH� H[�W\SH� LQ� 7DEOH� ��� %DUFRGH�
VHTXHQFHV� IRU� H[�W\SH� *HQ%DQN�� 0*������� �,76��� 0+�������
(COI). Other collections and sequences provided in Table 2.

: :  non-papillate, persistent, 

ovoid, obpyriform, ellipsoid, bluntly ellipsoid (42–83 × 29–46 

ȝP��� VKRZLQJ� LQWHUQDO�� LQWHUQDO� H[WHQGHG�� H[WHUQDO�� DQG� QHVWHG�
proliferation; originated in unbranched  sometimes 

showing swellings.  terminal and intercalary with 

¿QJHU�OLNH� SURMHFWLRQV��  absent. : 

 �VPRRWK�ZDOOHG����±���ȝP�GLDP���  

amphigynous, occasionally with digital projections; oospores 

.

: Colony morphology after 7 d of growth on V8 

DJDU��3'$�DQG�0($�ZLWK�QR�GLVWLQFW�SDWWHUQ��0LQLPXP�WHPSHUDWXUH�
IRU�JURZWK����&��RSWLPXP���±����&��DQG�PD[LPXP�����&�

: The original publication of Amin et al. (1978) only mentioned 

“pure cultures” as type material. As there is no other evidence 

that the cultures were preserved metabolically inactive, the name 

was invalidly published and is validated here. Furthermore, the 

authors incorrectly indicated the presence of plerotic oospores. 

,QWHUHVWLQJO\��¿J���&±*�LQ�$PLQ�et al. (1978: 174) shows only young 

oogonia with non-differentiated oospores. Isolate S&T BL 116 

�GXSOLFDWH�RI�1�����SURGXFHV�W\SLFDO�DSOHURWLF�RRVSRUHV�

Phytophthora honggalleglyana Abad, sp. nov. MycoBank MB 

844805.

[originally described as: � &�;�� +RQJ�
& Gallegly, Pl. Pathol. 59: 916. 2010. ( ., Art. 40.7. 

6KHQ]KHQ���0\FR%DQN�0%��������@

��5HIHUV�WR�&�;��+RQJ�	�0�(��*DOOHJO\��WKH�DXWKRUV�RI�WKH�
original invalid name .

Holotype: USA, Virginia, collected from irrigation water of 

RUQDPHQWDOV�� ������ +�� +RQJ� �93,� ������� SUHVHUYHG� LQ� D�
metabolically inactive state). 

�� &%6� �������  � $7&&� 0<$������� %DUFRGH�
VHTXHQFH�IRU�H[�W\SH�*HQ%DQN��(8��������,76���2WKHU�VHTXHQFHV�
provided in Table 2.

��+RQJ�et al. (2010).

: :  non-papillate; persistent; 

VSKHULFDO��WR�RYRLG�DQG�RES\ULIRUP����±���î���±���ȝP���IUHTXHQWO\�
obpyriform with well-rounded bases; showing frequently internal 

and nested proliferation and originated in unbranched long 

.  irregular, obovate in clusters or 

at the end of hyphae in hemp-seed agar, and small catenulate in 

water cultures. � JORERVH� ���� ȝP�GLDP��� WHUPLQDO�
and thin-walled. : .  smooth (43 

ȝP� GLDP���  predominantly amphigynous, and globose 

when paragynous; SOHURWLF� ���� ȝP� GLDP�� DQG� JROGHQ�
colour in hemp seed agar.

: Colony morphology after 7 d of growth 

RQ�3'$�ZLWK�SHWDORLG� �URVHWWH��SDWWHUQ��0LQLPXP� WHPSHUDWXUH� IRU�
JURZWK�LV������&��RSWLPXP�����&��DQG�PD[LPXP�����&�
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�� +RQJ� et al. (2010) failed to indicate the holotype for 

‘ ’, thereby rendering the species 

name invalid (Art. 40.7). We validate the name herein. A detailed 

description, culture characteristics and the most typical characters 

ZHUH�SUHVHQWHG�LQ�+RQJ�et al. (2010: 916–918).

Phytophthora megakarya %UDVLHU�	�0�-��*ULI¿Q�H[�$EDG��sp. nov. 

MycoBank MB 844806. Fig. 5.

[originally described as: Brasier & M.J. 

*ULI¿Q�� 7UDQV�� %ULW�� 0\FRO�� 6RF�� ���� ����� ������ � ., Art. 

������VHH�([�����6KHQ]KHQ���0\FR%DQN�0%��������@

: Referring to the huge nuclei of the species.

Fig. 4. H[�W\SH�FXOWXUH�$7&&��������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D.�(PSW\�VSRUDQJLD�ZLWK�LQWHUQDO�DQG�H[WHQGHG�SUROLIHUDWLRQV��E. Ovoid sporangium originated in an unbranched sporangiophore. F. Globose 

sporangium originated in a sporangiophore showing hyphal swellings. G–I. Smooth-walled oogonia with amphigynous antheridia. I. Oogonium with highly 

DSOHURWLF�RRVSRUH��6FDOH�EDUV� ����ȝP��'�DSSOLHV�WR�'±)��,�DSSOLHV�WR�*±,�
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Fig. 5. �H[�W\SH�FXOWXUH�&%6���������,0,����������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B. Potato-

'H[WURVH�$JDU��C.�0DOW�([WUDFW�$JDU��D, I. Ovoid, globose to limoniform sporangia originated in sympodial sporangiophores. E–G. Papillate sporangia with 

well-rounded bases. H. Caducous sporangium with medium and lateral attached pedicel. J–M. Gametangia with smooth-walled oogonia and amphigynous 

antheridia. K, L. Oogonia with thick-walled oospores. L.�2RJRQLXP�ZLWK�VOLJKWO\�DSOHURWLF�RRVSRUH�DQG�WDSHUHG�EDVH��6FDOH�EDUV� ����ȝP��-�DSSOLHV�WR�(±0��
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Holotype: Cameroon, collected from cocoa ( ) in 

1975 by unknown collector (IMI 202077).

��&%6�������� �155/������� �$7&&��������0&,���
2WKHU�VWUDLQV�6	7�%/�����3�����$���/��H[�%��%RFFDV��QR������2WKHU�
GXSOLFDWHV�RI�WKH�H[�W\SH�LQ�7DEOH����%DUFRGH�VHTXHQFHV�IRU�H[�W\SH�
*HQ%DQN��0*������� �,76���0+������� �COI). Other collections 

and sequences provided in Table 2.

: :  papillate (frequently with 

one papilla, rarely 2 or 3); caducous with medium pedicel (10–30 

ȝP��� IUHTXHQWO\� RES\ULIRUP� ZLWK� ZHOO�URXQGHG� EDVHV�� VRPHWLPHV�
JORERVH��RYRLG��RU�HORQJDWH�RYRLG��RU�HOOLSVRLG����±���î���±���ȝP���
Sporangia originated in loose sympodial . 

 absent.  are very rare but occur both in 

agar as well as in water cultures and are mostly terminal (20–44 

ȝP�GLDP��� : .  smooth (19–37 

ȝP� GLDP��� VRPH� ZLWK� WDSHUHG� EDVHV�� amphigynous, 

situated either well down the oogonial stalk or high up as a collar, 

GHSHQGLQJ� RQ� WKH� GHJUHH� RI� WDSHU� RI� WKH� RRJRQLXP� ���±��� ȝP���
SOHURWLF����±���ȝP�GLDP��WR�DOPRVW�SOHURWLF�

: Colony morphology after 7 d of growth 

RQ�9��DJDU�DQG�0($�ZLWK� OLJKW� FKU\VDQWKHPXP�SDWWHUQ��RQ�3'$�
with no distinct pattern. Minimum temperature for growth is 10 °C, 

RSWLPXP���±����&��DQG�PD[LPXP�����&�

�� :KHQ� %UDVLHU� 	� *ULI¿Q� ������� GHVFULEHG� µ
’, the name was not validly published because two 

JDWKHULQJV��IURP�1LJHULD�DQG�&DPHURRQ��ZHUH�GHVLJQDWHG�DV�W\SH�
�VHH�$UW�� ������([�����6KHQ]KHQ�&RGH��7XUODQG�et al. 2018). The 

name is validated herein by designating a holotype and providing 

an updated description.

(Brasier & S.A. Kirk) Abad, 

nov. MycoBank MB 846426.

: subsp. Brasier & S.A. 

Kirk, Mycol. Res. 108 (10): 1177. 2004. MycoBank MB 488623.

: ‘ ’ (Brasier & S.A. Kirk) C. 

+XVVRQ��,RRV�	�0DUoDLV��)XQJDO�*HQHW��%LRO�����������������
., Arts. 41.5., F.5.1. Shenzhen). MycoBank MB 631643.

Holotype: The Netherlands, isolated from  sp. bark, 1994, 

+��YDQ�.HVWHUHQ��,0,���������GULHG�FXOWXUH�RQ�FDUURW�DJDU���
: P16202 (WPC). Other strain S&T BL 2. Other 

GXSOLFDWHV�RI�WKH�H[�W\SH�LQ�7DEOH�����%DUFRGH�VHTXHQFHV�IRU�H[�W\SH�
GenBank: MG783372 (ITS); MK493472 (COI). Other collections 

and sequences provided in Table 2.

  : Brasier et al. (2004).

�� +XVVRQ�et al. (2015) did not cite an identifier for their 

new combination and failed to give a full and direct reference 

to the basionym name but cited the page range of the whole 

publication, which makes the name invalid. The combination is 

validated here.

Phytophthora pisi +H\PDQ� H[� $EDG�� sp. nov. MycoBank MB 

845099. Fig. 6.

[originally described as: �+H\PDQ��3ODQW�'LVHDVH�
97(4): 466. 2013. ( ., Art. 40.7. Shenzhen). MycoBank MB 

�������@

: Refers to the host plant, , from which it 

ZDV�¿UVW�LVRODWHG�

Holotype: Sweden�� 6NnQH� /lQ�� +|JDQlV�� LVRO�� IURP� URRWV� RI�
pea ( ), 1997, M. Wikström, 97603 (CBS 130350, 

preserved in a metabolically inactive state).

��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�%/�
�����2WKHU�GXSOLFDWHV�RI�WKH�H[�W\SH�LQ�7DEOH����%DUFRGH�VHTXHQFHV�
IRU� H[�W\SH�*HQ%DQN��0*������� �,76���0+������� �COI). Other 

collections and sequences provided in Table 2.

��+H\PDQ et al. (2013).

: :  non-papillate; persistent; 

RYRLG� RU� HOOLSVRLG� ���±���� î� ��±��� ȝP��� VKRZLQJ� RFFDVLRQDOO\�
LQWHUQDO�QHVWHG�RU�H[WHUQDO�SUROLIHUDWLRQ�DQG�RULJLQDWHG�LQ�XQEUDQFKHG�
or closely sympodial .  globose 

and intercalary formed in hyphae and sporangiophores in liquid 

cultures.  absent. :

� VPRRWK�ZDOOHG�� JORERVH� ���±��� ȝP� GLDP���  

amphigynous; �DSOHURWLF����±���ȝP�GLDP��

: &RORQ\� PRUSKRORJ\� RQ� 9�� DJDU�� 3'$��
and MEA with no distinctive pattern and slow growth. Minimum 

WHPSHUDWXUH�IRU�JURZWK����&��RSWLPXP���±����&��PD[LPXP�����&��
Sporangia and hyphal swellings produced in liquid media, and 

gametangia readily produced on culture media after 4 d.

��+H\PDQ�et al. (2013) failed to indicate where the holotype 

ZDV�GHSRVLWHG�DQG�FLWHG�WZR�OLYLQJ�H[�W\SH�VWUDLQV��7KLV�GRHV�QRW�
IXO¿O�WKH�UHTXLUHPHQWV�IRU�D�YDOLG�SXEOLFDWLRQ��7KH�QDPH�LV�YDOLGDWHG�
KHUHLQ�� ,Q� WKH� RULJLQDO� GHVFULSWLRQ� RI� +H\PDQ� et al. (2013) it is 

stated that hyphal swellings are absent on sporangiophores. In the 

H[�W\SH�FXOWXUH�&%6��������ZH�KDYH�REVHUYHG�WKH�SURGXFWLRQ�RI�
K\SKDO�VZHOOLQJV��VKRZQ�LQ�)LJ���'�

�:�:��/L��:�;��+XDL�	�:�;��=KDR�
 Abad & Kasiborski, sp. nov. MycoBank MB 844808. Fig. 7.

