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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, poses significant global economic and ecological threats. The pathogenicity spectrum remains unclear due to taxonomic
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. bifidalS. 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
two basal lineages. Phylogenetic positioning confirmed Takamatsuella as a distinct genus sister to Sawadaea, supported by an ITS1 26 bp deletion. Host
specificity analysis revealed narrow host ranges (primarily 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. bifida, S. bomiensis and S. kovaliana) and establishes a molecular framework
for disease management through clarified phylogeny and taxonomy. Our findings provide critical insights into fungal evolution, host-pathogen interactions,
and strategies for mitigating powdery mildew impacts in forest ecosystems.
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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
centre of diversification for 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. (2019) provided a modern classification
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
characteristic, conspicuous symptoms caused by whitish superficial
mycelial patches or films of the sexual morph (Braun & Cook 2012).
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
generic system of powdery mildews in the world containing five
tribes, including 17 sexual morph genera and two asexual morph
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RESULTS

The phylogeny of Sawadaea and Takamatsuella

Seventy-five ITS sequences including the 1TS1-5.8S rDNA-ITS2
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 Bl
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

ITS+28S rDNA
203 sequences
950 characters

TL=294

Cl =0.7857
RI'=0.9726
RC =0.7642

93/97/1

Sawadaea acerina ex Acer saccharinum HMJAU-PM91889 China

Clade 11

Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU 00749 China

Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM91951 China

Sawadaea acerina sp. nov.

Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM91952 China
Sawadaea acerina ex Acer tataricum subsp. ginnala HMJAU-PM92152 China

100/100/1] Sawadaea aceris-arguti ex Acer argutum AB193367 Japan
Sawadaea aceris-arguti ex Acer argutum TUAMH3823 Japan

- /83/0.94]

93/86/1

- 18371

S. aceris-arguti sp. nov. Clade 10

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

Clade 9b

S. bicornis f. bicornis

Clade 9a

S. bicornis f. polyphaga f. nov.

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.



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 %, Bl = 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

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

the ITS1 region. Sawadaea nankinensis (Clade 2), S. koelreuteriae
(Clade 3), S. aesculi (Clade 4), S. negundinis (Clade 6), S. bifida
(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 %, Bl = 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.

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

I Sawadaea bicornis ex Acer tsinglingense KR048114 China

Sawadaea bicornis ex Acer ukurunduense HMJAU-PM91953 England

Sawadaea bicornis ex Acer velutina FH00941964 USA

kovali: ex Acer p

74/83/0.94

< .

kovali: ex Acer tr HMAS13615 China

Sawadaea taii ex Acer barbinerve HMAS24893 China
Sawadaea taii ex Acer sp. HMAS246789 China

taii ex Acer tr tum CFSZ9559 China

Q .

< .

taii ex Acer tr HMJAU 00450 China

< o

taii ex Acer tr HMJAU-PM91878 China
taii ex Liquidambar fori 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

ides FH00941965 USA

i ex Acer pl.
i ex Acer pl.

ides FH00941216 USA

Sawadaea tulasnei ex Acer platanoides EU247884 USA

S i ex Acer pl: HMJAU-PM92145 Canada
S: i ex Acer pl: HMJAU-PM92148 Russia (Europe)
i ex Acer pl. HMJAU-PM92151 Russia (Europe)

Q d.

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

dinis ex Acer pictum subsp. mono HMIJAU 00746 China

dinis ex Acer do HMJAU-PM91880 China

g g

‘| Sawadaea negundinis ex Acer negundo AB193353 Japan

Sawadaea negundinis ex Acer negundo MF179622 Iran

ex Acer do HMJAU 00794 China

g

d: g is ex Acer negundo HMJAU 02207 China
d: g is ex Acer negundo HMJAU 02219 China
is ex Acer lo HMJAU-PM91879 China

87/88/1

«
«

is ex Acer jo HMJAU-PM91881 China

077507,73

d: gundinis ex Acer negundo HMJAU-PM91887 China
d: gundinis ex Acer negundo HMJAU-PM92112 China
d: gundinis ex Acer negundo HMJAU-PM92116 China
d: dinis ex Acer negundo HMJAU-PM92117 China
d: dinis ex Acer negundo HMJAU-PM92118 China

Fig. 1. (Continued)
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Clade 9a
8. bicornis f. polyphaga f. nov.
S. kovaliana

Clade 8
S. taii sp. nov.

Cl
S. tulasnei s. str.
S. bifida

Clade 6
S. negundinis
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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 %, Bl = 1.00).
Sawadaea bicornis and S. polyfida had no deletion between sites
92 and 101.

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

< g e

ex Acer neg

P o T

ex Acer neg

Sawadaea tulasnei ex Acer crataegifolium AB193364 Japan
Sawadaea tulasnei ex Acer rufinerve AB193355 Japan
- Sawadaea tulasnei ex Acer ginnala AB193372 Japan
'I_ 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
'I 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

— S d. liex A I hi var. wilsonii HNJAU-PM91945 China

New Zealand, previously identified as S. negundinis, and isolates
on Acer spp. (A. crataegifolium, A. ginnala, A. platanoides and
A. rufinervis) from Japan, previously assigned to S. fulasnei, 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).

do HMJAU-PM92124 Russia (Europe)

do HMJAU-PM92126 Russia (Europe)
Sawadaea negundinis ex Acer negundo MT621671 Iran

I Sawadaea negundinis ex Acer triflorum HMJAU-PM92114 China
Sawadaea negundinis ex Acer triflorum HMJAU-PM92120 China

_I 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

S. negundinis

Clade 6

<

“tulasnei”

Clade 5

S. polyfida

S. aesculi

100/100/1

<
Sa

100/100/1

Sa

100/100/1 |

= 1change

Fig. 1. (Continued)

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
koelreuteriae ex Koelreuteria paniculata HWJAU-PM91892 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91895 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HMJAU-PM91896 China
Sawadaea koelreuteriae ex Koelreuteria paniculata HWJAU-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
is 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
100/100/1—— Cystotheca wrightii ex Quercus glauca AB000932+AB022355
Cystotheca castanopsidis ex Castanopsis javanica AB743781+AB743783

Clade 3

8. koelreuteriae

Clade 2

S. nankinensis

Takamatsuella circinata CIade

Outgroup
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60 70 80 90 100
Sawadaea acerina (Clade 11) TG AT ATATCA  GGCTGCTCTGGTGGGCCAG CTGCCGG
Sawadaea aceris-arguti (Clade 10) TG AT ATATCA  GGCTCCTCTGGGGGGCCA ACCTGCCGG
Sawadaea kovaliana (Clade 8) TG-AT - ATATCA- - GGCTGCTCTGGTGGGCC TGCCGG
Sawadaea taii (Clade 8) TG-AT - -ATATCA- - GGCTGCTCTGGTGGGCC TGCCGG
Sawadaea tulasnei s. str. (Clade 7) TG-AT--ATATCA--GGCTGCTCTGGCGGGCC TGCCGG
Sawadaea bifida (Clade 6) TG AT ATATCA  GGCTGCTCTGGCGGGCC TGCTGG
Sawadaea negundinis (Clade 6) TG-AT - -ATATCA- - GGCTGCTCTGGCGGGCC TGCTGG
Sawadaea aesculi (Clade 4) TG-AC- ATATCA-  GGCTGCCCTGGTGGGCC TGCCGG
Sawadaea koelreuteriae (Clade 3) TG-AT - -ATATATCCGGCTGCTCCGGTGGGCC TGCCAG
Sawadaea nankinensis (Clade 2) CG-ACTCATATCC--GGTTGCCCTGGCGG-CC TGCCGG

Sawadaea bicornis f. bicornis (Clade 9b) TG AT ATATCA  GGCTACTTTGGCGGGCCAGGCTCGACCTACCGG
Sawadaea bicomis f. polyphaga (Clade 9a) TG - AT - ATTTCA  GGCTACTTTGGCGGGCCGGGCTCGACCTACCGG
Sawadaea polyfida (Clade 5) TG-AT - ATATCA - GGCTGCTCTGGTGGGCCAGGCTCGACCTGCCGG

Takamatsuella circinata (Clade 1) TG-A
Cystotheca wrightii (Outgroup)

Cystotheca castanopsidis (Outgroup)

CC T-GGTG

TCTATCTTCTCATGTTGCTTTGGCGGGCCGGGCCCTGTGCCCTCCCGG
TCTATCTTCTCATGTTGCTTTGGCGGGCCGGGCCTCGTGCCCTCCTGG

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.

