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Abstract: Acer (Sapindaceae) is a major genus of broadleaf trees dominating deciduous forests in the Northern Hemisphere, with Asia exhibiting the 
highest species diversity. Many economically important Acer species are cultivated for ornamental or timber purposes. Acer powdery mildew, caused by 
fungi in the tribe Cystotheceae
uncertainties in its primary causal genera, Sawadaea and Takamatsuella. This study presents a comprehensive phylogenetic-taxonomic analysis of the two 
genera across East Asia, Europe, and North America. Using 75 ITS and 58 28S rDNA newly obtained sequences, we resolved 12 Sawadaea species and 
one Takamatsuella species into nine monophyletic clades, revealing marked cryptic diversity (three new species: S. acerina, S. aceris-arguti, S. taii) and two 
paraphyletic groups ( /S. negundinis). Taxonomic revisions include: S. bicornis split into two formae (f. bicornis and f. polyphaga f. nov.) with distinct 
host preferences; S. tulasnei (sensu stricto) restricted to Europe/North America, invalidating previous Asian records; S. nankinensis and S. koelreuteriae form 

Takamatsuella as a distinct genus sister to Sawadaea, supported by an ITS1 26 bp deletion. Host 
Acer) with two evolutionary host expansions to Koelreuteria, Aesculus, and Liquidambar. This 

study also newly describes the asexual morphs of four species (S. aesculi, , S. bomiensis and S. kovaliana) and establishes a molecular framework 

and strategies for mitigating powdery mildew impacts in forest ecosystems.

Key words: Diversity, Erysiphaceae, formae, Helotiales, new species.

Taxonomic novelties: New forma: Sawadaea bicornis f. polyphaga M. Bradshaw & U. Braun. New species: Sawadaea acerina G.X. Guan & S.Y. Liu, 
Sawadaea aceris-arguti S. Takam. & U. Braun, Sawadaea taii G.X. Guan & S.Y. Liu.
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INTRODUCTION

Acer (Sapindaceae, incl. Aceraceae) is an important broad 
leaves genus that prominent deciduous forests of the Northern 
Hemisphere, and comprises about 125 to 156 species based on 
the applied species concepts. Asia harbours the highest species 
diversity, where multiple species are important economically in 
that they are planted as ornamental trees or for timber (Gao et 
al. 2020). East Asia, especially China is considered the present 

Acer (Suh et al. 2000). The taxonomy 
of Acer species is well documented (Li et al. 2006, Grimm et al. 
2007), whereas Li et al. 
of Acer into sections, substantiated by phylogenetic data, which 

largely coincides with previous subgeneric concepts (de Jong 
2002). Microfungi associated with Acer species have diverse host-
plant interactions. Among these phytopathogenic ascomycetes, 
including powdery mildews is one of the important diseases on acer 
plants (Johnston et al. 2019, Haelewaters et al. 2021).

Powdery mildews are obligate biotrophic fungi forming 

They are cosmopolitan in distribution and occur on more than 10,000 
plant species, including numerous important crops (Amano 1986, 
Braun & Cook 2012; Bradshaw et al. 2022). The currently accepted 

tribes, including 17 sexual morph genera and two asexual morph 
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genera. Among these, Sawadaea  and Takamatsuella , both from 

tribe Cystotheceae , are the two genera that caused the most severe 
Acer  powdery mildew.

Sawadaia  was introduced by Miyabe (Sawada 1914), with 
Uncinula aceris  (now known as Sawadaea aceris ) as the type 
species. Ito (1915) suggested that ‘Sawadaia ’ was a mistake or 
misprint, and corrected it to Sawadaea. Homma (1937) followed this 
correction and accepted the spellin g Sawadaea , which is currently 
accepted. Furthermore, he describe d the new species S. negundinis 
and reallocated U. tulasnei  to Sawadaea. The dimorphism in the 
asexual morphs of Sawadaea  spp., i.e., the differentiation into 
macro- and micro-conidiophores and -conidia, is one of the most 

striking characteristics of this genus; this characteristic was already 

mentioned in the original description of the genus [see Homma’s 

(1937) translation of the original Japanese description into English]. 

About 40 years later, Sawadaea  was gradually accepted by most 
authors as a separate genus (Zheng & Chen 1980, Braun 1987, 

that the macro-conidial surface of Sawadaea contain vein-like 

walls of species of Erysiphe  sect. Uncinula , which are angular/
rectangular or pleated (Braun & Cook 2012). Sawadaea species are 
distinguished from species of other genera within the Erysiphaceae  

by having poorly developed (almost lacking to nipple-shaped or 

somewhat rod-shaped) hyphal appressoria, dimorphic conidia and 

conidiophores, globose to hemisph erical or lenticular, dorsiventral 

chasmothecia with appendages uniformly simple to dichotomously 

or even trichotomously to tetrachotomously branched, apices 

uncinate-circinate (-subhelicoid), and numerous asci (Braun & Cook 

2012). A total of 10 species are accepted in Sawadaea , among 
these, eight species were reported in China (Zheng & Yu 1987, 

from China with Chinese materials as types. Until now, two species, 
S. aesculi and S. bomiensis , are only known from China (Zheng & 
Yu 1987, Liu 2010, Tang et al. 2018).
Since the discovery of Sawadaea  nankinensis Uncinula 

nankinensis ] on Acer buergerianum  in Nanjing, Jiangsu Province 
(Tai 1930), several Sawadaea  species have been consistently 
reported from China. Tai found S. bicornis  [= Uncinula aceris ] on 
Acer barbinerve  in Yunnan Province (Tai 1935), and S. tulasnei  

Uncinula aceris  var. tulasnei ] on Acer sp. in Henan (Tai 1979). 

Tai (1936) collected S. koelreuteriae Erysiphe koelreuteriae ] 
on Koelreuteria paniculata  in Beijing. Wei (1942) described S. 

] on Acer amplum  subsp. catalpifolium  

from Sichuan. Qi et al. (1966) recorded S. negundinis Uncinula 
negundinis ] on Acer negundo  in Jilin Province. Zheng & Chen 
(1980) described S. aesculi , collec ted on Aesculus chinensis  var. 
wilsonii  in Dabashan, Sichuan Province, China, and S. bomiensis  

on Acer caudatum  in Bomi area, Tibet Autonomous Region, China, 
in the same y ear. Among them, S. bicornis  and S. tulasnei  are the 

two most widely distributed species in the genus Sawadaea , and 
they are the most common powdery mildew pathogens of maples. 

These two species can parasitize more than 12 species of maple 

trees and are widely distributed in Asia, Europe and America (Zheng 

& Yu 1987, Liu 2010, Braun & Cook 2012). Except for S. bicornis  

and S. tulasnei , all other Sawadaea spp. reported from China lack 
descriptions of the asexual morphs (Zheng & Yu 1987, Liu 2010).

The host range of Sawadaea is restricted to plant s pecies of 
the Sapindaceae s. l., with maples serving as the primary hosts. 
This genus exhibi ts a pantropical distribution across Asia, Europe, 

and North America, and has been introduced in New Zealand, 

Early phylogenetic studies divided the seven clades of Sawadaea 
into two geographical groups, viz. an East Asian and a global 

group based on 47 ITS and 10 28S rDNA sequences, and revealed 

exceptional genetic diversity within Sawadaea (Hirose et al. 2005). 
While Sawadaea spp. are prevalent in China, molecular data remain 
scarce – only S. bicornis  and S. tulasnei  have been documented 
there, with the latter group exhibiting  limited occurrence (Takamatsu  
et al. 2008; Bradshaw et al. 2021). However, their research did not 
include sequences retrieved from Chinese specimen, highlighting 

the urgent need to resolve the species diversity and phylogenetic 

relationships of Chinese Sawadaea taxa, which will address the gap 
in knowledge on the genus’ evolutio nary history and biogeographic 

patterns. 

The genus Takamatsuella is mainly characterized by having 

branched hyphae; nipple-shaped to moderately lobed hyphal 

appressoria, but the asexual morph is, so far,  unknown and is 

± hemisp herical to lenticular when mature; appendages are very 

numerous, arising from the lower half, non-mycelioid, setiform, 

asci are very numerous, sessile to stalked. Takamatsuella  is currently 
T. circinata . In 1872, Cooke 

& Peck described Uncinula circinata  on Acer spicatum  from North 

America (Cooke & Peck 1872). They compared the new species 

with U. bicornis and mainly distinguished it by its hypophyllous 
occurrence and consistently unbranched appendages. Braun & 

Takamatsu (2000) proposed the combination Erysiphe circinata . 
Shi & Mmbaga (2006) obtained ITS sequence from maple powdery 

mildew in the greenhouse of Tennessee State University and 

found that it cluste red in a basal position as a sister to Sawadaea 
in a neighbour-jo ining tree (NJ). They discussed differences in 

the chasmothecia between E. circinata  and S. bicornis , assumed 

that this species may belong to a genus close to Sawadaea, and 
speculated that the chasmothecial appendages in the collection 

examined might be in an immature developmental stage, i.e., with 

uncinate-circinate tips, but still unbranched. However, based on 

the examination of n umerous specimens of E. circinata , Braun & 

consistently unbranched. Therefore, Braun and Shi (in Braun & Cook 

2012) introduced the new genus Takamatsuella , with T. circinata
Uncinula circinata ) as the type species, and differentiated the new 
genus from Sawadaea by having nipple-shaped to lobed hyphal 
appressoria, and unbranched chasmothecial appendages that arise 

from the lower half.

Uncinula circinata was  
morphologically similar to North American T. circinata specimens, 
except for the occurrence of nodulose swellings (Zheng & Yu 1987).  

Unfortunately, the previous Chinese collection on Acer wilsonii  

U. circinata, has been lost and could  
not be re-examined, but it was possible to examine two other newly  

collected specimens on A. wilsonii. However, the chasmothecia of 
the two samples did not show any trace of nodulose appendages. Bai  

(2015) found a powdery mildew species on Acer griseum in Shaanxi 
Province, China, which was morphologically like U. circinata,  

including appendages without nodulose swellings, and conducted  

an NJ analysis based on the 28S rDNA, which showed that this 

collection was situated in the ‘Uncinula lineage’ within Erysiphe. Bai 
(2015) tentatively treated the A. griseum powdery mildew as Erysiphe 
circinata. Since the specimen is not preserved it is unavailable for 
further analysis which resulted in taxonomic uncertainty of Bai's 

(2015) specimen that might belong to E.  ljubarskii . 
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Records of Uncinula circinata  on Dodonaea viscosa  in South 
Africa (Doidge 1948) are doubtful. They are neither included in 
Gorter (1988) nor Crous et al. (2000). Other records on Sapindus 
drummondii  and S. marginatus  in the USA (Farr & Rossman 2023) 
are also doubtful. North American specimens on Sapindus spp., 
deposited at BPI, have been examined by U. Braun and confirmed 
to be E. flexuosa (Braun & Cook 2012). The relationship of 
Takamatsuella  to Sawadaea and its affiliation to tribe Cystotheceae  
have been insufficiently examined so far, and require further 
research. Therefore, the clarifications of these problems have been 
one of the main focusses of the present study. 
A comprehensive phylogenetic analysis of Sawadaea and 

Takamatsuella  has not yet been available, which led to the 
present study. Here we focus on the taxonomy of Sawadaea and 
Takamatsuella  in China and North America, aiming at a general 
phylogenetic-taxonomic survey of Sawadaea and Takamatsuella  
species that can be used as a reference for all future works studying 
these two genera.

MATERIALS AND METHODS

Fungal materials

Many efforts have been made to collect and borrow specimens 
in large quantitie s from different regions of China and different 
countries. In total, 123 specimens from five countries (China, 
England, Japan, Russia, and Canada) were obtained (Table 1). 
Of these, 62 specimens of Sawadaea and Takamatsuella  were 
selected from the powdery mildew survey samples over the past 20 
years in China. Fresh leaves and other organs infected with powdery 
mildews were collected and then pressed into dried specimens 
with absorbent papers. These specimens were deposited in the 
Herbarium of Mycology of Jilin Agricultural University (HMJAU). 
In order to clarify the taxonomy and species diversity of these two 
genera, other 61 specimens, deposit ed in the Herbarium of Mycology 
of Jilin Agricultural  University (HMJAU), the Herbarium Mycologicum 
Academiae Sinicae (HMAS), the Mycological Herbarium of Chifeng 
University (CFSZ), the Farlow Herbarium (FH), the Martin Luther 
University (HAL), the National Museum of Nature and Science 
(TNS), and National Academy of Sciences of Ukraine (KW) were 
also examined. North American collections in the Farlow Herbarium 
(FH) were examined by M. Bradshaw at Harvard University, and a 
few type collections deposited in the fungarium of the Martin Luther 
University (HAL), Halle (Saale), Germany, were checked by U. 
Braun and sequenced by M. Götz.

Morphological examination

For morphologica l observations, samples were examined in lactic 
acid by using light microscopy (Zeiss Axio Scope A1, Germany). 
Measurements of asexual morph structures (hyphal cells, hyphal 
appressoria, conidiophores, conidia ) and sexual morph structures 
(chasmothecia, peridium cells, appendages, asci, ascospores) were 
based on at least 30 repetitions.

DNA extraction, PCR amplification and sequencing

Whole-cell DNA of the specimen was extracted from chasmothecia 
or conidia and mycelia using the Chelex-100 method (Walsh et al. 
1991, Hirata & Takamatsu 1996). The rDNA internal transcribed 

spacer (ITS) regions, including the 5.8S rDNA, were amplified 
with primers pairs ITS5/PM6 and PM5/ITS4 (White et al. 1990, 
Takamatsu & Kano 2001) and PM10/PM2 (Bradshaw & Tobin 
2020). The partial 28S rDNA, includ ing D1 and D2 domains, were 
amplified with primers pairs LSU1/LSU2 (Scholin et al. 1994, Mori et 
al. 2000) or PM28F/PM28R (Bradshaw & Tobin 2020). The reaction 
components were 2 μL of total genomic DNA, 2.5 μL 10× PCR buffer 
(Mg 2+  plus) (TaKaRa, Japan), 2 μL dNTP mixture (10 mM total, 2.5 
mM each), 1 μL each primer (20 ng/μL), 0.1 μL Taq polymerase 
(TaKaRa, Japan) (5 U/μL) and sterile ddH2 O up to a final volume 
of 25 μL. The amplification reactions were conducted under the 
following thermal cycling conditions : an initial denaturation step of 
3 min at 95   °C, 35 cycles of 30 s at 95   °C, followed by 30 s at 
52–56 °C for annealing, and 30 s at 72 °C for extension, and a final 
extension for 7 min at 72   °C. A negative control that only lacked 
the template DNA was included in each set of reactions. The PCR 
products were checked with gel electrophoresis in a 1.2   % agarose 
gel in 0.5× TBE buffer. The amplicons were sent to Sangon Biotech 
(Shanghai, China) for direct sequencing in the forward and reverse 
directions using the same primers as for the PCR. The assembled 
sequences gained in this study were deposited in the National 
Center for Biotechnology Information database (NCBI) GenBank 
nucleotide database. The obtained sequences were compared with 
entries in the NCBI (+Nucleotide BLAST).

Phylogenetic analyses

The newly obtained ITS and 28S rDNA sequences were deposited 
in NCBI GenBank with accession numbers shown in Table 1. For 
the phylogenetic analysis, relevant sequences were obtained from 
NCBI GenBank following Hirose et al. (2005), and were used for 
the phylogenetic analyses. Multiple sequences were aligned and 
manually edited using the MUSCLE tool in MEGA X (Kumar et al. 
2018). Phylogenetic analyses were conducted using the maximum 
parsimony (MP), maximum likelihoo d (ML), and Bayesian Inference 
(BI) methods. The MP analyses were accomplished in PAUP* v. 4.0 
(Swofford 2002) with the heuristic search option using the “tree-
bisection-reconnection” (TBR) algorithm with 100 random sequence 
additions to find the global optimum tree. All gaps were treated as 
missing data and sites were treated as unordered and unweighted. 
Bootstrap analyse s were implemented using 1000 replications with 
the step-wise addition option set as simple and the maximum tree 
number as 100 to save analysis time (Felsenstein 1985). The ML 
analysis was performed in raxmlGUI v. 2.0 beta (Edler et al. 2021), 
using the GTRGAMMA evolutiona ry model. Bootstrap supports 
and trees were obtained by running a rapid bootstrap analysis of 
1000 replicates. Bootstrap supports above 70   % were shown for 
both analyses. For BI analysis, the best-fit substitution models 
were estimated with MrModeltest v. 2.3 (Nylander 2004) based on 
the implementation of the Akaike information criterion (AIC). Four 
Markov Chain Monte Carlo (MCMC) were run using MrBayes v. 
3.2.7 (Ronquist & Huelsenbeck 2003). It took 2 M generations, 
and trees were sampled every 100 generations. The first 25 % 
were discarded as burn-in and a majority rule consensus tree of 
all remaining trees was calculate d to determine the posterior 
probabilities for individual branches. The runs were stopped when 
the standard deviation of split frequencies reached below 0.01. The 
resulting tree was visualized using FigTree v. 1.3.1 (Rambaut 2009). 
Alignments were deposited in TreeBASE (http://www.treebase.org/) 
under the accession number S31005.
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Sawadaea acerina ex Acer saccharinum HMJAU-PM91889 China
Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU 00749 China
Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM91951 China
Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM91952 China
Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM92152 China

Sawadaea aceris-arguti ex Acer argutum AB193367 Japan
Sawadaea aceris-arguti ex Acer argutum TUAMH3823 Japan

Sawadaea bicornis ex Acer campestre AB193362 Hungary
Sawadaea bicornis ex Acer campestre KP642006 UK
Sawadaea bicornis ex Acer campestre KY660803 UK
Sawadaea bicornis ex Acer campestre KY660992 UK
Sawadaea bicornis ex Acer campestre KY661118 UK
Sawadaea bicornis ex Acer campestre MT462314 Austria
Sawadaea bicornis ex Acer campestre MT462320 Germany
Sawadaea bicornis ex Acer campestre MT462322 USA
Sawadaea bicornis ex Acer campestre OQ309163 Switzerland
Sawadaea bicornis ex Acer campestre OQ309171 Switzerland
Sawadaea bicornis ex Acer pseudoplatanus MT462411 UK
Sawadaea bicornis ex Acer sp. MT462418 UK

Sawadaea bicornis ex Acer campestre AB193379 Armenia
Sawadaea bicornis ex Acer campestre HMJAU-PM92105 Russia (Europe)
Sawadaea bicornis ex Acer campestre HMJAU-PM92106 Russia (Europe)
Sawadaea bicornis ex Acer campestre HMJAU-PM92107 Russia (Europe)
Sawadaea bicornis ex Acer platanoides MT462380 Germany
Sawadaea bicornis ex Acer platanoides MT462382 Germany
Sawadaea bicornis ex Acer platanoides MT462385 Austria
Sawadaea bicornis ex Acer campestre KP641985 UK
Sawadaea bicornis ex Acer campestre KY660801 UK
Sawadaea bicornis ex Acer campestre MT462324 Czech Republic
Sawadaea bicornis ex Acer circinatum MT462326 USA
Sawadaea bicornis ex Acer circinatum MT462328 USA
Sawadaea bicornis ex Acer circinatum MT462332 USA
Sawadaea bicornis ex Acer grandidentatum MT462335 USA
Sawadaea bicornis ex Acer grandidentatum MT462336 USA
Sawadaea bicornis ex Acer heldreichii subsp. trautvetteri FH00941211 USA
Sawadaea bicornis ex Acer macrophyllum KP641997 UK
Sawadaea bicornis ex Acer macrophyllum MT462356 USA
Sawadaea bicornis ex Acer macrophyllum MT462358 USA
Sawadaea bicornis ex Acer macrophyllum MT462360 USA
Sawadaea bicornis ex Acer macrophyllum MT462370 Canada
Sawadaea bicornis ex Acer macrophyllum MT462371 Canada
Sawadaea bicornis ex Acer negundo AB193350 Argentina
Sawadaea bicornis ex Acer negundo AF073356 Australia
Sawadaea bicornis ex Acer negundo HMJAU-PM92102 Canada
Sawadaea bicornis ex Acer negundo KP641987 UK
Sawadaea bicornis ex Acer negundo KP641995 UK
Sawadaea bicornis ex Acer negundo MT462372 Germany
Sawadaea bicornis ex Acer negundo MT462373 Germany
Sawadaea bicornis ex Acer negundo MT462374 New Zealand
Sawadaea bicornis ex Acer negundo MT462375 New Zealand
Sawadaea bicornis ex Acer negundo MUMH609 France
Sawadaea bicornis ex Acer platanoides KP641983 UK
Sawadaea bicornis ex Acer platanoides KP641996 UK
Sawadaea bicornis ex Acer pseudoplatanus AB193380 UK
Sawadaea bicornis ex Acer pseudoplatanus HMJAU-PM92104 Russia (Europe)
Sawadaea bicornis ex Acer pseudoplatanus KY660722 UK
Sawadaea bicornis ex Acer pseudoplatanus KY660986 UK
Sawadaea bicornis ex Acer pseudoplatanus KY660988 UK
Sawadaea bicornis ex Acer pseudoplatanus KY660989 UK
Sawadaea bicornis ex Acer pseudoplatanus KY660993 UK
Sawadaea bicornis ex Acer pseudoplatanus KY660996 UK
Sawadaea bicornis ex Acer pseudoplatanus KY661005 UK
Sawadaea bicornis ex Acer pseudoplatanus MK432779 New Zealand
Sawadaea bicornis ex Acer pseudoplatanus MT462396 Germany
Sawadaea bicornis ex Acer pseudoplatanus MT462397 New Zealand
Sawadaea bicornis ex Acer pseudoplatanus MT462400 Germany
Sawadaea bicornis ex Acer pseudoplatanus MT462405 Germany

Sawadaea acerina sp. nov.