[originally described as:  W.W. Li et 

al., Int. J. Syst. Evol. Microbiol. 67 (9): 3670. 2017 ( ., Art. 

������6KHQ]KHQ���0\FR%DQN�0%��������@

:  refers to the similar ITS sequence with 

Holotype: China, Sichuan, Xichang, from stream water, 24 Sep. 

������/��:HQZHQ��+��:HQ[LD�	�=��:HQ[LD��&%6�+���������
��&%6�������� �155/��������2WKHU�VWUDLQV�6	7�

%/� ����  � /6�������� 2WKHU� GXSOLFDWHV� RI� WKH� H[�W\SH� LQ� 7DEOH� ���
%DUFRGH�VHTXHQFH� IRU�H[�W\SH�*HQ%DQN��.<������� �,76���2WKHU�
sequences provided in Table 2.

: non-papillate; persistent; 

RYRLG�� S\ULIRUP� ���±��� î� ��±��� ȝP��� ZLWK� LQWHUQDO� RU� QHVWHG�
proliferation; originated in unbranched . 

globose, peanut-shaped to distorted, and single or 

catenulate. � VSKHULFDO� ���±��� ȝP��� WKLQ�ZDOOHG��
intercalary, lateral, and terminal, occasionally occurring on short 

stalks. VPRRWK�ZDOOHG��VSKHULFDO�����±���ȝP���
antheridia paragynous, some with masked paragynous giving the 

appearance to be amphigynous (Fig. 7K),  predominantly 

aplerotic containing big ooplasts when semi-mature to mature.
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: &RORQ\�PRUSKRORJ\�RQ�3'$��DQG�0($�ZLWK�
petaloid (rosette) pattern, on V8A with no distinct pattern. Minimum 

JURZWK�WHPSHUDWXUH����&��RSWLPXP�����&��DQG�PD[LPXP�����&�

: Li et al. (2017) did not indicate the holotype for 

�� UHQGHULQJ� WKH�QDPH� LQYDOLG� �$UW�� �������+HUH�ZH�
validate the name.

 (Brasier & S.A. Kirk) Abad, . 

MycoBank MB 846427.

:  subsp.  Brasier & S.A. Kirk, 

Mycol. Res. 108 (10): 1175. 2004. MycoBank MB 488624.

: ‘ ¶��%UDVLHU�	�6�$��.LUN��&��+XVVRQ��
,RRV�	�0DUoDLV��)XQJDO�*HQHW��%LRO����������������� ., Arts 

41.5, F.5.1. Shenzhen). MycoBank MB 631645.

Fig. 6. H[�W\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D–F. Ovoid to ellipsoid persistent sporangia. D. Sporangium with globose catenulated hyphal swellings in the sporangiophore. G. Empty 

VSRUDQJLXP�ZLWK�GLUHFW�JHUPLQDWLRQ�IURP�WKH�DSH[��H–K. Gametangia showing smooth-walled oogonia; amphigynous antheridia and aplerotic oospores. 

6FDOH�EDUV� ����ȝP��.�DSSOLHV�WR�'±.�
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Fig. 7. �H[�W\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�
Agar. C.�0DOW� ([WUDFW�$JDU��D. Catenulate, globose to subglobose and irregular hyphal swellings. E–G. Ellipsoid to ovoid sporangia. H, I. Thin-walled 

chlamydospores. J. Germinating chlamydospores. K–N. Gametangia with smooth wall oogonia and paragynous antheridia. M. Comma-shaped oogonium 

ZLWK�VOLJKWO\�DSOHURWLF�RRVSRUHV�FRQWDLQLQJ�D�ELJ�RRSODVW��6FDOH�EDUV� ����ȝP��.�DSSOLHV�WR�(±1�
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Holotype: Sweden, Gothenberg, isolated from  bark, 1996, 

&��2OVVRQ��&+�����,0,���������GULHG�FXOWXUH�RQ�FDUURW�DJDU��
��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�%/�

���2WKHU�GXSOLFDWHV�RI�WKH�H[�W\SH�LQ�7DEOH����%DUFRGH�VHTXHQFHV�
IRU� H[�W\SH�*HQ%DQN��0.������� �,76���0+������� �COI). Other 

collections and sequences provided in Table 2.

 : Brasier et al. (2004).

��+XVVRQ�et al.��������GLG�QRW�FLWH�DQ�LGHQWL¿HU�IRU�WKHLU�QHZ�
combination and failed to give a full and direct reference to the 

basionym name but cited the page range of the whole publication 

which makes the name invalid. The combination is validated here.

 (Lebert & Cohn) J. Schröt., in Cohn, Krypt.-

Fl. Schlesien 3.1(2): 236. 1886. MycoBank MB 199322. Fig. 8.

:  Lebert & Cohn, Beitr. Biol. 

3ÀDQ]HQ�����������������0\FR%DQN�0%��������
:  (Lebert & Cohn) Pethybr., Sci. Proc. 

5R\��'XEOLQ�6RF�����������������0\FR%DQN�0%��������
 (Lebert & Cohn) G.W. Wilson, Mycologia 

6(2): 80. 1914. MycoBank MB 453641.

�'�&��&RRSHU�	�3RUWHU��3K\WRSDWKRORJ\�����
881. 1928. MycoBank MB 273265.

Lectotype (designated here, MBT 10008001): Slovakia, Bratislava, 

in the garden of Jacobi, intercellular in the parenquima of various 

diseased rotten cacti ( ), 1868, plate on page 53, and 

plate on page 54 (line drawings) in Lebert & Cohn (1870), showing 

sporangia and oospore formation (https://www.biodiversitylibrary.

org/item/27353#page/65/mode/1up).

Epitype (designated here, MBT 10008003): The Netherlands, 

isolated from lilac ( ) ( ), unknown 

FROOHFWLRQ�GDWH�DQG�FROOHFWRU��LVRODWHG�DQG�LGHQWL¿HG�E\�:�/��:KLWH�
�&%6�+���������

��&%6��������  �08&/������ �155/��������
2WKHU�VWUDLQ�6	7�%/����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH�
2. %DUFRGH�VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���
0+��������COI). Other sequences provided in Table 2.

: :  papillate, caducous with 

VKRUW� SHGLFHOV� �OHVV� WKDQ���ȝP� LQ� OHQJWK��� HOOLSVRLGDO�� RES\ULIRUP��
RYRLG��RU�JORERVH����±���î���±���ȝP��ERUQH�LQ�VLPSOH�RU�LQ�FORVH�
RU� OD[� V\PSRGLDO� .  absent. 

� WHUPLQDO� DQG� LQWHUFDODU\�� JORERVH� ���±��� ȝP�
diam). : .  smooth-walled and 

XVXDOO\� K\DOLQH� ���±��� ȝP� GLDP��� VRPH� ZLWK� WDSHUHG� EDVHV��
 paragynous (very rarely amphigynous), nearly spherical 

to club-shaped, and nearly always applied close to the oogonial 

stalk, very rare masked paragynous giving the appearance to be 

amphigynous can be observed;  plerotic and aplerotic 

���±���ȝP�GLDP���ZLWK�DQ�DYHUDJH�ZDOO�WKLFNQHVV�RI���ȝP�

: &RORQLHV� LQ�9�$��3'$��DQG�0($�ZLWK�QR�
distinct pattern. The minimum temperature for growth is 4 °C, the 

RSWLPXP�����&��DQG�WKH�PD[LPXP�����&�

: Original material could not be traced, therefore the two 

plates in the original publication of Lebert & Cohn (1870) are 

designated as lectotype here. In addition, an epitype is designated 

WR� VXSSRUW� WKH� VHOHFWHG� OHFWRW\SH� DQG� ¿[� WKH� DSSOLFDWLRQ� RI� WKLV�
name. The epitype from was selected based on 

WKH� W\SLFDO� PRUSKRORJLFDO� FKDUDFWHUV� RI� WKH� VSHFLPHQ� WKDW� ¿W� WR�
those presented for the isolate used in the original description of 

the species.

Phytophthora citrophthora �5�(��6P��	�(�+��6P���/HRQLDQ��$PHU��
J. Bot. 12 (7): 445. 1925. MycoBank MB 251464. Fig. 9.

: � 5�(�� 6P�� 	� (�+�� 6P��� %RW��
Gaz. 42 (3): 215. 1906. MycoBank MB168281.

Lectotype (designated here, MBT 10012251): USA, California, 

SDUDVLWLF�RQ�OHPRQV��¿JV���	���LQ�6PLWK�	�6PLWK�����������±�����
Epitype (designated here, MBT 10012252): USA, California, La 

+DEUD��FROOHFWHG�IURP�D�GLVHDVHG�OHPRQ�WUHH�� sp.), collection 

date and collector unknown, isolated by P. Oudemans (CBS 950.87, 

preserved in a metabolically inactive state).

��&%6�������� �155/��������2WKHU�VWUDLQV�6	7�
%/�����)DZFHWW�����$��2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH�
���%DUFRGH�VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���
0+��������COI). Other sequences provided in Table 2. 

: :  semipapillate, some with 

two papillae; persistent; ovoid, limoniform, ellipsoid, globose, and 

ZLWK� GLVWRUWHG� VKDSHV� ���±��� î� ��±���� ȝP��� VRPH�ZLWK� WDSHUHG�
bases, and with intercalary position, borne in simple sympodial or 

irregularly branched .  globose, 

VXEJORERVH�� ODWHUDO�� WHUPLQDO�� DQG� LQWHUFDODU\� ���±��� ȝP� GLDP���
 absent. : Sterile-heterothallic; 

rarely produced.

: Colony morphology after 7 d on V8-A, 

3'$�� DQG� 0($� ZLWK� FKU\VDQWKHPXP� SDWWHUQ�� 0LQLPXP� JURZWK�
WHPSHUDWXUH����&��RSWLPXP���±����&��PD[LPXP�����&�

: In the original description by Smith & Smith (1906) the 

authors did not mention a single holotype but reported the species 

to be widespread in southern California found on lemons and 

occasionally on other  fruits in orchards and packing houses. 

Large amounts of material and numerous cultures were studied 

but none of this original material could be traced. Therefore, two 

illustrations published in the protologue are designated as lectotype 

here. An epitype from the same country and host is selected. 

Phytophthora colocasiae Racib., Paras. Alg. Pilz. Javas: 9. 1900. 

MycoBank MB 232219. Figs 10, 11.

:  var.  (Racib.) Sarej., 

Ann. Inst. Phytopathol. Benaki 2: 47. 1936. MycoBank MB 353071.

 (Racib.) Sawada, Agric. Mag., Formosa 

38(5): 355. 1942. MycoBank MB 539096.

Lectotype (designated here, MBT 10008004): Indonesia, Java, 

Soekaboemi, in leaves of , Apr. 1900, Raciborski 

�5DFLERUVNL�� &U\SW�� 3DUDV�� -DYD� QR�� ��� )+��� Isolectotypes: (BPI 

186640, S-F178886).

Epitype (designated here, MBT 10008005): Indonesia, Java, on 

��������XQNQRZQ�FROOHFWRU��&%6�+��������
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQV�

6	7�%/������6	7�%/���*���2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�
7DEOH����%DUFRGH�VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*�������
�,76���0+��������COI). Other sequences provided in Table 2.

: :  semi-papillate; caducous 

ZLWK� PHGLXP� DQG� VKRUW� SHGLFHOV� ��±��� ȝP� OHQJWK��� HORQJDWH��
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Fig. 8. �H[�HSLW\SH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D.�6SRUDQJLD�RULJLQDWHG�LQ�OD[�V\PSRGLDO�VSRUDQJLRSKRUH��E–H. Limoniform to obpyriform papillate sporangia with short pedicels. H.�'HWDFKHG�
VSRUDQJLXP�ZLWK�GLUHFW�JHUPLQDWLRQ� WKURXJK�WKH�DSH[�� I.�3HUVLVWHQW�VSRUDQJLXP�ZLWK�DQ�H[WHUQDO�SUROLIHUDWLRQ��J. Terminal globose chlamydospore. K–N. 

