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Research Article

Abstract

Erysiphe sect. Erysiphe, a taxonomically significant group within the genus Erysiphe, is 
distinguished from other Erysiphe sections by its mycelioid chasmothecial appendages. 
While approximately half of the known species in this section occur in China, our prelimi-
nary assessments suggest that a substantial number of cryptic taxa remain undetected. 
To address this knowledge gap, we conducted a comprehensive phylogeographic sur-
vey evaluating 78 specimens collected from 18 provinces (municipalities/autonomous 
regions) across China. Our integrative approach combined morphological characteri-
zation with molecular phylogenetic analyses using five DNA loci: internal transcribed 
spacer (ITS), 28S rDNA, intergenic spacer (IGS), RNA polymerase II subunit 2 (RPB2), 
and β-tubulin (TUB). This study led to the discovery of three newly described species 
(E. clematidis sp. nov. on Clematis spp., E. limoniicola sp. nov. on Limonium spp., and 
E. paeoniae-suffruticosae sp. nov. on Paeonia × suffruticosa and two newly recorded 
species from China (E. malvae on Malva pusilla and E. punicae on Punica granatum). No-
tably, our phylogenetic framework demonstrates that incorporating IGS, RPB2, and TUB 
markers substantially enhances species-level resolution and provides critical insights 
into cryptic speciation within powdery mildews.
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Introduction

Powdery mildews are a phytopathologically important group of obligate 
biotrophic fungi, which cause detrimental plant diseases worldwide on 
more than 10,000 host species of angiosperms (Amano 1986; Braun and 
Cook 2012). There are more than 900 powdery mildews species worldwide, 
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belonging to 19 genera (Braun and Cook 2012; Kiss et al. 2020). Over the past 
twenty years, the taxonomic framework of powdery mildews, particularly the 
definition of the genus Erysiphe, has undergone substantial changes. These 
revisions have been primarily driven by re-examinations of morphological 
traits and advancements in molecular phylogenetic analyses. Braun (1978) 
initially proposed dividing the genus Erysiphe into three sections: sect. Ery-
siphe, sect. Golovinomyces, and sect. Galeopsidis. However, more molecular 
evidence demonstrated that sect. Golovinomyces and sect. Galeopsidis were 
not closely related to sect. Erysiphe (Heluta 1988; Cook et al. 1997; Saenz 
and Taylor 1999). As a result, these two sections were reclassified as inde-
pendent genera, Neoerysiphe and Golovinomyces, respectively (Braun 1999). 
A pivotal consolidation occurred through Braun and Takamatsu’s (2000) 
seminal work, which synonymized Microsphaera, Uncinula, and allied genera 
with Erysiphe. This taxonomic synthesis resolved long-standing controver-
sies regarding chasmothecial appendage morphology, revealing these diag-
nostic characters as phylogenetically non-concordant. Subsequent refine-
ments by Liu and Takamatsu (2006) introduced three morphological (rather 
than phylogenetic) sections: Erysiphe, Microsphaera, and Uncinula. Later, 
Braun and Cook (2012) reclassified Californiomyces and Typhulochaeta as 
additional sections within the genus Erysiphe. This classification was based 
on molecular data and included the previously recognized sections Erysiphe, 
Microsphaera, and Uncinula. Undoubtedly, the five sections of Erysiphe are, 
nevertheless, significant, and the differences in the shape of chasmothecial 
appendages are helpful for identification purposes. In its current classifica-
tion, the genus Erysiphe encompasses more than 50% of the species within 
the family Erysiphaceae. Approximately 450 different species of Erysiphe in 
total, with 117 of them belonging to sect. Erysiphe. Nearly half of these spe-
cies are found in China and are capable of infecting approximately 260 plant 
species (Braun and Cook 2012; Meeboon et al. 2021; Bradshaw et al. 2022a; 
Liu et al. 2022b; Darsaraei et al. 2023; Bradshaw et al. 2024c).

The internal transcribed spacer (ITS1-5.8S-ITS2) region and the 28S rRNA 
gene are standard DNA barcode markers for powdery mildews. Braun and 
Cook (2012) re-evaluated the structure of the family Erysiphaceae based 
on phylogenetic results and provided a worldwide taxonomic survey. Mean-
while, rDNA sequences have been widely used for phylogenetic analyses 
and identification purposes in most genera and species (Takamatsu et al. 
2010; Qiu et al. 2019; Bradshaw et al. 2020a; Kiss et al. 2020; Jin et al. 
2021; Feng et al. 2022; Liu et al. 2022a; Darsaraei et al. 2023), including 
the genus Erysiphe sections Microsphaera and Uncinula (Takamatsu et al. 
2015a, b). However, ITS analyses often lack resolution on species level in 
phylogenetic trees, above all in phylogenetically young lineages of powdery 
mildews with still ongoing speciation processes, such as the E. aquilegiae 
complex (Bradshaw et al. 2020b; Bradshaw et al. 2023c), the E. alphitoides 
complex (Bradshaw et al. 2025), and the E. trifoliorum complex (Bradshaw 
et al. 2020b), which subsequently led to attempts to search for additional 
markers applicable for phylogenetic analyses of powdery mildews. Elling-
ham et al. (2019) successfully tested the applicability of seven genes (actin, 
β-tubulin, calmodulin, Chs, EF1-α, MCM7, and Tsr1) in powdery mildews for 
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discrimination purposes at species level. These were useful for improved 
resolution in critical groups of Erysiphe spp. Qiu et al. (2020) conducted a 
phylogenetic revision of a species complex within the genus Golovinomyces 
using sequences from the ITS, 28S, IGS, TUB, and CHS1 regions. Shirouzu et 
al. (2020) provided a phylogenetic overview of the Erysiphaceae using nrD-
NA and MCM7 sequences. Bradshaw et al. enhanced the phylogenetic anal-
ysis of powdery mildews in the family Erysiphaceae, the genera Cystotheca, 
Golovinomyces, and Erysiphe (the “Uncinula lineage” and “Microsphaera lin-
eage”), by evaluating additional loci such as CAM, GAPDH, GS, RPB2, and 
TUB with the ITS+28S rDNA sequences (Bradshaw et al. 2022b; Bradshaw 
et al. 2022c; Bradshaw et al. 2023a; Bradshaw et al. 2023b; Bradshaw et 
al. 2023c; Bradshaw et al. 2024a; Bradshaw et al. 2024b). The incorpora-
tion of these multiple loci has proven useful for improving the resolution 
of critical groups of powdery mildew species.

To uncover more potential species within sect. Erysiphe, we collected and 
examined 32 specimens from 9 host plant families spanning across 12 prov-
inces (municipalities/autonomous regions) in China. The identification and de-
scription of the hidden species were achieved by examining their microscopic 
morphological features and performing phylogenetic analyses. Additional DNA 
markers, IGS, RPB2, and TUB, were involved in the phylogenetic tree construc-
tion because ITS and 28S rDNA sequences often lack the necessary resolution 
to adequately distinguish between certain lineages. The objective of this study 
is to introduce more novel taxa, augment the species diversity of powdery mil-
dew fungi, and establish a foundation for future phylogenetic and taxonomic 
research on the genus Erysiphe.