S. aceris-arguti sp. nov.

S. bicornis f. bicornis

S. bicornis f. polyphaga f. nov.

ITS+28S rDNA
203 sequences
950 characters
TL = 294
CI = 0.7857
RI = 0.9726
RC = 0.7642

93/97/1

100/100/1

- /83/0.94

- /83/1

93/86/1

Clade 11

Clade 9a

Clade 9b

Clade 10

Fig. 1. Phylogenetic analysis of the ITS+28S rDNA regions. Nodes are labelled with bootstrap values from Parsimony bootstrap/Maximum likelihood/Bayesian 
posterior probabilities values. Posterior probabilities greater than bootstrap support values (> 70 %) by maximum parsimony (MP), maximum likelihood (ML) 
and 0.90 for Bayesian Inference (BI) methods are shown on the respective branches. The newly generated sequences in this study are in bold. Cystotheca 
castanopsidis and C. wrightii are used as outgroup taxa.

RESULTS

The phylogeny of Sawadaea and Takamatsuella

and 58 28S rDNA sequences including D1/D2 domains were 
generated in this study and were aligned with sequences retrieved 
from the NCBI GenBank nucleotide database. The ITS+28S rDNA 
sequence alignment matrix consisted of 203 sequences including 
950 characters, of which 168 (17.7 %) were parsimony informative 

and 18 (1.2 %) were parsimony-uninformative. Cystotheca 
castanopsidis and C. wrightii were selected as outgroups. The 
maximum parsimony (MP) and maximum likelihood (ML) tree 
with the highest likelihood value of more than 70 % and posterior 
probabilities value greater than 0.90 for Bayesian Inference (BI) 
are shown in Fig. 1. Phylogenetic trees generated from ML and BI 
analyses are almost identical to the MP tree, which is, therefore, 
not shown.

The tree topology revealed the molecular phylogeny among 
species in Sawadaea and a much higher species diversity than 
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Sawadaea bicornis ex Acer pseudoplatanus MT462406 Austria
Sawadaea bicornis ex Acer pseudoplatanus MT462407 Germany
Sawadaea bicornis ex Acer pseudoplatanus MT462412 Germany
Sawadaea bicornis ex Acer pseudoplatanus MT462410 Austria
Sawadaea bicornis ex Acer pseudoplatanus OQ309161 Zurich
Sawadaea bicornis ex Acer saccharinum MT462415 Germany
Sawadaea bicornis ex Acer sp. FH00941215 USA
Sawadaea bicornis ex Acer sp. KY660800 UK
Sawadaea bicornis ex Acer sp. KY660983 UK
Sawadaea bicornis ex Acer sp. KY660991 UK
Sawadaea bicornis ex Acer sp. KY660994 UK
Sawadaea bicornis ex Acer sp. KY660998 UK
Sawadaea bicornis ex Acer sp. MT462417
Sawadaea bicornis ex Acer tataricum MT462416 Hungary
Sawadaea bicornis ex Acer tsinglingense KR048114 China

Sawadaea bicornis ex Acer ukurunduense HMJAU-PM91953 England
Sawadaea bicornis ex Acer velutina FH00941964 USA

Sawadaea kovaliana ex Acer pseudosieboldianum KW-M-71484 Russia (Asia)
Sawadaea kovaliana ex Acer truncatum HMAS13615 China

Sawadaea taii ex Acer barbinerve HMAS24893 China
Sawadaea taii ex Acer sp. HMAS246789 China
Sawadaea taii ex Acer truncatum CFSZ9559 China
Sawadaea taii ex Acer truncatum HMJAU 00450 China
Sawadaea taii ex Acer truncatum HMJAU-PM91878 China
Sawadaea taii ex Liquidambar formosana HMJAU-PM91902 China
Sawadaea tulasnei ex Acer macrophyllum MT462363 USA
Sawadaea tulasnei ex Acer platanoides AB193361 Hungary
Sawadaea tulasnei ex Acer platanoides AB193363 Lithuania
Sawadaea tulasnei ex Acer platanoides AB193385 USA
Sawadaea tulasnei ex Acer platanoides FH00941965 USA
Sawadaea tulasnei ex Acer platanoides FH00941216 USA
Sawadaea tulasnei ex Acer platanoides EU247884 USA
Sawadaea tulasnei ex Acer platanoides HMJAU-PM92145 Canada
Sawadaea tulasnei ex Acer platanoides HMJAU-PM92148 Russia (Europe)
Sawadaea tulasnei ex Acer platanoides HMJAU-PM92151 Russia (Europe)
Sawadaea tulasnei ex Acer platanoides KP641975 UK
Sawadaea tulasnei ex Acer platanoides MT462383 Germany
Sawadaea tulasnei ex Acer platanoides MT462386 Germany
Sawadaea tulasnei ex Acer platanoides MT462390 USA
Sawadaea tulasnei ex Acer platanoides MT462394 Sweden
Sawadaea tulasnei ex Acer platanoides OQ309166 Switzerland
Sawadaea tulasnei ex Acer sp. AB193390 USA
Sawadaea tulasnei ex Acer sp. AB193391 Canada
Sawadaea tulasnei ex Acer sp. KY661003 UK
Sawadaea tulasnei ex Acer tataricum AB193383 Lithuania

Sawadaea bifida ex Acer pictum subsp. mono AB022367 Japan
Sawadaea bifida ex Acer pictum subsp. mono KW-M-71485 Russia (Asia)
Sawadaea bifida ex Acer pictum subsp. mono KW-M-71488 Russia (Asia)
Sawadaea bifida ex Acer pictum subsp. mono KW-M-71492 Russia (Asia)
Sawadaea bifida ex Acer pictum subsp. dissectum  AB193388 Japan
Sawadaea bifida ex Acer pictum subsp. dissectum  MUMH1051 Japan
Sawadaea bifida ex Acer pictum subsp. mayrii AB193376 Japan

Sawadaea bifida ex Acer nipponicum AB193370 Japan
Sawadaea negundinis ex Acer triflorum HMJAU 00446 China
Sawadaea negundinis ex Acer pictum subsp. mono HMJAU 00746 China
Sawadaea negundinis ex Acer negundo AB193353 Japan
Sawadaea negundinis ex Acer negundo HMJAU-PM91880 China
Sawadaea negundinis ex Acer negundo MF179622 Iran

Sawadaea negundinis ex Acer negundo HMJAU 00794 China
Sawadaea negundinis ex Acer negundo HMJAU 02207 China
Sawadaea negundinis ex Acer negundo HMJAU 02219 China
Sawadaea negundinis ex Acer negundo HMJAU-PM91879 China

Sawadaea negundinis ex Acer negundo HMJAU-PM91881 China
Sawadaea negundinis ex Acer negundo HMJAU-PM91887 China
Sawadaea negundinis ex Acer negundo HMJAU-PM92112 China
Sawadaea negundinis ex Acer negundo HMJAU-PM92116 China
Sawadaea negundinis ex Acer negundo HMJAU-PM92117 China
Sawadaea negundinis ex Acer negundo HMJAU-PM92118 China

S. bicornis f. polyphaga f. nov.

S. kovaliana

S. taii sp. nov.

S. tulasnei s. str.

S. bifida

S. negundinis

- /77/0.99

74/83/0.94

87/88/1

Clade 6

Clade 7

Clade 8

Clade 9a

Fig. 1. (Continued)

previously assumed, especially in Eastern Asia. Twelve species 
of Sawadaea and one species of Takamatsuella formed nine 
monophyletic clades (clades 1–5, 7, 9–11) and two non-monophyletic 
clades (clade 6 and clade 8). The insertion/deletion differences 
between sites 60 and 107 of the ITS1 region were summarized 
among these clades (Fig. 2). Takamatsuella circinata (Clade 1; MP 
= 100 %, ML = 100 %, BI = 1.00) formed a sister clade to genus 
Sawadaea with high support which is mainly caused by a 26 bp 
deletion between sites 64 and 89 of the ITS1 region. This result 
supports the treatment of Takamatsuella as an independent genus. 
The differences among Sawadaea species were caused mainly by 
a 6–14 bp insertion/deletion (indel) between sites 65 and 101 of 

the ITS1 region. Sawadaea nankinensis (Clade 2), S. koelreuteriae
(Clade 3), S. aesculi (Clade 4), S. negundinis (Clade 6), 
(Clade 6), S. tulasnei (Clade 7), S. taii (Clade 8) and S. kovaliana
(Clade 8) had 10 bp deletions. Sawadaea nankinensis formed a 
separate clade (Clade 2; MP = 100 %, ML = 100 %, BI = 1.00) with 
the other species of Sawadaea, which was mainly caused by the 
two bases insertion at sites 65 and 66 and one base deletion at 
site 89 (Fig. 2), and its distinguished unbranched uncinate-circinate 
appendages (Fig. 3). Sawadaea koelreuteriae formed a separate 
clade with high support (MP = 100 %, ML = 100 %, BI = 1.00). 
Sawadaea aceris-arguti has a 6 bp deletion between sites 93 and 
98, and S. acerina has a 7 bp deletion between sites 94 and 100. 
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Sawadaea negundinis ex Acer negundo HMJAU-PM92124 Russia (Europe)
Sawadaea negundinis ex Acer negundo HMJAU-PM92126 Russia (Europe)
Sawadaea negundinis ex Acer negundo MT621671 Iran
Sawadaea negundinis ex Acer triflorum HMJAU-PM92114 China

Sawadaea negundinis ex Acer triflorum HMJAU-PM92120 China
Sawadaea negundinis ex Alectryon excelsus MT462421 New Zealand
Sawadaea negundinis ex Alectryon excelsus MT462422 New Zealand

Sawadaea tulasnei ex Acer crataegifolium AB193359 Japan
Sawadaea tulasnei ex Acer crataegifolium AB193368 Japan

Sawadaea tulasnei ex Acer crataegifolium AB193364 Japan
Sawadaea tulasnei ex Acer rufinerve AB193355 Japan

Sawadaea tulasnei ex Acer ginnala AB193372 Japan
Sawadaea polyfida ex Acer amoenum AB193374 Japan
Sawadaea polyfida ex Acer tetramerum KR048115 China

Sawadaea polyfida ex Acer amoenum var. matsumurae AB193358 Japan
Sawadaea polyfida ex Acer amoenum var. matsumurae AB193381 Japan
Sawadaea polyfida ex Acer australe AB193384 Japan
Sawadaea polyfida ex Acer sieboldianum AB193365 Japan

Sawadaea polyfida ex Acer palmatum HMJAU-PM92137 China
Sawadaea polyfida ex Acer sieboldianum AB193360 Japan
Sawadaea polyfida ex Acer micranthum AB193371 Japan

Sawadaea polyfida ex Acer circinatum FH00941966 USA
Sawadaea polyfida ex Acer japonicum AB193369 Japan
Sawadaea polyfida ex Acer negundo MT174231 Australia

Sawadaea polyfida ex Acer japonicum OQ309164 Switzerland
Sawadaea polyfida ex Acer japonicum OQ309174 Switzerland
Sawadaea polyfida ex Acer palmatum FH00941963 USA
Sawadaea polyfida ex Acer palmatum var. dissectum OQ309157 Switzerland
Sawadaea polyfida ex Acer palmatum FH00941967 USA
Sawadaea polyfida ex Acer palmatum HMJAU-PM92139 China
Sawadaea polyfida ex Acer palmatum HMJAU-PM92138 China
Sawadaea polyfida ex Acer palmatum HMJAU-PM92133 China
Sawadaea polyfida ex Acer palmatum HMJAU-PM91884 China
Sawadaea polyfida ex Acer palmatum OQ309160 Switzerland
Sawadaea polyfida ex Acer palmatum var. dissectum HMJAU-PM91885 China

Sawadaea polyfida ex Acer palmatum AB193382 Japan
Sawadaea polyfida ex Acer takesimense GU989322 Korea
Sawadaea polyfida ex Acer shirasawanum AB193352 Japan
Sawadaea aesculi ex Aesculus chinensis var. wilsonii HMJAU-PM91945 China

Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91891 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91893 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91894 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91897 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91898 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91870 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91890 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91892 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91895 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91896 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91899 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91900 China
Sawadaea koelreuteriae ex Koelreuteria paniculata JN171866 Korea
Sawadaea koelreuteriae ex Koelreuteria paniculata JN171867 Korea
Sawadaea koelreuteriae ex Koelreuteriae sp. China T36 NT

Sawadaea nankinensis ex Acer buergerianum AB353760 Japan
Sawadaea nankinensis ex Acer buergerianum AB353761 Japan
Sawadaea nankinensis ex Acer buergerianum AB353762 Japan
Sawadaea nankinensis ex Acer buergerianum AB353763 Japan
Sawadaea nankinensis ex Acer buergerianum MUMH1273 Japan

Sawadaea nankinensis ex Acer buergerianum HMJAU-PM91883 China
Sawadaea nankinensis ex Acer buergerianum GU083587 Korea
Sawadaea nankinensis ex Acer buergerianum HMJAU-PM92110 China

Sawadaea nankinensis ex Acer buergerianum GU083588 Korea
Takamatsuella circinata ex Acer pycnanthum FH00941219 USA
Takamatsuella circinata ex Acer rubrum DQ066421 USA
Takamatsuella circinata ex Acer spicatum FH01122036 USA

Cystotheca wrightii ex Quercus glauca AB000932+AB022355
Cystotheca castanopsidis ex Castanopsis javanica AB743781+AB743783

1 change

S. negundinis

S. “tulasnei”

S. polyfida

S. aesculi

S. koelreuteriae

S. nankinensis

100/100/1

100/100/1

100/100/1

100/100/1

Clade 1

Clade 2

Clade 3
Clade 4

Clade 5

Clade 6

Takamatsuella circinata

Outgroup

Fig. 1. (Continued)

They form two separate clades with high support in the phylogenetic 
tree, viz., S. aceris-arguti (Clade 10, MP = 100 %, ML = 100 %, BI = 
1.00), and S. acerina (Clade 11; MP = 93 %, ML = 97 %, BI = 1.00). 
Sawadaea bicornis and  had no deletion between sites 
92 and 101.

Furthermore, specimens of  (Clade 5) from six 
countries (China, Japan, Korea, Australia, USA, and Switzerland) 
exhibit a high degree of genetic diversity.  and S. 
negundinis form a non-monophyletic clade (Clade 6) including a 
sequence of a collection on Acer ginnala
S. tulasnei. Sequences of collections on  from 

S. negundinis, and isolates 
on Acer spp. (A. crataegifolium, A. ginnala, A. platanoides and 

) from Japan, previously assigned to S. tulasnei, are 
nested in the S. negundinis clade (Clade 6), but cluster distant 
from the true S. negundinis clade as well as the S. tulasnei clade. 
Sawadaea kovaliana and S. taii form sister groups in Clade 8, which 
are clustered with S. tulasnei s. str. (Clade 7). Sawadaea bicornis
(clade 9) is divided into two highly supported subclades that are 
taxonomically considered genetically established biological races, 
treated as formae, viz., S. bicornis f. bicornis (Clade 9b) and S. 
bicornis f. polyphaga (Clade 9a).
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Fig. 2. Insertion/deletion (indel) found between sites 60 and 107 of ITS1 regions of Sawadaea, Takamatsuella and Cystotheca. The insertion or deletion is 
related to the formation of clades in the phylogenetic tree and the presentation of phylogenetic relationships.

Sawadaea acerina sp. nov.
S. aceris-arguti sp. nov.

S. bicornis f. bicornis

S. bicornis f. polyphaga f. nov.

S. kovaliana
S. taii sp. nov.

S. tulasnei s. str.

S. bifida

S. “tulasnei”

S. negundinis

S. polyfida

S. aesculi (Clade4)

S. koelreuteriae

S. nankinensis

Takamatsuella circinata
Outgroup (Cystotheca)

Clade 1

Clade 2

Clade 3

Clade 5

Clade 6

Clade 7

Clade 8

Clade 9a

Clade 9b

Clade 10
Clade 11

DistributionHost  Genus

Acer
Acer

Asia (China)
Asia (Japan)

Aesculus Asia (China)

Acer Europe, North America (USA)

Acer Asia (China), Australia, Europe, 
New Zealand, North America
 (Canada, USA), South America 
(Argentina)

Acer Asia (China, Japan; Russia 
[Asian part, known as Far East])

Koelreuteria Asia (China, Korea)

Acer
Asia (China, Japan; Russia 
[Asian part, known as Far East])

Acer, Liquidambar 

Acer Asia (China, Japan, Korea)

Acer Asia (China, Russia)

Acer

Acer

Asia (China, Japan, South Korea), 
Australia, Europe (Austria, 
Switzerland), North America (USA)

Asia (China)

Acer Europe, North America 
(Canada, USA)

Asia (China), North America 
(Canada, USA) 

Apices of Appendanges

Fig. 3. Phylogenetic outline of the ITS+28S rDNA regions combining typical characteristics of appendages on chasmothecia.