Globose oogonia, with plerotic oospores and paragynous antheridia nearly spherical to club-shaped. M.�$�SDUDJ\QRXV�DQWKHULGLXP�ZLWK�¿QJHU�OLNH�SURMHFWLRQ��
6FDOH�EDUV� ����ȝP��.�DSSOLHV�WR�(±1�
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Fig. 9. �H[�HSLW\SH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D. Persistent semipapillate sporangia originated in simple sympodial, individually or in irregularly branched sporangiophores. E. Sporangia 

originated in clusters. F. Sporangium originating individually in a log sporangiophore. G–I. 'LIIHUHQW�VKDSHV�RI�VSRUDQJLD��J. Sporangium with two papillae. G, 

K. Sporangia with caducous medium pedicels (rarely observed). L. Terminal globose chlamydospore. M. Clustered distorted shapes hyphal swellings. Scale 

EDUV� ����ȝP��(�DSSOLHV�WR�'±)��.�DSSOLHV�WR�*±0�
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RYRLG�� RU� HOOLSVRLG� ���±��� î� ��±��� ȝP��� VRPH� VSRUDQJLD� ZLWK�
tapered base or with lateral attachment; a conspicuous basal plug 

is observed in some sporangia; originated in simple or irregularly 

branched .  globose, sub-globose, 

radiating hyphae, or irregular-shaped are occasionally observed. 

 globose, terminal, or intercalary, observed in 

VRPH�LVRODWHV�DQG�UDUH� LQ�RWKHUV����±���ȝP�GLDP��� : 

. ZLWK� VPRRWK� ZDOO� ���±��� ȝP�
GLDP�� DY�� ����� ȝP���  amphigynous and subterminal; 

�DSOHURWLF�DQG�VHPL�DSOHURWLF����±���ȝP�GLDP��DY�������ȝP��

: &RORQ\�PRUSKRORJ\�DIWHU���G�RQ�9��$��3'$��
MEA with no distinct pattern. Minimum growth temperature 10 °C, 

RSWLPXP�����&��DQG�PD[LPXP�����&�

:  was described by Raciborski 

������� KWWSV���GLJLWDOJHPV�QXV�HGX�VJ�VKDUHG�FROOV�EOVHD�¿OHV�
ParRac.pdf) on leaves of  from Java. Raciborski 

LVVXHG�PDWHULDO�ZLWK�KLV�SXEOLFDWLRQ�LQ�D�NLQG�RI�H[VLFFDWDH��RI�ZKLFK�
FRSLHV� DUH� DYDLODEOH� LQ� VHYHUDO� IXQJDULD�� 7KH� VSHFLPHQ� LQ� )+� LV�
here designated as lectotype (see Fig. 10). Material from the same 

host collected in Indonesia for which living cultures and sequence 

data are available is chosen here as epitype to support the selected 

OHFWRW\SH� DQG� ¿[� WKH� DSSOLFDWLRQ� RI� WKLV� QDPH�� 7KH� LVRODWH� &%6�
�������  � 6	7� %/� ���� LV� KRPRWKDOOLF�� EXW� VRPH� LVRODWHV� RI� WKH�
species behave heterothallic. 

 7XFNHU��5HV��%XOO��0LVVRXUL�$JULF��([S��
Sta. 153: 188. 1931. MycoBank MB 251892. Fig. 12.

Lectotype (designated here, MBT 10008006): USA, Idaho, 

isolated from rotting tubers of by Charles 

'UHFKVOHU��7XFNHU�QR�������¿J�����DVH[XDO�PRUSK��DQG�¿J�����VH[XDO�
morph) in Tucker (1931: 8–9; https://mospace.umsystem.edu/

[POXL�KDQGOH��������������
Epitype (designated here, MBT 10008007): USA, California, from 

 var. , unknown collection date and collector, 

LVRODWHG�E\�&�0��7RPSNLQV��QR�������&%6�+���������
��&%6���������$��� �155/��������2WKHU�VWUDLQ�

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2. 

: :  non-papillate, persistent, 

ellipsoid, ovoid, irregular shapes, and some with tapered bases 

���±���î���±���ȝP��� VKRZLQJ� LQWHUQDO�DQG�H[WHUQDO�SUROLIHUDWLRQ��
and originated in unbranched and sometimes in simple sympodial 

with two or few sporangia.  

globose, catenulate (rosary shape), and frequently clustered. 

 absent. :   

with smooth wall, globose, some with slightly tapered bases (within 

DQWKHULGLXP�����±���ȝP�GLDP��  amphigynous, oval (9–16 

ȝP��� � DOPRVW�SOHURWLF� WR�DSOHURWLF� ���±���ȝP�GLDP��ZLWK�
WKLQ�ZDOOV������ȝP��

: &RORQLHV�RQ�9��$��3'$��DQG�0($�ZLWK�QR�
GLVWLQFWLYH�SDWWHUQ��RQ�3'$�DQG�0($�ZLWK�YHU\�OLJKW�FKU\VDQWKHPXP�
pattern. Minimum temperature for growth 3 °C, optimum 27–33 °C, 

DQG�PD[LPXP�����&�

: Original specimens of  could not be traced. 

Therefore, illustrations provided in the protologue are here 

GHVLJQDWHG�DV�OHFWRW\SH��7KH�DXWKHQWLF�VWUDLQ�&%6���������LGHQWL¿HG�
and deposited by the original author, C.M. Tucker, is designated as 

H[�HSLW\SH�ZLWK�D�GULHG�VSHFLPHQ�SUHVHUYHG�LQ�WKH�IXQJDULXP�RI�WKH�
Westerdijk Fungal Biodiversity Institute. Jung et al. (2022a) [Chen et 

al.�������@��<DQJ�et al.��������DQG�<DQJ�	�+RQJ��������FRQVLGHUHG�
strain CBS 292.35 to be the type of  but that strain was 

isolated by C.M. Tompkins and deposited in the CBS culture collection 

LQ������DQG�FDQ�WKHUHIRUH�QRW�EH�UHJDUGHG�DV�H[�W\SH�PDWHULDO�

Phytophthora erythroseptica 3HWK\EU��� 6FL�� 3URF�� 5R\�� 'XEOLQ�
Soc. 13: 547. 1913. MycoBank MB 231826. Fig. 13.

Lectotype (designated here, MBT 10008008): Ireland, from 

��SODWH�;/,9��¿JV���–22 in Pethybridge (1913, 

https://www.biodiversitylibrary.org/page/30514890#page/869/

mode/1up), showing sporangia and oospore formation.

Epitype (designated here, MBT 10008009): Ireland�� 'XEOLQ��
Banon, isolated from potato ( ), 1989, collector 

XQNQRZQ��&%6�+��������
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����Barcode 

VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: : non-papillate; persistent; 

ellipsoid, obpyriform, ovoid (23–87 ×� ��±��� ȝP��� ZLWK� URXQGHG�
and tapered bases, ellipsoid frequently constricted in the 

Fig. 10. Lectotype of �SUHVHUYHG�LQ�)+��
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Fig. 11. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C.�0DOW�([WUDFW�$JDU��D. Sporangia originated in a simple branched sporangiophore with globose catenulated hyphal swellings. E–I. Limoniform to ellipsoid 

sporangia with medium pedicels. H, I. Semipapillate sporangia with folded and comma-shaped pedicels. J. Sporangium with unreleased zoospores inside. 

K–N.�*ORERVH�DQG�VPRRWK�ZDOOHG�RRJRQLD�ZLWK�SOHURWLF�RRVSRUH�DQG�DPSKLJ\QRXV�DQWKHULGLD��6FDOH�EDUV� ����ȝP��.�DSSOLHV�WR�(±1�
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PLGGOH� RU� GLVWRUWHG�� LQWHUQDO�� H[WHUQDO�� DQG� QHVWHG� SUROLIHUDWLRQ� LV�
observed. Sporangia produced in unbranched or simple sympodial 

s.  globose, subglobose, 

catenulate and clustered are common.  absent. 

:   with smooth wall, spherical 

���±���ȝP�GLDP���  predominantly amphigynous (10–18 

î���±���ȝP���VRPH�ZLWK�VSLQH�RU�GLJLWDWH�SURMHFWLRQV�DQG�DSOHURWLF�
����±���ȝP�GLDP��

: Colony morphology after 7 d on V8-A with 

QR�GLVWLQFW�SDWWHUQ��RQ�3'$�DQG�0($�ZLWK�VOLJKW� FKU\VDQWKHPXP�
pattern. Minimum growth temperature 6 °C, optimum 21 °C, and 

PD[LPXP�����&�

: Type material of  could not be traced in E 

�SHUV�� FRPP��ZLWK�+HOHHQ�3ODLVLHU��KHUEDULXP�5%*(���7KHUHIRUH��
illustrations provided in the protologue are chosen as lectotype 

Fig. 12.  �H[�HSLW\SH�FXOWXUH�&%6���������$����A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�
Agar. C.�0DOW�([WUDFW�$JDU��D. Globose, catenulate and rosary shape hyphal swellings. E–H. Ovoid to ellipsoid persisted sporangia. G. Empty sporangium 

ZLWK�H[WHUQDO�H[WHQGHG�SUROLIHUDWLRQ��H. Internal nested proliferation and direct germination. I, J. Globose oogonia with amphigynous antheridia. Scale bars 

 ����ȝP��-�DSSOLHV�WR�(±-�
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Fig. 13. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�
Agar. C.�0DOW�([WUDFW�$JDU��D–H. 1RQSDSLOODWH��SHUVLVWHQW��URXQGHG�EDVHV�VSRUDQJLD�RULJLQDWHG�LQ�XQEUDQFKHG�VSRUDQJLRSKRUHV��H. Sporangium with distorted 

shape. I. Globose, subglobose and catenulate hyphal swellings. J–M. Gametangia showing typical smooth-walled oogonia, amphigynous antheridia and 

DSOHURWLF�RRVSRUHV��6FDOH�EDU� ����ȝP��-�DSSOLHV�WR�'±0�
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here. A specimen from the same host and country is designated as 

HSLW\SH�WR�¿[�WKH�DSSOLFDWLRQ�RI�WKLV�QDPH�

Phytophthora fragariae +LFNPDQ��-��3RPRO��+RUWLF��6FL�����������
1940. MycoBank MB 289688. Fig. 14.

Lectotype (designated here, MBT 10008010): UK, from roots and 

rootstocks of cultivated strawberries, ¿JV���±���LQ�+LFNPDQ��������
97, 99), showing sporangia and oospore formation.

Epitype (designated here, MBT 10008011): UK, Scotland, 

FROOHFWLRQ�GDWH�DQG�FROOHFWRU�XQNQRZQ��&%6�+�������.
�� &%6� ������� 5DFH� ��  � 155/� ������� 2WKHU�

VWUDLQ�6	7�%/������2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����
%DUFRGH� VHTXHQFHV� IRU� H[�HSLW\SH� *HQ%DQN�� +4������� �,76���
+4��������COI). Other sequences provided in Table 2.

  CBS 

309.62. This Whole Genome Shutgun project has been deposited at 

GenBank under the accession Genome P.fr2.0 (genome size 75.98 

0ES��%LR3URMHF�35-1$��������%LR6DPSOH�6$01����������*DR�et 

al.��������$GGLWRQDO�LQIRUPDWLRQ�IRU�WKH�H[�HSLW\SH�JHQRPH�LQ�7DEOH���

: :  non-papillate; persistent; 

RES\ULIRUP�� RYRLG�� HOOLSVRLG� ���±��� î� ��±��� ȝP��� RIWHQ� YHU\�
markedly obpyriform in shape; with internal and nested proliferation 

and originated in unbranched or simple sympodial . 

 coralloid, irregular shapes, globose, subglobose, 

some solitary, and others catenulate in chains.  

absent. : . smooth-walled, 

RULJLQDWHG�LQ�YHU\�VKRUW�VWDONV��IUHTXHQWO\�JORERVH����±����P�GLDP��
with tapering base;  amphigynous and some paragynous 

���±��� î� ��±��� ȝP��� plerotic and aplerotic, many 

showing a single globule and turning golden brown with age.