Materials and methods

Sample collection

78 specimens of host plants from 23 families were examined, of which 63 spec-
imens were stored in the Herbarium of Mycology of Jilin Agricultural University 
(HMJAU), the other 13 specimens were from the Mycological Herbarium of 
Chifeng University (CFSZ) in Chifeng, and 2 specimens were borrowed from 
the Herbarium Mycologicum Academiae Sinicae (HMAS) in Beijing. Details of 
these specimens are provided in Table 1.

Morphological observations

Fresh leaves with typical symptoms of powdery mildews were used for mor-
phological examination. Chasmothecia were stripped off from the leaf sur-
face with a clean needle, mounted on a microscope slide and examined in 3% 
(w/v) NaOH using light microscopy (ZEISS ScopeA1, Germany). To examine 
the asexual morph, hyphae, conidiophores, and conidia of fresh collections 
were stripped off from the leaf surfaces with clear adhesive tape, mounted on 
a microscope slide with the fungal mycelium uppermost, and examined in wa-
ter (Shin and La 1993). Data for morphological characteristics were collected 
based on more than 30 measurements of the structures concerned.
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DNA extraction and sequencing

Genomic DNA was extracted by the Chelex-100 method from mycelia and 
chasmothecia (Walsh et al. 1991; Hirata and Takamatsu 1996), followed by 
PCR amplification of five genomic regions: the ITS (including 5.8S rDNA) with 
primers AITS/PM2, PM1/PM2, and ITS4/ITS5 (Takamatsu and Kano 2001; 
Bradshaw and Tobin 2020); 28S rDNA (D1-D2 domains) using PM3/TW14 
and LSU1/LSU2; IGS with IGS-12a/NS1R (Carbone and Kohn 1999); RPB2 am-
plified by PMRpb2_4/PMRpb2_6R and ERPB2_3/ERPB2_7R; and TUB using 
BTF5b/BTR7a and ETUB2/ETUB2R (Ellingham et al. 2019; Bradshaw et al. 
2022c, 2023a). Reactions (25 μL total volume) contained 2 μL template DNA, 
12.5 µL Premix Taq [TaKaRa Taq 1.25 U/25 μL, 2× dNTP Mixture (0.4 mM 
each), 2× Taq Buffer (3 mM Mg2+)] (TaKaRa, Tokyo, Japan), 1 μL each primer 
(20 ng/μL), and ddH2O, cycled through initial denaturation (95 °C for 5 min), 
35 cycles of 94 °C for 1 min, 52–58 °C for 30 s, and 72 °C for 1 min, with fi-
nal extension at 72 °C for 10 min, including template-free negative controls. 
Amplification success was verified through 1.2% agarose gel electrophore-
sis (0.5× TBE), followed by bidirectional Sanger sequencing (Sangon Biotech, 
Shanghai) using original primers. Sequences were assembled in DNAMAN 
6.0 and base-corrected using BIOEDIT 7.0.

Phylogenetic analysis

Multiple sequence alignments were conducted by MUSCLE implemented in 
MEGA-X, including those retrieved from GenBank, with ambiguous regions man-
ually adjusted (Kumar et al. 2018). Alignments were further manually refined 
and deposited in TreeBASE (https://www.treebase.org/) under the accession 
number 32032 (ITS+28S) and 32024 (ITS+28S+IGS+RPB2+TUB). Phylogenetic 
analyses employed three complementary approaches: maximum parsimony 
(MP) in PAUP 4.0 (Swofford 2002) identified optimal trees through heuristic 
searches (100 replicates), calculating tree statistics including consistency (CI), 
retention (RI), and rescaled consistency (RC) indices; Bayesian inference (BI) in 
MrBayes 3.2.7 (Ronquist et al. 2012) utilized models selected via MrModeltest 
v.2 (Nylander 2004), running 1,000,000 generations with sampling every 1,000 
steps and 25% burn-in discard, terminating when split frequency standard devi-
ations stabilized below 0.01; and maximum likelihood (ML) in RAxML v.2.0.10 
(Edler et al. 2020) implemented GTRGAMMA with 1,000 bootstrap replicates 
(Felsenstein 1985). All methods produced congruent topologies, with horizon-
tal branch lengths in the selected MP tree reflecting inferred substitutions. Boot-
strap supports from BI and ML analyses were superimposed on the MP frame-
work, using E. glycines (Takamatsu et al. 2015a) as the designated outgroup.

Abbreviations

BI	 Bayesian inference
BS	 bootstrap support
CAM	 calmodulin
CFSZ	 Chifeng College, Mycological Herbarium
Chs	 chitin synthase

https://www.treebase.org/
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CI	 consistency index
DNA	 Deoxyribonucleic acid
EF1-α	 elongation factor 1 alpha
GAPDH	 glycer-aldehyde-3-phosphate dehydrogenase
GS	 glutamine synthetas
HMAS	 Herbarium Mycologicum Academiae Sinicae
HMJAU	 Herbarium of Mycology of Jilin Agricultural University
IGS	 intergenic spacer
ITS	 Internal Transcribed Spacer
LSU	 The nuclear ribosomal large subunit
MCM7	 Minichromosome maintenance proteins 7
ML	 Maximum likelihood
MP	 Maximum parsimony
nrDNA	 Ribosomal RNA Gene
PP	 Posterior probabilities
RC	 rescaled consistency index
RI	 retention index
RPB2	 The second largest subunits of RNA polymerase II
PCR	 Polymerase chain reaction
rRNA	 ribosomal RNA
s. lat.	 sensu lato
s. str.	 sensu stricto
TL	 Tree length
Tsr1	 Ribosome Maturation Factor
TUB	 β-tubulin

Results

Phylogenetic analysis

A total of 32 ITS+28S rDNA, 32 IGS, 21 RPB2, and 20 TUB regions sequences were 
obtained in this study and were deposited in GenBank (Table 1). They were used 
in the phylogenetic analyses, incorporating sequences of closely related species 
of sect. Erysiphe retrieved from GenBank (Suppl. material 2). The phylogenetic 
trees unveiled the molecular relationships among these species (Figs 1, 2).