—:@
S. bifida :@
s tasnei

—

:

Apices of Appendanges Host Genus Distribution
Clade 11 Sawadaea acerina sp. nov. J Acer Asia (China)
Clade 10 —S. aceris-arguti sp. nov. Acer Asia (Japan)
Clade 9b ==
ade S. bicornis f. bicornis ré’;\@\ ;% Acer Europe, North America (USA)
Clade9a . picornis 1. polyphaga f. nov. Acer Asia (China), Australia, Europe,
New Zealand, North America
(Canada, USA), South America
(Argentina)
/4 \\ Asia (China, Japan; Russia
—S. kovaliana Acer |Asian part, known as Far East])
Clade 8 " )
S. taii sp.nov. ——___ ﬁ% 'ﬁ Acer, Liguidambar | Asia (China)
Clade 7 g fulasneis. str. o g% Acer Europe, North America
(Canada, USA)
% Acer Asia (China, Japan; Russia
[Asian part, known as Far East])
Clade 6 J
S. negundinis :\% Acer Asia (China, Russia)
=
Clade5 . polyfida *—< Z > Acer Asia (China, Japan, South Korea),
~ > Australia, Europe (Austria,
Switzerland), North America (USA)
. aesculi (Claded) — —g Aesculus Asia (China)
Clade3 5. koelreuteriae ] —2 Koelreuteria Asia (China, Korea)
Clade2  S. nankinensis 2 =~ Acer Asia (China, Japan, Korea)
Clade1 — circinata Acer Asia (China), North America
— Outgroup (Cystotheca) N (Canada, USA)

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. aesculli,
S. bifida, S. kovaliana and T. circinata have also been detected and
described for the first time.
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www.studiesinmycology.org

Sawadaea Miyake, Special Bull Agric. Exp. Stat. Formosa 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, Taxonomic manual of the Erysiphales (powdery mildews):
172. 2012.
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Table 1. B

ETAL.

GenBank accession number

Collection locality

Specimen No.

Host

Fungal species®

28S rDNA
0Q866166

ITS
0Q866166

OR166378

OR166377

@ @ & 0nd od ol

A. platanoides

A. platanoides

A. pycnanthum

Takamatsuella circinata

A. rubrum

A. spicatum

A. wilsonii

Acerp

Acerp

A. platanoides

A. tataricum

A. tataricum

i

Type species: Sawadaea aceris (DC.) Miyake (= S. bicornisgV
B

fbawadaca we B

Sawadaea acerinal®

Etymologyfcer,
+ Latin adjectival suffix -ina (belonging to).

sp. nov. B

Typus: China,
Hgertataricumiinnald®.X. Guan
& J. FengholotypeBotypel
BRE

.|

Diagnosis:&8Sawadaea polyfida, &l
L4

i

(]

Mycelium i
i
[ ]

bbhyphae Bosed
thin-walled, 27.0-69.5(-83.0) x 2.5-6.5 um; hyphal appressoria

micro-conidiophores@

59.5 x 4.0-6.5 um, arising from the mother cell centrally or towards
one septum, foot-cells cylindrical, straight, 12.5-29.0 x 4.0-6.0
Mm, basal septum sometimes elevated, 7.0-16.5 ym distant from
|
& micro-conidia b
ovoid, 5.5-9.5(-13.5) x 5.0-7.5(-11.0) pm, length/width ratio
1.0-1.5(-2.5) (av. 1.3), with fibrosin bodies; macro-conidiophores
25.5-79.0 x 5.5-10.5 um, arising from the upper surface of the
mother cells, foot-cells cylindrical, straight, 13.5-36.0 x 5.5-10.5
pm, basal septum sometimes elevated, 3.5-18.5 um distant from
|
# macro-conidiali
heaipenEb
doliiform, fresh conidia 20.5-38.5(-54.5) x 12.5-23.0 pm, length/
width ratio 1.0-4.0 (av. 1.8), with fibrosin bodies; germ tubesh
aiy
#rthotubush
v Fibroidium# Chasmothecia tig
(126.5-)141.5-211.5 pum diam.; peridium cellsg
4.0-19.5 ym diam., arranged =* radially; appendages®
L
i
L J

ranched, (31.5-)63.0-195.5 x 4.5-14.0 ym, 0.2-1.3 (av. 0.8) times
b
ot
L]
fisci
56.0-98.0 x 35.0-53.0 pm, length/width ratio 1.2-2.5 (av. 1.8),
wall up to 4.7 um, short-stalked or almost sessile, (6-)8-spored;
ascospores ellipsoid-ovoid, 12.5-26.5 x 11.0-15.0 um, length/width



Additional materials examined: China, g&@

Rcer tataricumpinnala

2 S. Takamatsu, V.N. Nguyen, J. Feng & W.W. YanBl
PM91886, 28S rDNA GenBank No.: 0Q866185; HMJAU-PM92100);
W cer tataricum ] ginnala,
2 G.X. Guan & J. Fengl

GenBank No.: 0Q875005; HMJAU-PM92099, ITS rDNA GenBank
No.: 0Q866170); Jilin Province, Changchun City, on Acer tataricum

Fig. 4. Sawadaea acerina sp. nov. P.fkcer tataricum p
E.®.p

W L-N.B-QBBI-Z4

R =50 ym; G,H, S-H1 =20 um; D-F, L-Q, [1-K1 = 10 pm;

UK
Bl

TY

TE
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] ginnala,® S.R. Tang, G.X. Guan & J. Feng

@ cer tataricum ]
Oct. 2010, W.T. Jian@@l

Bcer saccharinum

24 Oct. 2018, SR. Tang & L. Liul®

B

B\cer tataricum B

ginnala2

ginnala, 24 Oct. 2018,

ginnalalB.f
G, H.M

A1-H18 NM-K1B




FENG ET AL.

S.R. Tang & L. Liu (HMJAU-PM91888, 28S rDNA GenBank No.:
0Q866186).

Host range and distribution: On 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); (4) by having larger chasmothecia (141-212 um diam., vs
115-185 ymin S. bifida); (5) by having shorter macro-conidiophores
(up to 79 pm vs 150 pum) and shorter foot-cells (21-31 um vs 25-50
um) compared with S. negundinis, but larger macro-conidia and
micro-conidia compared with S. negundinis and S. tulasnei (macro-
conidia 25-55 x 13-21 pym vs 24-30 x 15-19 ym and vs 16-28
% 10-18 pm, micro-conidia 21-31 x 13-23 um vs 6-8 x 5-7 um
and vs 2-11 x 6-9 um). The new species is morphologically similar
to S. polyfida, but it differs in having mainly unbranched or 1-2
times branched chasmothecial appendages and it forms a separate

*',..r_m {
) ACEA
@ | \ ,\".l: ~ —
o (O o7 A
R\

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 Sawadaea polyfida, but
chasmothecia only with 50-100 appendages, fewer asci, 7-13,
and shorter and, above all, narrower ascospores, 17-22 x 9-11
pm (vs 100-250 appendages, 8-38 asci, 12.5-33 x 9.5-19 um
in S. polyfida). Genetically different from all other species within
Sawadaea by forming a well-supported separate species clade.

Fig. 5. Sawadaea aceris-arguti sp. nov. (TNS-F-87577, holotype). A. Chasmothecium. B-D. Appendages. E. Asci. F. Ascospores. Scale bars: A =100 pm;

B-D = 50 um; E, F = 20 pm.

14



Myceliumiim
hyphae BsEB
um wide, hyaline, septate, thin-walled, smooth. Chasmothecia
scattered, depressed globose, (130.0-)140.0-180.0 ym diam,;
peridium cellfgppendages &
i
liifin
i
L]
apices uncinate to circinate, 60.0-120.0 um in length (0.3-0.7 times
W
smooth to rough-walled, main axis 5.0-8.0 ym wide throughout; asci
7-13, saccate, 55.0-77.0 x 32.0-47.0 um, short-stalked or almost

Hihscospores ]
ovoid, 17.0-22.0 x 9.0-11.0 ym, colourless.

Additional materials examined: Japan§

o Acer argutum, 12 Oct. 1986, S. TandaMl
B

@\ cer argutum§b.