: &RORQ\�PRUSKRORJ\�DIWHU���G�RQ�&0$��3'$��
V8, with no distinct pattern. Minimum growth temperature 3 °C, 

RSWLPXP�����&��DQG�PD[LPXP�����&�

��1HLWKHU�GULHG�RULJLQDO�VSHFLPHQV�QRU� OLYLQJ�H[�W\SH�VWUDLQV�
could be located for . The two illustrations in the original 

paper are therefore designated as lectotype here. The epitype 

was selected based on the typical morphological characters of 

WKH�VSHFLPHQ�WKDW�¿W�WR�WKRVH�SUHVHQWHG�IRU�WKH�LVRODWH�XVHG�LQ�WKH�
original description of the species. 

6WUDLQ� &%6� �������  � :3&� 3������� LVRODWHG� IURP�  

× , in Cornwall, England is incorrectly cited as the type 

strain of  in Yang et al.���������<DQJ�	�+RQJ��������DQG�
Jung et al. (2022a) [Chen et al.�������@��+LFNPDQ��������LQGLFDWHG�
that his newly described species was collected both in England and 

6FRWODQG�� 1XPHURXV� LVRODWHV� IURP� GLIIHUHQW� ORFDOLWLHV� ZHUH�PDGH�
both before the species was formally described but probably also 

after. CBS 309.62 is from Scotland (no date given); it came into the 

CBS collection in 1962; while WPC P19539 is from Cornwall. For 

the latter one a date is given (1946) which postdates the protologue 

DQG�WKHUHIRUH�GRHV�QRW�UHSUHVHQW�DQ�H[�W\SH�

 �+�(��3HWHUVHQ��%XLVPDQ��0HGHG��
Phytopath. Lab. ‘WCS’ 11: 7. 1927. MycoBank MB 252402. Fig. 15.

: � +�(�� 3HWHUVHQ�� %RW��
Tidsskr. 29: 391. 1909. MycoBank MB 162746.

Lectotype (designated here, MBT 10008012): Denmark, from 

fallen, submerged fruits of ��¿J��9,�LQ�3HWHUVHQ��������

391, https://www.biodiversitylibrary.org/page/5178796#page/403/

mode/1up) showing sporangia formation.

Epitype� �GHVLJQDWHG� KHUH�� 0%7� ����������� 8.�� (QJODQG��
collected from lake water, unknown collection date and collector 

�&%6�+��������
��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�

%/� ����� 2WKHU� GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ��� %DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��+4��������,76���+4�������
(COI). Other sequences provided in Table 2.

: :  non-papillate; persistent; 

ellipsoid, ovoid, or distorted shapes with tapered base (36–71 × 

��±��� ȝP�� VKRZLQJ� LQWHUQDO� H[WHQGHG� DQG� QHVWHG� SUROLIHUDWLRQ�
and produced in unbranched .  

globose, sub globose, and elongate produced solitary or catenulate 

in chains.  absent. : Sterile. 

 and  are produced under water cultures.

 &RORQ\�PRUSKRORJ\�DIWHU���G�RQ�3'$��9��$��
and MEA with rosette pattern. Minimum growth temperature 3 °C, 

RSWLPXP���±����&��DQG�PD[LPXP�����&�

��$FFRUGLQJ�WR�7D[RQRPLF�/LWHUDWXUH�,,��7/����KWWSV���ZZZ�VLO�
VL�HGX�'LJLWDO&ROOHFWLRQV�WO���EURZVH�FIP"YRO ��SDJH������ W\SH�
PDWHULDO� RI�3HWHUVHQ� LV� SUHVHUYHG�DW� WKH�8QLYHUVLW\� RI�&RSHQKDJHQ��
but none of the specimens mentioned in the original description of 

 could be located there (pers. comm. with 

Christian Lange). Therefore, one of the original illustrations is selected 

here as lectotype. The epitype was selected based on the typical 

PRUSKRORJLFDO�FKDUDFWHUV�RI�WKH�VSHFLPHQ�WKDW�¿W�WR�WKRVH�SUHVHQWHG�
for the isolate used in the original description of the species. 

 Carne, J. Roy. Soc. W. Australia 12: 36. 

1925. MycoBank MB 267110. Fig. 16.

Lectotype (designated here, MBT 10008014): Australia, on fruits, 

leaves and smaller branches of  ssp., plate IV in Carne 

(1925, https://www.biodiversitylibrary.org/item/201421#page/77/

mode/1up). 

Epitype (designated here, MBT 10008015): Australia (WA), 

Pinjarra, on citrus ( ), unknown collection date and 

FROOHFWRU��LVRODWHG�E\�5�)��'RUSHO�LQ�������,0,���������
��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�

%/� ��*��2WKHU� GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ��� %DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2. 

:  CBS 

114104. This Whole Genome Shutgun project has been deposited 

DW�*HQ%DQN�XQGHU�WKH�DFFHVVLRQ�*HQRPH�86'$B3KLEB%/��B����
UHIHUHQFH� �JHQRPH� VL]H� ������ 0ES�� %LR3URMHF� 35-1$��������
%LR6DPSOH� 6$01���������� 6ULYDVWDYD� et al. 2022). Additional 

LQIRUPDWLRQ�IRU�WKH�H[�HSLW\SH�JHQRPH�LQ�7DEOH���

: :  semi-papillate and non-

SDSLOODWH�� FDGXFRXV� ZLWK� PHGLXP� WR� ORQJ� SHGLFHOV� ���±��� ȝP�
long); elongate, ellipsoid, ovoid, or obovoid (21–44 × 13–22 

ȝP��� SURGXFHG� LQ� XQEUDQFKHG� RU� LQ� OD[� V\PSRGLDO� EUDQFKLQJ�� RU�
occasionally in umbellate .  

absent. absent. : . 

�VPRRWK�ZDOOHG����±���ȝP�GLDP���  predominantly 

paragynous, often intercalary, some with multiple radiating hyphae 

or spines; SOHURWLF�ZLWK�WKLFN�ZDOO����±���ȝP�GLDP��
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Fig. 14.  H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU�� 
C.�0DOW� ([WUDFW�$JDU��D. Mycelium with hairy and coralloid hyphal swellings. E–J. Ovoid to ellipsoid, nonpapillate and persistent sporangia. J. Empty 

VSRUDQJLXP�ZLWK�H[WHUQDO�SUROLIHUDWLRQ�IURP�WKH�EDVH��K–N. Smooth-walled golden brown oogonia with amphigynous antheridia, plerotic oospores and big 

ooplasts. 6FDOH�EDU� ����ȝP��.�DSSOLHV�WR�'±1�
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Fig. 15. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�
Agar. C.�0DOW�([WUDFW�$JDU��D–H. Ellipsoid to elongated sporangia, nonpapillate, persistent originated in unbranched sporangiophores. D, H.�,QWHUQDO�H[WHQGHG�
sporangial proliferation. E. Sporangium germinating directly with hyphae. I. Sporangium on a sporangiophore with hyphal swellings. J, K. Globose and 

LUUHJXODU�K\SKDO�VZHOOLQJV��6FDOH�EDUV� ����ȝP��'�DSSOLHV�WR�'±,��-�DSSOLHV�WR�-��.�
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 Fig. 16. H[�HSLW\SH�FXOWXUH�&%6���������,0,����������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B. Potato-

'H[WURVH�$JDU��C.�0DOW�([WUDFW�$JDU��D.�6SRUDQJLD�RULJLQDWHG� LQ� OD[�V\PSRGLDO�EUDQFKLQJ�VSRUDQJLRSKRUHV��E–I. Semipapillate caducous sporangia with 

medium to long pedicels. J–M.�2RJRQLD�ZLWK�WKLFN�ZDOOHG��SOHURWLF�RRVSRUHV�DQG�SDUDJ\QRXV�DQWKHULGLD��6FDOH�EDUV� ����ȝP��(�DSSOLHV�WR�(±,��-�DSSOLHV�WR�
J–M.
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: &RORQ\� PRUSKRORJ\� RQ� 9��$�� 3'$�� DQG�
MEA with no distinct pattern. Minimum growth temperature 6 °C, 

RSWLPXP���±����&��DQG�PD[LPXP�����&�

: Type material of , described on  

from Western Australia is not preserved in any of the Australian 

fungaria. One of the original illustrations is therefore chosen here 

as lectotype. In addition, a specimen from the same substrate and 

JHRJUDSKLFDO�RULJLQ� LV�GHVLJQDWHG�DV�HSLW\SH�WR�¿[�WKH�DSSOLFDWLRQ�
of this name. 

Carne (1926) described that  produces 

DPSKLJ\QRXV� DQWKHULGLD�� UDUHO\� SDUDJ\QRXV� �S�� ����� +RZHYHU��
¿JXUHV�LQ�SODWH�,,,�VKRZ�DQWKHULGLD�SUHGRPLQDQWO\�SDUDJ\QRXV��7KH�
production of paragynous antheridia is one of the characteristics of 

WKH�H[�HSLW\SH�FXOWXUH�&%6���������)LJ����-±0��

Phytophthora ilicis Buddenh. & Roy A. Young, Phytopathology 

47: 100. 1957. MycoBank MB 303620. Fig. 17.

Lectotype (designated here, MBT 10008016): USA, Oregon 

and Washington, from leaves and stems of �� ¿J��
�%� �VSRUDQJLXP� LQ� WKH� PLGGOH�� DQG� ¿J�� �&� LQ� %XGGHQKDJHQ�
	� <RXQJ� ������� ���� KWWSV���DUFKLYH�RUJ�GHWDLOV�VLPB
SK\WRSDWKRORJ\B�������B��B��SDJH����PRGH��XS��
Epitype (designated here, MBT 10008017): Canada, British 

Columbia, from leaves and stems of holly ( sp.), 1954, unknown 

FROOHFWRU��&%6�+��������
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  semi-papillate; caducous 

ZLWK�PHGLXP�WR�ORQJ�SHGLFHOV���±���ȝP���RYRLG��RES\ULIRUP����±���
î� ��±��� ȝP��� RULJLQDWHG� LQ� XQEUDQFKHG� RU� LQ� VLPSOH� V\PSRGLDO�

.  globose, subglobose 

produced individually or catenulated, also occasionally produced 

in sporangiophores.  rare. : 

�VPRRWK�ZDOOHG����±���ȝP�GLDP���VRPHWLPHV�
presenting tapered bases;  amphigynous showing 

different shapes from short round to elongate; plerotic 

and slightly aplerotic.

: &RORQ\� PRUSKRORJ\� LQ� 9��$� DQG� 3'$�
with light stellate pattern, in MEA with slow growth. The minimum 

WHPSHUDWXUH� IRU� JURZWK� LV� �� �&�� RSWLPXP� ��� �&�� DQG�PD[LPXP�
25 °C. Conditions for growth and sporulation: Sporangia produced 

after mats growing in pea broth are transferred to water cultures 

and incubated for 5 d at 20 °C.

: was introduced by Buddenhagen & Young 

(1957) for a serious leaf and twig disease of English holly in Oregon 

DQG�:DVKLQJWRQ��86$��2ULJLQDO� VSHFLPHQV�FRXOG�QRW�EH� ORFDWHG��
Therefore, the original illustrations are selected as lectotype here. A 

collection from the same host genus and continent for which a living 

culture and sequence data are available is designated as epitype. 

In contrast with the original description, produces hyphal 

swellings. 

�%UDVLHU��6iQFK��+HUQ��	�6�$��.LUN��0\FRO��
Res. 107(4): 481. 2003. MycoBank MB 373599. Fig. 18.

Holotype: A slide of oogonia and antheridia derived from paired 

isolates (IMI 389751 and IMI 390121) from roots of Olea sp. and 

�RULJLQDWLQJ�IURP�6SDLQ�DQG�8.��,0,���������
Epitype �GHVLJQDWHG�KHUH��0%7������������8.��.HQW��%H[OH\��IURP�
roots of , 1976, C.M. Brasier & R.G. Strouts (IMI 

389751, DQ�$��VH[XDO�FRPSDWLELOLW\�W\SH��
��&%6�������� �155/������� �&$%,�,0,���������

2WKHU�VWUDLQ�6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH�
���%DUFRGH�VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���
0+��������COI). Other sequences provided in Table 2.

: :  non-papillate, persistent, 

RYRLG�� RES\ULIRUP� ���±��� î� ��±��� ȝP�� VRPHWLPHV� ZLWK� WDSHUHG�
EDVHV�� VKRZLQJ� LQWHUQDO� H[WHQGHG� DQG� QHVWHG� SUROLIHUDWLRQV��
originated in unbranched or simple sympodial , 

sometimes with swellings in sporangiophore.  

globose, subglobose, irregular, individual or catenulated and many 

times with radiating hyphae.  absent. 