While ITS+28S data could distinguish most species, there was sometimes 
insufficient genetic differentiation for different species parasitizing the same 
host family, such as E. paeoniae-suffruticosae sp. nov. and E. paeoniae on Pae-
oniaceae (Fig. 1). ITS+28S+IGS and multilocus (ITS+28S+IGS+RPB2+TUB) phy-
logenetic trees showed that three putative novel species formed clearly sep-
arated clades from the previously sequenced taxa with high support (Fig. 2, 
Suppl. material 1). E. clematidis sp. nov. was clustered next to the E. aquilegiae 
complex clade; E. limoniicola sp. nov. clusters with E. limonii and E. acantholi-
monis, both of which also parasitize plants in the Plumbaginaceae; and E. paeo-
niae-suffruticosae sp. nov. grouped with E. paeoniae, a species associated with 
the Paeoniaceae. Additionally, the two new record species, E. malvae on Malva 
pusilla and E. punicae on Punica granatum, were marked in blue font in the phy-
logenetic trees. These molecular phylogenetic analyses provide strong support 
for the delimitation of the new species.
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Figure 1. Phylogenetic tree of selected species within sect. Erysiphe based on the ITS+28S regions. Bootstrap values 
greater than 60% for the maximum likelihood (ML) analyses are displayed followed by posterior probabilities ≥ 0.70 of 
Bayesian inference (BI) analyses. HT = Holotype; the color box indicates new species; bold font indicates the new spe-
cies obtained in this study; blue bold font indicates new record species.

Erysiphe sedi ex Sedum sp. FH01131090 USA
Erysiphe sedi ex Sedum hybrid FH01131089 USA
Erysiphe sedi ex Sedum pallescens MUMHJPN 2577 Russia
Erysiphe sedi ex Sedum aizoon MUMHJPN 2575 Russia
Pseudoidium hortensiae ex Hydrangea sp. FH01131025 USA

Erysiphe neolycopersici ex Solanum lycopersicum FH00941220 USA
Erysiphe neolycopersici ex Lycopersicon esculentum MUMHJPN 0066 Japan
Erysiphe neolycopersici ex Codiaeum variegatum MUMHJPN 5704 Indonesia
Pseudoidium pedaliacearum ex Sesamum indicum MUMHJPN 411 Japan
Pseudoidium pedaliacearum ex Sesamum indicum KUSF29325 South Korea

Erysiphe hommae ex Elsholtzia ciliata LC009926
Erysiphe sp. ex Argemone polyanthemos FH00941255 USA

Erysiphe sp. ex Epimedium sp. FH01131046 USA
Erysiphe sp. ex Ranunculus repens FH01122083 USA

Pseudoidium meliacearum ex Melia azedarach HAL 1872 F Netherlands
Erysiphe aquilegiae var. ranunculi ex Clematis integrifolia AF154322 Switzerland
Erysiphe aquilegiae var. ranunculi ex Clematis terniflora MUMH98 Japan
Erysiphe aquilegiae var. ranunculi ex Catharanthus roseus KUS-F29106 South Korea

Erysiphe aquilegiae var. ranunculi ex Cimicifuga simplex AB000944 Japan
Erysiphe chloranthi ex Chloranthus serratus MUMHJPN 0202 Japan

Erysiphe aquilegiae ex Aquilegia sp. FH00941212 USA
Erysiphe takamatsui ex Nelumbo nucifera MUMH 5659 Japan
Erysiphe macleayae ex Macleaya cordata LC010092 Japan

Erysiphe takamatsui ex Nelumbo nuciferaa TNS F-52102 Japan
Erysiphe macleayae ex Stylophorum diphyllum HAL 3289F Switzerland
Erysiphe macleayae ex Chelidonium majusv G 261065 Switzerland
Erysiphe euphorbiae ex Chamaesyce nutans MUMHJPN 4646 Japan
Erysiphe knautiae ex Knautia arvensis MUMHJPN 2571 Ukraine

Erysiphe thuemenii ex Potentilla supina HAL 2357F Mongolia
Erysiphe scholzii ex Incarvillea sinensis HAL 1825F China

Erysiphe lythri ex Lythrum salicaria HAL 401 F Germany
Erysiphe caricae papayae ex Carica papaya MUMHJPN 6941 Japan
Erysiphe caricae papayae ex Carica papaya MUMHJPN 6912 Japan

Erysiphe punicae ex Punica granatum HAL 2441F Germany
Erysiphe punicae ex Punica granatum HMJAU-PM92219 China
Erysiphe punicae ex Punica granatum HMJAU-PM92220 China

Erysiphe ruyongzhengiana ex Aristolochia debilis HMJAU-PM92032 China
Erysiphe ruyongzhengiana ex Aristolochia debilis HMAS0249832 China

Erysiphe parnassiae ex Parnassia caroliniana FH01122092 USA
Erysiphe parnassiae ex Parnassia caroliniana BPI 565075 USA

Erysiphe aquilegiae ex Thalictrum delavayi FH01131052 USA
Erysiphe aquilegiae ex Thalictrum revolutum FH01131051 USA

Erysiphe aquilegiae var. ranunculi ex Anemone canadensis FH01122081 USA
Erysiphe sp. ex Delphinium sp. FH01122082 USA

Erysiphe aquilegiae ex Aquilegia coerulea FH00941236 USA
Erysiphe aquilegiae ex Clematis stans MUMHJPN 0293 Japan

Erysiphe clematidis ex Clematis intricata HMJAU PM92222 China
Erysiphe clematidis ex Clematis intricata HMJAU PM92223 China

Erysiphe clematidis ex Clematis intricata HMJAU PM92224 China
Erysiphe clematidis ex Clematis macropetala HMJAU PM92226 China HT
Erysiphe clematidis ex Clematis glauca HMJAU PM92225 China
Erysiphe clematidis ex Clematis glauca HMJAU PM92227 China

Erysiphe aquilegiae ex Clematis montana MA51 Pakistan
Erysiphe aquilegiae ex Clematis montana MA52 Pakistan

Erysiphe limonii ex Limonium bicolor CFSZ 1870 China HT
Erysiphe limonii ex Limonium aureum CFSZ 6794 China 

Erysiphe limoniicola (Erysiphe sp.) ex Limonium tetragonum 7086 Japan
Erysiphe limoniicola (Erysiphe sp.) ex Limonium tetragonum 7147 Japan

Erysiphe acantholimonis ex Acantholimon hedinii KUS-F29045 South Korea
Erysiphe acantholimonis ex Acantholimon hedinii KUS-F29046 South Korea
Erysiphe limonii ex Limonium sp. MK094071 USA
Erysiphe limonii ex Limonium californicum MK094072 USA

Erysiphe limonii ex Limonium sp. MUMHJPN 2567 Ukraine
Erysiphe limonii ex Limonium platyphyllum MUMHJPN 2568 Ukraine

Erysiphe heraclei ex Osmorhiza claytonii FH01131061 USA
Erysiphe heraclei ex Hedera hibernica FH01131062 USA
Erysiphe heraclei ex Conium maculatum MUMHJPN 2484 Japan
Erysiphe malvae ex Malva sp. MUMHJPN 2570 Ukraine
Erysiphe malvae ex Malva sylvestris MUMHJPN 2569 Ukraine
Erysiphe betae ex Beta vulgaris subsp. vulgaris FH01131056 USA
Erysiphe betae ex Beta vulgaris KUS F29140 South Korea
Erysiphe betae ex Beta vulgaris subsp. vulgaris FH01131056 USA