Takamatsifi

L _J
0 Acer argutum,@C. Nakashima @

Wcer

argutum . Tanda @
i

B

Host range and distribution: On Acer argutum, Sapindaceaef\

B

Notes: Sawadaea aceris-argutiiw

S. polyfidan

iy

b

»

WS aceris-arguti

#npolyfida ;|
Pawadaecakh

tain

it was not possible to find any trace of asexual morphs, which
§. aceris-argutia

|4

5]

Sawadaea aesculiBcta Microbiol. Sin.
208

Typus: China, BakY

Blesculus chinensis awilsonii,
BN. Yu & Y.S. XingholotypeM

Mycelium tiiiin

] hyphae

sinuous, septate, branched, thin-walled, 24.5-65.5 x 3.0-8.0(-8.5)
um; hyphal appressoria il
micro-conidiophores 20.0-43.0 x 5.0-7.0 um, arising from the

L
cells cylindrical, straight, 7.0-21.5 x 4.5-7.5 ym, basal septum

sometimes elevated, 2.5-11.5 pm from the junction with the mother

Whicro-

conidia variable in shape, ellipsoid-ovoid, 4.5-15.5 x 4.5-11.0 um,

K

210
» TY
- T

www.studiesinmycology.org

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

] macro-conidiophores@

85.5) x 4.5-8.5 um, arising from mother cells, foot-cells cylindrical,
straight, (12.0-)23.5-36.0(-56.0) x 4.5-9.0 pm, basal septum
sometimes elevated, 1.5-12.5 ym from the junction with the mother
] macro-
conidiafi

egiiED

32.0(—48.5) x 10.0-18.0 um, length/width ratio 1.3-3.1(-3.8), with
fibrosin bodies; germ tubesiih

¥

trthotubusgibroidium P

Additional materials examined: Chingj!
W\esculus chinensis

&.Q. Chenlh

@B\esculus chinensis a
f S.R. Tang & J. Feng B8

Chasmothecia

wilsonii 9

Host range and distribution: On Aesculus chinensis, Sapindaceae,

B

NotesBawadaea aesculid

@hesculus chinensis H
wilsonii 5.
aesculighesculus chinensis
»

Gt

pi

#8. aesculi

]

ikt al.

Bt al. B

Sawadaea bicornisll Fac. Agric. Hokkaido Univ.

388

Basionym: Alphitomorpha bicornis WVerh. Ges. Naturf.
Freunde Berlin1®

Synonyms: Erysiphe bicornis Jrysibe]

68om. sanct. Byst. Mycol. 3R
Uncinula bicornisin. Sci. Nat., Bot., Sér. 3, 158
8

Erysiphe aceris Byn. pl. Fl. gall. B

Uncinula aceris Byll. Fung.18
Oidium acerisRlora128
Oidium dodonacae®
Ser.,58

Sp. pl. 4,

Palestine J. Bot., Rehovot

Typus: On Acer campestrelrysiphe aceris

fl. Fr. 732" [lectotype B
epitype gHEBAustria,
BBAcer campestre,

1. Kruse %

|

Mycelium e

i hyphae®
sinuous, septate, branched, thin-walled, 26.5-55.0 x 3.0-8.0 um;
hyphal appressoria§g micro-
conidiophores (23.5-)37.5-71.5(-123.5) x 5.0-9.0 pym, arising from
[

straight, 16.5-42.0(-61.0) x 5.0-8.5 um, basal septum sometimes
elevated, up to 13.5 pm from the junction with the mother cell,
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Wnicro-

conidia variable in shape, ellipsoid-ovoid, 18.0-28.0 x 13.5-19.0
pm, length/width ratio 1.0-1.7 (av. 1.5), with fibrosin bodies; macro-
conidiophores 52.5-88.5(-112.5) x 5.5-8.0 um, arising from mother
cells, foot-cells cylindrical, straight, 18.5-54.5 x 5.5-8.5 um, basal
septum sometimes elevated, to 17.5 um from the junction with the

macro-conidia il

L)
4.0(-65.0) x 10.5-20.0 pm, length/width ratio 1.7-4.1(-5.1) (av.
2.4), with fibrosin bodies; germ tubes terminal, short to moderately
|
farthotubustibroidium ] Chasmothecia
scattered to £ gregarious, 102.0-170.0 ym diam.; peridium cells
irregularly polygonal, 3.0-14.0 ym diam., arranged * radially;

appendages fiia

Etge

sl

Tegth

31.5-137.5 x 45-8.5 ym, 0.2-1.2 times (av. 0.8) as long as the
e

il sci

8-20, -ellipsoid-obovoid, saccate-clavate, 57.0-98.0(-108.0) x
40.0-65.0 um, length/width ratio 1.0-2.0 (av. 1.4), wall up to 4.6
um thick, short-stalked or almost sessile, (6-)8-spored; ascospores
ellipsoid-ovoid, 19.5-28.0 x 11.0-21.0 pm, length/width ratio 1.1-

Subspecific - classification: hophk
Sawadaea bicornis Hsibol

Fig. 6. Sawadaea aesculi B

& D.JE.M

tubes. Scale bars = 10 pm.

AB.E.A

F.E-LM

M-X.M Z.&



subclades that reflect two biological races with different host

genetically established and verifiable, they deserve a formal naming
§ormae speciales L]

tiiiformaed

¥

W

tiormae’

Biormae’ is that it is an official taxonomic

i

. bicornis ,
W bicornisé polyphagalv

WS, bicornis Wiy

subclades with specific host preferences (Fig. 1).

Sawadaea bicornis f. bicorniscer campestre eAcer
platanoidesfcer®latanoidealy

]

Additional materials examined: Russia &

iAcer campestre 3l

] T.S. Bulgakovil

0Q866171); Rostov region, Shakhty, Alexandrovsky Park, on Acer

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

campestre, 41.S. Bulgakov B

rDNA GenBank No.: 0Q866172); Rostov region, Shakhty, Hospital
Blcer campestre, 24 Oct. 2018, T.S. Bulgakov 8l
PM92107, ITS+28S rDNA GenBank No.: 0Q866160).

Sawadaea bicornis f. polyphagaliinov.
|

EtymologyB

Typus: Germanyfi

@Acer pseudoplatanus, 28
holotype W&

|

DiagnosisB
Hrercers
AcerinallablegundofalmataBlatanoidea,
Bubkif

L]

Additional materials examined: Canada, Ontario, Niagara Region,
Bternegunddd.V. llyukhin

J. Kruse

bicornisimn

polyphaga

Fig. 7. Sawadaea bicornis M

B G-LH

WESTERDIK
FUNGALBIO
wwwwwww
INSTITUTE

A, B.ji

J-L.H M-0.

www.studiesinmycology.org

C.W D. @
P, Q. Germ tubes. Scale bars = 10 pm.

E, F.M
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(HMJAU-PM92102, ITS+28S rDNA GenBank No.: 0Q866159).

Russia §ili

B Acer pseudoplatanus,48T.S. Bulgakov
| UK#Acer ukurunduense®. Y.
Lium

0 Acer .Y Livll

GenBank No.. 0Q866189). USA,&Acer heldreichii
ptrautvetteri, 38 M. Bradshaw @

ITS rDNA GenBank No.: OR166375); Boston, on Acer velutina3
f/. Bradshaw®

No.: OR166383); Boston, on Acer §. Bradshaw

(FH00941215, ITS+28S rDNA GenBank No.: OR166382).

Host range and distribution (based on collections confirmed by
) bicornis #\cer ampestre , platanoides)
R
polyphagadcer¢ircinatum , grandidentatum, heldreichii p
trautvetteri, macrophyllum, negundo, pseudoplatanus, saccharinum,
tsinglingense, tataricum g tataricum, ukurunduense)&
L)
B

Host range and distribution of Sawadaea bicornis §

to Braun & Cook 2012): On Acer&mplum g catalpifolium
[E catalpifolium] barbinerve, campestre , cappadocicum B
cappadocicum E laetum]cappadocicum B lobelii [= lobelii]

caudatumcaudatifolium E kawakamiikissifolium heldreichii b
trautvetteri, hyrcanum, ibericum , macrophyllum , mandshuricum ,
miyabei, mono, monspessulanum B

monspessulanum,

Fig. 8. Sawadaea bicornis ASB
B.B EB F-J§

K-04

monspessulanum p turcomanicum furcomanicum] negundo,
obtusatum, oliverianum , opalus, opulifolium E  hispanicum]
pensylvanicum,platanoides pseudoplatanus , pseudosieboldianum,
rubrum, rufinerve, saccharinum , saccharum, stevenii , tataricum
<] tataricum, tataricum b ginnala [= ginnala] tataricum
] semenovii [ semenovii] tegmentosum, trautvetteri,
triflorum, trilobum, truncatum, turkestanicum  [= platanoides f
turkestanicum] ukurunduense, velutinum)  Sapindaceae; &

E

| ]

B

B=h Aesculus hippocastanum,
Alectryon excelsusBodonaea viscosa @

i\ cer monspessulanum

ftal B

Notes: Sawadaea bicornis g

Rtal b

#®. bicornis ]
[

Hitrtih

BwAcer circinatum, A. macrophyllum d

A. grandidentatum, e

Hibphth

#p. bicornis i

subclades. One of them is comprised of sequences obtained from
S. bicornis o Acer campestref\. platanoides;
Bcers Platanoidealj

P-S. Ascospores. Scale bars: D = 50 ym; E-O =20 pym; P-S =10 pm.