Taxonomy

Twelve species of Sawadaea and one species of Takamatsuella
were recognized, including three new species, namely Sawadaea 
acerina sp. nov., Sawadaea aceris-arguti sp. nov., and Sawadaea 
taii sp. nov. described from Asia. Sawadaea bicornis comprises two 
biological formae, Sawadaea bicornis f. bicornis and f. polyphaga f. 
nov., with different host preferences. Asexual morphs of S. aesculi, 

, S. kovaliana and T. circinata have also been detected and 

Sawadaea Miyake, 9: 49. 
1914.
Synonyms: Uncinula sect. Sawadaea (Miyake) U. Braun, Feddes 
Repert. 88: 663. 1978.
Oidium subgen. Octagoidium R.T.A. Cook et al., Mycol. Res. 101: 
998. 1997 [type species: Oidium aceris Rabenh.].
Octagoidium (R.T.A. Cook et al.) R.T.A. Cook & U. Braun, in Braun 
& Cook, : 
172. 2012.



8

FENG  E T A L.

Ta
bl

e 1
. Specimen information and GenBank accession numbers of newly obtained sequences in this study.

Fu
ng

al 
sp

ec
ies

a
Ho

st
Sp

ec
im

en
 N

o.
b

Co
lle

ct
io

n 
lo

ca
lit

y
Ge

nB
an

k a
cc

es
sio

n 
nu

m
be

r

IT
S

28
S 

rD
NA

Sa
wa

da
ea

 ac
er

in
a s

p.
 n

ov
.

Ac
er

 ta
ta

ric
um

 subsp. g
inn

ala
HMJAU-PM91951 (Holotype)

China
MZ663728

MZ663728

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU-PM91886
China

—

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU-PM91952
China

MZ663729
MZ663729

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU-PM91888
China

—

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU-PM92152
China

—

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU-PM92099
China

—

-
A.

 ta
ta

ric
um

 subsp. g
inn

ala
HMJAU-PM92100

China
—

—

A.
 ta

ta
ric

um
 subsp. g

inn
ala

HMJAU 00749
China

PP038131
PP038131

A.
 sa

cc
ha

rin
um

HMJAU-PM91889
China

MZ663727
MZ663727

S.
 ac

er
is-

ar
gu

ti 
sp

. n
ov

.
A.

 a
rg

ut
um

TNS-F-87577 (Holotype)
Japan

AB193367
—

A.
 a

rg
ut

um
HAL 717 F

Japan
—

—

A.
 a

rg
ut

um
TNS-F-97269

Japan
AB193375

AB193395

A.
 a

rg
ut

um
TNS-F-89753

Japan
—

—

A.
 a

rg
ut

um
TNS-F-92532

Japan
—

—

S.
 a

es
cu

li
Ae

sc
ulu

s c
hin

en
sis

 var. 
wi

lso
nii

HMAS13620 (Holotype)
China

—
—

Ae
sc

ulu
s c

hin
en

sis
HMJAU-PM91945

China
MZ604277

MZ604277

Ae
sc

ulu
s c

hin
en

sis
 v ar. 

wi
lso

nii
HMAS57199

China
—

—

S.
 b

ico
rn

is 
f. 

bic
or

nis
Ac

er
 ca

m
pe

str
e

HMJAU-PM92107
Russia (Europe)

A.
 ca

m
pe

str
e

HMJAU-PM92105
Russia (Europe)

—

A.
 ca

m
pe

str
e

HMJAU-PM92106
Russia (Europe)

—

S.
 b

ico
rn

is 
f. 

po
lyp

ha
ga

 f.
 n

ov
.

A.
 h

eld
re

ich
ii subsp.
 tra

ut
ve

tte
ri

FH00941211
USA

—

A.
 n

eg
un

do
HMJAU-PM92102

Canada

A.
 p

se
ud

op
lat

an
us

HMJAU-PM92104
Russia (Europe)

—
—

A.
 u

ku
ru

nd
ue

ns
e

HMJAU-PM91953
UK

MZ663711
MZ663711

A.
 ve

lut
ina

FH00941964
USA

Ac
er

 sp.
FH00941215

USA

Ac
er

 sp.
HMJAU-PM92101

UK
—

A.
 p

ict
um

 subsp. 
m

on
o 

KW-M-71492 (Holotype)
Russia (Asia)



9www.studiesinmycology.org

PHYLOGENY AND TAXONOMY OF ACER pOWDERY MILDEWS 

Ta
bl

e 1
. (Continued).

Fu
ng

al 
sp

ec
ies

a
Ho

st
Sp

ec
im

en
 N

o.
b

Co
lle

ct
io

n 
lo

ca
lit

y
Ge

nB
an

k a
cc

es
sio

n 
nu

m
be

r

IT
S

28
S 

rD
NA

A.
 p

ict
um

 subsp. m
on

o 
KW-M-71485

Russia (Asia)
OR

16
63

73
—

A.
 p

ict
um

 subsp. m
on

o 
KW-M-71488

Russia (Asia)
OR

16
63

74
—

A.
 p

ict
um

 subsp. m
on

o 
HMAS36431

China
—

—

A.
 p

ict
um

 subsp. m
on

o 
HMAS40311

China
—

—

A.
 p

ict
um

 subsp. m
on

o 
HMAS40312

China
—

—

A.
 p

ict
um

 subsp. m
on

o 
HMAS40322

China
—

—

S.
 b

om
ien

sis
A.

 ca
ud

at
um

HMAS13619 (Holotype)
China

—
—

Ac
er
 sp.

HMAS36500
China

—
—

S.
 ko

elr
eu

te
ria

e
Ko

elr
eu

te
ria

 p
an

icu
lat

a
HMJAU-PM91870

China
MZ663712

MZ663712

K.
 p

an
icu

lat
a

HMJAU-PM91892
China

MZ663713
MZ663713

K.
 p

an
icu

lat
a

HMJAU-PM91895
China

MZ663714
MZ663714

K.
 p

an
icu

lat
a

HMJAU-PM91896
China

MZ663715
MZ663715

K.
 p

an
icu

lat
a

HMJAU-PM91900
China

MZ663716
MZ663716

K.
 p

an
icu

lat
a

HMJAU-PM91890
China

MZ663717
MZ663717

K.
 p

an
icu

lat
a

HMJAU-PM91899
China

MZ663718
MZ663718

K.
 p

an
icu

lat
a

HMJAU-PM91869
China

—
OQ

86
61

84

K.
 p

an
icu

lat
a

HMJAU-PM91891
China

OQ
86

61
79

—

K.
 p

an
icu

lat
a

HMJAU-PM91893
China

OQ
86

61
80

—

K.
 p

an
icu

lat
a

HMJAU-PM91894
China

OQ
86

61
81

—

K.
 p

an
icu

lat
a

HMJAU-PM91897
China

OQ
86

61
82

OQ
86

61
87

K.
 p

an
icu

lat
a

HMJAU-PM91898
China

OQ
86

61
83

OQ
86

61
88

K.
 p

an
icu

lat
a

HMJAU-PM92108
China

—
—

K.
 p

an
icu

lat
a

HMJAU-PM91901
China

—
—

K.
 p

an
icu

lat
a

HMJAU-PM92109
China

—
—

S.
 ko

va
lia

na
A.

 p
se

ud
os

ieb
old

ian
um

KW-M-71484 (Holotype)
Russia (Asia)

OQ
86

61
67

OQ
86

61
67

A.
 tr

un
ca

tu
m

HMAS13615
China

OQ
86

61
68

—

S.
 n

an
kin

en
sis

A.
 b

ue
rg

er
ian

um
HMJAU-PM91883

China
MT462310

MT462310

A.
 b

ue
rg

er
ian

um
HMJAU-PM92110

China
OQ

86
61

73
—



10

FENG  E T A L.

Ta
bl

e 1
. (Continued).

Fu
ng

al 
sp

ec
ies

a
Ho

st
Sp

ec
im

en
 N

o.
b

Co
lle

ct
io

n 
lo

ca
lit

y
Ge

nB
an

k a
cc

es
sio

n 
nu

m
be

r

IT
S

28
S 

rD
NA

A.
 b

ue
rg

er
ian

um
HMAS10381

China
—

—

A.
 b

ue
rg

er
ian

um
HMAS10383

China
—

—

A.
 b

ue
rg

er
ian

um
HMAS11436

China
—

—

S.
 n

eg
un

din
is

A.
 n

eg
un

do
HMJAU-PM91879

China
MZ663719

MZ663719

A.
 n

eg
un

do
HMJAU-PM91880

China
MZ663720

MZ663720

A.
 n

eg
un

do
HMJAU-PM91881

China
MZ663721

MZ663721

A.
 n

eg
un

do
HMJAU-PM91882

China
—

—

A.
 n

eg
un

do
HMJAU-PM92124

Russia (Europe)
PP038010

PP038010

A.
 n

eg
un

do
HMJAU-PM92126

Russia (Europe)

A.
 n

eg
un

do
HMJAU-PM92112

China
—

A.
 n

eg
un

do
HMJAU-PM92116

China

A.
 n

eg
un

do
HMJAU-PM92117

China
—

A.
 n

eg
un

do
HMJAU-PM92118

China
—

HMJAU-PM92114
China

HMJAU-PM92120
China

—

A.
 n

eg
un

do
HMJAU-PM91887

China
MZ663723

MZ663723

A.
 n

eg
un

do
HMJAU 02207

China
MZ663724

MZ663724

A.
 n

eg
un

do
HMJAU 02219

China
MT462449

HMJAU 00446
China

MT462443

A.
 p

ict
um

 subsp. 
m

on
o

HMJAU 00746
China

MT462444

A.
 n

eg
un

do
HMJAU 00794

China
MT462451

A.
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un

do
HMAS36457

China
—

—

A.
 a

m
plu

m
 subsp. 

ca
ta

lpi
fo

liu
m

HMAS14188 (Lectotype)
China

—
—

A.
 a

m
plu

m
 subsp. 

ca
ta

lpi
fo

liu
m

HMAS13624
China

—

A.
 ci

rc
ina

tu
m

FH00941966
USA

—

A.
 p

alm
at

um
FH00941963

USA
—

A.
 p

alm
at

um
FH00941967

USA

A.
 p

alm
at

um
HMJAU-PM91884

China
MZ663725

MZ663725
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. (Continued).
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China
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MZ663726
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um
HMJAU-PM92128

China
—

—

A.
 p

alm
at

um
HMJAU-PM92129

China
—

—

A.
 p
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at

um
HMJAU-PM92130

China
—

—

A.
 p
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at

um
HMJAU-PM92132

China
—

—

A.
 p
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at

um
HMJAU-PM92133

China
OR

86
36

13
OR

86
36

13

A.
 p

alm
at

um
HMJAU-PM92134

China
—

—

A.
 p

alm
at

um
HMJAU-PM92135

China
—

—

A.
 p

alm
at

um
HMJAU-PM92136

China
—

—

A.
 p
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um
HMJAU-PM92137

China
OR

70
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08
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14

08

A.
 p
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um
HMJAU-PM92138

China
OR

70
14

09
OR

70
14

09

A.
 p
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um
HMJAU-PM92139

China
OR

70
14

11
OR

70
14

11
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er
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HMAS38799

China
—

—
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p.
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.
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m

HMJAU-PM91878 (Holotype)
China
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m
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China

MZ663731
MZ663731

A.
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tu
m

HMJAU-PM92140
China

—
—

A.
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un
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m

HMJAU-PM92141
China

—
—
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m
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China
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 b
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China
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—
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a
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China

MZ663732
MZ663732
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HMAS246789
China
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FH00941965

USA
OR
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 p

lat
an

oid
es
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OR
16
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A.
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es

HMJAU-PM92145
Canada

OQ
86

61
65

OQ
86

61
65

A.
 p

lat
an

oid
es

HMJAU-PM92146
Canada

—
—

A.
 p

lat
an

oid
es

HMJAU-PM92147
Canada

—
OQ

86
61

93

A.
 p

lat
an

oid
es

HMJAU-PM92148
Russia (Europe)

OQ
86

61
78

—

A.
 p

lat
an

oid
es

HMJAU-PM92150
Russia (Europe)

—
—
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A.
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HMJAU-PM92151
Russia (Europe)

A.
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HMJAU-PM92149
Russia (Europe)

—
—

Ta
ka
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a 
cir
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a 
A.
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m

FH00941219
USA

—

A.
 ru
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HMAS43691
USA

—
—

A.
 sp

ica
tu

m
FH01122036

USA
—

A.
 w

ils
on

ii
HMAS38798

China
—

—

Ac
er

 sp.
HMAS36454

China
—

—

Ac
er

 sp.
HMAS67081

USA
—

—

Incertae sedis
A.

 p
lat

an
oid

es
HMJAU-PM92127

Russia (Europe)
—

—

A.
 ta

ta
ric

um
HMJAU-PM92143

Russia (Europe)
—

—

A.
 ta

ta
ric

um
HMJAU-PM92144

Russia (Europe)
—

—

a  Bold italic names represent taxonomic novelties. b  HMJAU: Herbarium of Mycology of Jilin Agricultural University; HMAS: Herbarium Mycologicum Academiae Sinicae; HAL: Herbarium of Martin-Luther-Unive
rsity; TNS: the National Museum of Nature and Science, Japan; FH: 

the Farlow Herbarium at Harvard University; KW: National Academy of Sciences of Ukraine, Ukraine; CFSZ: Mycological Herbarium of Chifeng University, Inner Mongolia Autonomous Region, China.

Type species : Sawadaea aceris S. bicornis (Wallr.) 
Homma).

For the taxonomi c treatment of Sawadaea we followed Braun & 
Cook (2012).

Sawadaea acerina  G.X. Guan & S.Y. Liu, sp. nov. MycoBank MB 
849112. Fig. 4.

Etymology : Epithet composed of the name of the host genus, Acer , 

Typus : China, Jilin Province, Changchun City, Jilin Agricultural 
University, on Acer tataricum  subsp. ginnala , 4 Sep. 2017, G.X. Guan 
& J. Feng [holotype HMJAU-PM91951, isotype (designated here) 
HMAS352458, ex-holotype sequence: GenBank No. MZ663728 

(ITS+28S rDNA)].

Diagnosis : Close to , but differing in having 

less strongly branched chasmothecial appendages, predominantly 

unbranched and 1–2 times branched, and in forming a separate 

well-supported species clade in phylogenetic analyses.

Mycelium  on leaves, amphigenous , white, in patches or effuse, 
covered by dense mycelial layers with abundant asexual morph, in 

autumn mycelium formed on adult leaves, hypophyllous, evanescent 

to persistent; hyphae  straight to sinuous, septate, branched, 
hyphal appressoria  

inconspicuous to slightly nipple-shaped; micro-conidiophores  23.0–

the juncti on with the mother cell, followed by 1–2 shorter cells and 

catenescent conidia; micro-conidia  variable in shape, ellipsoid-

macro-conidiophores  

the juncti on with the mother cell, followed by 1–3 shorter cells and 

catenescent conidia; macro-conidia  variable in shape, ± cylindrical 
with angular outline forming an octagon or ellipsoid-ovoid to 

germ tubes  lateral 
or terminal, short to moderately long, subcylindrical to slightly 

clavate, apex undifferentiated, slightly swollen (orthotubus  subtype 
within Fibroidium  type). Chasmothecia  scattered to ± gregarious, 

peridium cells  irregularly polygonal, 
appendages  58–142 per 

chasmothecium, in the upper half, unbranched appendages mixed 

with 1–2 times dichotomously branched appendages, branched 

from the middle of the stalk upwards, some appendages even multi-

as long as the chasmothecial diam., apices uncinate to circinate, 

mostly somewhat undulate or almost nodulose, thick-walled 

throughout, usually coalescent, smooth or rough-walled at the base, 

hyaline and aseptate; asci  8–21, ellipsoid-obovoid, saccate-cla vate, 

ascospores
ratio 1.1–2.3 (av. 1.7), colourless.
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Additional materials examined: China, Heilongjiang Province, 
Harbin City, Sun Island, on Acer tataricum subsp. ginnala, 14 Sep. 
2019, S. Takamatsu , V.N. Nguyen, J. Feng & W.W. Yan (HMJAU-
PM91886, 28S rDNA GenBank No.: OQ866185; HMJAU-PM92100); 
Jilin Province, Changchun City, on Acer tataricum subsp. ginnala, 
24 Jul. 2018, G.X. Guan & J. Feng (HMJAU-PM92152, ITS rDNA 
GenBank No.: OQ875005; HMJAU-PM92099, ITS rDNA GenBank 
No.: OQ866170); Jilin Province, Changchun City, on Acer tataricum 

subsp. ginnala, 20 Aug. 2020, S.R. Tang, G.X. Guan & J. Feng 
(HMJAU-PM91952, ITS+28S rDNA GenBank No.: MZ663729); Jilin 
Province, Changchun City, on Acer tataricum subsp. ginnala, 21 
Oct. 2010, W.T. Jiang (HMJAU 00749, ITS+28S rDNA GenBank No.: 
PP038131); Liaoning Province, Anshan City, on Acer saccharinum , 
24 Oct. 2018, S.R. Tang & L. Liu (HMJAU-PM91889, ITS+28S 
rDNA GenBank No.: MZ663727); Liaoning Province, Anshan City, 
Children’s Park, on Acer tataricum  subsp. ginnala, 24 Oct. 2018, 

Fig. 4. Sawadaea acerina sp. nov. (HMJAU-PM 91951, holotype). A. Symptoms on Acer tataricum subsp. ginnala whole plant. B. Symptoms on an abaxial 
leaf surface. C. Close-up of chasmothecia on an abaxial leaf surface. D. Hyphal appressoria. E, F. Micro-conidiophores. G, H. Macro-conidiophores. I–K. 
Micro-conidia. L–N. Macro-conidia. O–Q. Germ tubes. R. Chasmothecium. S. Peridium cells. T–Z. Appendages. A1–H1. Asci. I1–K1. Ascospores. Scale bars: 
R = 50 μm; G,H, S–H1 = 20 μm; D–F, L–Q, I1–K1 = 10 μm; I–K = 5 μm.



14

FENG ET AL.

Fig. 5. Sawadaea aceris-arguti sp. nov. (TNS-F-87577, holotype). A. Chasmothecium. B–D. Appendages. E. Asci. F.

S.R. Tang & L. Liu (HMJAU-PM91888, 28S rDNA GenBank No.: 

Host range and distribution Acer (saccharinum, tataricum 
subsp. ginnala), Sapindaceae, Asia (China).

Notes: The new species can be morphologically readily distinguished 
from other species of Sawadaea: (1) from S. koelreuteriae and S. 
nankinensis by having branched appendages; (2) from S. aesculi
and S. bomiensis by having a much larger number of chasmothecial 
appendages (58–142 vs < 50); (3) by having chasmothecial 
appendages branched in the middle or lower part (vs appendages 
branched in the middle or upper part of the appendages in S. 
bicornis

); (5) by having shorter macro-conidiophores 

S. negundinis, but larger macro-conidia and 
micro-conidia compared with S. negundinis and S. tulasnei (macro-

to , but it differs in having mainly unbranched or 1–2 
times branched chasmothecial appendages and it forms a separate 

well-supported species clade in the molecular phylogenetic tree. In 
addition, we need a special explanation that there were only a few 
fully mature chasmothecia on the holotype specimen, due to the 
early collection season.