:   smooth-walled, subspherical 

���±��� ȝP��� DQWKHULGLD� SUHGRPLQDQWO\� DPSKLJ\QRXV��  

DSOHURWLF�WKLFN�ZDOOHG��RIWHQ�\HOORZLVK��>6H[XDO�PRUSK�LQ�%UDVLHU�et 

al.���������SDJHV����±�����¿JV��±���RQ�SDJH����@�

: Colony morphology on V8-A with no 

GLVWLQFWLYH� SDWWHUQ�� RQ� 3'$� DQG� 0($� ZLWK� OLJKW� FKU\VDQWKHPXP�
SDWWHUQ��0LQLPXP�JURZWK�WHPSHUDWXUH����&��PD[LPXP�����&��DQG�
optimum 27–30 °C.

: Brasier et al. (2003) designated a single specimen as the 

holotype, namely, a single slide (with its own unique IMI number) 

with material taken from a culture from two crossed strains of 

the species (parent strains). One of the parent strains is here 

designated as epitype.

0F5DH��-��%RPED\�1DW��+LVW��6RF�����������
1918. MycoBank MB 120866. Fig. 19.

Neotype (designated here, MBT 10008019): India, Kerala State, 

3DODSLOO\� 5HJLRQ�� 7ULFKXU� 'LVWULFW�� 9DQLDPSDUD� UXEEHU� HVWDWH��
Travancore, collected from rubber ( ), 2001, 

XQNQRZQ�FROOHFWRU��&%6�+��������
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�QHRW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�QHRW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  papillate to semi-papillate, 

sometimes bipapillate; caducous with medium to long pedicels (6–20 

ȝP� ORQJ��� RYRLG�� HOOLSVRLG�� HORQJDWH�� RES\ULIRUP�� JORERVH�� LUUHJXODU�
IRUPV� ���±��� î� ��±��� ȝP��� RULJLQDWHG� LQ� V\PSRGLDO� EUDQFKHG�

  small, globose to elongate, 

irregular, produced also in sporangiophores.  

intercalar and terminal rarely produced. : . 

 smooth-walled;  amphigynous, some with 

cylindrical shapes;  slightly aplerotic to plerotic.

: Colony morphology after 7 d of growth 

RQ�3'$�DQG�9��$�ZLWK�VWHOODWH�SDWWHUQ��RQ�0($�ZLWK� OLJKW�VWHOODWH�
pattern. Minimum temperature for growth is 6 °C, optimum 

��±��� �&�� DQG�PD[LPXP� ��� �&��  produces 

DEXQGDQW�VSRUDQJLD�DQG�]RRVSRUHV�LQ�9��$�ÀRRGHG�ZLWK������VRLO�
solution.
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Fig. 17. H[�HSLW\SH�FXOWXUH�155/��������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D–F. Globose to sub-globose hyphal swellings. G–I. Semipapillate ovoid empty sporangia with short pedicels. J–M. Oogonia with amphigynous 

antheridia. J. Thick-walled plerotic oospore with a lipid globule. K. Smooth-walled oogonium with a plerotic oospore and a long unicellular amphigynous 

DQWKHULGLXP��6FDOH�EDUV� ����ȝP��-�DSSOLHV�WR�(±0�
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Fig 18. H[�HSLW\SH�FXOWXUH�&%6���������,0,����������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B. Potato-

'H[WURVH�$JDU��C.�0DOW�([WUDFW�$JDU��D, E, G–I. Globose to subglobose and irregular hyphal swellings. F. Typical coiled hyphae. J–L. Sporangia originated in 

unbranched sporangiophores. H, I. ,QWHUQDO�QHVWHG�VSRUDQJLDO�SUROLIHUDWLRQ��6FDOH�EDUV� ����ȝP��'�DSSOLHV�WR�'��(��*��,�DSSOLHV�WR�)��+±/�
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Fig. 19. H[�QHRW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU�� 
C.�0DOW�([WUDFW�$JDU��D.�1HZ�IRUPLQJ�VSRUDQJLD�LQ�D�V\PSRGLXP�VSRUDQJLRSKRUH��E–G. Ovoid to limoniform papillate sporangia. E. Caducous sporangium 

with medium pedicel. H. Irregular hyphal swellings. I. Intercalar hyphal swelling. J. Terminal chlamydospore. K–N. Smooth-walled oogonia with plerotic 

RRVSRUHV�DQG�HORQJDWHG�DPSKLJ\QRXV�DQWKHULGLD��6FDOH�EDU� ����ȝP��.�DSSOLHV�WR�.±1�
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��0F5DH�¿UVW�GHVFULEHG�  in J. Bombay 

1DW�� +LVW�� 6RF�� ���� ���� �����D�� KWWSV���ZZZ�ELRGLYHUVLW\OLEUDU\�
org/item/28019#page/914/mode/1up). This publication is labelled 

to be published on the 2 Jan. 1918 and does not contain line 

drawings. Later that year, McRae (1918b) gave a more detailed 

GHVFULSWLRQ� RI� WKH� VSHFLHV� LQFOXGLQJ� LOOXVWUDWLRQV� �3ODWH� ,,� ¿JV�
�±���� OLQH� GUDZLQJV� RI� DVH[XDO� PRUSK�� 3ODWH� ,,,� ¿JV� �±���� OLQH�
GUDZLQJV�RI�VH[XDO�PRUSK���7KH�LOOXVWUDWLRQV�LQ�WKH�ODWHU�SDSHU�DUH�
however not part of the original material and can therefore not 

serve as lectotype. Original specimens of  could not be 

traced. Therefore, a neotype is designated here from the same 

substrate and origin.

Phytophthora megasperma 'UHFKVOHU�� -��:DVK��$FDG�� 6FL�� ����
524. 1931. MycoBank MB 270758. Fig. 20.

Lectotype (designated here, MBT 10008020): USA, isolated 

from �� ¿JV�� �� �KWWSV���ZZZ�ELRGLYHUVLW\OLEUDU\�
org/page/39914915#page/615/mode/1up) & 5 (https://www.

biodiversitylibrary.org/page/39914915#page/617/mode/1up) in 

'UHFKVOHU������������������
Epitype (designated here, MBT 10008021): USA, isolated from 

�E\�'UHFKVOHU�LQ�������XQNQRZQ�FROOHFWLRQ�GDWH�DQG�
collector (IMI 032035).

��&%6�������� �$7&&��������0&,���Other strain 

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  non-papillate, persistent, 

elongated, ellipsoid, obpyriform, or distorted shapes (48–99 × 

��±��� ȝP��� VRPH� ZLWK� WDSHUHG� EDVH�� ZLWK� H[WHUQDO� DQG� LQWHUQDO�
LQ� H[WHQGHG� DQG� QHVWHG� SUROLIHUDWLRQ�� RULJLQDWHG� LQ� XQEUDQFKHG�

 globose, subglobose to 

elongated with radiating hyphae.  absent. 

:  VSKHULFDO� ���±���ȝP�GLDP���
�VSKHULFDO�RU�HOOLSVRLG����±���î���±���ȝP), predominantly 

paragynous; DSOHURWLF����±���ȝP��

: Colony morphology after 7 d of growth on 

3'$�� 9��$�� DQG� 0($� ZLWK� QR� GLVWLQFW� SDWWHUQ�� 0LQLPXP� JURZWK�
WHPSHUDWXUH����&��RSWLPXP�����&��DQG�PD[LPXP�����&�

: � ZDV� GHVFULEHG� E\� 'UHFKVOHU�
(1931) as causing a destructive decay of stems and roots of Althea 

�LQ�:DVKLQJWRQ�'�&��DQG�DW�5RVVO\Q��9LUJLQLD��86$��2ULJLQDO�
specimens could not be located. Therefore, two of the original 

illustrations are selected as lectotype here. In addition, a specimen 

from the same host and country for which living cultures and 

sequences data are available is designated as epitype. 

Phytophthora mexicana +RWVRQ� 	� +DUWJH�� 3K\WRSDWKRORJ\� ����
520. 1923. MycoBank MB 253321. Fig. 21.

:  Curzi, Riv. Patol. Veg. 17: 11. 

1927. MycoBank MB 267501.

Lectotype (designated here, MBT 10008022): Mexico, on fruit of 

��SODWHV�;;,,�	�;;,,,�LQ�+RWVRQ�	�+DUWJH�
(1923).

Epitype (designated here, MBT 10008023): USA�� 7H[DV� +LJK�
3ODLQV��1:�7H[DV���IURP�&KLOH�3HSSHU�µODWLJR¶��  

YDU��µODWLJR¶���$���������5��)UHQFK��&%6�+��������

: CBS 149405. Other strain S&T BL 199. Other 

GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ��� %DUFRGH� VHTXHQFHV� IRU�
H[�HSLW\SH� *HQ%DQN�� 23������� �,76��� 23������� �COI). Other 

sequences provided in Table 2.

: :  semi-papillate and 

papillate; ellipsoid, ovoid, globose, irregular shape (16–33 × 16–

���ȝP��� VRPH�ZLWK� WDSHUHG�EDVHV�� FDGXFRXV�ZLWK� ORQJ��PHGLXP��
and short pedicels; originated individual, two, three, and simple 

sympodial   knobby and 

irregular.  globose, terminal, intercalar. 

: .  terminal, smooth-walled 

���±���ȝP��RU�ZLWK�VOLJKW�ZDY\�ZDOO��  amphigynous short; 

aplerotic some showing big ooplast.

: Colony morphology after 7 d of growth on 

9��$�DQG�0($�ZLWK�QR�GLVWLQFW�SDWWHUQ�DQG�LQ�3'$�ZLWK�UDGLDWH�SDWWHUQ��
2SWLPXP�JURZWK�WHPSHUDWXUH���±����&��DQG�PD[LPXP�����&�

: Original material of  described 

E\� +RWVRQ� 	� +DUWJH� ������� RQ�  from 

0H[LFR�FRXOG�QRW�EH�WUDFHG��7KH�SODWHV�SURYLGHG�LQ�WKH�SURWRORJXH�
are therefore designated as lectotype here with a specimen from 

7H[DV��86$��DV�VXSSRUWLQJ�HSLW\SH��7KH�HSLW\SH�¿WV�WKH�PRUSKRORJ\�
RI�WKH�DVH[XDO�PRUSK�ZHOO��$OWKRXJK�+RWVRQ�	�+DUWJH��������GLG�QRW�
indicate the production of caducous sporangiophores, this condition 

IRU�WKH�VSHFLHV�LV�FOHDUO\�VKRZQ�LQ�SODWH�;;,,�¿J����DQG�SODWH�;;,,,�
¿J�����ZKHUH�VSRUDQJLD�ZLWK�PHGLXP�SHGLFHO�DUH�REVHUYHG�

Phytophthora nicotianae� %UHGD� GH� +DDQ�� 0HGHG�� /DQGV�
Plantentuin, Batavia 15: 57. 1896. MycoBank MB 194443. Fig. 22

:  var.  (Breda de 

+DDQ��7XFNHU��5HV��%XOO��0LVVRXUL�$JULF��([S��6WD������������������
MycoBank MB 253828.

��%UHGD�GH�+DDQ��*�:��:LOVRQ��0\FRORJLD�
6 (2): 80. 1914. MycoBank MB 246601.

� �%UHGD� GH� +DDQ�� 3HWK\EU��� 6FL�� 3URF�� 5R\��
'XEOLQ�6RF�����������������0\FR%DQN�0%��������

�6DZDGD��6SHFLDO�5HS��$JULF��([S��6WDW��
(Taiwan) 11: 77. 1915. MycoBank MB 232247.

�'DVWXU��0HP��'HSW��$JULF��,QGLD�������������
1913. MycoBank MB 194284.

 var. � �'DVWXU�� *�0�� :DWHUK���
Mycolog. Pap. 92: 14. 1963. MycoBank MB 353741.

 var. �*�+��*RGIUH\��-��$JULF��5HV������
21. 1923. MycoBank MB 273614.

� 6DZDGD�� 5HS�� 'HSW�� $JULF�� *RY�� 5HV�� ,QVW��
Formosa 27: 35. 1927. MycoBank MB 279692.

 Sherb., Phytopathology 7: 127. 1917. 