Erysiphe heraclei ex Angelica polymorpha MUMHJPN 0080 Japan
Erysiphe heraclei ex Pimpinella affinis AB104513 Iran

Erysiphe malvae ex Malva sp. HAL 003361F Iran
Erysiphe malvae ex Malva pusilla HMJAU-PM92233 China
Erysiphe malvae ex Malva pusilla HMJAU-PM92234 China

Erysiphe heraclei ex Torilis cf. leptophylla AB104514 Iran
Erysiphe bistortae ex Bistorta amplexicaulis LAH36943 Pakistan
Erysiphe bistortae ex Bistorta amplexicaulis LAH36143 Pakistan

Erysiphe buhri ex Dianthus chinensis HMJAU PM92239 China
Erysiphe buhri ex Dianthus chinensis HMJAU PM92238 China

Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92240 China
Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92242 China
Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92243 China
Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92512 China

Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92512 China
Erysiphe rumicicola ex Rumex acetosa HMJAU-PM92512 China

Erysiphe rumicicola ex Rumex obtusifolius LC009892 Japan
Erysiphe rumicicola ex Rumex japonicus KACC30382 South Korea
Erysiphe rumicicola ex Rumex japonicus KACC29825 South Korea
Erysiphe rumicicola ex Rumex obtusifolius KUS F30682 South Korea
Erysiphe rumicicola ex Rumex obtusifolius KUS F30366 South Korea
Erysiphe rumicicola ex Rheum rhabarbarum HMJAU91751 China
Erysiphe rumicicola ex Rumex crispus AF011308 USA

Erysiphe rumicicola ex Rumex crispus OP326701 Iran
Erysiphe rumicicola ex Rumex obtusifolius OP035592 Pakistan
Erysiphe rumicicola ex Rumex acetosa MG647828 China
Erysiphe rumicicola ex Rumex crispus OP326702 Iran
Erysiphe polygoni ex Fagopyrum esculentum KP076437 China
Erysiphe polygoni ex Fagopyrum tataricum MW494930 China

Erysiphe polygoni ex Muehlenbeckia platyclada MUMHJPN 1800 Thailand
Erysiphe polygoni ex Homalocladium platycladum KUS-F29116 South Korea

Erysiphe polygoni ex Antigonon leptopus MUMHJPN 2611 Thailand
Erysiphe polygoni ex Antigonon leptopus MK685172 China

Erysiphe polygoni ex Polygonum aviculare MUMHJPN 7045 Azerbaijan
Erysiphe polygoni ex Polygonum aviculare MUMHJPN 7036 Azerbaijan
Erysiphe polygoni ex Polygonum sp. MUMHJPN 2431 Argentina
Erysiphe polygoni ex Polygonum aviculare MW169023 China
Erysiphe polygoni ex Polygonum aviculare OE2016PMCS63 UK
Erysiphe polygoni ex Polygonum aviculare OE2015PMCS233 UK
Erysiphe polygoni ex Polygonum aviculare HAL 1356 F Germany
Erysiphe polygoni ex Polygonum sp. OE2014PM85CS UK
Erysiphe polygoni ex Polygonum aviculare OE2014PM135CS UK

Erysiphe polygoni ex Polygonum arenastrum AF011307 USA
Erysiphe polygoni ex Polygonum aviculare KR048074 China
Erysiphe polygoni ex Polygonum sp. AB104522 Iran

Erysiphe polygoni ex Muehlenbeckia platyclada FH01122104 China
Erysiphe polygoni ex Polygonum aviculare OE2014PM120CS UK
Erysiphe polygoni ex Polygonum aviculare OE2014PM140 UK

Erysiphe acetosae ex Rumex acetosa HAL 3542 F Germany
Erysiphe acetosae ex Rumex thyrsiflorus HAL 1334 F Germany

Erysiphe acetosae ex Rumex acetosella HAL 2119 F Germany
Erysiphe howeana ex Oenothera biennis FH01131063 USA
Erysiphe howeana ex Oenothera biennis FH01131064 USA
Erysiphe howeana ex Oenothera amoena MUMHJPN 2572 Japan
Erysiphe howeana ex Oenothera biennis WTUF072440 USA

Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa HMJAU-PM92254 China
Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa KUS-F27718 South Korea
Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa KUS-F27718 South Korea
Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa HMJAU-PM92257 China
Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa HMJAU-PM92255 China HT
Erysiphe paeoniae-suffruticosae ex Paeonia suffruticosa HMJAU-PM92256 China

Erysiphe paeoniae ex Paeonia lactiflora FH01131083 USA
Erysiphe paeoniae ex Paeonia lactiflora MUMH 146 Japan

Erysiphe paeoniae ex Paeonia lactiflora HMJAU-PM92258 China
Erysiphe paeoniae ex Paeonia lactiflora HMJAU-PM92259 China
Erysiphe paeoniae ex Paeonia lactiflora HMJAU-PM92262 China
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Figure 2. Phylogenetic tree of selected species within sect. Erysiphe based on the ITS+28S+IGS+RPB2+TUB regions. 
Bootstrap values greater than 60% for the maximum likelihood (ML) analyses are displayed followed by posterior proba-
bilities ≥ 0.70 of Bayesian inference (BI) analyses. HT = Holotype; the color box indicates new species; bold font indicates 
the new species obtained in this study; blue bold font indicates new record species.
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Taxonomy

Erysiphe clematidis Zhao Y. Zhang & S.Y. Liu, sp. nov.
MycoBank No: 857028
Fig. 3

Etymology. Epithet derived from the name of the host genus, Clematis.
Diagnosis. Morphologically resembling E. aquilegiae var. ranunculi, but dis-

tinguished by chasmothecial appendages that are colorless or only pigmented 
at the base, only with 0–2 septa. Differs from var. aquilegiae in having much 
shorter appendages, 0.7–3.5 times as long as the chasmothecial diam., myce-
lioid, geniculate-sinuous, and colorless or only pigmented at the base. Further-
more, forming a highly supported species clade in all phylogenetic analyses, in 
sister position to the E. aquilegiae cluster.

Table 1. List of taxa, host, voucher, collection province, and GenBank accession number of the specimens examined 
in this study.