)

Wcerpseudoplatanus ,
which might be a misidentification that requires reverification. The

]

@icerit. pseudoplatanus d A
negundo &
Hcercer B8 Acerf. grandidentata ,

A. heldreichii B trautvetteri, A. monspessulanum, A.
pseudoplatanus, A. velutinump Ginnala. tataricump
Lithocarpa. tsinglingense Yacrophylla A. macrophylla )
8  Negundof. negundofPalmata. circinatum ):]
Platanoidea Q. cappadocicum )&Rubra . saccharinum)

These results suggest that the first subclade is confined (or largely
Bcerplatanoidea W

reflects a wide host range within AcerB#

subclades reflect genetically fixed virulence and host preference
Hiepteh

formaely

ditiA cer

campestre i

Sawadaea®\. pseudoplatanuse\. negundo i

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

Wbawadaea [ ]
]
]

contamination or host misidentifications. Future research should

L

$Pawadaean Acerh

f
] A. campestre & bicornis i
i A. pseudoplatanus f. polyphaga &

Wcer campestre a.
pseudoplatanus il

Fig. 9. Sawadaea bifidall.h B.p (oF -7}
E. BG.M H, AL M-PEB
R.B S-Uj V-YA  Z, A1. Ascospores. Scale bars: Q =50 ym; H, I, R-Y =20 ym; D-G, Z, A1 =10 ym; J-P = 5 pym.

WESTERDIK
FUNGALBIO
DIVERSITY
INSTITUTE

www.studiesinmycology.org
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8. bicornis Acercampestre @ A. platanoides,
BcerBlatanoideatn

#orma specialis ) ]

b

-

] formaeh

Bb. bicornis, S. negundinis, &  S. tulasnei
d#S. bicornis o Acer platanoides d  A.
negundo g

&
M. platanoides d
B. bicornis, and these results have been confirmed by

&

Sawadaea bifida®lkrayins’k. Bot. Zhurn. 47@
§

Synonyms: Sawadaea zhengii ¥

A. negundo

Taxonomical study of

Erysiphaceae of Japan@cer monog

holotypel
Sawadaeaph Trans. Mycol. Soc. Japan208
Typus: Russiafif

@Acer pictum p

mono, 1 Oct. 1989, V.P. Helutaholotypefi¥

sequence: OR166385 (ITS+28S rDNA)].

Mycelium g wh

bpp hyphae gbh

branched, thin-walled, 12.0-46.5 x 2.5-6.5 um; hyphal appressoria
] micro-conidiophores#
43.0 x 3.0-7.0 pum, arising from the upper surface of mother cells,
¥

x 3.5-6.5 um, basal septum sometimes elevated to 11.0 um from
||

<] micro-conidia &t

Fig. 10. Sawadaea bomiensisBl Alp

& ER BR-KBRR-Q4

R-VB W, X. Ascospores. Scale bars: E, F, L-V = 20 ym; G-K, W, X =10 pm.



ovoid, 5.0-14.0 x 4.5-12.5 ym, length/width ratio 1.0-1.6; macro-
conidiophores 27.0-52.5 x 7.5-10.5 ym, arising from the upper
surface of mother cells, foot-cells cylindrical, straight, 18.5-34.5 x
4.0-6.5 um, followed by 1-3 shorter cells and catenescent conidia;
macro-conidia il

e

17.0-29.0 x 9.5-18.5 pym, length/width ratio 1.2-1.9. Chasmothecia
L

pm diam.; peridium cells i

oblong, 4.5-23.0 ym diam.; appendages

nodulose, deeply cleft, first branching point in the lower half, often

[ ]

M

chasmothecial diam., 34.0-187.5 x 7.0-11.5 ym, about 0.2-1.2
]

Ysci 8

47.0-96.5 x 33.5-57.5 ym, length/width ratio 1.0-2.4, wall relatively
thick, up to 4.5 pm, almost sessile to short-stalked, (6-)8-spored;
ascospores ellipsoid, 18.5-30.0 x 10.5-15.0 ym, length/width ratio
8

Additional materials examined: China, BX
Rcer pictumpmono, 5 Oct. 1975,
W\ cer pictum

pmono,@&F.Z. Shill

Bcer pictum

YJ. Lu B

@hcer pictum

H. HuangBlussiaji

W\cer

YN. Yu & S.J. Han

pmono®

pmono,17 Oct. 1979,

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

pictum gmono,@/.P. Heluta ®

ITS rDNA GenBank No.: OR166374); Far East, Primorsky Kray,
Mcer pictum nondB P. Heluta

(KW-M-71485, ITS rDNA GenBank No.: OR166373).

Host range and distribution: On Acer pictum fmono,pictum
wissectum Jpictum fmayrii) Sapindacead
R

Notes: Sawadaea bifida ki

Russian Far East, and its host range is confined to Acer pictum
pmono (= A. mono)hsiil

BBl

B5. negundinis n

ity

L

multilocus approach is needed. The micro-conidiophores (30-82 x
6.5-10 pum, vs 21.5-43 x 3—-7 pum) and micro-conidia (16-29 x 13—
23.5 um, vs 5-14 x 4.5-12.5 pym) of S. negundinis are significantly

§5. bifida. Sawadaea bifida seems to be confined to
Acer pictumgiicers Platanoidean
Mcer hipponicumh
Ead
Sawadaea il
tn  Acer pictum gmono,Acer pictum Hlissectum ,d
Acer pictum gmayrii #. nipponicum B
RarvifloraBceriet al. 2019). The host identification
[ ]

misidentification with a species of sect. PlatanoideaB
correct identification, to confirm infections of this species on hosts of
Bcerd

R

Ee vl W N |

%

Fig. 11. Sawadaea koelreuteriac, B. f

B F, G.M-J.M
D-G, O-T = 10 pm; K-N = 5 ym.

WESTERDIK
FUNGALBIO
DIVERSITY
INSTITUTE

www.studiesinmycology.org

K-N.¥
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9
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‘ §
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7] e | '
C. i D, E. §

O-R.M S, T. Germ tubes. Scale bars: H-J = 20 pm;
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Sawadaea bomiensis & cta Microbiol.
Sin.20§

Typus: China, B&BR{B

@\cer caudatum /.M. Shenholotype

|

Mycelitiim

b hyphael

thin-walled, 2.5-5.5 um wide; hyphal appressoriap

] conidia

)18.5-27.0(-33.5) x 11.5-17.5 um, length/width ratio 1.1-1.7(-2.2)
BChasmothecia (05 |

um diam.; peridium cells irregularly polygonal, 4.5-24.5 ym diam.,
#ppendages

 ad

gﬂuw

0.4-0.8 times as long as the chasmothecial diam., 73.5-174.0 x
7.5-14.5 pm, mostly somewhat undulate or almost nodulose, thick-

o

[ ] ascifi

saccate-clavate, 57.0-95.0 x 48.5-60.0 um, length/width ratio 1.1-
s

ascospores ellipsoid-ovoid, (13.0-)17.0-27.0 x 10.5-16.5 pm,

Additional material examined. China i

] Acer 9
B

Host range and distribution: On Acer caudatum, Sapindaceaet

B
Notes: B8l

o Acer caudatum g

M. Zang

Sawadaea bomiensis

w!‘!‘!g!§

Sawadaea koelreuteriae (JR.

Microbiol. 49§

Basionym: Uncinula koelreuteriae

9

Synonyms: Erysiphe koelreuteriae Bull. Chin.
Bot. Soc.28

Typhulochaeta koelreuteriae §Bull. Torrey Bot.
Club.738

Bot. Mag. Tokyo 27:

Fig. 12. Sawadaea koelreuteriacll.f.fh
b.IE, FB.B-K§
Scale bars: E, F =50 pm; G-P = 20 ym; Q, R =10 pm.