Sawadaea aceris-arguti S. Takam. & U. Braun, sp. nov. MycoBank 
MB 849117. Fig. 5.

Etymology: Epithet derived from the name of the host plant, Acer 
argutum.

Typus: Japan, Nagano Pref., Ueda-shi, Sugadaira, Tsukuba 
University, Sugadaira Research Station, on Acer argutum, 30 
Sep. 2000, S. Takamatsu [holotype TNS-F-87577, ex-holotype 
sequence: GenBank No. AB193367 (ITS rDNA)].

Diagnosis: Morphologically close to , but 
chasmothecia only with 50–100 appendages, fewer asci, 7–13, 

in ). Genetically different from all other species within 
Sawadaea by forming a well-supported separate species clade.
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Mycelium  on leaves, hypophyllous,  effuse or forming thin patches; 
hyphae branched at right angles, straight to sinuous, 1.5–5.0 
µm wide, hyaline, septate, thin-walled, smooth. Chasmothecia  
scattered, depressed globose, (130.0–)140.0–180.0 μm diam.; 
peridium cells irregularly polygon al; appendages  numerous, 50–100 
per chasm othecium, in the upper half, dichotomously or occasionally 
trichotomously branched, 1–3 times, deeply cleft, branched from 
the middle of the stalk upwards or sometimes even in the lower 
half, with 2–7 branchlets, often slightly narrowed towards the apex, 
apices uncinate to circinate, 60.0–120.0 μm in length (0.3–0.7 times 
as long as the chasmothecial diam.), hyaline, aseptate, thick-walled, 
smooth to rough-walled, main axis 5.0–8.0 μm wide throughout; asci 
7–13, saccate, 55.0–77.0 × 32.0–47.0 μm, short-stalked or almost 
sessile, moderately thick-walled, 8-spored; ascospores  ellipsoid-
ovoid, 17.0–22.0 × 9.0–11.0 μm, colourless.

Additional materials examined : Japan, Nagano Pref., Sakae-mura, 
on Acer argutum, 12 Oct. 1986, S. Tanda (HAL 717 F, ex TUAMH 
3482); Nagano Pref., Ueda-shi, Sugadaira, Tsukuba University, 
Sugadaira Research Station, on Acer argutum, 30 Sep. 2000, S. 
Takamatsu  (TNS-F-89753, TSU-MUMH-1217); Nagano Pref., Ueda-
shi, Sugadaira, Tsukuba University, Sugadaira Research Station, 
on Acer argutum, 30 Sep. 2005, C. Nakashima (TNS-F-92532, 
TSU-MUMH-3999); Tochigi Pref., Niko-shi, Chuzenji Lake, on Acer 
argutum, 25 Sep. 1987, S. Tanda (TNS-F-97269, TUAMH 3823, 
ITS rDNA GenBank No.: AB193375, 28S rDNA GenBank No.: 
AB193395).

Host range and distribution: On Acer argutum, Sapindaceae , Asia 
(Japan).

Notes: Sawadaea aceris-arguti is morphologically confusable with 
S. polyfida, especially regarding the structure of the chasmothecial 
appendages (manner of branching ), but it differs in having fewer 
chasmothecial appendages and asci per chasmothecium, and 
shorter and narrower ascospores (see diagnosis). In phylogenetic 
analyses, based on ITS+28S data, sequences of S. aceris-arguti  
forms a well-supported species clade distant from S. polyfida  and all 
other species clades within Sawadaea. In all examined collections, 
including HAL 717 F, a specimen  with immature chasmothecia, 
it was not possible to find any trace of asexual morphs, which 
suggests that conidiophores and conidia in S. aceris-arguti are only 
formed in early stages of the development and cease before or with 
the initiation of chasmothecia.

Sawadaea aesculi R.Y. Zheng & G.Q. Chen, Acta Microbiol. Sin. 
20(1): 38. 1980. Fig. 6.

Typus: China, Sichuan Province, Dazhou City, Liangshan Yi 
Autonomous, Daba Mountain, on Aesculus chinensis  var. wilsonii, 
13 Sep. 1958, Y.N. Yu & Y.S. Xing (holotype HMAS13620).

Mycelium  on leaves, amphigenous , mainly epiphyllous, white, in 
patches or effuse, evanescent to persistent; hyphae straight to 
sinuous, septate, branched, thin-walled, 24.5–65.5 × 3.0–8.0(–8.5) 
µm; hyphal appressoria  inconspic uous to slightly nipple-shaped; 
micro-conidiophores 20.0–43.0 × 5.0–7.0 µm, arising from the 
upper surface of mother cells, centrally or toward a septum, foot-
cells cylindrical, straight, 7.0–21.5 × 4.5–7.5 µm, basal septum 
sometimes elevated, 2.5–11.5 µm from the junction with the mother 
cell, followed by 1–3 shorter cells and catenescent conidia; micro-
conidia variable in shape, ellipsoid-ovoid, 4.5–15.5 × 4.5–11.0 µm, 

length/width ratio 0.9–1.8(–2.3); macro-conidiophores  34.5–59.5(–
85.5) × 4.5–8.5 µm, arising from mother cells, foot-cells cylindrical, 
straight, (12.0–)23.5–36.0(–56.0) × 4.5–9.0 µm, basal septum 
sometimes elevated, 1.5–12.5 µm from the junction with the mother 
cell, followed by 1–3 shorter cells and catenescent conidia; macro-
conidia  variable in shape, ± cylindrical with angular outline, forming 
an octagon, or ellipsoid-ovoid to doliiform, fresh conidia 17.0–
32.0(–48.5) × 10.0–18.0 µm, length/width ratio 1.3–3.1(–3.8), with 
fibrosin bodies; germ tubes lateral or terminal, short to moderately 
long, subcylindrical to slightly clavate, apex undifferentiated, slightly 
swollen (orthotubus subtype within Fibroidium  type). Chasmothecia  
(see Zheng & Chen 1980, Braun & Cook 2012).

Additional materials examined : China, Hubei Province, Shennongjia 
National Nature Reserve, on Aesculus chinensis  var. wilsonii , 19 
Aug. 1984, G.Q. Chen (HMAS57199); Yunnan Province, Kunming 
City, Kunming Botanical Garden, on Aesculus chinensis , 26 Jun. 
2019, S.R. Tang & J. Feng (HMJAU-PM91945, ITS+28S rDNA 
GenBank No.: MZ604277).

Host range and distribution: On Aesculus chinensis , Sapindaceae , 
Asia (China).

Notes: Zheng & Chen (1980) introduced Sawadaea aesculi, based 
on chasmothecia of a powdery mildew on Aesculus chinensis  var. 
wilsonii  (HMAS13620), collected in Sichuan, China. In 2019, S. 
aesculi  was reported on Aesculus chinensis  in Hubei (Jiang et al. 
2019). Unfortunately, until recently the morphological characteristics 
of the asexual morph of this species have not been studied. 
However, in the course of the present examinations, it was possible 
to describe the asexual morph of S. aesculi  (Jiang et al. 2019) in 
detail.

Sawadaea bicornis (Wallr.) Homma, J. Fac. Agric. Hokkaido Univ. 
38: 371. 1937. Figs 7, 8.
Basionym : Alphitomorpha bicornis Wallr., Verh. Ges. Naturf. 
Freunde Berlin 1(1): 38. 1819.
Synonyms : Erysiphe bicornis (Wallr.) Link [as ‘Erysibe’], Sp. pl. 4, 
6(1): 112. 1824, nom. sanct. [Fr., Syst. Mycol.  3: 244. 1829.]
Uncinula bicornis  (Wallr.) Lév., Ann. Sci. Nat., Bot., Sér. 3, 15: 153. 
1851.
Erysiphe aceris DC., in Lam. & DC., Syn. pl. Fl. gall. : 57. 1806.
Uncinula aceris (DC.) Sacc., Syll. Fung. 1: 8. 1882.
Oidium aceris  Rabenh., Flora 12: 207. 1854.
Oidium dodonaeae Reichert & Volcani, Palestine J. Bot., Rehovot 
Ser., 5: 181. 1946.

Typus: On Acer campestre, ex herb. de Candolle, “Erysiphe aceris 
fl. Fr. 732” [lectotype (designated  by Braun 1987) G 00298361; 
epitype designated here MycoBank MBT 10013684, Austria, 
Steiermark, Graz, Schlossberg, pavement, on Acer campestre, 
11 Nov. 2019, J. Kruse, WTU-F-072509, ex-epitype sequence: 
GenBank No. MT462314 (ITS+28S rDNA)].

Mycelium  on leaves, amphigenou s, mainly hypophyllous, white, 
in patches or effuse, evanescent to persistent; hyphae straight to 
sinuous, septate, branched, thin-walled, 26.5–55.0 × 3.0–8.0 µm; 
hyphal appressoria inconspicuous to slightly nipple-shaped; micro-
conidiophores (23.5–)37.5–71.5(–123.5) × 5.0–9.0 µm, arising from 
mother cells, centrally or towards one septum, foot-cells cylindrical, 
straight, 16.5–42.0(–61.0) × 5.0–8.5 µm, basal septum sometimes 
elevated, up to 13.5 µm from the junction with the mother cell, 
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followed by 1–3(–4) shorter cells and catenescent conidia; micro-
conidia

macro-
conidiophores

mother cell, followed by 1–3 shorter cells and catenescent conidia; 

macro-conidia  variable in shape, ± cylindrical with angular outline 
forming an octagon or ellipsoid-ovoid to doliiform, fresh conidia 28.0–

long, subcylindrical to slightly clavate, apex undifferentiated, slightly 

swollen (orthotubus  subtype within Fibroidium  type). Chasmothecia  
peridium cells  

appendages  35–128 per chasmothecium, in the upper half of the 
chasmothecium, simple, mixed with appendages that a re 1–2 

times dichotomously branched in the upper half of the stalk, and 

with multi-branched appendages, apices uncinate to circinate, 

chasmothecial diam., thick-walled throughout, usually coalescent, 

smooth or rough-walled at the base, hyaline and aseptate; asci  

ascospores  

2.3 (av. 1.7), colourless.

: In our phylogenetic analyses,  the 

Sawadaea bicornis  clade is divided into two well-supported 

Fig. 6. Sawadaea aesculi (HMJAU-PM91945). A. Symptoms on a whole plant. B. Symptoms on an adaxial leaf surface. C. Symptoms on an abaxial leaf 
surface. D. Slightly nipple-shaped hyphal appressoria. E. Micro-conidiophore. F. Macro-conidiophore. G–L.  Micro-conidia. M–X. Macro-conidia. Y, Z. Germ 
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subclades that reflect two biological races with different host 
preferences and virulence differences. Since these races are 
genetically established and verifiable, they deserve a formal naming 
beyond previously used ‘formae speciales ’ which are not covered 
and ruled by the Code (ICNafp). We propose to use ‘formae’ for 
cases in which there are genetic differences coupled with ecological 
and/or chemical differences, i.e., morphological differences between 
sister clades are not a requirement to classify different ‘formae’. 
The advantage of using ‘formae’ is that it is an official taxonomic 
rank which is ruled by the Code, with type and possible ex-type 
sequences for phylogenetical purposes. In the case of S. bicornis , 
we propose a division into f. bicornis and f. polyphaga , in line with 
the phylogenetic differentiation of the S. bicornis clade into two 
subclades with specific host preferences (Fig. 1).

Sawadaea bicornis f. bicornis, with Acer campestre  and Acer 
platanoides  (Acer sect. Platanoidea) as principal hosts, sequences 
forming a highly supported subclade.

Additional materials examined : Russia (European part), Rostov 
region, Shakhty, Alexandrovsky Park, on Acer campestre, 5 Jul. 
2020, T.S. Bulgakov (HMJAU-PM92105, ITS rDNA GenBank No.: 
OQ866171); Rostov region, Shakhty, Alexandrovsky Park, on Acer 

campestre , 4 Jul. 2020, T.S. Bulgakov (HMJAU-PM92106, ITS 
rDNA GenBank No.: OQ866172); Rostov region, Shakhty, Hospital 
Park, on Acer campestre, 24 Oct. 2018, T.S. Bulgakov (HMJAU-
PM92107, ITS+28S rDNA GenBank No.: OQ866160).

Sawadaea bicornis f. polyphaga M. Bradshaw & U. Braun, f. nov. 
MycoBank MB 849119.

Etymology : Polyphagus = occurring on a diversity of host plants.

Typus: Germany, Hessen, Kr. Bergstraße, Heppenheim, Bruchsee, 
Rundweg, on Acer pseudoplatanus, 23 Aug. 2019, J. Kruse 
[holotype WTU-F-72512, ex-holotype sequence: GenBank No. 
MT462412 (ITS+28S rDNA)].

Diagnosis: Differs from f. bicornis in being plurivorous, with a much  
wider host range amongst Acer spp., including species of Acer sect.  
Acer, sect. Ginalla, sect. Negundo, sect. Palmata, sect. Platanoidea, 
and sect. Rubra. Sequences retrieved from specimens of f. polyphaga  
form a highly supported subclade in the phylogenetic tree.

Additional materials examined : Canada, Ontario, Niagara Region, 
Malcolmson Eco Park, on Acer negundo, 20 Sep. 2020, E.V. Ilyukhin  

Fig. 7. Sawadaea bicornis (HMJAU-PM92105). A, B. Symptoms on adaxial leaves surface. C. Mycelial colonies. D. Hyphal appressoria. E, F. Micro-
conidiophores. G–I. Macro-conidiophores. J–L. Micro-conidia. M–O. Macro-conidia. P, Q. Germ tubes. Scale bars = 10 μm.
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Russia (European part), Rostov region, Shakhty, Alexandrovsky 
Park, on Acer pseudoplatanus , 14 Sep. 2020, T.S. Bulgakov  
(HMJAU-PM92104). UK, on Acer ukurunduense , 16 Jul. 2019, S.Y. 
Liu  (HMJAU-PM91953, ITS+28S rDNA GenBank No.: MZ663711); 
on Acer sp., 16 Jul. 2019, S.Y. Liu (HMJAU-PM92101, 28S rDNA 

USA, Boston, on Acer heldreichii 
subsp. trautvetteri , 21 Sep. 2021, M. Bradshaw  (FH00941211, 

 Acer velutina , 13 
Sep. 2021, M. Bradshaw  (FH00941964, ITS+28S rDNA GenBank 

 Acer sp., 26 Aug. 2021, M. Bradshaw  

Host range and distribution
se quence data): (a) f.  bicornis  on Acer  (campestre , platanoides ), 
Europe (widespread and common), North America (USA); (b) f.  
polyphaga  on Acer  (circinatum , grandidentatum , heldreichii subsp. 
trautvetteri , macrophyllum , negundo , pseudoplatanus , saccharinum , 
tsinglingense , tataricum subsp. tataricum , ukurunduense ), Asia 
(China), Australia, Europe (widespread and common), New Zealand, 

North America (Canada, USA), South America (Argentina).

Host range and distribution of Sawadaea bicornis s. lat. (according 
Acer  (amplum subsp. catalpifolium 

catalpifolium ], barbinerve , campestre , cappadocicum subsp. 
cappadocicum [= laetum ], cappadocicum subsp. lobelii lobelii ], 
caudatum , caudatifolium [= kawakamii ], cissifolium , heldreichii subsp. 
trautvetteri , hyrcanum , ibericum , macrophyllum , mandshuricum , 
miyabei , mono , monspessulanum subsp. monspessulanum , 

monspessulanum subsp. turcomanicum [turcomanicum ], negundo , 
obtusatum , oliverianum , opalus , opulifolium [= hispanicum ], 
pensylvanicum , platanoides , pseudoplatanus , pseudosieboldianum , 
rubrum , , saccharinum , saccharum , stevenii , tataricum 
subsp. tataricum , tataricum subsp. ginnala ginnala ], tataricum 
subsp. semenovii  semenovii ], tegmentosum , trautvetteri , 

, trilobum , truncatum , turkestanicum platanoides subsp. 
turkestanicum ], ukurunduense , velutinum ), Sapindaceae ; Asia 
(Central Asia, China, Iran, Israel, Japan, Korea, Russia [Asian part, 

known as Siberia and Far East]), North America (Canada, USA), all 

Europe, introduced in New Zealand and South America (Argentina). 

This species may occasionally infect Aesculus hippocastanum , 
 and Dodonaea viscosa  [see Boesewinkel 1979, 

Heluta & Marchenko 1984]. In addition, this species has also been 

reported from the Asian part of Turkey on Acer monspessulanum  

(Kabaktepe et al. 2020).

Notes: Sawadaea bicornis is a common and widespread speci es in 
Europe. Recently, Bradshaw et al. (2021) provided comprehensive 
genetic analyses of specimens of S. bicornis , including haplotype 

analyses. The introduction of this species in North America was 

documented, including records of several new North American 

host species, such as Acer circinatum, A. macrophyllum and 
A. grandidentatum , and an origin of this species in Europe was 
postulated. The present phylogenetic analyses demonstrated 

that sequences of S. bicornis  are divided into two well-supported 

S. bicornis on Acer campestre , the type host, and A. platanoides ; 
both species pertain to Acer  sect. Platanoidea . The host of a single 

Fig. 8. Sawadaea bicornis (HMJAU-PM92107). A. Symptoms on an adaxial leaf surface. B. Symptoms on an abaxial leaf surface. C. Close-up of chasmothecia 
on a leaf. D. Chasmothecium. E. Peridium cells. F–J.  Appendages. K–O.  Asci. P–S.
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included sequenc e from UK was said to be Acer ‘pseudoplatanus ’, 
which might be a misidentification that requires reverification. The 
other larger subcla de encompasses  numerous sequences obtained 
from a wide range of Acer species,  with A. pseudoplatanus  and A. 
negundo as most common hosts. The hosts concerned pertain to 
diverse sections of Acer, such as Acer sect. Acer (A. grandidentata , 
A. heldreichii subsp. trautvetteri, A. monspessulanum , A. 
pseudoplatanus , A. velutinum ), sect. Ginnala  (A. tataricum), sect. 
Lithocarpa  (A. tsinglingense ), sect. Macrophylla  (A. macrophylla ), 
sect. Negundo (A. negundo), sect. Palmata (A. circinatum ), sect. 
Platanoidea (A. cappadocicum ), sect. Rubra (A. saccharinum). 
These results suggest that the first subclade is confined (or largely 
so) to Acer spp. of sect. Platanoidea , whereas the second subclade 
reflects a wide host range within Acer. These highly supported 
subclades reflect genetically fixed virulence and host preference 
differences for which we propose to use the taxonomic rank 
‘formae’. Whether the host ranges of the two races are overlapping 
or not is not quite clear. Three sequences obtained from Acer 
campestre , most from UK, cluster with sequences obtained from 
Sawadaea on A. pseudoplatanus and A. negundo in the second 

subclade, suggesting that the Sawadaea taxon concerned is also 
able to infest this host, which is one of the main hosts of the other 
subclade. It is also possible that these results are due to sequencing 
contamination or host misidentifications. Future research should 
request these specimens to double check the host ID and their 
sequences. The morphology of Sawadaea on Acer spp. belonging 
to the two subclades has been re-examined by the senior author 
(UB), based on numerous collections deposited at HAL, but obvious 
differences have not been found, neither in the symptoms caused 
by the mycelium and in the asexual morphs, nor in the sexual 
morphs. Biologica l differences, pointed out from cross-inoculation 
experiments, are also unknown. However, in the study by Bradshaw 
et al. (2021), they conducted greenhouse analyses and sequenced 
the specimens post experiment; they found that the specimens that 
infected A. campestre were all f. bicornis whereas the specimens 
that infected A. pseudoplatanus were all f. polyphaga under the 
current circumscription. Klika (1923), see also Blumer (1967), 
emphasized that the powdery mildews on Acer campestre  and A. 
pseudoplatanus  belong to the same biological race, but details of 
the conditions of his experiments are unknown. The specialization 

Fig. 9. Sawadaea bifida (HMAS40312). A. Symptoms on an adaxial leaf surface. B. Symptoms on an abaxial leaf surface. C. Close-up of chasmothecia and 
mycelia on a leaf. D, E. Hyphal appressoria. F, G. Micro-conidiophores. H, I. Macro-conidiophores. J–L. Micro-conidia. M–P. Macro-conidia. Q. Chasmothecium. 
R. Peridium cells. S–U. Appendages. V–Y. Asci. Z, A1. Ascospores. Scale bars: Q = 50 μm; H, I, R–Y = 20 μm; D–G, Z, A1 = 10 μm; J–P = 5 μm.
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Fig. 10.  Sawadaea bomiensis  (HMAS13619). A. Symptoms on an adaxial leaf surface. C. Symptoms on an abaxial leaf surface. B, D. Close-up of symptoms on 
leaves. E. Hyphal appressoriu m. F.  Conidia in chain. G.  Primary conidium. H–K. Secondary conidia. L. Chasmothecium. M.  Peridium cells. N–Q.  Appendages. 
R–V. Asci. W, X.

of the subclade of S. bicornis  on Acer campestre and A. platanoides , 
two species belonging to Acer  sect. Platanoidea , seems to suggest 
a biological race (forma specialis ). However, in the present case, 

clear, comprehensible genetic differences have been found to be 

coupled with ecological data (host preferences), which represents 

a taxonomically higher level and warrants a formal naming of the 

subclades, for which the rank ‘ formae ’ has been chosen.
The discrimination  of S. bicornis , S. negundinis , and S. tulasnei 
and the occurrence of S. bicornis on Acer platanoides and A. 
negundo have been controversially  discussed in the past (Braun 
& Cook 2012). However, already Kochman (1960) demonstrated in 

cross-inoculation experiments that A. platanoides and A. negundo 
are hosts of S. bicornis
sequence analyses. 