Taxon Host Voucher Collection province ITS+28S IGS RPB2 TUB

Erysiphe buhrii Dianthus chinensis HMJAU-PM92238 Xinjiang Pp968516 Pp971986 – –

Erysiphe buhrii Dianthus chinensis HMJAU-PM92239 Jilin Pp968517 Pp971987 – –

Erysiphe clematidis Clematis macropetala HMJAU-PM92226 †, ‡ Qinghai Pp968504 Pp971974 – –

Erysiphe clematidis Clematis glauca HMJAU-PM92225 † Qinghai Pp968503 Pp971973 Pq867668 Pq857975

Erysiphe clematidis Clematis intricata HMJAU-PM92223 † Qinghai Pp968501 Pp971971 Pq867666 Pq857973

Erysiphe clematidis Clematis intricata HMJAU-PM92222 † Shaanxi Pp968500 Pp971970 – –

Erysiphe clematidis Clematis intricata HMJAU-PM92224 † Gansu Pp968502 Pp971972 Pq867667 Pq857974

Erysiphe clematidis Clematis glauca HMJAU-PM92227 † Gansu Pp968505 Pp971975 Pq867669 Pq857976

Erysiphe diervillae var. diervillae Weigela florida CFSZ 50307 Inner Mongolia Pp968459 Pp975483 Pq867642 –

Erysiphe diervillae var. diervillae Weigela florida CFSZ 50033 Inner Mongolia Pp968460 Pp975484 Pq867641 –

Erysiphe glycines Glycine soja HMJAU-PM92270 Beijing Pp968548 Pp972018 Pq867698 –

Erysiphe limoniicola Limonium bicolor CFSZ 1870 §, ‡ Inner Mongolia Pp968457 Pp975481 Pq867636 Pq857963

Erysiphe limoniicola Limonium aureum CFSZ 6794 § Inner Mongolia Pp968458 Pp975482 Pq867637 Pq857964

Erysiphe malvae Malva pusilla HMJAU-PM92233 Yunnan Pp968511 Pp971981 – Pq857984

Erysiphe malvae Malva pusilla HMJAU-PM92234 Yunnan Pp968512 Pp971982 Pq867677 –

Erysiphe paeoniae Paeonia lactiflora HMJAU-PM92258 Liaoning Pp968536 Pp972006 Pq867692 Pq858000

Erysiphe paeoniae Paeonia lactiflora HMJAU-PM92259 Inner Mongolia Pp968537 Pp972007 – Pq858001

Erysiphe paeoniae Paeonia lactiflora HMJAU-PM92260 Jilin Pp968538 Pp972008 – –

Erysiphe paeoniae Paeonia lactiflora HMJAU-PM92261 Jilin Pp968539 Pp972009 – –

Erysiphe paeoniae Paeonia lactiflora HMJAU-PM92262 Hebei Pp968540 Pp972010 Pq867693 Pq858002

Erysiphe paeoniae-suffruticosae Paeonia suffruticosa HMJAU-PM92254 § Gansu Pp968532 Pp972002 Pq867694 Pq858003

Erysiphe paeoniae-suffruticosae Paeonia suffruticosa HMJAU-PM92255 §, ‡ Shaanxi Pp968533 Pp972003 Pq867695 Pq858004

Erysiphe paeoniae-suffruticosae Paeonia suffruticosa HMJAU-PM92256 § Gansu Pp968534 Pp972004 Pq867696 Pq858005

Erysiphe paeoniae-suffruticosae Paeonia suffruticosa HMJAU-PM92257 § Jilin Pp968535 Pp972005 Pq867697 Pq858006

Erysiphe punicae Punica granatum HMJAU-PM92219 Yunnan Pp968497 Pp971967 Pq867665 Pq857970

Erysiphe punicae Punica granatum HMJAU-PM92220 Yunnan Pp968498 Pp971968 – Pq857971

Erysiphe rumicicola Rumex acetosa HMJAU-PM92240 Xinjiang Pp968518 Pp971988 Pq867680 Pq857987

Erysiphe rumicicola Rumex acetosa HMJAU-PM92241 Xinjiang Pp968519 Pp971989 Pq867683 Pq857990

Erysiphe rumicicola Rumex acetosa HMJAU-PM92242 Gansu Pp968520 Pp971990 Pq867681 Pq857988

Erysiphe rumicicola Rumex acetosa HMJAU-PM92243 Xinjiang Pp968521 Pp971991 Pq867682 Pq857989

Erysiphe rumicicola Rumex acetosa HMJAU-PM92512 Xizang Pq871391 Pq870815 – –

Erysiphe rumicicola Rumex acetosa HMJAU-PM92513 Xizang Pq871392 Pq870816 – –

† Sexual morph; ‡ Holotype; § Asexual morph & Sexual morph; New species were shown in bold.
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Figure 3. Symptoms and sexual morph of Erysiphe clematidis sp. nov. on Clematis macropetala (holotype: 
HMJAU-PM92226) A, B powdery layer and chasmothecia on leaves C chasmothecium D peridium cells E appendages 
F, G asci H–K ascospores Scale bars: 10 µm (D, H–K); 50 µm (C, E); 20 µm (F, G).

Description. Mycelium on leaves and stems, amphigenous, effuse or in patch-
es, on stems colonies usually thick, ± persistent. Sexual morph: Chasmothecia 
mostly scattered, dark brown, mainly on leaf abaxial surface of leaves and stems, 
more abundant on the upper side of the leaf blade, (66–)74–122(–129) µm; 
peridium cells irregularly polygonal, 5–13 µm; appendages unequal in number, 
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mycelioid, continuously curved, with small irregular branchlets, some bifurcate 
branches present, 0–2-septate, hyaline, sometimes yellowish brown near the 
base, or light brown, paler or colorless towards the apex, uneven in thickness, 
length about 0.7–8.6 times as long as the chasmothecial diam., sometimes 
up to 338 μm; asci 4–10, (32–)46–73 × 27–50 µm, ellipsoid-obovoid, short-
stalked to sessile; ascospores (1–)2–4, 16–28 × 13–19 µm, subglobose, ovoid, 
irregularly ovoid, ellipsoid, reniform, colorless.

Holotype. China, Qinghai Prov. • 1; Xining City; 36°38'2"n, 101°45'36"e; ca. alt. 
2260 m a.s.l.; 15 Oct. 2023; Zhao-Yang Zhang & Li Liu leg.; on Clematis macro-
petala; HMJAU-PM92226. Isotype: same data as for holotype; HMAS 353407.

Distribution. Asia (China).
Host. Clematis spp. (Ranunculaceae).
Additional material examined. China, Gansu Prov. • 1; Dingxi City; 36°36'33"n, 

104°35'5"e; ca. 1860 m a.s.l.; 17 Oct. 2023; Zhao-Yang Zhang & Li Liu leg.; on 
Clematis glauca; HMJAU-PM92227. • 1; Zhangye City; 38°55'56"n, 100°23'45"e; 
ca. 1456 m a.s.l.; 23 Oct. 2023; Dan-Ni Jin & Xue-Lian Wu; on Cl. intricata; 
HMJAU-PM92224. –Qinghai Prov. • 1; Xining City; 36°37'17"n, 101°47'7"e; 
ca. 2278 m a.s.l.; 12 Oct. 2023; Zhao-Yang Zhang & Li Liu leg.; on Cl. glauca; 
HMJAU-PM92225. • 1; Xining City; 36°37'17"n, 101°47'7"e; ca. 2280 m a.s.l.; 
12 Oct. 2023; Zhao-Yang Zhang & Li Liu leg.; on Cl. intricata; HMJAU-PM92223. 
–Shaanxi Prov. • 1; Yulin City; 38°15'14"n, 109°44'51"e; ca. 1040 m a.s.l.; 18 Oct. 
2023; Zhao-Yang Zhang & Li Liu leg.; on Cl. intricata; HMJAU-PM92222.