MycoBank MB 194200.

��6KHUE���3H\URQHO��$WWL�$FFDG��1D]��/LQFHL�
29: 194. 1920. MycoBank MB 280038.

Lectotype (designated here, MBT 10008024): Indonesia, 

6XPDWUD��-DYD��3O�����¿J����LQ�%UHGD�GH�+DDQ��������
Epitype (designated here, MBT 10008025): Indonesia, Sulawesi 

8WDUD�� 7LQRRU�� IURP� VWHP� OHVLRQ� RI� RUFKLG�  sp., 

������0�'��&RIIH\��&%6�+��������GULHG�FXOWXUH��
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�

6	7� %/� ����� 2WKHU� GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ���
%DUFRGH� VHTXHQFHV� IRU� H[�HSLW\SH� *HQ%DQN�� -1������� �,76���
0+�������COI). Other sequences provided in Table 2.
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Fig. 20.  H[�HSLW\SH�FXOWXUH�&%6���������,0,���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B. Potato-

'H[WURVH�$JDU��C.�0DOW�([WUDFW�$JDU��D.�(PSW\�VSRUDQJLD�ZLWK�LQWHUQDO�H[WHQGHG�SUROLIHUDWLRQV��E–G. Ovoid to elongated persistent sporangia. H. Sporangium 

ZLWK� LQWHUQDO�H[WHQGHG�SUROLIHUDWLRQV�DQG��RQ�WKH�ULJKW�VLGH��DQ� LQWHUFDODU\�K\SKDO�VZHOOLQJ�� I.�([WHUQDO�SUROLIHUDWLRQ�IURP�WKH�VSRUDQJLXP�EDVH��J. Internal 

nested sporangial proliferation. K–N��2RJRQLD�ZLWK�VOLJKWO\�DSOHURWLF�DQG�WKLFN�ZDOOHG�RRVSRUHV�DQG�SDUDJ\QRXV�DQWKHULGLD��6FDOH�EDU� ����ȝP��.�DSSOLHV�WR�
'±1�
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Fig. 21.  �H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C.�0DOW�([WUDFW�$JDU��D–G. Ovoid to limoniform papillate and caducous sporangia. D. Long pedicel. E, F. Short pedicels. G. Medium pedicel. H, I. Knobby 

irregular hyphal swellings. J. Terminal globose chlamydospore. K–N. Globose to slightly wavy oogonia with aplerotic oospores and short amphigynous 

DQWKHULGLD��6FDOH�EDU� ����ȝP��'�DSSOLHV�WR�'±1�
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Fig. 22. H[�HSLW\SH�FXOWXUH�155/��������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C.�0DOW�([WUDFW�$JDU��D. Globose chlamydospores. E–I. Globose to ovoid papillate sporangia. E. Lateral attached sporangium. H. Intercalary sporangium. 

J–M. Smooth-walled oogonia with oospores and amphigynous antheridia. J. Aborted oogonium. L. A slightly aplerotic oospore containing a lipid globule. 

6FDOH�EDU� ����ȝP��-�DSSOLHV�WR�'±0��
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:  

CBS 149823. This Whole Genome Shutgun project has been 

deposited at GenBank under the accession Genome (genome size 

������0ES��%LR3URMHF�35-1$��������%LR6DPSOH�6$01����������
Srivastava et al.� �������$GGLWRQDO� LQIRUPDWLRQ� IRU� WKH� H[�QHRW\SH�
genome in Table 3.

: :  papillate, persistent and 

FDGXFRXV�ZLWK�VKRUW�SHGLFHOV� ��±��ȝP���RYRLG��JORERVH��RERYRLG��
RES\ULIRUP��DQG�ZLWK�LUUHJXODU�VKDSHV����±���î���±���ȝP���VRPH�
sporangia with elongated necks and tapered bases; sporangia 

originated in simple sympodial .  

globose, subglobose, intercalary, many times with radiating hyphae. 

�JORERVH����±���ȝP���ODWHUDO��WHUPLQDO��LQWHUFDODU\��
:  � VPRRWK�ZDOOHG� ���±��� ȝP�

GLDP��� DQWKHULGLD� DPSK\JLQRXV� ��±��� î� ��±��� ȝP���  

SUHGRPLQDQWO\�DSOHURWLF�RU�VOLJKWO\�DSOHURWLF����±���ȝP�GLDP��

��&RORQ\�PRUSKRORJ\�RQ�9��$�DQG�3'$�ZLWK�
no distinct pattern with coralloid edges, and MEA with slow growth. 

0LQLPXP�JURZWK�WHPSHUDWXUH����&��RSWLPXP�����&��PD[LPXP�����&�

��%UHGD�GH�+DDQ��������RQO\�SURYLGHG�D�YHU\�EULHI�GHVFULSWLRQ�
of P. nicotianae without clearly indicating a holotype or mentioning a 

OLYLQJ�FXOWXUH��+R�	�-RQJ��������JDYH�DQ�RYHUYLHZ�RQ�WKH�WD[RQRPLF�
and nomenclatural history of this species and stated that no holotype 

is preserved. They further discussed that only one of the original 

illustrations clearly belongs to  (“The paragynous 

DQWKHULGLD� DV� GHVFULEHG� DQG� ¿JXUHG� E\� KLP� > � %UHGD� GH� +DDQ@�
indeed pertain to ”.) while the other illustration showing 

the oospores represents probably a species of ��+DOO��������
incorrectly designated a specimen from IMI (IMI 335174) as neotype 

of ��+RZHYHU��VLQFH�DQ�LOOXVWUDWLRQ�LV�DYDLODEOH�DV�SDUW�RI�
the original material, it must be selected as lectotype, which is done 

here. In addition, a representative strain is chosen of which a dried 

FXOWXUH�LV�GHVLJQDWHG�DV�HSLW\SH�WR�¿[�WKH�DSSOLFDWLRQ�RI�WKLV�QDPH�

Phytophthora palmivora (E.J. Butler) E.J. Butler, Sci. Rep. Agric. 

Res. Inst. Pusa 1918–1919: 82. 1919. MycoBank MB 194605. Fig. 

23.

: �(�-��%XWOHU��0HP��'HSW��$JULF��,QGLD�
1 (5): 82. 1907. MycoBank MB 170467.

: , from fruit of areca ( ) 

LVRODWHG� E\� 6�� .DQDUD�� LQ� ������ QR�� 1� ���� FROOHFWLRQ� GDWH� DQG�
collector unknown, (A2) IMI 348384. Living cultures: CBS 305.62 

�$��� �155/��������2WKHU� VWUDLQ�6	7�%/������2WKHU� GXSOLFDWHV�
of the representative strain in Table 2. Barcode sequences for 

UHSUHVHQWDWLYH� VWUDLQ� *HQ%DQN�� 0*������� �,76��� 0+�������
(COI). Other sequences provided in Table 2.

: :  papillate; caducous with 

short pedicel; globose, ovoid, obpyriform, ellipsoid, and irregular 

VKDSHV� ���±��� î� ��±��� ȝP�� RULJLQDWHG� LQ� VLPSOH� V\PSRGLDO�
.  globose, subglobose, elongate, 

and irregular shapes. globose or subglobose 

���±��� î� ��±��� ȝP��� WHUPLQDO� RU� LQWHUFDODU\�� : 

 �VPRRWK�ZDOOHG����±���ȝP�GLDP���
VSKHULFDO�� VKRUW� F\OLQGULFDO� RU� HOOLSVRLG� ���±��� î� ��±��� ȝP���
sometimes with spine or digitate projections;  plerotic to 

VOLJKWO\�DSOHURWLF����±���ȝP�GLDP��

: &RORQLHV�RQ�9��$�DJDU��3'$��DQG�0($�ZLWK�
no distinctive pattern. Some colonies with slight chrysanthemum 

pattern ( ���LVRODWH�&3+67�%/������0LQLPXP�JURZWK�WHPSHUDWXUH�
���&��RSWLPXP���±����&��PD[LPXP�����&��&KODP\GRVSRUHV�DUH�
abundantly produced in agar and water cultures.

: Butler (1906) reported the disease in Madras, Southeast 

India, affecting three species of palms, palmyra (

), coconut ( ) and areca ( ). 

,Q� ������ %XWOHU� LOOXVWUDWHG� �KWWSV���ZZZ�E\WHUÀ\�HX�LVODQGRUD�
object/librib:612756#page/174/mode/2up) and named the fungus 

 reporting it also from date ( ). 

Later he renamed it to . According 

WR� 7/��� �KWWSV���ZZZ�VLO�VL�HGX�'LJLWDO&ROOHFWLRQV�WO���EURZVH�
FIP"YRO ���SDJH�������W\SH�PDWHULDO�RI�%XWOHU�FRXOG�EH�SUHVHUYHG�
LQ� %�� ,0,�� DQG� 385�� +RZHYHU�� QR� PDWHULDO� FRXOG� EH� WUDFHG� LQ�
these three fungaria (pers. comm. with the curators), but some 

specimens collected by Butler in Godavari, India, on leaves of 

 are preserved in S (https://herbarium.nrm.se/

specimens/F39482; https://herbarium.nrm.se/specimens/F39486). 

8QIRUWXQDWHO\�� WKHVH� VSHFLPHQV� DUH� QRW� DYDLODEOH� IRU� ORDQ� DW� WKH�
moment due to the renovation of the building. Therefore, both lecto- 

DQG�HSLW\SL¿FDWLRQ�DUH�SHQGLQJ��,Q�WKH�PHDQWLPH��VWUDLQ�,0,��������
is selected here as representative strain.

Phytophthora phaseoli 7KD[W��� %RW�� *D]�� ���� ���� 1889. 

MycoBank MB 194478. Figs. 24, 25.

Lectotype (designated here, MBT 10008026): USA, Connecticut, 

1HZ�+DYHQ��RQ�SRGV��VWHPV�DQG�OHDYHV�RI�/LPD�EHDQV��
���6HSW��������5��7KD[WHU��)+�����������

Epitype (designated here, MBT 10008027): USA�� 'HODZDUH��
collected in 1937 from Lima beans ( ), collection 

date and collector unknown (CBS 114105, preserved in a 

metabolically inactive state).

�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�
6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  semi-papillate and 

SDSLOODWH��FDGXFRXV�ZLWK�VKRUW�WR�PHGLXP�SHGLFHOV���±���ȝP�ORQJ��
mostly short, limoniform, ovoid, ellipsoid, obovoid, or irregular and 

VRPH�ZLWK� WDSHUHG�EDVHV� ���±���î���±���ȝP���QRQ�SUROLIHUDWLQJ��
originated in simple/simple sympodial which are 

slightly swollen at the base of sporangium.  absent. 

 absent. : .

: &RORQLHV�DIWHU���G�RI�JURZWK�RQ�9��$��3'$��
and MEA with slow growth and no special pattern. Minimum growth 

WHPSHUDWXUH�LV����&��RSWLPXP���±����&��DQG�PD[LPXP�����&�

��7KD[WHU�FROOHFWHG�WKLV�VSHFLHV�LQ�1HZ�+DYHQ��&RQQHFWLFXW��
86$��LQ�6HSWHPEHU�DQG�2FWREHU������RQ�SRGV��VWHPV�DQG�OHDYHV�RI�
/LPD�EHDQ��1XPHURXV�VSHFLPHQV�DUH�DYDLODEOH�LQ�VHYHUDO�IXQJDULD��
LQFOXGLQJ� )+�� %3,�� DQG� 1<�� 2QH� RI� WKH� VSHFLPHQV� SUHVHUYHG� LQ�
7KD[WHU¶V�KHUEDULXP�LQ�)+�LV�FKRVHQ�DV�OHFWRW\SH�KHUHLQ��)LJ�������
In addition, a specimen collected from the same host and country is 

GHVLJQDWHG�DV�HSLW\SH�WR�¿[�WKH�DSSOLFDWLRQ�RI�WKLV�QDPH��
2XU�GLIIHUHQW�DWWHPSWV�WR�SURGXFH�RRVSRUHV�IRU�WKH�VHOHFWHG�H[�

epitype culture CBS 114105 failed in single growth and in pairings 

with A1 and A2 types of different species, showing the character 
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Fig. 23. representative strain culture CBS 305.62 (IMI 348384). A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B. 