 Heluta, Ukrayins’k. Bot. Zhurn . 47 (5): 81. 1990. 
Fig. 9.

Synonyms : Sawadaea zhengii  Y. Nomura, 

Erysiphaceae of Japan : 106. 1997. type host Acer mono , Japan 
(holotype: herb. Nomura, YNMH 3561, now TNS).
Sawadaea sp. in Nomura, Trans. Mycol. Soc. Japan  20 : 383. 1979.

Typus : Russia (Asian part), Far East, Primorsky Kray, Khasansky 
Rayon, Kedrovaya pad’ nature reserve, on Acer pictum subsp. 
mono V.P. Heluta [holotype KW-M-71492, ex-holotype 

Mycelium amphigenous, mainly hypophyllous, white, thin 
to compact, persistent; hyphae  straight to sinuous, septate, 

hyphal appressoria  
inconspicuous to slightly nipple-shaped; micro-conidiophores  21.5–

centrally or towards a septum, foot-cells cylindrical, straight, 8.0–7.0 

the juncti on with the mother cell, followed by 1–3 shorter cells and 

catenescent conidia; micro-conidia  variable in shape, ellipsoid-
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ovoid, 5.0–14.0 × 4.5–12.5 µm, length/width ratio 1.0–1.6; macro-
conidiophores 27.0–52.5 × 7.5–10.5 µm, arising from the upper 
surface of mother cells, foot-cells cylindrical, straight, 18.5–34.5 × 
4.0–6.5 µm, followed by 1–3 shorter cells and catenescent conidia; 
macro-conidia  variable in shape, ± cylindrical with angular outline 
forming an octagon or ellipsoid-ov oid to doliiform, fresh conidia 
17.0–29.0 × 9.5–18.5 µm, length/width ratio 1.2–1.9. Chasmothecia 
scattered to gregarious, almost globose, dark brown, 123.5–208.5 
μm diam.; peridium cells irregularly polygonal, often somewhat 
oblong, 4.5–23.0 μm diam.; appendages numerous, 24–56, in the 
upper half, outline somewhat irregular, somewhat sinuous or almost 
nodulose, deeply cleft, first branching point in the lower half, often 
even branched in the lower third, dichotomously branched, 0–1(–2) 
times, apices tightly circinate, appendages usuall y shorter than the 
chasmothecial diam., 34.0–187.5 × 7.0–11.5 µm, about 0.2–1.2 
times as long as the chasmothecial  diam., hyaline, aseptate, thick-
walled throughout, smooth; asci 8–15, broad ovoid, saccate, about 
47.0–96.5 × 33.5–57.5 μm, length/width ratio 1.0–2.4, wall relatively 
thick, up to 4.5 μm, almost sessile to short-stalked, (6–)8-spored; 
ascospores ellipsoid, 18.5–30.0 × 10.5–15.0 μm, length/width ratio 
1.5–2.4, colourless.

Additional materials examined : China, Beijing City, Xiangshan 
Park, on Acer pictum subsp. mono, 5 Oct. 1975, Y.N. Yu & S.J. Han 
(HMAS36431); Liaoning Province, Qingyuan City, on Acer pictum 
subsp. mono, 20 Sep. 1968, F.Z. Shi (HMAS40311); Shandong 
Province, Taian City, on Acer pictum subsp. mono, 22 Sep. 1978, 
Y.J. Lu (HMAS40312); Zhejiang Province, Huzhou City, Deqing 
County, Moganshan, on Acer pictum subsp. mono,17 Oct. 1979, 
H. Huang (HMAS40322). Russia (Asian part), Far East, Primorsky 
Kray, Khasansky Rayon, Kedrovaya pad’ nature reserve, on Acer 

pictum subsp. mono, 30 Sep. 1989, V.P. Heluta (KW-M-71488, 
ITS rDNA GenBank No.: OR166374); Far East, Primorsky Kray, 
Vladivostok, on Acer pictum subsp. mono, 18 Sep. 1989, V.P. Heluta 
(KW-M-71485, ITS rDNA GenBank No.: OR166373).

Host range and distribution: On Acer (pictum subsp. mono, pictum 
subsp. dissectum , pictum subsp. mayrii), Sapindaceae , Asia (China, 
Japan; Russia [Asian part, known as Far East]).

Notes: Sawadaea bifida has so far only been reported from the 
Russian Far East, and its host range is confined to Acer pictum 
subsp. mono (≡ A. mono). In the course of the present study, 
an ex-holotype sequence has been retrieved, which clusters 
phylogenetically close to S. negundinis . The two species form a 
highly supported clade but cannot be differentiated based solely 
on ITS/28S sequences, i.e., for a better resolution a phylogenetic 
multilocus approach is needed. The micro-conidiophores (30–82 × 
6.5–10 µm, vs 21.5–43 × 3–7 µm) and micro-conidia (16–29 × 13–
23.5 µm, vs 5–14 × 4.5–12.5 µm) of S. negundinis are significantly 
larger than in S. bifida. Sawadaea bifida seems to be confined to 
Acer pictum , one species belonging to Acer sect. Platanoidea in 
Asia. There is a single sequence retrieved from Acer ‘nipponicum ’ in 
Japan (GenBank No. AB193370, Hirose et al. 2005, deposited under 
Sawadaea sp.), which is identical with other sequences obtained 
from Acer pictum subsp. mono, Acer pictum subsp. dissectum , and 
Acer pictum subsp. mayrii . However, A. nipponicum pertains to the 
distant sect. Parviflora of Acer (Li et al. 2019). The host identification 
of the sequenced specimen should be checked to exclude a possible 
misidentification with a species of sect. Platanoidea or, in case of a 
correct identification, to confirm infections of this species on hosts of 
different Acer sections.

Fig. 11. Sawadaea koelreuteriae  (HMJAU-PM91901). A, B. Symptoms on leaves. C. Close-up of symptoms on an abaxial leaf surfaces. D, E. Hyphal 
appressoria. F, G. Micro-conidiophore s. H–J. Macro-conidiophores. K–N. Micro-conidia. O–R. Macro-conidia. S, T. Germ tubes. Scale bars: H–J = 20 μm; 
D–G, O–T = 10 μm; K–N = 5 μm.
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Fig. 12.  Sawadaea koelreuteriae  (HMJAU-PM91891). A. Symptoms on a whole plant. B. Symptoms on an adaxial leaf surface. C. Symptoms on an abaxial 
leaf surface. D. Close-up of sympto ms on an abaxial leaf surface. E, F. Chasmothecia. G.  Peridium cells. H–K. Appendages. L–P.  Asci. Q, R. Ascospores. 

Sawadaea bomiensis  R.Y. Zheng & G.Q. Chen, Acta Microbiol. 
Sin.  20 (1): 41. 1980. Fig. 10.

Typus : China, Tibet Autonomous Region, Linzhi City, Bomi 
County, on Acer caudatum , 13 Sep. 1976, M.M. Shen  (holotype  
HMAS13619).

Mycelium  on leaves, amphigenous, but mostly epiphyllous, in irregular 
patches, persistent; hyphae  straight to sinuous, septate, branched, 

hyphal appressoria  inconspicuous to 
slightly nipple-shaped; conidia  catenescent, ellipsoid-ovoid, (15.0–

(av. 1.5). Chasmothecia  scattered  to ± gregarious, 132.5–242.0 

peridium cells
arranged ± radially; appendages  17–53 per chasmothecium, in the 

upper half, simple or mixed with appendages that are 1–2 times 

dichotomously branched from the middle of the stalk upwards, 

apices tightly uncinate to circinate (-subhelicoid), straight to curved, 

walled throughout, usually coalesc ent, smooth or rough-walled at 

the base, hyaline and aseptate; asci  8–17(–21), ellipsoid-obovoid, 

1.8(–2.0) (av. 1.5), short-stalked or almost sessile, (4–)8-spored; 

ascospores
length/width ratio 1.3–2.1(–2.4) (av. 1.7), colourless.

: China, Tibet Autonomous Region, 
Linzhi City, Bomi County, on Acer  sp., 13 Sep. 1976, M. Zang  
(HMAS36500).

Host range and distribution Acer caudatum, Sapindaceae , Asia 
(China, Tibet Autonomous Region).

Notes: Zheng & Chen (1980) described Sawadaea bomiensis  
on Acer caudatum , with unique characteristics: the appendages 
are often somewhat undulate (with slight constrictions) to almost 

nodulose, and peridium cells of the chasmothecial wall are radially 

arranged. So far, it has only been reported from China (Tibet), and 

no asexual morph was found. In this study, we re-examined the type 

material and added the morphologic al characteristics of hyphae and 

conidia. However, sequences retrieved from the type material or a ny 

other collections are not yet available.

Sawadaea koelreuteriae (I. Miyake) H.D. Shin & M.J. Park, J. 
Microbiol.  49 (5): 864. 2011. Figs 11, 12.
Basionym : Uncinula koelreuteriae  I. Miyake, Bot. Mag. Tokyo  27 : 
39. 1913.

Synonyms : Erysiphe koelreuteriae  (I. Miyake) F.L. Tai, Bull. Chin. 
Bot. Soc. 2: 16. 1936
Typhulochaeta koelreuteriae  (I. Miyake) F.L. Tai, Bull. Torrey Bot. 
Club. 73 : 125. 1946.
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Typus: China, Beijing City, Xiangshan Park, on Koelreuteria sp., 22 
Sep. 1982, S.X. Wei & L. Guo [neotype (designated by Braun 1987) 
HMAS44245; isotype FH].

Mycelium  on leaves, amphigenous , effuse or in patches, white, 
thin, mostly hypophyllous, persistent; hyphae straight or somewhat 
sinuous, 5.0–6.0 µm wide; hyphal appressoria  inconspicuous to 
nipple-shaped, solitary; micro-conidiophores  frequently present, 
44.0–76.0 × 7.5–9.0 µm, foot-cells 19.5–49.5 × 6.0–8.5 µm; micro-
conidia broad ellipsoid-ovoid, 18.5–28.5 × 13.0–18.0 µm, length/
width ratio 1.2–1.9; macro-conidiophores 83.0–139.5 × 7.5–11.0 
µm, arising from the mother cell, centrally or towards one septum, 
foot-cells cylindrical, straight, 43.5–97.5 × 7.0–9.0 µm, followed 
by 1–3(–4) shorter cells and catenescent conidia; macro-conidia  
variable in shape, ± cylindrical, ellipsoid-ovoid to doliiform-
limoniform, fresh conidia 34.5–49.5 × 10.0–16.0 µm, length/width 
ratio 2.5–4.1, with fibrosin bodies; germ tubes at an end or at a 
side of the conidium, short to moderately long, terminating with an 
unlobed appressorium (orthotubus subtype of the Fibroidium type). 
Chasmothecia scattered, 135.5–209.0 µm diam.; peridium cells  
irregularly polygonal, 8.0–18.5 µm diam.; appendages  40–140 per 
chasmothecium, in the upper half, generally simple, almost straight 
to seldom forked, often curved, 26.0–54.5 µm, 0.1–0.3 times as 
long as the chasmothecial diam., width almost uniform throughout, 
aseptate, rarely with a single septum, thin-walled, smooth, hyaline, 
apex somewhat pointed or obtuse, sometimes hooked; asci 11–22, 
clavate-saccate, 56.0–89.5 × 31.0–53.0 µm, sessile or short-
stalked, 8-spored; ascospores  ellipsoid-ovoid to almost globose , 
16.5–23.0 × 13.0–16.5 µm, length/width ratio 1.2–1.4, colourless.

Additional materials examined : China, Fujian Province, Xiamen 
City, on Koelreuteria paniculata, 21 Mar. 2021, J. Feng, L. Liu & 
R.J. Jiang (HMJAU-PM92109); Hebei Province, Tangshan City, 
on Koelreuteria paniculata, 21 Oct. 2018, S.R. Tang & L. Liu 
(HMJAU-PM91891, ITS rDNA GenBank No.: OQ866179); Hubei 
Province, Wuhan City, on Koelreuteria paniculata , 26 Nov. 2018, 
S.R. Tang & L. Liu (HMJAU-PM91900, ITS+28S rDNA GenBank 
No.: MZ663716); Hubei Province, Yichang City, on Koelreuteria 
paniculata , 25 Nov. 2018, S.R. Tang & L. Liu (HMJAU-PM91893, 
ITS rDNA GenBank No.: OQ866180; HMJAU-PM91897, ITS rDNA 
GenBank No.: OQ866182, 28S rDNA GenBank No.: OQ866187; 
HMJAU-PM91899, ITS+28S rDNA GenBank No.: MZ663718); 
Liaoning Province, Jinzhou City, on Koelreuteria paniculata , 23 
Oct. 2018, S.R. Tang & L. Liu (HMJAU-PM91892, ITS+28S rDNA 
GenBank No.: MZ663713); Liaoning Province, Tieling City, on 
Koelreuteria paniculata, 27 Oct. 2018, S.R. Tang & L. Liu (HMJAU-
PM91896, ITS+28S rDNA GenBank No.: MZ663715); Shandong 
Province, Yantai City, on Koelreuteria paniculata , 28 Jun. 2020, 
J. Feng (HMJAU-PM92108); Shaanxi Province, Baoji City, on 
Koelreuteria paniculata , 23 Sep. 2018, S.R. Tang & L. Liu (HMJAU-
PM91890, ITS+28S rDNA GenBank No.: MZ663717); Shaanxi 
Province, Xi’an City, on Koelreuteria paniculata, 24 Sep. 2018, 
S.R. Tang & L. Liu (HMJAU-PM91895, ITS+28S rDNA GenBank 
No.: MZ663714); Sichuan Province, Chengdu City, on Koelreuteria 
paniculata , 17 Nov. 2018, S.R. Tang & L. Liu (HMJAU-PM91869, 
28S rDNA GenBank No.: OQ866184; HMJAU-PM91898, ITS rDNA 
GenBank No.: OQ866183, 28S rDNA GenBank No.: OQ866188); 
Sichuan Province, Chengdu City, on Koelreuteria paniculata , 18 
Nov. 2018, S.R. Tang & L. Liu (HMJAU-PM91870, ITS+28S rDNA 

Fig. 13. Sawadaea kovaliana (KW-M-71484). A. Symptoms on an adaxial leaf surface. B, C. Close-up of mycelial colonies with chasmothecia. D. Inconspicuous 
hyphal appressoria. E. Slightly nipple-sh aped hyphal appressorium. F, G. Micro-conidiophores. H, I. Micro-conidia. J. Macro-conidium. K. Chasmothecium. L. 
Peridium cells. M–P. Appendages. Q–U. Asci. V, W. Ascospores. Scale bars: K = 50 μm; L–U = 20 μm; D–J, V, W = 10 μm.
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Fig. 14. Sawadaea nankinensis  (HMJAU-PM91883). A. Symptoms on adaxial leaves surfaces. B. Symptoms on an abaxial leaf surface. C. Hyphal 

appressorium. D–F. Micro-conidiophores. G.  Macro-conidiophore. H–K. Micro-conidia. L–S.

GenBank No.: MZ663712); Sichuan Province, Dujiangyan City, on 

Koelreuteria paniculata , 19 Nov. 2018, S.R. Tang & L. Liu (HMJAU-

Nanchong City, on Koelreuteria paniculata , 20 Nov. 2018, S.R. Tang 
& L. Liu (HMJAU-PM91901).

Host range and distribution Koelreuteria (bipinnata , paniculata , 
Koelreuteria  sp.), Sapindaceae , Asia (China, Korea).

Notes
as Uncinula koelreuteriae . Tai (1936) believed that the appendages 
described in Miyake (1913) were equivalent to the penicillate cells 

of Phyllactinia , and the real appendages were degraded mycelial 
hyphae at the base of chasmothecia. Therefore, this species was 

transferred to Erysiphe  as E. koelreuteriae . Tai (1946) argued that 

the ‘degraded’ hyphae at the base of the chasmothecia are not 

equivalent to common appendages,  and that this species is without 

true appendages and radially arranged peridium cells. He proposed 

that it should be transferred to Typhulochaeta  and introduced the 

combination T. koelreuteriae . Zheng & Yu (1987) regarded the 
structures arising from the chasmo thecia as the true appendages. 

However, since the appendages are neither uncinula-like nor 

clavate cells as in Typhulochaeta , they kept this powdery mildew as 

a species of Erysiphe . Finally. Shin & Park (2011) detected that the 
asexual morph of this species is characterized by having dimorphic 

conidiophores and conidia, which is an essential characteristic 

of Sawadaea , indicating that this species should be assigned to 
Sawadaea  et al. 
(2017) recorded this species as S. koelreuteriae  and described the 

holomorph of it in Inner Mongolia in China. In this study, 16 specimens 

were collected with asexual morphs and/or sexual morphs and 13 

China on Koelreuteria  spp. belongs to Sawadaea.