Typus: Chinalfoelreuteria B
) S.X. Wei & L. Guopeotype §

BlotypeH

Mycelium iy

] hyphaetpn

sinuous, 5.0-6.0 um wide; hyphal appressoria
gamicro-conidiophores 73]

44,0-76.0 x 7.5-9.0 um, foot-cells 19.5-49.5 x 6.0-8.5 um; micro-
conidia broad ellipsoid-ovoid, 18.5-28.5 x 13.0-18.0 um, length/
tifinacro-conidiophores 83.0-139.5 x 7.5-11.0

um, arising from the mother cell, centrally or towards one septum,
foot-cells cylindrical, straight, 43.5-97.5 x 7.0-9.0 um, followed
ity macro-conidia
Bhp4ibkh

limoniform, fresh conidia 34.5-49.5 x 10.0-16.0 um, length/width
ratio 2.5-4.1, with fibrosin bodies; germ tubes

L

firthotubusfibroidiump

Chasmothecia scattered, 135.5-209.0 um diam.; peridium cells
irregularly polygonal, 8.0-18.5 um diam.; appendages@®

b

to seldom forked, often curved, 26.0-54.5 um, 0.1-0.3 times as
]

»

[ ] ascig
clavate-saccate, 56.0-89.5 x 31.0-53.0 pm, sessile or short-

Hhscospores i
16.5-23.0 x 13.0-16.5 pm, length/width ratio 1.2-1.4, colourless.

Fig. 13. Sawadaea kovaliana ApOs
Ep F, G.M
B M-P§ Q-Ua

www.studiesinmycology.org

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

Additional materials examined: China,f#

oelreuteria paniculata . Feng, L. Liu &

R.J. Jiang W

0 Koelreuteria paniculata, 21 Oct. 2018, S.R. Tang & L. Liu
(HMJAU-PM91891, ITS rDNA GenBank No.. 0Q866179); Hubei
WKoelreuteria paniculata A

S.R. Tang & L. Liui®

il oelreuteria

paniculata®S.R. Tang & L. Liull

ITS rDNA GenBank No.: 0Q866180; HMJAU-PM91897, ITS rDNA
GenBank No.: 0Q866182, 28S rDNA GenBank No.: 0Q866187;
BRI

@iKoelreuteria paniculata 3
Oct. 2018, S.R. Tang & L. Liul

BV
Koelreuteria paniculata, 27 Oct. 2018, S.R. Tang & L. LiuBl

g

@ Koelreuteria paniculata g

J. Feng IR

Koelreuteria paniculataP.R. Tang & L. Liufl

L

#Koelreuteria paniculata, 2R

S.R. Tang & L. Liui®

Poelreuteria

paniculata®.R. Tang & L. LiuMl

28S rDNA GenBank No.: 0Q866184; HMJAU-PM91898, ITS rDNA
GenBank No.: 0Q866183, 28S rDNA GenBank No.: 0Q866188);
@¥Koelreuteria paniculata 8
B.R Tang & L. Liul

H, LA JH KB L.

V, W. Ascospores. Scale bars: K =50 pm; L-U = 20 pym; D-J, V, W = 10 um.
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»
Koelreuteria paniculataB.R. Tang & L. LiuB

PM91894, ITS rDNA GenBank No.: 0Q866181); Sichuan Province,
Bbelreuteria paniculata R Tang
&L. Liul

Host range and distribution: On Koelreuteria bipinnata ,paniculata
Koelreuteriagbapindaceacl

Notes: This species wasfirst reported by Miyake (1913) and described
a Uncinula koelreuteriaclf

»
© Phyllactinia iigin

(]

&rysiphe&. koelreuteriae [ ]
s

J

[ ]
Wiryphulochaeta ]

) T koelreuteriae. B

i

BbgebD

Byphulochaeta ']

frysiohelt

]

i

b Sawadaea i

Sawadaea which was confirmed by molecular analyses. Liu et al.
B. koelreuteriae ]

.
Vid
Y
iy ik
Fig. 14. Sawadaea nankinensis B A. filiB.
)] D-F. M G.M H-K.Hl

sequences were obtained to confirm that this powdery mildew in
Boelreuterial Sawadaea.

Sawadaea kovaliana H

§

Ukrayins’k. Bot. Zhurn. 4718

Typus: Russiafif

ARrpseudosieboldianum ,

2 Oct. 1989, V.P. Heluta pholotype W
sequence: GenBank No. OQ866167 (ITS+28S rDNA)].

Mycelium epiphyllous, forming distinct patches, confluent; hyphae
o) hyphal cell (16.5-)25.5-44.5 x
3.0-7.5(-9.5) um; hyphal appressoria gh

;] micro-conidiophores 36.0-54.5 x 4.5-7.0 um,
foot-cells straight, cylindrical, 14.0-27.5 x 4.0-6.0 um, basal
septum sometimes elevated, up to 10.5 ym from the junction
tiiilenicro-conidia

ellipsoid-ovoid, 7.5-10.5 x 5.0-8.5 um, length/width ratio 1.1-
9  macro-conidiophores tiiinacro-conidia

ellipsoid, 26.0-36.0 x 15.0-18.5 pm, length/width ratio 1.5-2.0.
Chasmothecia gregarious, semiglobose, 146.0-218.0 um diam.;
peridium cells small, irregularly polygonal, about 4.0-27.5 um diam.;

appendages |tiiin

)
L
bk
(45.0-)98.5-135.5(-171.5) x 3.5-10.5 pm, 0.2-1.0 times as long
(]
i
|
‘ N\
| ! Y
@ |
X L= i Bl e
A 7
/ t
— . RS | ()
‘\
gl &
G &
P/ REE
~ =
gl dk /
‘\ (, \
) K & R fse i

L-S. Macro-conidia. Scale bars = 10 ym.



msci Hh

about 42.0-83 x 30.0-48.5 um, length/width ratio 1.3-2.2, short-
stalked, 5.0-13.5 x 6.5-11.5 ym, wall up to 3.5 um thick, 8-spored;
ascospores fpbiag

11.5-24.0 x 8.0-14.0 pm, length/width ratio (1.0-)1.7-2.5(-2.9),
b

Additional material examined: Chinalg
o Acer truncatum.Y. Zhaoll
GenBank No.: 0Q866168).

Host range and distribution: On Acer pseudosieboldianum
truncatum) Sapindaceae iy

R

Notes: BebgeiEh

b Sawadaea kovaliana i

] Sawadaea kovaliana Bl

@ipSawadaeal

S. taiilb. kovaliana fin
. faii Acer sieboldianump
. kovaliana , Bcer®almataly

5. taii@Platanoidea

ihf. taii 88. kovaliana iy
et

»

B

Fig. 15. Sawadaea nankinensis
-] D,ER
=20 ym; Q,R=10 pm.

WESTERDIK
FUNGALBIO
DIVERSITY
INSTITUTE
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kovaliana. i

#. truncatumMcers

Platanoideal§.

kovaliana @

be re-amplified to determine its accuracy). Braun & Cook (2012)
8 . bicornisno Acer pseudosieboldianum
8 kovaliana . Sawadaea bicornisd

U

. kovaliana ]

(]

Sawadaea nankinensis BIHE8UB
Mycoscience49§

Basionym: Uncinula nankinensigk
China, Bot. Ser.,68

Synonyms: Erysiphe nankinensisi
Schlechtendalia4@

Contr. Biol. Lab. Sci. Soc.

Typus: Chindler buergerianum :
WL Tailectotype §&
Bolectotypel

Myceliumign

b

i

] hyphae straight or somewhat sinuous, 3.0-7.0 pm;
hyphal appressoria pblh
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micro-conidiophores 27.0-59.5 x 5.0-6.5 um, foot-cells straight,
cylindrical, basal septum sometimes elevated, up to 19.5 um from
ik micro-conidia

almost globose, 12.0-21.0 x 10.0-20.0 um, length/width ratio
] macro-conidiophores 90.0-140.0 x 7.0-10.0 um, followed
iiih

tigmacro-conidia @

47.0 x 11.0-18.5 pm, length/width ratio 1.3-3.9. Chasmothecia
hypophyllous, scattered to + gregarious, large, 233.5-319.5 um
diam. (av. 285.5 pm), globose-lenticular, basal part becoming
finally concave; peridium cells i

17.0(-23.5) pm diam.; appendages i

ang

flth

145.0-286.0 x 5.0-12.5 pm, appendages about 0.5-1.0(-1.2)
L

iy

#scid

]

100.0(-116.0) x 31.0-52.0 um, length/width ratio 1.7-3.2 (av. 2.3),
mostly short-stalked, stalk about 7.5-17.5(-24.5) x 6.5-10.5(-12.0)
um, rarely sessile, (2—)5-8-spored; ascospores iy

ovoid, 18.0-27.0 x 11.0-15.5 um, length/width ratio 1.2-2.0(-2.4)
K

Additional materials examined:. China, Bgél

B\cer buergerianum, 21 Oct. 2019, D.N. Jin & X.Y. Wang
i

HBMcer buergerianum

] D.N. Jin & X.Y. Wangll
0Q866173); Jiangsu Province, Nanjing City, on Acer buergerianum,
29 Oct. 1954, R.Y. Zheng

Bcer buergerianum®®.L.