3RWDWR�'H[WURVH�$JDU��C.�0DOW�([WUDFW�$JDU��D. Sporangia originated in simple sympodial sporangiophore. E–I. Ovoid to obpyriform papillate sporangia. E, F, 

I. Sporangia showing a short, preformed pedicel. J. Terminal globose chlamydospore. K–M. Oogonia with golden-brown wall and unicellular amphigynous 

antheridia. L. Aplerotic oospore. N.�2RJRQLXP�ZLWK�WZR�DQWKHULGLD��6FDOH�EDUV� ����ȝP��.�DSSOLHV�WR�(±1�
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to be sterile. According to Evans et. al. (2007),  is 

homothallic with amphigynous antheridia and rarely produce 

oospores in old cultures and on plant tissue.

Phytophthora porri Foister, Trans. Bot. Soc. Edinb. 30(4): 277. 

1931. MycoBank MB 275104. Fig. 26.

Lectotype �GHVLJQDWHG� KHUH��0%7� ����������� 8.�� RQ� OHDYHV� RI�
��¿J�����DPSKLJ\QRXV�DQWKHULGLD���¿J�����SDUDJ\QRXV�

DQWKHULGLD���DQG�¿J�����VSRUDQJLD��LQ�)RLVWHU�����������±�����
Epitype��GHVLJQDWHG�KHUH��0%7������������8.��IURP�OHHN��

���������XQNQRZQ�FROOHFWRU��&%6�+��������
��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�

%/� ����� 2WKHU� GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ��� %DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  semi-papillate and non-

papillate; persistent and caducous with short and medium pedicels; 

obpyriform, ovoid, ellipsoid, or with irregular shapes (16–67 × 13–

���ȝP��VRPHWLPHV�ZLWK�WDSHUHG�EDVHV��VRPHWLPHV�FDGXFRXV�ZLWK�
medium pedicels; not proliferating; originated on simple sympodial 

, often with intercalary swellings.  

globose, ellipsoid, single or in chains.  absent. 

:  smooth-walled and with slight 

ZDY\�ZDOOHG��VSKHULFDO�WR�VXEJORERVH����±���ȝP�GLDP���  

predominantly paragynous and sometimes amphigynous, globose, 

short cylindrical or irregular shape;  predominantly 

DSOHURWLF� ���±���ȝP�GLDP���$�KLJK�SURSRUWLRQ�RI�DERUWHG�RRJRQLD�
are observed. Oogonia and oospores turning gold on maturity.

: &RORQ\� PRUSKRORJ\� RQ� 3'$�� 9�$�� 0($�
with rosette pattern. Minimum growth temperature 3 °C, optimum 

����&��DQG�PD[LPXP�����&��+\SKDO�VZHOOLQJV�IRUPHG�LQ�DJDU�RU�LQ�
VRLO�ZDWHU�H[WUDFW�

: Type material of this species could not be traced. Attempts 

WR�¿QG�LW�LQ�(�IDLOHG��SHUV��FRPP��+HOHHQ�3ODLVLHU��KHUEDULXP�5%*(���
Original illustrations provided in Foister (1931) are therefore 

chosen as lectotype. A supporting epitype is designated here from 

the same substrate and country. Although the manuscript of Foister 

�������GRHV�QRW�UHIHU�WR�FDGXFRXV�VSRUDQJLD��¿J���$�FOHDUO\�VKRZV�
a sporangium with a short pedicel.

 J.A. Toml., Trans. Brit. Mycol. Soc. 35(3): 

233. 1952. MycoBank MB 303623. Fig. 27.

Lectotype (designated here, MBT 10008030): UK, England, from 

roots of ��¿JV���±���VSRUDQJLD��DQG�¿J�����VH[XDO�
morph) in Tomlinson (1952: 226, 230).

Epitype (designated here, MBT 10008031): Germany, from 

, 1997, W. Veenbaas, isol. A.W.A.M. de Cock (CBS 

+��������
�� &%6� �������  � 155/� ������� 2WKHU� VWUDLQ�

6	7�%/�����2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�HSLW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

: :  non-papillate and semi-

papillate, persistent; ellipsoid, obpyriform, ovoid, or with irregular 

VKDSHV� ���±���� î� ��±��� ȝP��� PDQ\� WLPHV� VKRZLQJ� W\SLFDO�
constrictions, and sometimes with tapered bases, no internal 

SUROLIHUDWLRQ� LV� REVHUYHG� EXW� H[WHUQDO� SUROLIHUDWLRQ� RULJLQDWLQJ�
secondary sporangia is occasionally observed; sporangia mostly 

originated on unbranched  which often present 

basal and intercalary swellings.  globose, elongate, 

or irregular; solitary, catenulated or toruloid kind and clustered; 

many times, with radiating hyphae. absent. 

:  smooth-walled and with slight 

ZDY\�ZDOOV��VSKHULFDO� WR�VXEJORERVH����±���ȝP�GLDP���  

predominantly paragynous and sometimes amphigynous, 

spherical, ovoid, club-shaped or irregular shape, sometimes with 

wide antheridial hyphae, and with two or three antheridia in a single 

oogonium; �DSOHURWLF�WR�VOLJKWO\�DSOHURWLF����±���ȝP�GLDP���
Many aborted oospores are observed.

: &RORQ\�PRUSKRORJ\� RQ� 3'$�� 9��$��0($�
with non-distinct pattern. Minimum growth temperature 3 °C, 

RSWLPXP���±����&��DQG�PD[LPXP�����&��+\SKDO�VZHOOLQJV�IRUPHG�
LQ�DJDU�RU�LQ�VRLO�ZDWHU�H[WUDFW�

: Type material of  was indicated to 

EH� SUHVHUYHG� LQ� WKH� 3ODQW� 3DWKRORJ\� /DERUDWRU\� LQ� +DUSHQGHQ�
�7RPOLQVRQ� ������� $FFRUGLQJ� WR� ,QGH[� +HUEDULRUXP� WKLV� QR�
ORQJHU� H[LVWV� �KWWS���VZHHWJXP�Q\EJ�RUJ�VFLHQFH�LK�KHUEDULXP�
GHWDLOV�"LUQ ��������� $V� QR� W\SH� RI� PDWHULDO� FRXOG� EH� ORFDWHG�
elsewhere, four of the original illustrations are therefore selected 

as lectotype here. A collection from the same host and continent is 

designated as supporting epitype. 

Fig. 24. Lectotype of �SUHVHUYHG�LQ�)+�
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Phytophthora sojae Kaufm. & Gerd., Phytopathology 48: 207. 

1958. MycoBank MB 303624. Fig. 28.

Lectotype (designated here, MBT 10008032): USA, Illinois, from 

D� ¿HOG� QHDU�%ODFNVWRQH�� LVRODWHG� IURP�D� GLVHDVHG� VR\EHDQ stem 

( ���¿J���'±-� LQ�.DXIPDQQ�	�*HUGHPDQQ�������������
KWWSV���DUFKLYH�RUJ�GHWDLOV�VLPBSK\WRSDWKRORJ\B�������B��B��
page/202/mode/2up).

Epitype (designated here, MBT 10008033): USA, Wisconsin, from 

soybean ( ), collection date and collector unknown 

�&%6�+���������
��&%6�������� �155/��������5DFH�����2WKHU�

VWUDLQ�6	7�%/���*��2WKHU�GXSOLFDWHV�RI�WKH�H[�HSLW\SH�LQ�7DEOH����
%DUFRGH� VHTXHQFHV� IRU� H[�HSLW\SH� *HQ%DQN�� 0*������� �,76���
0+��������COI). Other sequences provided in Table 2.

Fig. 25. �H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C. Corn Meal Agar. D. Sporangia originated in simple and simple sympodial sporangiophores. E–I. Obpyriform, limoniform, ovoid and globose semi-papillate 

and papillate (G) sporangia. F–I.�&DGXFRXV�VSRUDQJLD�ZLWK�VKRUW�WR�PHGLXP�SHGLFHOV��6FDOH�EDUV� ����ȝP��,�DSSOLHV�WR�(±,�



335www.studiesinmycology.org

PHYTOPHTHORA: TAXONOMIC AND PHYLOGENETIC REVISION OF THE GENUS

Fig. 26. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. Malt 

([WUDFW�$JDU��D–F. Sporangia originated in simple sympodial sporangiophores. G, H. Limoniform to elongated, semipapillate, persistent sporangia. I. Irregular 

hyphal swellings. J–M. Oogonia with golden-brown and slight wavy wall, and paragynous antheridia. J, K. Thick-walled and aplerotic oospores. Scale bars 

 ����ȝP��'�DSSOLHV�WR�'±,��-�DSSOLHV�WR�-±0�
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Fig. 27. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C.�0DOW�([WUDFW�$JDU��D, E. Catenulate, globose to subglobose and irregular hyphal swellings. F–J. Ovoid, obpyriform and elongated persistent sporangia. F, 

G. 6SRUDQJLD�VKRZLQJ�GLUHFW�JHUPLQDWLRQ�IURP�WKH�DSH[�DQG�FORVH�WR�WKH�EDVH��K–N. Slight wavy walled oogonia with aplerotic oospores. K, M, N. Oogonia 

with paragynous antheridia. L.�2RJRQLXP�ZLWK�WKLFN�ZDOOHG�RRVSRUH�DQG�DPSKLJ\QRXV�DQWKHULGLXP��6FDOH�EDUV� ����ȝP��'�DSSOLHV�WR�'±-��.�DSSOLHV�WR�.±1�
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Fig. 28. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��C. 

0DOW�([WUDFW�$JDU��D. Catenulate, globose to subglobose and irregular hyphal swellings. E–G.�1RQSDSLOODWH�DQG�SHUPDQHQW�VSRUDQJLD��H. Oogonium and 

sporangium produced at the same time on solid medium. I. Terminal globose chlamydospore. J–L. Smooth-walled oogonia with paragynous antheridia 

QHDUO\�VSKHULFDO�WR�FOXE�VKDSHG�DQG�DSOHURWLF�RRVSRUHV�ZLWK�ELJ�RRSODVWV��6FDOH�EDU� ����ȝP��,�DSSOLHV�WR�'±/�
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: :  non-papillate; ovoid, 

HOOLSVRLG�� RES\ULIRUP�� RERYRLG� ���±���� î� ��±��� ȝP��� VRPH� ZLWK�
tapered bases, originated in simple sympodial and undifferentiated 

�� VRPHWLPHV� VKRZLQJ� LQWHUQDO� DQG� H[WHUQDO�
proliferation.  intercalary, spherical to irregular in 

shape.  globose rarely produced. : 

  spherical to subspherical (24–45 × 23–41 

ȝP���VRPH�ZLWK�GLVWRUWHG�VKDSHV��VRPH�ZLWK�WDSHUHG�EDVH��VRPH�
with tangled or knotted hyphae around the antheridium;  

SUHGRPLQDQWO\� SDUDJ\QRXV� ��±��� î� �±��� ȝP��� IUHTXHQWO\� ZLWK� D�
single long spine or digitate projection;  plerotic, aplerotic, 

DQG�VOLJKWO\�DSOHURWLF����±���ȝP�GLDP��

: &RORQ\� DIWHU� �� G� RI� JURZWK� RQ� 3'$� DQG�
0($� LV� YHU\�VPDOO�� DQG�RQ�9��$�JURZV�ZHOO� DQG�ZLWK�QR�GH¿QHG�
pattern. Minimum growth temperature 10 °C, optimum 22–30 °C, 

DQG�PD[LPXP�����&�

: Although stated in the original paper, a dried specimen was 

never deposited at ILL (pers. comm. with Andy Miller). Illustrations 

from the protologue are therefore chosen as lectotype here. In 

addition, an epitype is designated from the same geographical 

RULJLQ�DQG�VXEVWUDWH�WR�¿[�WKH�DSSOLFDWLRQ�RI�WKLV�QDPH�

Phytophthora syringae (Kleb.) Kleb., Krankheiten des Flieders: 

74. 1909. MycoBank MB 194524. Fig. 29.

:  Kleb., Centralbl. Bakteriol. 

Parasitenk. 2. Abth. 15: 336. 1905. MycoBank MB 146927.

:  (Kleb.) Pethybr., Sci. Proc. Roy. 

'XEOLQ�6RF�����������������0\FR%DQN�0%��������

Neotype: (designated here, MBT 10008034): Germany, on 

, collection date and collector unknown, isol. 