Notes. Based on the applied morphological concept of Erysiphe aquilegiae 
s. lat., Braun and Cook (2012) listed Clematis spp. as hosts of var. aquilegiae 
as well as var. ranunculi. In this study, we assigned the new species Erysiphe 
clematidis for our collections on genus Clematis based on the obvious morpho-
logical differences. The appendages of E. clematidis are significantly shorter 
than those of E. aquilegiae var. aquilegiae [0.7–8 vs. (1–)3–12 times as long 
as the chasmothecial diam.], and the color of their appendages also differs: 
the appendages of E. clematidis have basal pigmentation (colorless to faintly 
pigmented), whereas those of E. aquilegiae var. ranunculi are brown through-
out or paler towards the apex. Unexpectedly, two types of ascospore mor-
phologies were observed on the specimen of C. glauca (HMJAU-PM92227): 
macro-ascospores [14–31 × (6–)10–18 µm] and micro-ascospores [4–17 × 
4–14 µm] (Fig. 4). Furthermore, some germinating ascospores were also ob-
served, which is very unusual in powdery mildews. More specimens need to 
be collected to determine whether this phenomenon is common.

Erysiphe limoniicola Zhao Y. Zhang, S.Y. Liu & T.Z. Liu, sp. nov.
MycoBank No: 857032
Fig. 5

Etymology. Epithet derived from the name of the host genus, Limonium, + cola 
(dweller).

Diagnosis. Differs from Erysiphe aurea and E. limonii on hosts of the genus 
Limonium in the size of the chasmothecia, 69–112 μm diam., the number of asci, 
(3–)4–9, and the number of septa in the appendages, 0–2(–4), variably shaped asco-
spores, and by forming a strongly supported species clade in phylogenetic analyses.

https://www.mycobank.org/MB/857032
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Description. Mycelium amphigenous, forming dense, thin to thick, per-
sistent patches or complete covers; hyphae 3–6 μm wide, septate, straight or 
curved, smooth; hyphal appressoria solitary or occasionally in opposite pairs, 
nipple-shaped or lobed. Asexual morph: Conidiophores arising from superficial 
hyphal mother cells, erect, straight or curved, 48–103 × (5–)6–8 μm (without 

Figure 4. Symptoms and sexual morph of Erysiphe clematidis sp. nov. on Clematis glauca (HMJAU-PM92227) A, B pow-
dery layer and chasmothecia on leaves C chasmothecium D peridium cells E appendages F asci G–K two types of asco-
spores L, M germinating ascospores Scale bars: 50 µm (C); 20 µm (D–F); 10 µm (G–M).
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conidia), foot cells subcylindrical, some distinctly curved at the base, the whole 
foot cell sometimes wavy-curved, 20–42 × 5–7 μm, the basal septum is mostly 
elevated, up to 10 µm, followed by 1–3 shorter cells of about the same length or 
shorter; conidia single, narrowly cylindrical, 21–39 × 10–17 μm; germ tubes near 
the shoulder, with septa, short to medium in length, showing longitubus pattern, 
conidial appressoria unlobed but enlarged or curved near the top. Sexual morph: 
Chasmothecia gregarious, 69–112 μm diam.; peridium cells irregularly polygo-
nal, 4–15 μm diam.; appendages few to many, up to 28, often interwoven with the 
mycelium, unbranched, mycelium-like, irregularly curved or bent, the appendages 
are about as long as the chasmothecial diam. or shorter, width uneven, tapering 
at the tip, which is often obtuse-acuminate, 4–8 µm wide, 0–2(–4)-septate, walls 
thin, smooth to rough, colorless; asci (3–)4–9, ellipsoid, ovoid, broadly ovoid, 
distinctly long-stalked or subsessile, about 47–88 × 30–49 μm; ascospores 3–5, 
broadly ellipsoid-ovoid, oblong-ovoid, sole-shaped, 17–30 × 8–21 μm.

Holotype. China, Inner Mongolia Autonomous Region • 1; Xilinhot City; 
43°57'23"n, 116°6'46"e; ca. 1100 m a.s.l.; 28 Sep. 2009; Tie-Zhi Liu & M. Chen 
leg.; on Limonium bicolor; CFSZ 1870. Isotype: same data as for holotype; 
HMAS 353411.

Host. Limonium (bicolor, aureum and tetragonum) (Plumbaginaceae).
Distribution. Asia (China and Japan).
Additional material examined. China, Inner Mongolia Autonomous Region 

• 1; Sonid Left Banner; 43°51'21"n, 113°38'56"e; ca. 1230 m a.s.l.; 11 Sep. 2013; 
Tie-Zhi Liu leg.; on L. aureum; CFSZ 6794.

Notes. The genus Limonium (Plumbaginaceae) comprises approximately 
600 globally distributed species (Koutroumpa et al. 2018). Within this genus, 
two powdery mildew species have been described: Erysiphe aurea and E. limo-
nii (Braun and Cook 2012). E. aurea is known exclusively from its type collection 
(HMAS 38952) on L. suffruticosum in Xinjiang, China (Zheng and Yu 1987). 
Previous identifications of powdery mildew on L. bicolor and L. aureum from 
Inner Mongolia (CFSZ 1870 and 6794) were attributed to E. limonii (Liu 2010, 
2022). Comparative morphological analysis of the examined specimens (with 
specimens CFSZ 1870 and 6794 borrowed from the Mycological Herbarium 
of Chifeng College) demonstrated clear differentiation from E. limonii: chas-
mothecia were significantly smaller (69–112 vs. 90–180 µm), and appendages 
exhibited fewer septa [0–2(–4) vs. 0–7]. Furthermore, the two species exhibit 
variable ascospore shapes, and are distinct from E. aurea in having septate ap-
pendages and lacking the golden-yellow cells of the inner peridial wall.