Sawadaea kovaliana Heluta, Ukrayins’k. Bot. Zhurn.  47 (5): 81. 
1990. Fig. 13.

Typus : Russia (Asian part), Far East, Primorsky Kray, Khasansky 
Rayon, Kedrovaya pad’ nature reserve, on Acer pseudosieboldianum , 

V.P. Heluta [holotype KW-M-71484, ex-holotype 

Mycelium hyphae  
straight or somewhat sinuous, hyphal cell

hyphal appressoria  inconspicuous to nipple-
shaped, solitary; micro-conidiophores

with the mother cell, followed by 1–4 shorter cells; micro-conidia  

1.9; macro-conidiophores  not yet known in detail; macro-conidia  

Chasmothecia
peridium cells
appendages  up to 132, in the upper half of the chasmothecium, 
1–2(–3) times dichotomously, rarely tetrachotomously b ranched in 

the lower half, deeply cleft, usually  with 2–5 branchlets, relatively 

few appendages unbranched, apices tightly uncinate-circinate, 

as the chasmothe cial diam., usually  shorter than the chasmothecial 

diam., hyaline, aseptate, thick-wall ed, smooth, outline straight to 
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somewhat sinuous; asci 12–24, broad ellipsoid-ovoid, saccate, 
about 42.0–83 × 30.0–48.5 µm, length/width ratio 1.3–2.2, short-
stalked, 5.0–13.5 × 6.5–11.5 µm, wall up to 3.5 µm thick, 8-spored; 
ascospores  ellipsoid-ovoid, oblong, often somewhat irregular, 
11.5–24.0 × 8.0–14.0 µm, length/width ratio (1.0–)1.7–2.5(–2.9), 
colourless.

Additional material examined : China, Beijing City, Xiangshan Park, 
on Acer truncatum, 5 Sep. 1979, Z.Y. Zhao (HMAS13615, ITS rDNA 
GenBank No.: OQ866168).

Host range and distribution: On Acer (pseudosieboldianum , 
truncatum), Sapindaceae , Asia (China, Russia [Asian part, known 
as Far East]).

Notes: The details of micro-con idiophores and macro-conidia 
of Sawadaea kovaliana  have been found by re-examining the 
holotype. Sawadaea kovaliana has smaller micro-conidia and 
leaner ascospores than all other species of Sawadaea, including 
S. taii. The ex-holotype sequence of S. kovaliana  forms a small 
well-supported clade sister to S. taii. Acer sieboldianum , the type 
host of S. kovaliana , pertains to Acer sect. Palmata, whereas the 
hosts of S. taii belongs to sect. Platanoidea. Besides differences 
in the asexual morphs, S. taii differs from S. kovaliana  in having 
fewer chasmothecial appendages (21–38 vs up to 132), less 
strongly branched and somewhat undulate-nodulose appendages, 
which are more strongly branched and non-undulate-nodulose in S. 

kovaliana.  A singl e additional sequence retrieved from a Chinese 
specimen on A. truncatum (HMAS13615), a species of Acer sect. 
Platanoidea, clusters together with the ex-holotype sequence of S. 
kovaliana (the molecular sequence  of this Chinese sample should 
be re-amplified to determine its accuracy). Braun & Cook (2012) 
suggested that reports of S. bicornis on Acer pseudosieboldianum  
might belong to S. kovaliana . Sawadaea bicornis  is characterized by 
having hypophyllous mycelium and simply  branched or frequently 
unbranched appendages, whereas S. kovaliana forms epiphyllous 
mycelium and frequently branched appendages.

Sawadaea nankinensis (F.L. Tai) S. Takam. & U. Braun, 
Mycoscience  49: 166. 2008. Figs 14, 15.
Basionym : Uncinula nankinensis F.L. Tai, Contr. Biol. Lab. Sci. Soc. 
China, Bot. Ser., 6(1): 2. 1930.
Synonyms : Erysiphe nankinensis  (F.L. Tai) U. Braun & S. Takam., 
Schlechtendalia  4: 21. 2000.

Typus: China, Jiangsu Province, Nanjing City, on Acer buergerianum , 
15 Nov. 1929, F.L. Tai [lectotype (designated by Braun & Cook 
2012) BPI554131; isolectotype BPI554132, HMAS14185].

Mycelium  on leaves and shoots, covered by dense mycelial layers 
with abundant asexual morphs, in autumn mycelium on adult 
leaves hypophyllous, rarely amphigenous, effuse or in patches, 
persistent; hyphae straight or somewhat sinuous, 3.0–7.0 µm; 
hyphal appressoria  inconspicuous to nipple-shaped, solitary; 

Fig. 15. Sawadaea nankinensis (HMAS11436). A. Symptoms on an adaxial leaf surface. B. Symptoms on an abaxial leaf surface. C. Close-up of mycelial 
colonies with chasmothecia. D, E. Chasmothecia. F. Peridium cells. G–J. Appendages. K–P. Asci. Q, R. Ascospores. Scale bars: D = 100 μm; E = 50 μm; F–P 
= 20 μm; Q, R = 10 μm.
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micro-conidiophores

the junction with the mother cell; micro-conidia  broad ellipsoid to 

1.0–1.9; macro-conidiophores
by 1–2 shorter cells, forming catenescent macro-conidia, chains 

with sinuate edge line; macro-conidia  doliiform-limoniform, 21.0–
Chasmothecia  

peridium cells  distinct, irregularly polygonal, 4.0–
 appendages  very numerous, 80–170, ± 

equatorially arising or towards the upper half, straight to curved, 

setiform, unbranched, apices loosely to tightly uncinate-circinate, 

times as long as the chasmothecial diam., width ± equal throughout 

or somewhat narrowed upwards, thick-walled throughout or only 

at the base, s mooth, aseptate, hyaline; asci  very numerous, (12–
)20–35(–40), ellips oid-ovoid or somewhat irregularly shaped, 60.5–

ascospores  ovoid or oblong-

(av. 1.7), colourless.

: China , Anhui Province, Hefei 
City, on Acer buergerianum D.N. Jin & X.Y. Wang 
(HMJAU-PM91883, ITS+28S rDNA GenBank No.: MT462310); 

Henan Province, Kaifeng City, on Acer buergerianum
2019, D.N. Jin & X.Y. Wang (HMJAU-PM92110, ITS GenBank No.: 

Acer buergerianum , 
R.Y. Zheng (HMAS10381, HMAS10383); Jiangsu 

Province, Nanjing City, on Acer buergerianum , 13 Nov. 1931, D.L. 
Liu  (HMAS11436).

Host range and distribution Acer buergerianum , Sapindaceae , 
Asia (China, Japan, Korea).

Notes Uncinula nankinensis  
by Tai (1930). Tai & Wei (1932) described the asexual morph 

of this species, but the dimorphic nature of conidiophores and 

conidia, which is an essential characteristic of Sawadaea , was 

tubes depicted in the illustration, which belong to the orthotubus  
subtype of Fibroidium . Later, Tai (1979) found that this species was 

also distributed in Zhejiang Province and Anhui Province in China. 

Xu & Ge (1983) discovered this species on Acer sinopurpurascens  

in Zhejiang Province. Braun & Takamatsu (2000) revised the genus 

Erysiphe , treated the genus Uncinula  as a morphological (non-
phylogenetic) section of Erysiphe , and introduced the combination 
E. nankinensis . Takamatsu  et al. (2008) discovered this species 
on Acer buergerianum  in Japan and obtained ITS and 28S rDNA 

and it turned out that sequences of this species cluster in the 

Sawadaea clade. Thus, this species  was reallocated as Sawadaea 
nankinensis
and chasmothecia in the isolectotype (HMAS14185). Therefore, 

the description of the morphology  was based on HMAS11436 

and two other collections (HMAS10381, HMAS10383) of this 

species, showing that the diameter of the chasmothecia is larger 

& Yu (1987), Takamatsu  et al. (2008), and Braun & Cook (2012) 

described 8-spored asci, but the current microscopic examinations 

of specim ens on Acer buergerianum  (HMAS10381, HMAS10383, 
HMAS11436) showed that the asci contain a more variable number 

of ascospores, viz., (2–)5–8 ascospores.

Sawadaea negundinis Homma, J. Fac. Agric., Hokkaido Imp. 
Univ., Sapporo  38 (3): 375. 1937. Fig. 16.
Synonyms : Uncinula negundinis  (Homma) F.L. Tai, in Chi et al. , 
Fungus diseases on cultivated plants of Jilin Province : 358. 1966.
Sawadaea bicornis  auct. p.p.

Typus : Japan , Ishikari, Sapporo, on Acer negundo Y. 
Homma  (holotype TNS-F-215280).

Mycelium  on leaves, amphigenous , mainly epiphyllous, white, in 
patches, sometimes covering the entire leaf surface, evanescent to 

persistent; hyphae  straight to sinuous , septate, branched, thin-walled, 
hyphal appressoria  inconspicuous to slightly 

nipple-shaped; micro-conidiophores

cell; micro-conidia
macro-

conidiophores
non-middle of mother cells, foot-cells cylindrical, straight, 21.5–48.5 

conidia; macro-conidia  variable in shape, ± cylindrical with angular 
outline forming an octagon or ellipsoid-ovoid to doliiform, conidia 

germ tubes  lateral or terminal, short to moderately 
orthotubus  subtype within 

Fibroidium  type. Chasmothecia  scattered to ± gregarious, 145.5–

peridium cells  irregularly polygonal, inconspicuous, 
appendages  45–132 per chasmothecium, 

arising from the upper half of the chasmothecium, unbranched or 

1–2(–3) times branched dichotomously, partially trichotomously, 

sometimes in the lower half, apices tightly uncinate to circinate, 

as the chasmothe cial diam., width almost equal throughout, hyaline, 

aseptate, smooth or somewhat rough, thin-walled; asci  10–20, 

in stalk length, (6–)8-spored; ascospores  ellipsoid-ovoid, sometimes 

: China, Heilongjiang Province, 
Jiamusi City, on Acer negundo , 24 Aug. 2014, S.Y. Liu & F.Y. Zhao  

GenBank No.: MT462449); Heilongjiang Province, Yichun City, on 

Acer negundo , 15 Sep. 2013, J. Liu  (HMJAU 02207, ITS+28S rDNA 
GenBank No.: MZ663724); Heilongjiang Province, Yichun City, on 

Acer negundo , 24 Jul. 2017, F.Y. Zhao, J.N. Li & J.S. Lu (HMJAU-
PM91881, ITS+28S rDNA GenBank No.: MZ663721); Heilongjiang 

Province, Yichun City, on Acer negundo , 7 Sep. 2017, F.Y. Zhao, 
V.N. Nguyen, J.N. Li & J.S. Lu (HMJAU-PM91882); Inner Mongolia 
Autonomous Region, Hinggan League, Horqin National Nature 

Reserve, on Acer negundo , 16 Sep. 2015, S.Y. Liu, S. Takamatsu, 
G.X. Guan & L. Zhao  (HMJAU-PM91887, ITS+28S rDNA G enBank 
No.: MZ663723); Jilin Province, Baishan City, on , 

27 Sep. 2005, L.L. Yang  (HMJAU 00446, ITS rDNA GenBank No.: 
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OR708548, 28S rDNA GenBank No.: MT462443); Jilin Province, 
Baishan City, on Acer pictum  subsp. mono, 24 Oct. 2010, W.T. 
Jiang (HMJAU 00746, ITS rDNA GenBank No.: OR711903, 28S 
rDNA GenBank No.: MT462444); Jilin Province, Changchun City, 
on Acer negundo, 6 Jul. 2017, S.Y. Liu & G.X. Guan (HMJAU-
PM91879, ITS+28S rDNA GenBank No.: MZ663719); Jilin Province, 
Changchun City, on Acer negundo, 21 Jul. 2017, G.X. Guan 
(HMJAU-PM91880, ITS+28S rDNA GenBank No.: MZ663720); 
Jilin Province, Changchun City, on Acer negundo, 24 Jul. 2018, 
G.X. Guan & J. Feng (HMJAU-PM92112, ITS rDNA GenBank No.: 
OQ866174); Jilin Province, Changchun City, on Acer negundo, 
20 Aug. 2020, G.X. Guan & J. Feng (HMJAU-PM92116, ITS+28S 
rDNA GenBank No.: OQ866162); Jilin Province, Changchun City, 
on Acer negundo, 22 Aug. 2020, G.X. Guan & J. Feng (HMJAU-
PM92117, ITS rDNA GenBank No.: OQ866175); Jilin Province, 
Changchun City, on Acer negundo, 23 Aug. 2020, G.X. Guan & 
J. Feng (HMJAU-PM92118, ITS rDNA GenBank No.: OQ866176); 
Jilin Province, Erdao Baihe City, on Acer triflorum, 4 Sep. 2020, 
G.X. Guan & J. Feng (HMJAU-PM92120, ITS rDNA GenBank No.: 
OQ866177); Jilin Province, Gongzhuling City, on Acer negundo, P.K. 
Qi (HMAS36457); Jilin Province, Ji’an City, on Acer triflorum, 4 Oct. 
2018, S.Y. Liu, S. Takamatsu, P.L. Qiu & J. Feng (HMJAU-PM92114, 

ITS+28S rDNA GenBank No.: OQ866161); Jilin Province, Yanbian 
City, on Acer negundo, 13 Oct. 2011, W.T. Jiang (HMJAU 00794, 
ITS rDNA GenBank No.: OR708549, 28S rDNA GenBank No.: 
MT462451). Russia (European part), Rostov region, Shakhty, trees 
near Atyukhta river, on Acer negundo, 28 Oct. 2018, T.S. Bulgakov 
(HMJAU-PM92124, ITS+28S rDNA GenBank No.: PP038010; 
HMJAU-PM92126, ITS+28S rDNA GenBank No.: OQ866163).

Host range and distribution: On Acer (negundo, pictum subsp. 
mono, triflorum), Sapindaceae , Asia (China, Russia).

Notes: In the past, three species of Sawadaea on Acer negundo 
had been recognized, viz. Sawadaea bicornis , S. negundinis , 
and S. tulasnei . Acer negundo was considered a common host 
of S. bicornis, and S. negundinis  was even treated as a synonym 
for S. bicornis, especially in Europe and the USA. Sawadaea 
negundinis  has been reported to be introduced to Australia and 
Argentina (Cunnington et al. 2004, Hirose et al. 2005). In Asia 
(China, Korea, India, Japan), Acer negundo had previously been 
considered a common host of S. bicornis, and most powdery mildew 
specimens on A. negundo were identified as S. bicornis  instead of 
S. negundinis based on the morphology of its sexual morph (Zheng 

Fig. 16. Sawadaea negundinis  (HMJAU-PM91880). A. Symptoms on leaves. B. Symptoms on adaxial leaves surfaces. C. Symptoms on an abaxial leaf surface. 
D. Hyphal appressoria. E. Micro-conidio phore. F, G. Macro-conidiophores. H, I. Micro-conidia. J–L. Macro-conidia. M–O. Germ tubes. P.  Chasmothecium. Q. 
Peridium cells. R–T. Appendages. U–W. Asci. X, Y. Ascospores. Scale bars: P = 50 μm; F, G, Q–W = 20 μm; D, E, J–O, X, Y = 10 μm; H, I = 5 μm.
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Fig. 17.  (asexual morph from HMJAU-PM92139 and sexual morph from HMJAU-PM91884). A. Symptoms of the plant. B, C. Symptoms 
on leaves. D, E. Hyphal appressoria. F, G.  Micro-conidiophores. H, I. Macro-conidiophores. J–L.  Micro-conidia. M–O.  Macro-conidia. P. Germ tube. Q. 
Chasmothecium. R. Peridium cells. S–U. Appendages. V–Z. Asci. A1, B1

& Yu 1987, Hirose et al. 2005, Shin 2000). In the present study, we 

S. negundinis and S. bicornis . The appendages of S. negundinis  

are deeply cleft from almost the middle or even the bottom of stalks, 

whereas the appendages of S. bicornis  are only branched in the 
upper half. Furthermore, sequences  retrieved from S. bicornis and 

S. negundinis form distant clades. However, it must be emphasized 
that A. negundo  being a common host of S. bicornis  f. polyphaga in 

Europe, with additional sequences of specimens collected in New 

Zealand, North and South America.

 (C.T. Wei) R.Y. Zheng & G.Q. Chen, Acta 
Microbiol. Sin.  20 (1): 42. 1980. Fig. 17.
Basionym : C.T. Wei, Nanking J.  11 (3): 109. 1942.
Synonym :  var. japonica  U. Braun & Tanda, 

 22 (1): 93. 1985.

Typus : China, Sichuan Province, Dujiangyan City, on Acer amplum 
subsp. catalpifolium A. catalpifolium ), 28 Nov. 1941, Li   [lectotype 
(designated by Braun 1987) HMAS14188].

Mycelium  on leaves, amphigeno us, but mainly hypophyllous, 
white, in patches or effuse, evanescent to persistent; hyphae  

hyaline, smooth or almost so; hyphal appressoria  inconspicuous 

to slightly  n ipple-shaped, occasion ally somewhat crenate; micro-
conidiophores
surface of the mother cell, centrally  or towards a septum, foot-cells 

cylindrical, straight, base occasion ally slightly swollen, 13.5–27.0 

shorter cells and catenescent conidia; micro-conidia  variable in 

macro-conidiophores  31.5–60.5 
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× 5.5–9.0 µm, arising from the mother cell, foot-cells cylindrical, 
straight, 16.0–30.5 × 5.0–8.5 µm, followed by 1–2 shorter cells and 
catenescent conidia, basal septum sometimes elevated; macro-
conidia  variable in shape, ± cylindri cal with angular outline forming 
an octagon or ellipsoid-ovoid to doliiform, fresh conidia 19.5–26.5 
× 11.5–15.5 µm, length/width ratio 1.5–2.0 (av. 1.7), with fibrosin 
bodies; germ tubes lateral or terminal, short to moderately long, 
subcylindrical to slightly clavate, apex undifferentiated, slightly 
swollen (orthotubus subtype within Fibroidium  type). Chasmothecia  
scattered to ± gregarious, 129.5–276.5 µm diam.; peridium cells  
irregularly polygonal, 4.0–24.5 µm diam., arranged ± radially; 
appendages  100–250 per chasmoth ecium, in the upper half, simple, 
mixed with  appendages (1–)2–3 times dichotomously branched or 
occasionally trichotomously branched, deeply cleft, branched from 
the middle of the stalk upwards or sometimes even in the lower 
half, with 2–8(–12) branchlets, often slightly narrowed towards the 
apex, apices uncinate to circinate, 28.0–162.5 × 3.5–8.5(–12.5) 
µm, 0.2–0.9 times as long as the chasmothecial diam., thick-
walled throughout, smooth to rough-walled, hyaline and aseptate; 
asci 8–38, ellipsoid-obovoid, saccate-clavate, (41.0–)70.0–110.0 × 
(20.0–)46.5–61.5 µm, length/width ratio 1.1–2.3 (av. 1.8), wall thick, 
1.8–4.0 µm, almost sessile or with a stalk, 8.5–36.0 × 9.0–17.0 µm, 
(4–)6–8-spored; ascospores ellipsoid-ovoid, 12.5–33.0 × 9.5–19.0 
µm, length/width ratio 1.1–2.2 (av. 1.7), colourless.