Livggl

, 24 Oct.

Host range and distribution: On Acer buergerianum, Sapindaceae,

B

Notes: This species was firstly reported as Uncinula nankinensis

]

b

diifSawadaea o

not mentioned. Only the macro-conidia were described, with germ

litiigorthotubus

Fibroidium E

n

Wcer sinopurpurascens

8

Erysiphe,dgncinula s

frysiphelin

E. nankinensist

o Acer buergerianum il

sequences for the first time. Phylogenetic trees were constructed

dtdiefiib

Sawadaea Bawadaea

nankinensis. Moreover, Zheng & Yu (1987) did not find any conidia

el

el

i

.

in size than previously reported, viz., 233.5-319.5 pm. Zheng
et al. il

et al. ip

(o]

n

imcer buergerianum il
B

§

Sawadaea negundinis BJ. Fac. Agric., Hokkaido Imp.
Univ., Sapporo38§

Synonyms: Uncinula negundinis @t al.,

Fungus diseases on cultivated plants of Jilin Province®
Sawadaea bicornisp

Typus: JapanBcer negundo, 21 Oct. 1922, Y.
HommaholotypeB

Mycelium tiigin

)

P hyphdjis

3.5-5.0 um wide; hyphal appressoria g}

H micro-conidiophores 22.5-48.5 x 4.5-7.5 um, foot-
cells 17.0-32.5 x 4.5-7.5 um, followed by 1-3 shorter cells , basal
septum elevated, 4.5-11.0 ym from the junction with the mother
B micro-conidia ellipsoid-ovoid, 7.0-12.5(-17.5) x 5.0-10.0(-
13.0) pm, length/width ratio 1.1-2.0, with fibrosin bodies; macro-
conidiophores 30.5-86.0 x 6.0-10.5 um, arising from the middle or
L]

x 6.0-10.5 pm, followed by 1-3(-4) shorter cells and catenescent
d macro-conidially

i

18.5-31.0 x 11.0-23. 5 um, length/width ratio 1.1-1.8(-2.9), with
fibrosin bodies; germ tubesiih

long, about 10.0-67.5 x 2.5-6.0 um, orthotubus v
FibroidiumpChasmothecia 3

247.5 um diam.; peridium cellsg

5.0-21.0 ym diam.; appendages &

i

R

deeply cleft, first branching point near the middle of the stalk,

60.5-114.5 x 4.0-13.0 um, appendages about 0.4-1 times as long
b

Higgasci @

ovoid, subglobose or irregular, 66.0-82.0 x 30.5-33.0 um, length/
width ratio 2.1-2.6, sessile or short-stalked, 5.5-12.5 x 4.5-9.0 ym
fiscospores &

almost globose, subcylindrical or irregular, 18.0-20.5 x 10.5-13.5
pm, length/width ratio 1.3-1.8, colourless.

Additional materials examined: China, §&

flicer negundo®.Y. Liu & F.Y. Zhao

(HMJAU 02219, ITS rDNA GenBank No.: OR711904, 28S rDNA
L

Acer negundof Liufl

L

Acer negundo®. Y. Zhao, J.N. Li & J.S. LuBl

B cer negundoJEY. Zhao,

V.N. Nguyen, J.N. Li & J.S. LUl
R

#llcer negundo@

G.X. Guan & L. Zhaoll

i \cer triflorum,

B L.L. Yangl

S.Y. Liu, S. Takamatsu,



OR708548, 28S rDNA GenBank No.: MT462443); Jilin Province,
BAcer pictum ] mono, 24 Oct. 2010, W.T
Jiang (HMJAU 00746, ITS rDNA GenBank No.: OR711903, 28S

|
o Acer negundo@b.Y. Liu & G.X. GuanB

m

BAcer negundo,ABG.X. Guan

BER

@\cer negundo 2

G.X. Guan & J. Fengll

0Q866174); Jilin Province, Changchun City, on Acer negundo,
fa G.X. Guan & J. Feng@l

rDNA GenBank No.: 0Q866162); Jilin Province, Changchun City,
o Acer nequndob.X. Guan & J. Feng8l

PM92117, ITS rDNA GenBank No.: 0Q866175); Jilin Province,
@\cer negundo® G.X. Guan &
J. Feng (HMJAU-PM92118, ITS rDNA GenBank No.: 0Q866176);
\cer triflorum @

G.X. Guan & J. Fengl

0Q866177); Jilin Province, Gongzhuling City, on Acer negundo, PK.
Qifficer triflorum, 4 Oct.

fA S.Y. Liu, S. Takamatsu, PL. Qiu & J. Fenglll

ECCI =i Rl

PHYLOGENY AND TAXONOMY OF ACER POWDERY MILDEWS

ITS+28S rDNA GenBank No.: 0Q866161); Jilin Province, Yanbian
P cer negundo, 13 Oct. 2011, W.T. JiangQl
ITS rDNA GenBank No.: OR708549, 28S rDNA GenBank No.:

] Russidg
cer negundo, 28 Oct. 2018, T.S. Bulgakov
RN

HMJAU-PM92126, ITS+28S rDNA GenBank No.: 0Q866163).

Host range and distribution: On Acer fiegundo, pictum b
monofriflorumBapindaceae R

Notes#iisawadaead\cer negundo

2534 Sawadaea bicornis, S. negundinis,
d S tulasnei. Acer negundo wia

6 S. bicornisg. negundinis#n

b S. bicornis, fEHbawadaea

negundinis Hiiii

et al. Pt al. B

@\cer negundo e

& bicornidgh

S. bicornis®

#. negundo were identified as
S. negundinisgh

" 2

gl b L e

(et
Fig. 16. Sawadaea negundinisligh (0 1)
D.p.F G H, L.4-L.M M-0.8 B.
B R-T4 U-WA X, Y.Ascospores. Scale bars: P =50 ym; F, G, Q-W =20 ym; D, E, J-O, X, Y =10 um; H, | =5 ym.
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Btal

found significant differences between chasmothecial appendages of
S. negundinis d  S. bicornis®. negundinis

»

. bicornis diia

8. bicornis d
S. negundinis

b A negundo§ bicornis
S

B

polyphaga n

Sawadaea polyfida @&\cta

Microbiol. Sin.20§

Basionymtncinula polyfida Banking J. 118
Synonym: Sawadaea polyfida gaponica (B
Mycotaxon22§

Fig. 17. Sawadaea polyfida [, C.§

] D, E.j F, G.M H, .M
B RB-U4 V-Z&
=5um.

Typus: Chinacer amplum
B catalpifolium (= A. catalpifoliunflectotype
¥

Mycelium oz

Weckith hyphae
straight to sinuous, septate, branched, thin-walled, 3.0-5.0 um,
beighyphal appressoria ]

tijimnicro-

conidiophores 26.0-39.0 x 5.0-7.5 um, arising from the upper
i

e
x 5.0-7.0 um, basal septum sometimes elevated, followed by 1-2
Hat#nicro-conidia )

shape, ellipsoid-ovoid, 7.5-9.5 x 6.0-9.0 um, length/width ratio 1.1-
1.3, (av. 1.2), with fibrosin bodies; macro-conidiophores8

J-L.M M-0. ¥ P.@®.

A1, B1. Ascospores. Scale bars: Q = 50 ym; R-Z =20 pm; DI, M-P, A1, B1 =10 pm; J-L



x 5.5-9.0 um, arising from the mother cell, foot-cells cylindrical,
straight, 16.0-30.5 x 5.0-8.5 pum, followed by 1-2 shorter cells and
i macro-
conidiallin

.

x 11.5-15.5 pym, length/width ratio 1.5-2.0 (av. 1.7), with fibrosin
] germ tubes ki)

)

farthotubustibroidium p Chasmothecia
scattered to * gregarious, 129.5-276.5 um diam.; peridium cells
irregularly polygonal, 4.0-24.5 ym diam., arranged * radially;
appendage i

b

L

i

W

apex, apices uncinate to circinate, 28.0-162.5 x 3.5-8.5(-12.5)
pum, 0.2-0.9 times as long as the chasmothecial diam., thick-
L]

asci 8-38, ellipsoid-obovoid, saccate-clavate, (41.0-)70.0-110.0 x
(20.0-)46.5-61.5 pum, length/width ratio 1.1-2.3 (av. 1.8), wall thick,
1.8-4.0 um, almost sessile or with a stalk, 8.5-36.0 x 9.0-17.0 um,
B ascospores ellipsoid-ovoid, 12.5-33.0 x 9.5-19.0
pm, length/width ratio 1.1-2.2 (av. 1.7), colourless.