2FW�� ����� E\� -�� 'DOFKRZ�� +HVVLVFKHV� /DQGHVDPW� I�� (UQlKUXQJ��
3ÀDQ]HQVFKXW]GLHQVW��)UDQNIXUW�0���&%6�+��������

��&%6�������� �155/��������2WKHU�VWUDLQ�6	7�
%/���*��2WKHU�GXSOLFDWHV�RI� WKH�H[�QHRW\SH� LQ�7DEOH����%DUFRGH�
VHTXHQFHV�IRU�H[�QHRW\SH�*HQ%DQN��0*��������,76���0+�������
(COI). Other sequences provided in Table 2.

:  CBS 

110161. This Whole Genome Shotgun project has been deposited 

DW�*HQ%DQN�XQGHU�WKH�DFFHVVLRQ�*HQRPH�86'$B3V\UB%/��*B����
UHIHUHQFH� �JHQRPH� VL]H� ������ 0ES�� %LR3URMHFW� 35-1$��������
%LR6DPSOH� 6$01���������� 6ULYDVWDYD� et al. 2022). Additional 

LQIRUPDWLRQ�IRU�WKH�H[�QHRW\SH�JHQRPH�LQ�7DEOH���

: :  semi-papillate, persistent, 

broad ovoid, ellipsoid, obpyriform, or distorted shapes (20–65 × 18–40 

ȝP��VRPHWLPHV�ZLWK�WDSHUHG�EDVH��RULJLQDWHG�LQ�FORVH�VLPSOH�V\PSRGLDO�
 with intercalary swellings.  often 

catenulated, and spherical or irregular shape.  rarely 

produced. :   smooth-walled, 

JORERVH����±���ȝP�GLDP���VRPHWLPHV�ZLWK� WDSHUHG�EDVH�  

spherical, ovoid, or club-shaped and are predominately paragynous 

and rarely amphigynous, sometimes with digitate projections; and 

�SOHURWLF��DSOHURWLF��RU�VOLJKWO\�DSOHURWLF����±���ȝP�GLDP��

: Colony on CMA with no special pattern, on 

3'$� DQG� 9��ZLWK� FKU\VDQWKHPXP�URVHWWH� SDWWHUQ�� 7KH�PLQLPXP�

growth temperature is 5 °C, the optimum is 18–20 °C, and the 

PD[LPXP�LV���±����&��2RJRQLD�IRUPHG�DEXQGDQWO\�LQ�FXOWXUH�DQG�
host tissues.

: was originally described as 

 by Klebahn (1905) in a very short note 

written in German without any illustration. Original material of 

that species could not be located in B. All material preserved in 

+%*� SRVWGDWHV� WKH� SURWRORJXH� �.OHEDKQ� ������ DQG� FDQ� RQO\� EH�
UHJDUGHG�DV�VXEVHTXHQW�PDWHULDO��2QH�RI� WKH�VSHFLPHQV� LQ�+%*�
served as source for a drawing published in Klebahn (1909) where 

he recombined the species in , however, this is also 

subsequent material.

$V� QR� RULJLQDO� PDWHULDO� LV� DYDLODEOH� IRU� OHFWRW\SL¿FDWLRQ� ZH�
GHVLJQDWH�D�QHRW\SH�KHUH�WR�¿[�WKH�DSSOLFDWLRQ�RI�WKLV�QDPH��

Phytophthora vignae�3XUVV��4XHHQVODQG�-��$JULF��$QLP��6FL������
141. 1957. MycoBank MB 303625. Fig. 30.

Lectotype (designated here, MBT 10008035): Australia, 

4XHHQVODQG�� 6WXDUW� 9DOOH\�� FROOHFWHG� IURP� VWHP� DQG� URRW� WLVVXH�
of cowpea ( ��� ¿JV�� ��� �� �VSRUDQJLD�� DQG� ¿JV�� ��� ��
�VH[XDO�PRUSK��LQ�3XUVV�����������±�����
Epitype (designated here, MBT 10008036): , 

 (race 1), collection date and collector unknown (World 

Phytophthora Collection P3019, preserved in a metabolically 

inactive state). 

: WPC P3019. Other strain S&T BL 30. Other 

GXSOLFDWHV� RI� WKH� H[�HSLW\SH� LQ� 7DEOH� ��� %DUFRGH� VHTXHQFHV� IRU�
H[�HSLW\SH� *HQ%DQN�� 0*������� �,76��� 0+������� �COI). Other 

sequences provided in Table 2.

: :  non-papillate; persistent; 

RYRLG� WR� RES\ULIRUP� ���±��� î� ��±��� ȝP�� VRPHWLPHV� ZLWK�
WDSHUHG� EDVH� DQG� VKRZLQJ� QHVWHG� DQG� H[WHQGHG� SUROLIHUDWLRQ��
produced in unbranched and sometimes in simple sympodial 

.  irregular, terminal, and 

intercalary; occasionally in sporangiophores. 

WHUPLQDO� DQG� LQWHUFDODU\�� JORERVH� ���±��� ȝP��� : 

. �VPRRWK�ZDOOHG����±���ȝP�GLDP���  

amphigynous, spherical to ovate; �DSOHURWLF����±���ȝP�
GLDP��>6H[XDO�PRUSK�GHVFULEHG�LQ�3XUVV��������SDJHV����±�����
¿JV�� �±�@�� &$%,� SUHVHQWV� LQIRUPDWLRQ� IRU� WKH� W\SLFDO� RRVSRUHV�
of this species (https://www.cabidigitallibrary.org/doi/10.1079/

cabicompendium.40998).

: &RORQ\� PRUSKRORJ\� RQ� &0$�� 3'$�� 9��
with no distinct pattern. Minimum growth temperature 10 °C, 

RSWLPXP� ��� �&�� DQG� PD[LPXP� ��� �&�� 6SRUDQJLD� SURGXFHG� LQ�
distilled water following growth in pea broth. Chlamydospores and 

K\SKDO�VZHOOLQJV�SURGXFHG�LQ�&0$�DQG�RDWPHDO�DJDU��6H[XDO�VWDJH�
produced abundantly in host tissue, OA, and CMA.

: Type material of  could not be traced in any 

Australian fungarium. Illustrations provided in the original paper by 

Purss (1957) are therefore selected as lectotype and an epitype is 

designated from the same country and host genus.
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Fig. 29. H[�HSLW\SH�FXOWXUH�&%6���������A–C. Colony morphology after 7 d growth at 20 °C. A. V8-Agar. B.�3RWDWR�'H[WURVH�$JDU��
C.�0DOW�([WUDFW�$JDU��D. Catenulate, globose to subglobose and irregular hyphal swellings. E–H. Sporangia originated in simple sympodial sporangiophores. 

E.�(PSW\��SULPDU\� WUDQVLWLRQDO�VSRUDQJLXP�ZLWK�D�VHFRQGDU\�PDWXUH�VSRUDQJLXP�RULJLQDWHG� IURP� WKURXJK� WKH�DSH[��E, F, H.�1RQSDSLOODWH�DQG�SHUVLVWHQW�
sporangia. I. Terminal globose chlamydospore. J–M. Globose oogonia showing golden-brown wall, slightly aplerotic oospore and paragynous antheridia with 

digital projections. M.�(ORQJDWHG�RRJRQLXP�ZLWK�D�VOLJKWO\�DSOHURWLF�RRVSRUH��6FDOH�EDUV� ����ȝP��-�DSSOLHV�WR�(±0�
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CONCLUSIONS AND RECOMMENDATIONS

1 This manuscript in association with  online resource 
�KWWSV���LGWRROV�RUJ�WRROV������LQGH[�FIP��LV�WKH�¿UVW�WR�SURYLGH�
an up-to-date morphological and phylogenetic overview of 
the 212 valid  species described to the present. 

 provides individual factsheets with information on the 
nomenclature, morphological and molecular information of the 
types and important links for the species and is a valuable 
resource for researchers working with 

2 )RU� WKH� FRQYHQLHQFH� RI� LGHQWL¿FDWLRQ� RI� WKH� ���� VSHFLHV�
described to the present, we are providing in the  online 
UHVRXUFH� D� /XFLG� .H\� �KWWSV���LGWRROV�RUJ�WRROV������LQGH[�
FIP"SDJH,' �������D�7DEXODU�.H\��D�0ROHFXODU�7RROER[�ZLWK�
VHYHQ� JHQHV� IRU� 6DQJHU� VHTXHQFLQJ�� DQG� 'DWDEDVHV� ZLWK�
0ROHFXODU�2SHUDWLRQDO�7D[RQRPLF�8QLWV� �0278�� IRU�6HFRQG�
DQG�7KLUG�*HQHUDWLRQ�0HWDEDUFRGLQJ�+LJK�WKURXJKSXW��+76��
VHTXHQFLQJ��DOO�EDVHG�RQ�LQIRUPDWLRQ�RI�WKH�H[�W\SHV�

3 ,Q� WKLV� PDQXVFULSW� ZH� KDYH� UHFWL¿HG� SDVW� WD[RQRPLF� DQG�
SK\ORJHQHWLF�LQFRQVLVWHQFLHV�DQG�GH¿QHG�WKH�FRUUHFW�SRVLWLRQ�
and boundaries of the 212 species. 

4 7KURXJK� WKH� GHVLJQDWLRQ� RI� QHZ� W\SHV� DQG� H[�W\SH� FXOWXUHV�
and assuring that these are available from the most important 
KHUEDULD�DQG�FXOWXUH�FROOHFWLRQV�JOREDOO\��ZH�KDYH�UHFWL¿HG�SDVW�
WD[RQRPLF�DQG�SK\ORJHQHWLF� LQFRQVLVWHQFLHV� DQG�SURYLGHG�D�
solid baseline for moving forward.

5 We highly encourage researchers working with new species 
of  to make deposits of the type in recognized 
KHUEDULD� DQG� DW� OHDVW� WZR� RU� WKUHH� H[�W\SHV� LQ� LQWHUQDWLRQDO�
culture collections registered at the World Federation of 
Culture Collections (WFCC) with preference for the collections 
RI� &%6�� 155/� DQG�$7&&� DV� UHFRPPHQGHG� LQ�$EDG� et al.
(2023). Most recent species descriptions have correctly 
DVVLJQHG�W\SHV�DQG�PDNH�OLYLQJ�FXOWXUHV��H[�W\SHV��DYDLODEOH�
for international researchers.

6 Types are important because they represent a materialization 
of the abstract concept of species, are objective references to 
compare newly discovered species, and if conserved make 

retrospective systematic revisions possible; thus, providing 
D� VRXQG� EDFNERQH� IRU� D� UREXVW� DQG� ORQJ�ODVWLQJ� WD[RQRPLF�
V\VWHP��+RZHYHU��VSHFLHV�GHVFULSWLRQV�VKRXOG�LQFOXGH�VHYHUDO�
LVRODWHV� WR� HQVXUH� WKDW� LQWUDVSHFL¿F� YDULDELOLW\� LV� FDSWXUHG��
In cases where a single isolate is recovered it should be 
considered a “provisional” species until at least another 
specimen is obtained and then validated as a new species by 
morphological characterization of the type specimen. In cases 
ZKHUH� VXVSHFWHG� QHZ� VSHFLHV� LV� REWDLQHG� LQ� +76� DQDO\VLV�
this can be reported as new “phylotype” and validated as a 
new species by morphological characterization of the type 
specimen.

7 Considering the high importance of the genus , 
ZH�UHFRPPHQG�ZKROH�JHQRPH�VHTXHQFLQJ��:*6��IRU�WKH�H[�
types whenever possible. Currently there are only 23 WGS for 
H[�W\SHV� IURP� WKH�����GHVFULEHG�VSHFLHV��7KH�:*6�RI�ZHOO�
authenticated species can reveal insights into studies of gene 
functions and empowering the area of comparative genomics 
with a number of applications including the development of 
UREXVW�SULPHUV�IRU�VSHFL¿F�GHWHFWLRQ�RI�VSHFLHV��DV�ZHOO�DV�IRU�
metagenomic and metabarcoding studies. 

8  has been updated to include all new species described 
up to the end of 2022. Authors of species descriptions are 
encouraged to communicate with curators to ensure new fact 
sheets are correct. Moving forward, will be updated 
annually with new fact sheets, a new phylogeny, and new 
sequences.
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