Phylogenetic analysis of ITS+28S rDNA sequences revealed that the In-
ner Mongolian isolates formed a well-supported clade with Erysiphe sp. on 
L. tetragonum from Japan (Meeboon et al. 2021), diverging from E. limonii. 
Although a single nucleotide difference in the 28S region was observed, this 
may reflect geographic or host-associated genetic variation rather than distinct 
species boundaries. It seems that these two Japanese specimens (= Erysiphe 
sp.) pertain to the new species, E. limoniicola. Comparative morphometric anal-
ysis further revealed incongruences: while Meeboon et al. (2021) reported con-
idiophore lengths of 50–127 µm on L. tetragonum, our measurements (48–102 
µm) partially overlapped with previous records (64–96 µm) (Liu 2010, 2022). 
Such variability in conidiophore length is a common phenomenon in powdery 
mildew anamorphs, likely often influenced by external influences.
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Erysiphe paeoniae-suffruticosae Zhao Y. Zhang & S.Y. Liu, sp. nov.
MycoBank No: 857033
Fig. 6

Etymology. Epithet derived from the name of the host species, Paeonia × 
suffruticosa.

Diagnosis. Differs from E. paeoniae in having significantly smaller chasmoth-
ecia, 78–98(–118) µm diam. vs. (70–)90–125(–135) µm diam., with longer ap-
pendages, 0.5–3.3 times as long as the chasmothecial diam. vs. 0.25–1(–2) 

Figure 5. Symptoms and morphology of Erysiphe limoniicola sp. nov. on Limonium bicolor (holotype: CFSZ 8906) A–C 
powdery layer and chasmothecia on leaves D, E hyphal appressoria F, G conidiophores H conidium I, J germ tubes K chas-
mothecium L peridium cells M appendage N asci O, P ascospores. Scale bars: 10 µm (D–J, M, O, P); 20 µm (N); 25 µm (K, L).

https://www.mycobank.org/MB/857033
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times, and significantly different asci and ascospores, and by forming a well-sup-
ported species clade in phylogenetic ITS+28S+IGS as well as ITS+28S+IGS+RP-
B2+TUB analyses in sister position to E. paeoniae on Paeonia lactiflora.

Description. Mycelium on stems, fruits, perianths and leaves, amphigenous, 
effuse, often covering the entire surface of the leaves, forming mycelial layers of 
uneven thickness or patches, persistent; hyphae straighten or flexuous, 4–7 µm 
wide; hyphal appressoria nipple-shaped to moderately lobed, solitary or in op-
posite pairs, often several per hyphal cell. Asexual morph: Conidiophores on 
top of mother cell, (22–)29–69 × 8–12 µm long, foot cells cylindrical, (11–)15–
28(–36) × 8–10 µm (without condia), often curved at the base, few erect, fol-
lowed by 0–2 mostly shorter cells; conidia single, cylindrical, long-cylindrical, 
doliiform, 25–48 × 12–19 µm, length/width ratio 1.4–3.8; germ tubes terminal, 
septate, partly forming curved aerial germ tubes, tips irregularly forked, partly 
long-clavate, or medium-long, swollen to club-shaped or lobed. Sexual morph: 
Chasmothecia scattered, produced first on the abaxial surface of the leaf and 
more numerous than on the adaxial surface, black-brown, hemispherical, 78–
98(–118) µm diam.; peridium cells irregularly polygonal, 6–15 µm diam.; ap-
pendages 15–28, mycelioid, 1–2 times bifurcately branched, rarely unbranched, 
also forming small irregular branches or small protuberances, often 1–2 times 
irregularly branched apically, some small branches tending to be parallel, 0.5–
3.3 times as long as the chasmothecial diam., 56–218(–257) µm, 0–1-septate, 
smooth or rough, dark brown or light brown throughout, or only basally brown 
and upward becoming colorless; asci dimorphic, micro- and macro-asci mixed 
together in the same ascoma mostly, 3–6 in total, viz., micro-asci, ovoid, sac-
cate, irregularly ovoid, subglobose or elongate, (14–)20–49 × (11–)18–30 µm, 
long-stalked, short-stalked to sessile, containing 0–1 spore, ovoid, 10–16 × 
9–13 µm; macro-asci, ovoid, ellipsoid-ovoid, subglobose, saccate, 34–65(–69) 
× 19–45(–51) µm, long-stalked, short-stalked to sessile, containing 1–5-spores, 
ascospores ovoid, ellipsoid-ovoid, 18–27 × 11–19 µm, colorless.

Holotype. China, Shaanxi Prov. • 1; Yan’an City; 36°37'10"n, 109°27'26"e; ca. 
930 m a.s.l.; 27 Sep. 2018; Shu-Rong Tang & Li Liu leg.; on Paeonia × suffruti-
cosa; HMJAU-PM92255. Isotype: same data as for holotype; HMAS 353412.

Host. Paeonia × suffruticosa (Paeoniaceae).
Distribution. Asia (China and South Korea).
Additional material examined. China, Gansu Prov. • 1; Lanzhou City; 

36°2'49"n, 103°51'14"e; ca. 1461 m a.s.l.; 20 Sep. 2018; Shu-Rong Tang & Li 
Liu leg.; on P. × suffruticosa; HMJAU-PM92256. • 1; Lanzhou City; 36°4'13"n, 
103°48'50"e; ca. 1560 m a.s.l.; 16 Oct. 2023; Zhao-Yang Zhang & Li Liu leg.; on 
P. × suffruticosa; HMJAU-PM92254. –Heilongjiang Prov. • 1; Mudanjiang City; 
44°35'9"n, 129°37'11"e; ca. 240 m a.s.l.; Fen-Yun Zhao, Vanninh Nguyen, Jing-
Sheng Lu & Jia-Ni Li leg.; on P. × suffruticosa; HMJAU-PM92272. –Jilin Prov. 
• 1; Changchun City; 43°48'21"n, 125°24'17"e; ca. 1460 m a.s.l., 10 Aug. 2023; 
Zhao-Yang Zhang leg.; on P. × suffruticosa; HMJAU-PM92257.

Notes. Powdery mildew on Paeonia × suffruticosa was first found in South 
Korea and identified as Erysiphe paeoniae through combined morphology and 
ITS sequence analyses (La et al. 2015). Subsequent reports from China con-
firmed this identification using ITS data (Qian et al. 2016). While the anamorphic 
morphologies of E. paeoniae on P. × suffruticosa (designated E. paeoniae-suf-
fruticosae) and P. lactiflora (on E. paeoniae) show no significant differences, 
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Figure 6. Symptoms and morphology of Erysiphe paeoniae-suffruticosae sp. nov. on Paeonia × suffruticosa (holotype: 
HMJAU-PM92255) A–D powdery layer and chasmothecia on buds, leaves and stems E hyphal appressorium F–I conid-
iophores J conidium K–M germ tubes N chasmothecium O peridium cells P appendage Q–Z asci (Q, R two types asci 
S–V micro-asci W–Z macro-asci) a micro-ascospores b macro-ascospores. Scale bars: 10 µm (E–K, O, a, b); 20 µm 
(L, M, P–Z); 50 µm (N).
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their chasmothecium structures exhibit marked morphological divergence. 
Notably, E. paeoniae-suffruticosae possesses two distinct types of asci and 
ascospores, whereas E. paeoniae exhibits only a single type. The holotype of 
E. paeoniae (hosted on P. obovata preserved at the HMAS, Beijing) underwent 
morphological re-evaluation and molecular analysis; however, all sequencing 
attempts failed, probably due to the age of the specimen. Despite this limita-
tion, the morphological similarity observed between E. paeoniae populations on 
P. obovata and P. lactiflora supports the authenticity of E. paeoniae on its type 
host. Significant morphological differentiation between E. paeoniae-suffrutico-
sae and E. paeoniae is supported by phylogenetic analyses using ITS+28S+IGS, 
which together support recognition of E. paeoniae-suffruticosae as a distinct 
taxon on P. × suffruticosa (Suppl. material 1). Furthermore, in the multi-gene 
analysis (ITS+28S+IGS+RPB2+TUB), E. paeoniae-suffruticosae formed a dis-
tinct clade, providing additional evidence for its taxonomic distinction (Fig. 2).