Additional materials examined: Chinay
@\ cer palmatum3B.R. Tang & L.
Livggm
$\cer palmatum B
dissectum®.R. Tang & L. Liul
[
Bcer palmatum@ Y.
Zhang & D.N. Jiijl
Beer palmatum@l
S.R. Tang & L. Liup
{BAcer palmatum, Gl
2 Z.Y. Zhang & D.N. Jin@
¥cer palmatum@l
ZY. Zhang & D.N. Jirll
No.: OR863613); Jilin Province, Wangging, on Acer @
) Y.C. Yang et al. |8l
Wer palmatumy
Oct. 2020, Z.Y. Zhang & D.N. JiM
GenBank No.: OR701408); Jiangsu Province, Suzhou City, Qiantang
#cer palmatum, 9 Oct. 2020, Z.Y. Zhang & D.N. Jin
(HMJAU-PM92138, ITS+28S rDNA GenBank No.: OR701409);
Wcer palmatum;y
&Y Zhang & X.Y. WangM
Mer palmatun@R. Tang

&L Lijm
4 Acer amplum g catalpifolium@ F.
Tao (HMAS13624, 28S rDNA GenBank No.: OQ874975); Yunnan
L ]
Rcer palmaturMlY. Zhang & D.N. Jirll
e

palmatum, 13 Oct. 2020, Z.Y. Zhang & D.N. Jinfll

ITS+28S rDNA GenBank No.: OR701411). USAB\cer
palmatum,@M. Bradshaw 1B

rDNA GenBank No.: OR166384); Boston, on Acer palmatum,2
f/. Bradshaw@i

OR166379); Boston, on Acer circinatunfil. Bradshaw
(FH00941966, ITS rDNA GenBank No.: OR166376).

K
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Host range and distribution: On Acer @émplumpatalpifolium

= catalpifolium] japonicum, micranthum, negundo, palmatum
] palmatum, palmatum pamoenum [= amoenum}
palmatum pmatsumurae [E amoenum wmatsumurae ]

pseudosieboldianumE takesimense] shirasawanum, sieboldianum,

stachyophyllum E tetramerum) tschonoskii &  australe [=
australe] tenuifolium) Sapindaceae &8

K

B

Notes:@ncinula polyfida iy

Bef\cer amplump

catalpifolium ds cer g

. palmatumepalmatum @natsumurae

i

gaponica  @. palmatumpmatsumurae (= A. palmatum

B matsumurae)giiim

(100-)150-200 pm diam. However, owing to the strong variability of
. polyfida B

the Chinese type and Japanese collections is difficult. Hence, Braun
k. polyfida

Sawadaea polyfida difh

. polyfida )

Bcer®almatal. circinatum A. japonicum,
A. palmatum tBA. pseudosieboldianum , A
shirasawanum, A. sieboldianum,éA. tenuifolium JRAcer

(] Palmatiim

8 polyfida

o Acer circinatd§l

A. circinata WiiPalmata i

Asia. On the other hand, there are some sequences retrieved from
S. polyfidan Acelp

A.amplum b catalpifolium & Platanoidea) A. micranthum
d A.tschonoskiim australeBlicrantha ) A.negundo &
Negundad. stachyophyllum &  Arguta) Sawadaea polyfida
o A. pseudosieboldianum¢ A. takesimensejin

BtalBtallh

introduction of this species in Europe (Switzerland). Other records
e

. polyfidailih

W. amplum b catalpifoliumi

] B S polyfidakt al. B

B

would be useful for a further clarification of the phylogeny and
]
M platanoides B
B polyfida v

o
are not enough for further attempts. So we tentatively identified it as
S. polyfida. Further study is needed to confirm if S. polyfidaa
8. platanoides

Sawadaea taii ¥88sp. nov. ]
L]

Etymology filin
L

Typus: China, byl
Wicer truncatum®.Y. Liu, S. Takamatsu,

G.X. Guan & L. Zhao holotype Msotype
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Diagnosis¥#b. bomiensis B
h
[ ]

Mycelium i

diighyphae §p

septate, branched, thin-walled, 17.0-34.5 x 1.5-6.5 pm; hyphal
appressoria i

micro-conidiophores 34.0-43.0 x 4.0-5.5 um,

»

a septum, foot-cells cylindrical, straight, 15.5-31.5 x 4.0-5.5 pym,
basal septum sometimes elevated, to 9.5 um away from the junction

d micro-conidia il

5.0-12.0 x 4.0-9.0 pym, length/width ratio 1.0-1.9 (av. > 1), with
fibrosin bodies; macro-conidiophores 38.0-50.5 x 5.5-8.0 um,
L]

a septum, foot-cells cylindrical, straight, 21.5-39.0 x 5.5-8.0 um,
Hftacro-

conidia variable in shape, ellipsoid-ovoid, 15.0-28.0 x 11.0-15.5
pm, length/width ratio 1.1-1.9 (av. > 1.5), with fibrosin bodies;
germ tubes tiilib

@thotubus

wFibroidium pChasmothecia et

gregarious, (115.0-)142.5-185.0(-226.0) um diam.; peridium
cells irregularly polygonal, 4.5-17.5 pm diam., arranged *
| appendagesfa

h

Fig. 18. Sawadaea taii sp. nov.l AB.E.D.
[ E, F.p
] Q,RBE SB TR U-X8

pm; E-R, D1 =10 pm.

G, HM 1, J.M K, LMl M-P.

Y-C18 D1. Ascospores. Scale bars: S = 100 pm; T-C1 =20



EF

70.0-167.5(-225.0) x 4.0-14.0 pm, 0.4-1.3 times (av. 0.8) as

5

ascifl

x 47.5-68.0 pm, length/width ratio 1.2-1.7 (av. 1.4), wall thick, 1.5-
7.0 um, short-stalked or almost sessile, stalk length up to 7.0 um,
ascospores ellipsoid-ovoid, 16.0-23.5 x 12.5-15.5
pm, length/width ratio 1.1-1.8 (av. 1.4), colourless.

e ]

Additional materials examined: China

{ERDBERD
Liquidambar formosana, 21 Oct. 2018, S.R. Tang & L. Liu
BRI

L
o Acer truncatum@.Z. LiuB

rDNA GenBank No.: 0Q866158); Jilin Province, Changchun City,
Mcer truncatum@.L.

Yang Il

WB\cer truncatum, 2 Oct. 2018, S.
Takamatsu, S.Y. Liu, PL. Qiu & J. Fengll

Py

a Q.M. Wang BBl

OR841072); Yunnan Province, Weixi Lisu Autonomous County, on
Acer barbinerve®.J. Hanl

GenBank No.: 0Q866169).

Host range and distribution: On Acer barbinerve, truncatum)
Sapindaceae @Liquidambar formosana, Hamamelidaceae,

B
Notes: AsbSawadaea nekigh

Hamamelidaceae is reported in this study for the first time.
Sawadaea taiillh

tigty

6 S. bomiensisi

&. bomiensis |
#b. acerina o

ginnala, g

R

i

M tataricum B
iein

]

further attempts. So we tentatively identified them as S. taii. &
study is needed to confirm if S. taiié.tataricum.

Sawadaea taiis
Acer tataricum b

Sawadaea tulasnei B Fac. Agric. Hokkaido Univ.