Additional materials examined: China, Chongqing City, Chongqing 
Garden Expo, on Acer palmatum, 21 Nov. 2018, S.R. Tang & L. 
Liu (HMJAU-PM91884, ITS+28S rDNA GenBank No.: MZ663725);  
Chongqing City, Chongqing Garden Expo, on Acer palmatum var.  
dissectum, 24 Nov. 2018, S.R. Tang & L. Liu (HMJAU-PM91885 ,  
ITS+28S rDNA GenBank No.: MZ663726); Guangxi Province, Guilin  
City, Seven Star Scenic Area, on Acer palmatum, 9 Nov. 2019, Z.Y. 
Zhang & D.N. Jin (HMJAU-PM92134); Hubei Province, Yichang City, 
Hubei Three Gorges Polytechnic, on Acer palmatum, 25 Nov. 2018, 
S.R. Tang & L. Liu (HMJAU-PM92130); Hunan Province, Changsha  
City, Changsha Normal University, on Acer palmatum, 6 Nov. 
2019, Z.Y. Zhang & D.N. Jin (HMJAU-PM92132); Hunan Province, 
Yongzhou City, Tiger Rocks Park, on Acer palmatum, 8 Nov. 2019, 
Z.Y. Zhang & D.N. Jin (HMJAU-PM92133, ITS+28S rDNA GenBank  
No.: OR863613); Jilin Province, Wangqing, on Acer sp., 25 Sep. 
1960, Y.C. Yang et al. (HMAS38799); Jiangsu Province, Nanjing  
City, Qinhuai District, Changle Road No. 155-1, on Acer palmatum, 7  
Oct. 2020, Z.Y. Zhang & D.N. Jin (HMJAU-PM92137, ITS+28S rDNA 
GenBank No.: OR701408); Jiangsu Province, Suzhou City, Qiantang 
River Park, on Acer palmatum, 9 Oct. 2020, Z.Y. Zhang & D.N. Jin  
(HMJAU-PM92138, ITS+28S rDNA GenBank No.: OR701409); 
Jiangxi Province, Yingtan City, Yingtan Park, on Acer palmatum, 7 
Dec. 2019, Z.Y. Zhang & X.Y. Wang (HMJAU-PM92136); Sichuan  
Province, Emeishan City, on Acer palmatum, 22 Nov. 2018, S.R. Tang 
& L. Liu (HMJAU-PM92128, HMJAU-PM92129); Sichuan Province, 
Ya’an City, on Acer amplum subsp. catalpifolium, 26 Sep. 1977, J.F. 
Tao (HMAS13624, 28S rDNA GenBank No.: OQ874975); Yunnan 
Province, Lijiang City, Gucheng District, Dayan Street, Minzhu Road 
244, on Acer palmatum, 14 Nov. 2019, Z.Y. Zhang & D.N. Jin (HMJAU-
PM92135); Zhejiang Province, Wenzhou City, Jingshan Park, on Acer 
palmatum, 13 Oct. 2020, Z.Y. Zhang & D.N. Jin (HMJAU-PM92139, 
ITS+28S rDNA GenBank No.: OR701411). USA, Boston, on Acer 
palmatum, 26 Aug. 2021, M. Bradshaw (FH00941967, ITS+28S 
rDNA GenBank No.: OR166384); Boston, on Acer palmatum, 21  
Sep. 2021, M. Bradshaw (FH00941963, ITS rDNA GenBank No.: 
OR166379); Boston, on Acer circinatum, 21 Sep. 2021, M. Bradshaw  
(FH00941966, ITS rDNA GenBank No.: OR166376).

Host range and distribution: On Acer (amplum subsp. catalpifolium  
[≡ catalpifolium ], japonicum , micranthum , negundo, palmatum 
subsp. palmatum, palmatum  subsp. amoenum [≡ amoenum)], 
palmatum subsp. matsumurae [≡ amoenum var. matsumurae ], 
pseudosieboldianum [= takesimense ], shirasawanum , sieboldianum , 
stachyophyllum [= tetramerum], tschonoskii var. australe [≡ 
australe], tenuifolium ), Sapindaceae , Asia (China, Japan, South 
Korea), introduced  in Australia, Europe (Austria, Switzerland), North 
America (USA).

Notes: Wei (1942) introduced Uncinula polyfida , based on two 
Chinese collections (syntypes), viz., one on Acer amplum subsp. 
catalpifolium  and another one on Acer sp. Nomura (1977) found 
this species on A. palmatum  var. palmatum and var. matsumurae 
in Japan. Braun & Tanda (Braun 1985) described a new variety, 
var. japonica , on A. palmatum  subsp. matsumurae (≡ A. palmatum  
var. matsumurae) as type host, based on smaller chasmothecia, 
(100–)150–200 µm diam. However, owing to the strong variability of 
Japanese collections of S. polyfida , a clear differentiation between 
the Chinese type and Japanese collections is difficult. Hence, Braun 
& Cook (2012) reduced this name to synonymy with S. polyfida . 
Sawadaea polyfida  s. lat. is not monophyletic. Sequences of the 
core cluster of S. polyfida  s. str. have mainly been retrieved from 
hosts belonging to Acer sect. Palmata (A. circinatum , A. japonicum, 
A. palmatum including subspe cies, A. pseudosieboldianum , A. 
shirasawanum , A. sieboldianum , and A. tenuifolium ), i.e., Acer 
species of sect. Palmata seem to the main hosts of this species. The 
sequence obtained during the present examinations from S. polyfida 
on Acer circinata in the USA is very interesting. The North American 
A. circinata is the only member of sect. Palmata outside Eastern 
Asia. On the other hand, there are some sequences retrieved from 
S. polyfida on Acer species of other sections, including the type host 
A. amplum subsp. catalpifolium (sect. Platanoidea), A. micranthum 
and A. tschonoskii var. australe (sect. Micrantha ), A. negundo (sect. 
Negundo), and A. stachyophyllum (sect. Arguta). Sawadaea polyfida 
on A. pseudosieboldianum (= A. takesimense ) was reported from 
South Korea (Lee et al. 2011). Beenken et al. (2023) documented the 
introduction of this species in Europe (Switzerland). Other records 
are based on unpublished sequences deposited in GenBank. An 
ex-type sequence of S. polyfida or other sequences obtained from 
the type host, A. amplum subsp. catalpifolium , are not yet available 
but urgently needed. The S. polyfida (Wan et al. 2022) cluster in 
ITS+28S analyses is not strongly supported and there is a certain 
degree of variation  within available sequences. Multilocus analyses 
would be useful for a further clarification of the phylogeny and 
taxonomy of this species. Furthermore, we examined one specimen 
(HMJAU-PM92127) on A. platanoides  from Russia (European part). 
Its asexual form is very similar to S. polyfida . We tried several times 
to amplify the sequences from it and all failed. The remaining conidia 
are not enough for further attempts. So we tentatively identified it as 
S. polyfida. Further study is needed to confirm if S. polyfida  can 
infect A. platanoides .

Sawadaea taii G.X. Guan & S.Y. Liu sp. nov. MycoBank MB 
849467. Fig. 18.

Etymology : Epithet dedicated to F.L. Tai (1893–1973), a famous 
Chinese mycologist.

Typus: China, Inner Mongolia Autonomous Region, Hinggan 
League, on Acer truncatum, 16 Sep. 2015, S.Y. Liu, S. Takamatsu, 
G.X. Guan & L. Zhao [holotype HMJAU-PM91878, isotype 
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Fig. 18.  Sawadaea taii  sp. nov.  (HMJAU-PM91878). A. Symptoms on the whole plant. B. Symptoms on an adaxial leaf surface. C. Symptoms on fruits. D. 
Close-up of mycelia l colonies with chasmothecia. E, F. Hyphal appressoria. G, H. Micro-conidiophores. I, J. Macro-conidiophores. K, L. Micro-conidia. M–P.  
Macro-conidia. Q, R. Germ tubes. S. Chasmothecium. T. Peridium cells. U–X. Appendages. Y–C1. Asci. D1.

(designated here) HMAS352666, ex-holotype sequence: GenBank 

No. MZ663730 (ITS+28S rDNA)].

Diagnosis : Morphologically close to S. bomiensis , but differing by 

fewer appendages per chasmothecium (21–38 vs 40–72). Forming 

a well-supported clade in the ITS+28S tree.

Mycelium  amphigenous, on stems and petioles, white, in patches 
or effuse, evanescent to persisten t; hyphae  straight to sinuous, 

hyphal 
appressoria  inconspicuous to slightly nipple-shaped, occasionally 
somewhat crenate; micro-conidiophores
arising from the upper surface of mother cells, centrally or towards 

with the mother cell, followed by 1–3 shorter cells and catenescent 

conidia; micro-conidia  variable in shape, broad ellipsoid-globose, 

macro-conidiophores
arising from the upper surface of mother cells, centrally or towards 

followed by 1–2 shorter cells and catenescent conidia; macro-
conidia

germ tubes  terminal, short to moderately long, subcylindrical to 
slightly clavate, apex undifferentiated or slightly swollen (orthotubus  
subtype within Fibroidium  type). Chasmothecia  scattered to ± 

peridium 
cells
radially; appendages  21–38 per chasmothecium, in the upper half, 
unbranded appendages mixed with those 1–2 times dichotomously 

branched ones, branched from the middle o f the stalk upwards, and 
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mostly somewhat undulate or almost nodulose, apices uncinate to 
circinate, coarse throughout or base thinner and middle swollen, 
70.0–167.5(–225.0) × 4.0–14.0 µm, 0.4–1.3 times (av. 0.8) as 
long as the chasmothecial diam., thick-walled throughout, usually 
coalescent, smooth or rough-walled at the base, hyaline and 
aseptate; asci 6–20, ellipsoid-obovoid, saccate-clavate, 68.0–96.5 
× 47.5–68.0 µm, length/width ratio 1.2–1.7 (av. 1.4), wall thick, 1.5–
7.0 µm, short-stalked or almost sessile, stalk length up to 7.0 µm, 
(6–)8-spored; ascospores ellipsoid-ovoid, 16.0–23.5 × 12.5–15.5 
µm, length/width ratio 1.1–1.8 (av. 1.4), colourless.

Additional materials examined : China, Hebei Province, Tangshan 
City, North China University of Science and Technology, on 
Liquidambar formosana, 21 Oct. 2018, S.R. Tang & L. Liu 
(HMJAU-PM91902, ITS+28S rDNA GenBank No.: MZ663732); 
Inner Mongolia Autonomous Region, Chifeng City, Aohan Banner, 
on Acer truncatum, 20 Sep. 2006, T.Z. Liu (CFSZ9559, ITS+28S 
rDNA GenBank No.: OQ866158); Jilin Province, Changchun City, 
Jilin Agricultural University, on Acer truncatum, 26 Sep. 2005, L.L. 
Yang (HMJAU 00450, ITS+28S rDNA GenBank No.: MZ663731); 
Jilin Province, Liaoyuan City, on Acer truncatum, 2 Oct. 2018, S. 
Takamatsu, S.Y. Liu, P.L. Qiu & J. Feng (HMJAU-PM92140, HMJAU-
PM92141); Tibet Autonomous Region, Linzhi City, on Acer sp., Aug. 
2014, Q.M. Wang (HMAS246789, ITS+28S rDNA GenBank No.: 
OR841072); Yunnan Province, Weixi Lisu Autonomous County, on 
Acer barbinerve, 18 Nov. 1958, S.J. Han (HMAS24893, ITS rDNA 
GenBank No.: OQ866169).

Host range and distribution: On Acer (barbinerve, truncatum), 
Sapindaceae , and on Liquidambar formosana, Hamamelidaceae , 
Asia (China).

Notes: A species of Sawadaea on a host belonging to the 
Hamamelidaceae is reported in this study for the first time. 
Sawadaea taii is well-characterized  by having somewhat undulate 
to almost nodulose appendages, comparable to the appendages 
of S. bomiensis , but the new species has lesser appendages than 
chasmothecia of S. bomiensis  (21–38 vs 40–72). Sawadaea taii is 
morphologically also close to S. acerina on Acer tataricum subsp. 
ginnala, but differs in the number of appendages, appendages 
morphology, and the length/width ratio of asci [1.2–1.7 (av. 1.4) 
vs 1.2–2.5 (av. 1.8)]. In addition, we examined two specimens 
(HMJAU-PM92143, HMJAU-PM92144) on A. tataricum  from Russia 
(European part). We failed to amplify the sequences from them 
after trying several times. The remaining conidia are not enough for 
further attempts. So we tentatively identified them as S. taii. Further 
study is needed to confirm if S. taii is on A. tataricum.

Sawadaea tulasnei (Fuckel) Homma, J. Fac. Agric. Hokkaido Univ. 
38: 374. 1937 s. str. [emend.]. Figs 19, 20.
Basionym : Uncinula tulasnei  Fuckel, Fungi Rhen. Exs. 1746. 1866.
Synonyms : U. aceris var. tulasnei (Fuckel) E.S. Salmon, Mem. 
Torrey Bot. Club 9: 93. 1900.
U. bicornis var. tulasnei  (Fuckel) W.B. Cooke, Mycologia  44(4): 572. 
1952.
Erysiphe varium Fr., Scleromyc. Suec. 253. 1822. [nom. inval., Art. 
38.1(a)].

Typus: Germany, on Acer platanoides, “Ad Aceris platanoides 
foliorum paginam superiorem, a. frequens, b. rarissima. Autumno. 
Ca. Johannisberg,” Fuckel, Fungi Rhen. Exs., Suppl., Fasc. III, 
No. 1746, 1866 [lectotype (designated by Braun 1987) HAL, 

s.n; isolectotypes Fuckel, Fungi Rhen. Exs., Suppl. 1746 (e.g., 
FH, G, M-0017591); epitype (designated here, MycoBank, MBT 
10013687) Germany, Bavaria, Landkreis Ebersberg, Markt 
Schwaben, Grafen-von-Sempt-Straße, Wegrand, 1 Dec. 2019, 
J. Kruse (WTU-F-072498), ex-epitype sequence: GenBank No. 
MT462383 (ITS+28S rDNA)].

Mycelium  amphigenous, on stems and petioles, mostly epiphyllous, 
white, in patches or effuse, evanescent to persistent; hyphae 
straight to sinuous, septate, branched, thin-walled, 12.5–45.5 × 
2.0–6.5 µm; hyphal appressoria  inconspicuous to slightly nipple-
shaped, occasio nally somewhat crenate; micro-conidiophores  
24.0–53.0 × 4.5–7.0 µm, arising from the mother cell, centrally or 
towards one septum, foot-cells cylindrical, straight, (7.5–)11.0–27.0 
× 4.0–7.5 µm, basal septum sometimes elevated, to 9 µm from 
the junction with the mother cell, followed by 1–3(–4) shorter cells 
and catenescent conidia; micro-conidia  variable in shape, ellipsoid-
ovoid, 6.5–14.0 × 4.0–9.0 µm, length/width ratio 1.0–2.3 (av. 1.4), 
with fibrosin bodies; macro-conidiophores 27.0–96.0(–141.0) × 
5.0–9.5(–11.0) µm, arising from the mother cell centrally or not 
centrally, foot-cells cylindrical, straight, 13.0–51.0 × 5.0–10.0 µm, 
basal septum sometimes elevated, to 15 µm from the junction 
with the mother cell, followed by 1–3(–4) shorter cells and 
catenescent conidia; macro-conidia variable in shape, ellipsoid-
ovoid, 14.0–49.5(–59.5) × 10.5–17.5(–26.0) µm, length/width 
ratio 1.0–4.1 (av. 1.7), with fibrosin bodies; germ tubes terminal, 
short, apex undifferentiated (orthotubus subtype within Fibroidium  
type). Chasmothecia scattered to ± gregarious, 170.0–234.5 µm 
diam. (av. > 200 µm); peridium cells  irregularly polygonal, 5.4–
18.5(–25.5) µm diam., arranged ± radially; appendages  about 
22–120 per chasm othecium, in the upper half, simple, mixed with 
appendages 1–2 times dichotomou sly branched from the middle of 
the stalk upwards, apices uncinate to circinate, 62.0–179.5(–264.0) 
× 5.5–11.0 µm, 0.3–1.5 times (av. 0.7) as long as the chasmothecial 
diam., thick-walled throughout, smooth or rough-walled, hyaline 
and aseptate; asci 12–20, ellipsoid-obovoid, saccate-clavate, 66.0–
105.5 × (27.5–)40.0–69.0 µm, length/width ratio 1.3–3.0 (av. 1.7), 
wall thick, to 5.6 µm, short-stalked or almost sessile, stalked length 
up to 14.6 µm, 8-spored; ascospores ellipsoid-ovoid, 18.5–30.0 × 
14.0–18.5 µm, length/width ratio 1.2–2.0 (av. 1.6), colourless.

Additional materials examined : Canada, Ontario, Niagara Region, 
Linwell Rd, on Acer platanoides , 8 Sep. 2020, E.V. Ilyukhin  (HMJAU-
PM92145, ITS+28S rDNA GenBank No.: OQ866165); Ontario, 
Niagara Region, Malcolmson Eco Park, on Acer platanoides , 13 
Sep. 2020, E.V. Ilyukhin  (HMJAU-PM92146); Ontario, Niagara 
Region, Waterfront trail, on Acer platanoides , 16 Sep. 2020, E.V. 
Ilyukhin (HMJAU-PM92147, 28S rDNA GenBank No.: OQ866193). 
Russia (European part), Rostov region, Shakhty, trees near Atyukhta 
river, on Acer platanoides, 8 Jul. 2020, T.S. Bulgakov (HMJAU-
PM92148, ITS rDNA GenBank No.: OQ866178); Rostov region, 
Shakhty, park near Grushevka river, on Acer platanoides , 5 Jul. 
2020, T.S. Bulgakov (HMJAU-PM92149); Rostov region, Shakhty, 
Hospital Park, on Acer platanoides, 24 Oct. 2018, T.S. Bulgakov 
(HMJAU-PM92150); Rostov region, Shakhty, Hospital Park, on 
Acer platanoides , 2 Nov. 2018, T.S. Bulgakov (HMJAU-PM92151, 
ITS+28S rDNA GenBank No.: OQ866166). USA, Boston, on Acer 
platanoides , 25 Aug. 2021, D. Pfister (FH00941216, ITS+28S rDNA 
GenBank No.: OR166381); Boston, on Acer platanoides , 1 Sep. 
2021, M. Bradshaw (FH00941965, ITS+28S rDNA GenBank No.: 
OR166380).
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Host range and distribution 
Acer (platanoides , macrophyllum , tataricum ), Europe (throughout 
Europe, sequenced collections from Germany, Hungary, Lithuania, 

Russia, Sweden, UK), North America (Canada, USA).

Notes: Sawadaea tulasnei is common and widespread on Acer 
platanoides  throughout Europe. Based on the current phylogenetic 
revision, it could be demonstrated that S. tulasnei 
to Europe, and has been introduced  in North America (Canada and 

USA) (Hudelson et al. 2008, Stanosz & Smith 2014, Bradshaw et 
al. 2021). In the latter publication,  it could be demonstrated that 
S. tulasnei may infect A. macrophyllum (Acer  sect. Macrophylla ). 