35k

Basionymincinula tulasnei & Fungi Rhen. Exs.B
Synonyms: U. aceris dulasnei B Mem.
Torrey Bot. Club98

U. bicomistulasnei ~ lljycologia 448
9

Erysiphe variumBcleromyc. Suec.fh

]

Typus: Germany,Acer platanoides, 8

L

@Fungi Rhen. Exs., Suppl., Fasc. Ill,

tifectotype HEA

K
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g isolectotypesk
fpitype g
] Germany, BHEd

BRER
J. Kruse

Myceliumgh

Weckith hyphae
straight to sinuous, septate, branched, thin-walled, 12.5-45.5 x
2.0-6.5 um; hyphal appressoria i

B micro-conidiophores

24.0-53.0 x 4.5-7.0 pm, arising from the mother cell, centrally or

Fungi Rhen. Exs., Suppl.§

x 4.0-7.5 pym, basal septum sometimes elevated, to 9 pm from
»

g micro-conidiall

ovoid, 6.5-14.0 x 4.0-9.0 pym, length/width ratio 1.0-2.3 (av. 1.4),
with fibrosin bodies; macro-conidiophores 27.0-96.0(-141.0) x
5.0-9.5(-11.0) pm, arising from the mother cell centrally or not
centrally, foot-cells cylindrical, straight, 13.0-51.0 x 5.0-10.0 um,
basal septum sometimes elevated, to 15 um from the junction
hibistpBbbe

t#nacro-conidia btH

ovoid, 14.0-49.5(-59.5) x 10.5-17.5(-26.0) um, length/width
ratio 1.0-4.1 (av. 1.7), with fibrosin bodies; germ tubes terminal,
#rthotubusiibroidium

p Chasmothecia scattered to + gregarious, 170.0-234.5 um
diam. (av. > 200 pm); peridium cells i

18.5(-25.5) um diam., arranged * radially; appendages b
i

h

]

% 5.5-11.0 pm, 0.3-1.5 times (av. 0.7) as long as the chasmothecial
difip

fscig

105.5 x (27.5-)40.0-69.0 pm, length/width ratio 1.3-3.0 (av. 1.7),
wall thick, to 5.6 um, short-stalked or almost sessile, stalked length
up to 14.6 um, 8-spored; ascospores ellipsoid-ovoid, 18.5-30.0 x
14.0-18.5 pm, length/width ratio 1.2-2.0 (av. 1.6), colourless.

Additional materials examined: Canada, Ontario, Niagara Region,

Beer platanoides B.V. llyukhin A
PM92145, 1TS+28S rDNA GenBank No.: 0Q866165); Ontario,
W cer platanoides 3
BE.V. llyukhin (HMJAU-PM92146); Ontario, Niagara
Wcer platanoides V.

llyukhin (HMJAU-PM92147, 28S rDNA GenBank No.: 0Q866193).
Russiifii

Acer platanoides,@.S. Bulgakov Bl

PM92148, ITS rDNA GenBank No.: OQ866178); Rostov region,
@\ cer platanoides A

] T.S. Bulgakov i

#®\cer platanoides, 24 Oct. 2018,
sy

Acer platanoidesf.S. Bulgakovll
ITS+28S rDNA GenBank No.: 0Q866166). USAg\cer
platanoides®. Pfisterll

GenBank No.: OR166381); Boston, on Acer platanoides,p
a M. Bradshaw fll

OR166380).

T.S. Bulgakov
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Host range and distribution (phylogenetically proven hosts): On
Acer platanoides , macrophyllum, tataricum)§

Notes: Sawadaea tulasnei miAcer
platanoides®
® tulasneiis largely confined
g
Bt al. @kt
al. Jitih
S. tulasnei ¥\. macrophyllum Acertéfacrophylla )
M. tataricumiGinnala ):]
ihiilipe! al.
. tulasnei is not strictly confined
b A. platanoides & Platanoidea)iia
HiEkH S. tulasnei
0 Acer trataegifolium , japonicum , macrophyllum , miyabei,
monspessulanum g cinerascens [= cinerascens] palmatum,
A. pictum b mayrii [= mayrii] A. pictum B mono [= mono)
platanoides, stevenii,tataricum p tataricum, tataricum p
ginnala [= ginnala] truncatum,ukurunduense &

L)
i

A. cappadocicum d  A. monspessulanum gturcomanicum

(2 A. turcomanicumysiet al. S.
tulasnei i

GERE

L

$

]

crataegifolium Sawadaea bifida $A. pictum ]

] mono §. bifida) A. palmataf. tai) A. tataricap
ginnala@. acerina, S. bifida) A. truncatum@. kovaliana , S. taif)
Bawadaeaficer ]

. japonicum d. miyabei [t al.

B. bicornis d S. tulasneid. monspessulanum
from Turkey. The latter record is doubtful and in need of confirmation

A. truncatumilip. tulasnei B

W

Sawadaeah. truncatum§. taii
8. {ulasneilm

i

B

Acer
mayrii

Takamatsuella \@®axonomic
manual of the Erysiphales (powdery mildews)&

J| i K .-
.:‘ /,r—v». \,\
E >_ L — N = N
Fig. 19. Sawadaea tulasnei @ Al

b D,E.§ G.M
bars: DI, N-S =10 ym; J-M =5 ym.

H, L3-M.M

\ 2 X
o /S . 3
= L e a-i h £ 4
B.M C.h
N-Q.M R,S.B



Type species: Takamatsuella circinata
A. Shi (2 Uncinula circinata B

Takamatsuella circinata @

BJaxonomic manual of the Erysiphales (powdery
mildews)§

BasionymUncinula circinata & Bot.108

Synonym: Erysiphe circinatd@

Schlechtendalia4f

Typus: USA,iMcer spicatum ,

B Peck lectotype HEl
isolectotypeK

Mycelium girphg

Beiginyphae

sparingly branched, hyaline, thin-walled, smooth, 2.5-8.0 um
@ehyphal appressoria Hofl

conidiophores 27.0-107.5 x 5.0-8.0 um, arising from mother cells,

20.0-41.0(-56.5) x 5.0-9.5 um, basal septum sometimes elevated,
to 10.5 um from the junction with the mother cell, followed by 1-3

tiibonidia ]
ellipsoid-ovoid, 17.0-29.0 x 9.5-13.5 pm, length/width ratio
¥ hasmothecia i

(148.5-)236.5-298.5(-318.0) um diam., hemispherical to lenticular,
flattened or slightly concave in the lower half with age; peridium cells
inconspicuous, irregularly polygonal, about 3.5-27.5 pym diam,;

| .' _J'&V_

Fig. 20. Sawadaea tulasnei Bl AR
B ER B-14
N, O =10 ym.
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appendages i

below the equator, stiff to flexuous, simple, rarely forked, apices
tightly uncinate to circinate, 31.0-245.0 x 3.0-8.5 um, about 0.2-1.0
&

finsci 8

clavate-saccate, 48.5-100.0 x 20.0-48.0 pm, length/width ratio
(1.6-)2.0-3.4 (av. 2.3), sessile or stalked, stalk 5.0-14.5 x 6.0-11.5
pm, (4-)6-8-spored; ascospores ellipsoid-ovoid, 13.0-26.0 x 11.0-
15.0 pm, length/width ratio 1.1-2.5 (av. 1.6), colourless.

Additional materials examined: China @V

Bcer sp., 29 Oct. 1954, B.N. Jiangll
Bcer wilsonii , 15 Oct. 1978, R.Y. Zheng
& Y.Q. LailSA B\cer pycnanthum 2

f/. Bradshaw
OR166378); New Hampshire, on Acer rubrum@V.G.

FarlowMcer spicatum , 12 Oct. 1968,
C.T Rogerson & S.J. Smittill
OR166377); Washington, on Acer @ J.B. Norton

Host range and distribution (Braun & Cook 2012): On Acer
Gasycarpum , glabrum, nigrum, pensylvanicum, pycnanthum,
rubrum, saccharinum, saccharum, spicatum, wilsonii) Sapindaceae;
Asia (China), North America (Canada [Manitoba, Ontario, Quebec],
Betiifiteh

[

B.@ C.p
J-MB N, O.Ascospores. Scale bars: D, E =50 ym; F-M =20 pm;
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Notesi#i
di#cer spicatum

B, bicornis B

;] U. circinatat&rysiphe fifle

al. BHRfH
iy

Wbawadaean

FEE™

. circinata B

W. circinata
B
Takamatsuella i
8
i@ncinula circinata
i
circinata  pigbsigh

circinata @Acer wilsonii, Bkb

dathah
A\ cer wilsonii. B

Fig. 21. Takamatsuella circinatal
B FE-1.5-MB8

Uncinula circinataf

. th

]

U. circinata th

H

A fiB.fiE, D.

a circinata i
BiaeOGgH

(™)

]

can confirm the distribution of T. circinataigh

The confirmation of molecular sequences in China requires further
)

fcer griseun

# circinata ;]

N

ilkinulag

Yierysiphe i
. circinata®
w

21 A. griseum remains unclear and unconfirmed.

DISCUSSION

Since Homma (1937) updated the classification of Sawadaea, b
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m» S. bifida d  S. kovaliana @
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OB-R4 S-VA

W, X. Ascospores. Scale bars: N = 50 ym; G-I, 0-V = 20 ym; E, F, J-M, W, X = 10 pm.
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