A sequenced specimen on A. tataricum  (sect. Ginnala ), collected 

in Lithuania, was included in analyses published by Hirose et al. 
(2005). These results show that S. tulasnei 
to A. platanoides (sect. Platanoidea ), although it is the principal 
host of this species. Braun & Cook (2012) listed S. tulasnei 
on Acer  (crataegifolium , japonicum , macrophyllum , miyabei , 
monspessulanum subsp. cinerascens cinerascens ], palmatum , 
A. pictum subsp. mayrii mayrii ], A. pictum subsp. mono mono ], 
platanoides , stevenii , tataricum subsp. tataricum , tataricum subsp. 
ginnala ginnala ], truncatum , ukurunduense ), from Asia (Central 
Asia, China, Iran, Japan, K orea, Russia [Asian part, known as Siberia 

and Far East]), and all of Europe. Heluta & Minter (1998) added 

A. cappadocicum and A. monspessulanum subsp. turcomanicum 
A. turcomanicum ) as hosts, and Heluta et al. (2016) listed S. 

tulasnei also from the Caucasus region (Armenia, Azerbaijan, and 
Georgia) and Central Asia (Turkmenistan). Records from East 

Asia, including China, Japan, Korea, Russia (Asian part, known as 

Siberia and Far East), should be disc arded. Corresponding previous 

host records from East Asia must also be excluded, including Acer 
crataegifolium  (  s. lat.), A. pictum subsp. mayrii  
and subsp. mono ( ), A. palmata  (S. taii), A. tatarica  subsp. 
ginnala  (S. acerina , ), A. truncatum  (S. kovaliana , S. taii). 
The identities of Sawadaea spp. on other East Asian Acer spp. are 

still unclear, such as A. japonicum  and A. miyabei . Kabaktepe et al. 
(2020) recorded S. bicornis and S. tulasnei on A. monspessulanum 

by sequence analyses. In the past, the powdery mildew fungi on 

A. truncatum  in Asia have been assigned to S. tulasnei  (Zheng & 

Yu 1987, Liu 2010). In the present study, it has been found that 

Sawadaea collections on A. truncatum  should be assigned to S. taii 
which can be easily distinguished from S. tulasnei  by the number 
(21–38 vs 22–120) and morphology (the former with undulate or 

almost nodulose appendages) of the appendages.

Takamatsuella U. Braun & A. Shi, in Braun & Cook, 
manual of the Erysiphales (powdery mildews) : 179. 2012.

Fig. 19. Sawadaea tulasnei (HMJAU-PM92148). A. Symptoms on an adaxial leaf surface. B. Symptoms on abaxial leaf surfaces. C. Close-up of mycelial 
colonies. D, E. Hyphal appressoria . F, G.  Micro-conidiophores. H, I. Macro-con idiophores. J–M.  Micro-conidia. N–Q.  Macro-conidia. R, S. Germ tubes. Scale 
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Type species: Takamatsuella circinata (Cooke & Peck) U. Braun & 
A. Shi (≡ Uncinula circinata Cooke & Peck).

Takamatsuella circinata (Cooke & Peck) U. Braun & A. Shi, in 
Braun & Cook, Taxonomic manual of the Erysiphales (powdery 
mildews): 180. 2012. Fig. 21.
Basionym : Uncinula circinata  Cooke & Peck, J. Bot. 10: 12. 1872.
Synonym: Erysiphe circinata  (Cooke & Peck) U. Braun & S. Takam., 
Schlechtendalia  4: 18. 2000.

Typus: USA, New York, Schuyler, Watkins, on Acer spicatum , 
Sep., Peck [lectotype (designated by Braun 1987) NYSf762, 
isolectotype K.].

Mycelium  amphigenous, mostly epiphyllous, usually effuse, 
sometimes in patches, thin, ± persistent, greyish white; hyphae 
sparingly branched, hyaline, thin-walled, smooth, 2.5–8.0 µm 
wide, septate; hyphal appressoria indistinct to nipple-shaped; 
conidiophores 27.0–107.5 × 5.0–8.0 µm, arising from mother cells, 
centrally or towards one septum, foot-cells cylindrical, straight, 
20.0–41.0(–56.5) × 5.0–9.5 µm, basal septum sometimes elevated, 
to 10.5 µm from the junction with the mother cell, followed by 1–3 
shorter cells and catenescent conidia; conidia  variable in shape, 
ellipsoid-ovoid, 17.0–29.0 × 9.5–13.5 µm, length/width ratio 
1.4–2.7(–3.5) (av. > 2). Chasmothecia scattered to ± gregarious, 
(148.5–)236.5–298.5(–318.0) µm diam., hemispherical to lenticular, 
flattened or slightly concave in the lower half with age; peridium cells  
inconspicuous, irregularly polygonal, about 3.5–27.5 µm diam.; 

appendages  very numerous, 50–240 per chasmothecium, arising 
below the equator, stiff to flexuous, simple, rarely forked, apices 
tightly uncinate to circinate, 31.0–245.0 × 3.0–8.5 μm, about 0.2–1.0 
times as long as the chasmothecial diam., uniformly wide, hyaline, 
aseptate, uniformly thin-walled or thickened, smooth; asci 25–50, 
clavate-saccate, 48.5–100.0 × 20.0–48.0 μm, length/width ratio 
(1.6–)2.0–3.4 (av. 2.3), sessile or stalked, stalk 5.0–14.5 × 6.0–11.5 
µm, (4–)6–8-spored; ascospores ellipsoid-ovoid, 13.0–26.0 × 11.0–
15.0 µm, length/width ratio 1.1–2.5 (av. 1.6), colourless.

Additional materials examined : China, Hubei Province, Wuchang 
City, on Acer sp., 29 Oct. 1954, B.N. Jiang (HMAS36454); Hubei 
Province, Xiangfan City, on Acer wilsonii , 15 Oct. 1978, R.Y. Zheng 
& Y.Q. Lai (HMAS38798). USA , Boston, on Acer pycnanthum , 21 
Sep. 2021, M. Bradshaw (FH00941219, ITS rDNA GenBank No.: 
OR166378); New Hampshire, on Acer rubrum, Sep. 1908, W.G. 
Farlow (HMAS43691); New York, on Acer spicatum , 12 Oct. 1968, 
C.T. Rogerson & S.J. Smith (FH01122036, ITS rDNA GenBank No.: 
OR166377); Washington, on Acer sp., 15 Dec. 1910, J.B. Norton 
(HMAS67081).

Host range and distribution (Braun & Cook 2012): On Acer 
(dasycarpum , glabrum, nigrum, pensylvanicum , pycnanthum , 
rubrum, saccharinum , saccharum , spicatum , wilsonii ), Sapindaceae ; 
Asia (China), North America (Canada [Manitoba, Ontario, Quebec], 
USA [east and central states; New York, New Hampshire to 
Alabama, Texas, Michigan, Missouri, Indiana]).

Fig. 20. Sawadaea tulasnei (HMJAU-PM92151). A. Symptoms on an adaxial leaf surface. B. Symptoms on an abaxial leaf surface. C. Close-up of mycelial 
colonies with chasmothecia. D, E. Chasmothecia. F.  Peridium cells. G–I. Appendages. J–M. Asci. N, O. Ascospores. Scale bars: D, E = 50 μm; F–M = 20 μm; 
N, O = 10 μm.
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Notes: Cooke & Peck (1872) described Uncinula circinata , based 
on a North American collection on Acer spicatum , and compared 
the new species  with U. bicornis . Braun & Takamatsu (2000) 

reallocated U. circinata  to Erysiphe . Shi & Mmbaga (2006) (Li et 
al. 2006) obtained an ITS sequence from the maple powdery 
mildew in the greenhouse of the Tennessee State University, and 

found that it cluste red in basal position as sister to Sawadaea  in a 
neighbour-joining tree (NJ). They emphasized that the apices of the 

appendages of t his American maple powdery mildew are circinate 

but unbranched, and speculated that the appendages might not be 

fully developed. However, based on the examination of numerous 

samples of U. circinata , Braun & Cook (2012) discerned that fully 

developed mature appendages of U. circinata  remain unbranched, 

and Braun & Shi (in Braun & Cook 2012) introduced the new genus 

Takamatsuella for this species and allocated U. circinata  to this 
genus.

According to Zheng & Yu (1987), Uncinula circinata  collected 

in China was morphologically very similar to North American T. 
circinata specime ns, except for nodulose swellings observed 
in a Chinese sample. However, the Chinese specimen of U. 
circinata  (on Acer wilsonii , HMAS37698) was not available  for 
our examinations  as it has been lost. Fortunately, we examined 

two newly collec ted Chinese specimens on Acer wilsonii . The 
morphological characteristics of these two Chinese specimens 

are in accordance with T. circinata . But in our own morphological 

examinations, the occurrence of nodulose appendages could 

not be observed. Unfortunately, we failed to obtain sequences of 

these two Chinese specimens after many attempts. However, we 

T. circinata  in China on morphology. 

specimen collections and phylogene tic study. In addition, Bai (2015) 

found a powdery mildew species on Acer griseum  in Shaanxi, China 
that was morphologically similar to U. circinata , and the appendages 

were also not nodulose. A conducte d NJ analysis based on the 28S 

rDNA showed that this collection was situated in the Uncinula  lineage 
(clade) within Erysiphe , so that Bai (2015) tentatively treated this 
species as E. circinata . Regrettably, the collection concerned is not 
preserved and cannot be proven. Therefore, the Chinese powdery 

mildew record on A. griseum 

DISCUSSION

Sawadaea, this 
genus encompassed only a few species, including S. bicornis , S. 
negundinis and S. tulasnei . Later, S. aesculi which was recently 
recorded from India (Rana et al. 2023), S. bomiensis , 

(Zheng & Chen 1980), and S. kovaliana (Heluta 1990) 

Fig. 21.  Takamatsuella circinata  (HMAS43691). A. Symptoms on adaxial leaf surface. B. Symptoms on abaxial leaf surface. C, D. Close-up of mycelial 
colonies and chasmothecia. E, F. Hyphal appressoria. G–I.  Conidiophores. J–M.  Conidia. N. Chasmothecium. O.  Peridium cells. P–R. Appendages. S–V. Asci. 
W, X.
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were introduced to this genus. In phylogenetic analyses, Takamatsu  
et al. (2008) demonstrated that Uncinula nankinensis  pertains 
to Sawadaea, and Shin & Park (2011) reallocated Uncinula 
koelreuteriae to Sawadaea. However, in the present analyses, it 
became evident that Sawadaea exhibits a much higher diversity 
at the species level, which is apparent in the new species clades 
detected (Figs 1, 3). Newly retrieved ex-holotype sequences from 
S. bifida and S. kovaliana clarified the two names and allowed us 
to apply them to two corresponding species clades. For some other 
clades, new speci es are introduced , including S. acerina, S. aceris-
arguti, and S. taii. 
Differences of nucleotide sequenc es in the ITS1 region play 

an important role in the reflection of the phylogenetic relationships 
between species of Sawadaea and Takamatsuella . The 26 bp 
deletion between sites 64 and 89 of the ITS1 region supports the 
treatment of Takamatsuella  as an independent genus (Fig. 2) and 
as the sister group to Sawadaea. Takamatsuella  circinata is the 
only species in the genus, and confirmed from China based on 
morphological examinations, although phylogenetic confirmation is 
still pending. 

Sawadaea is a tree-infecting powdery mildew and is limited to 
few host genera. In previous studies, its host plants were found 
to mainly belong to Acer spp., except for S. koelreuteriae  on 
Koelreuteria and S. aesculi  on Aesculus . Interestingly, we found a 
new species S. taii, and its hosts include both Acer (Sapindaceae ) 
and Liquidambar  (Hamamelidaceae ). This possible infection on 
an unrelated host family had also occurred in Erysiphe necator, 
a powdery mildew parasitic on Vitaceae, once found on Carica 
papaya (Caricaceae) (Braun et al. 2017). How it expands its host 
range to another order of plants requires further study. 
Based on a combination of morphological data and phylogenetic 

analyses, we speculated that Sawadaea tends to exhibit very narrow 
host ranges and is usually limited to the genus Acer. They may have 
gone through two host range expans ions during evolution from Acer 
to Koelreuteria, Aesculus  and Liquidambar  and their appendages 
on chasmothecia may have undergone changes during the host 
expansion, viz., species with unbranched appendages forming 
loosely to tightly uncinate-circinate  apices on Acer buergerianum  
(S. nankinensis ), species with generally simple, seldom forked 
appendages on Koelreuteria puniculata (S. koelreuteriae ), and 
species with mixtures of simple and branched appendages with 
apices tightly uncinate to circinate (-subhelicoid) on Aesculus 
chinensis  (S. aesculi ), and the species with dichotomously or 
trichotomously branched and deeply cleft appendages on Acer spp. 
(S. polyfida , S. negundinis , S. bifida and other species) (Fig. 3). 
Most of the species of Sawadaea are distributed in East Asia except 
for S. bicornis , S. polyfida  and S. tulasnei , of which S. tulasnei  is 
only found in Europe.
Further phylogene tic multi-locus analyses of Sawadaea spp. are 

recommended for future studies. In our ITS+28S rDNA analyses, 
several species clades are highly supported, such as S. acerina, 
S. bicornis, S. koelreuteriae, and S. nankinensis , but some other 
clades are not yet sufficiently supported, e.g., the two species S. 
bifida and S. negundinis , which form a strongly supported cluster 
that inclu des less well-supported clades. However, the two species 
are morphologically well discriminat ed, and the host ranges are not 
overlapping, which renders the two species recognizable (Bradshaw 
et al. 2022). For sequenced collecti ons attributed to S. bifida, Acer 
pictum, including subspecies (Acer sect. Platanoidea ), seems to 
be the main host of this species. However, there is another small 
group of separate sequences within the S. bifida + S. negundinis 
cluster (Clade 6) that possibly reflects an additional cryptic species, 

which has previously been assign ed to S. “tulasnei ”, including 
sequences obtained from Sawadaea on Acer crataegifolium and 
A. rufinerve, two species pertaining to Acer sect. Macrantha [one 
additional sequence in this group has been ascribed to Sawadaea 
on A. ginnala (sect. Ginnala ) collected in Japan]. In the latter two 
cases, the identities of the host plants should be checked to confirm 
identifications.
Two further outcomes of the present examinations are also 

interesting and important. Sawadaea tulasnei was found to be largely 
a European speci es, which has been introduced to North America. 
Previous records of this species from East Asia, above all on Asian 
host species, do not belong to this species and proved to represent 
separate Asian species, including S. bifida and the new species S. 
acerina and S. taii. Sawadaea bicornis, a species hypothesized to 
have a European origin (Bradshaw et al. 2021), has a much wider 
host range and distribution. Sequences retrieved from collections of 
this species on diverse hosts are divided into two highly supported 
subclades, one of these is largely confined to Acer campestre (the 
type host of S. bicornis) and A. platanoides , both of which pertain 
to Acer sect. Platanoidea.  The other group is mainly compris ed of 
sequences from A. negundo and A. pseudoplatanus , but also from 
many other Acer spp., suggesting a much wider host range. However, 
there are no morphological differences between collections of the 
two well-supported subclades. The two genetic groups suggest the 
involvement of two biological races that have virulence and host 
range differences. However, they have not evolved clear noticeable 
morphological differences. Such biological races have previously 
often been referred to as ‘forma speciales’. However, the term 
‘forma specialis ’ is not covered and ruled by the Code (ICNafp), i.e., 
there are no binding rules for the introduction of such names and 
as such they do not have types that make such names verifiable. 
‘Forma speciales ’ were usually introduced based on the results of 
local inoculations  experiments. Inoculation experiments often did 
not include details of the experiment causing replications to be 
difficult. As such it is not surprising that results by different authors 
have often been contradictory, difficult to understand, and hard to 
repeat. Cross-inoculation tests with Erysiphe neolycopersici  are a 
case in point. Shin et al. (2019, as Pseudoidium neolycopersici ) 
provided a detailed discussion on this issue. However, the present 
case of biological  races differentiated in virulence and host range 
preferences represents a separate scenario. The results are based 
on sequence analyses of numerous collections on a wide range of 
hosts from a wide range of intercontinental geographical regions. 
The biological races are genetical ly established and clustered in 
well-supported clades/subclades in phylogenetic analyses, which 
render these races objectively verifiable. In addition, the genetic 
differences are found to be accompanied by corresponding 
ecological differences (host preferences). Therefore, the naming in 
such cases warrants the application of an official rank covered by the 
Code. Using a name covered by the Code has the advantage in that 
holotype collections with ex-type sequences as reference sequences 
for phylogenetic-taxonomic purposes are available. We propose 
using the taxonomic rank ‘formae’ for such cases, which follows an 
old tradition often applied in the pre-molecular time, mostly in the 
second half of the 19 th  century and the first half of the 20 th  century, 
when ‘formae’ were often introduced in plant pathogenic fungi for 
collections found on new host genera (Eriksson 1894, de Wildeman 
1910). Jaczewski (1927) was the first author in powdery mildews 
who used the rank ‘formae’ extensively. Nowadays, it is urgently 
recommended to introduce new ‘formae’ for biological races only in 
genetically well-examined cases, based on larger samplings from a 
wider geographical range, and only when the races concerned are 
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by corresponding ecological and/or chemical data. 

There are still unresolved problems in the taxonomy of 

Sawadaea species. The identity  of Sawadaea  on Alectryon 
(Sapindaceae ) in New Zealand, originally publis hed as 

S. negundinis  (Bradshaw et al. 2021), with sequences clustering 

in the  and S. negundinis branch, but somewhat distant 
from the core S. negundinis  clade, remains unresolved and requires 
further research. In the process of constructing the phylogenetic 

trees of Sawadaea and Takamatsuella , we tried to choose different 

outgroups (Parauncinula , Blumeria  and Cystotheca ), with the aim to 

relationship within Sawadaea . The inclusion of three genera as 
outgroups resulted in the placement of S. koelreuteriae  closer to 

the base of the phylogenetic tree. In contrast, S. koelreuteriae  is 
located near the top of the phylogenetic tree with Podosphaera 
tridactyla  s. str. as the outgroup. Tree topologies suggest that S. 
koelreuteriae  evolved later than S. nankinensis  based on analyses 

with Blumeria  and Cystotheca  used as the outgroups, whereas the 

topology of a phylogenetic tree with Parauncinula  as the outgroup 

suggests t hat S. koelreuteriae  evolv ed earlier than S. nankinensis . 

Therefore, the evolutionary relationship of S. koelreuteriae  requires 

further investigation. In our opinion, the topology of the phylogenetic 

trees with Blumeria  and Cystotheca  as outgroups seems to be more 
reasonable, mainly because it is better in line with the corresponding 

evolution of morphological characteristics of the chasmothecial 

appendages of Sawadaea spp.
In general, Sawadaea  in West Asian regions, e.g., Iran and 

Turkey, but also other parts of Asia, are in urgent need of more 

have also shown a h igh species diversity of Sawadaea in East 

Asia, so that additional species can be expected. The discovered 

higher diversity within Sawadaea  on the species level, above all in 

based on sequenc e analyses are urgently recommended. The high 

diversity of closely related Acer  species in East Asia makes host 
Acer  species are 

often hosts of several Sawadaea spp., as evident in the cases of 

A. pictum subsp. mono  and A. truncatum . Acer negundo is another 
case as this North American specie s, which has been introduced in 

many parts of the world, is known to be a host for various Sawadaea 
spp., including S. bicornis f. polyphaga , S. negundinis , and S. 

.
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