Field surveys indicate high susceptibility of P. × suffruticosa to powdery mil-
dew, suggesting potential broader geographic distribution of E. paeoniae-suf-
fruticosae within China.

New records

Erysiphe malvae Heluta, Ukrayins’k. Bot. Zhurn. 47(4): 75, 1990.
Fig. 7

Description. Mycelium on leaves and stems, effuse or in irregular powdery layers, 
white, persistent; hyphae 3–8 μm wide; hyphal appressoria nipple-shaped to lobed. 
Asexual morph: Conidiophores erect, sometimes slightly flexuous, 62–116(–133) 
× 5–9 μm (without conidia), foot cells cylindrical, straight, 33–69 × 5–9 μm, followed 
by 1–2 cells, significantly shorter or longer than the foot cells, sometimes about 
as long as foot cells; conidia single, cylindrical, ellipsoid-cylindrical, 25–42(–46) × 
12–18 μm, length/width ratio 1.6–4.0, colorless; the germ tube subterminal, medi-
um length, club-shaped, apex simple or somewhat bent and swollen.

Host. Malva pusilla (Malvaceae).
Distribution. Asia (China, Iran and Israel), Europe (Ukraine).
Additional material examined. China, Yunnan Prov. • 1; Kunming City; 

25°6'51"n, 102°45'9"e; ca. 1890 m a.s.l.; 26 Jun. 2019; Shu-Rong Tang & 
Jing Feng leg.; on M. pusilla; HMJAU-PM92233. • 1; Kunming City; 25°3'27"n, 
102°41'55"e; alt. 1920 m a.s.l.; 27 Jun. 2019; Shu-Rong Tang & Jing Feng leg.; 
HMJAU-PM92234.

Notes. Erysiphe malvae was initially described from Europe (Ukraine) and sub-
sequently documented in Asia (Iran and Israel), with its most recent record in Ne-
pal (Adhikari 2021). This represents the first confirmed occurrence of this patho-
gen in China, where the specimen was collected in Yunnan Province in 2019. 
Morphological comparison of the Chinese anamorphs revealed fundamental con-
gruence with the original description by Braun and Cook (2012), except for a dis-
crepancy in subsequent cell count: our specimens exhibited 1–2 cells following 
the foot cells, compared to the 1–3 cells reported in the type description.

Sequence-based verification confirmed the taxonomic identity with 
E. malvae (on Malva pusilla), with its phylogenetic position within the 
E. betae/E. heraclei/E. malvae complex clade (Figs 1, 2).
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Erysiphe punicae T.M. Achundov, Novosti Sist. Nizsh. Rast. 24: 95, 1987.
Fig. 8

Description. Mycelium epiphyllous, thin, in grayish white patches or effuse, 
later covering entire leaves, persistent; hyphae 3–4 μm wide; hyphal appres-
soria almost nipple-shaped, slightly lobed, usually in opposite pairs. Asexu-
al morph: Conidiophores arising from the upper surface of the mother cells, 
erect, occasionally slightly curved in the center, about 64–108 × 4–7 μm 
long, foot-cells cylindrical, straight, occasionally slightly flexuous-sinuous, 
29–53(–78) × 4–7 μm, followed by 1–2 usually shorter cells, significantly 
shorter than foot cells; conidia single, narrowly cylindrical, 21–36(–49) × 
6–13 μm, length/width ratio 1.9–4.3, germ tubes subterminal, short, with 
swollen tips or lobed appressoria.

Host. Punica granatum (Lythraceae).
Distribution. Asia (China and Iran), Caucasus (Azerbaijan) and Europe 

(Montenegro).

Figure 7. Symptoms and asexual morph of Erysiphe malvae on Malva pusilla (HMJAU-PM92233) A, B powder layer on 
leaves C, D hyphal appressoria E–G conidiophores H–J conidia K, L germ tubes. Scale bars: 10 µm (C, D); 20 µm (E–L).
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Material examined. China, Yunnan Prov. • 1; Kunming City; 25°3'30"n, 
102°41'43"e; ca. 1900 m a.s.l.; 27 Jun. 2019, Shu-Rong Tang & Jing Feng leg.; 
on P. granatum; HMJAU-PM92219. • 1; same locality; 11 Nov. 2019, Zhao-Yang 
Zhang & Dan-Ni Jin leg.; on P. granatum; HMJAU-PM92220.

Notes. Nearly all historical records of Erysiphe punicae are based on ana-
morphs (Amano 1986), with only one specimen with chasmothecia identified 
in Montenegro (Braun and Cook 2012), which has been sequenced (ITS+28S) 
and confirmed the position of this species within the E. aquilegiae complex 

Figure 8. Symptom and asexual morph of Erysiphe punicae on Punica granatum (HMJAU-PM92219) A–C powdery layer on 
the leaves D hyphal appressoria E, F conidiophores G–I conidia J–N germ tubes. Scale bars: 10 µm (D, G–M); 20 µm (E, F, N).
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(Bradshaw et al. 2023c). However, systematic verification remains critical as 
many anamorphic records may represent cryptic species or misidentifications 
within the complex. In 2023, E. punicae was newly documented on pomegran-
ate (Punica granatum) in India by ITS sequence analysis (Watpade et al. 2023). 
Our phylogenetically verified collections from Yunnan and Hebei provinces, 
China, showed morphological congruence with E. punicae (HAL 2441F) (Bolay 
et al. 2021) and were supported by phylogenetic analyses (Figs 1, 2). All E. pu-
nicae sequences were consistently resolved as a distinct, well-supported clade 
within the E. aquilegiae complex clade, confirming its taxonomic validity. This 
is the first reported occurrence of E. punicae in China, extending its known geo-
graphic range by both morphological and molecular evidence.

Discussion

The discovery of multiple novel Erysiphe species in China represents a significant 
expansion of our understanding of fungal diversity within this genus and its as-
sociated plant hosts. These findings include both previously unrecognized cryptic 
taxa on established host genera (e.g., Clematis, Limonium) and newly identified 
pathogens on non-traditional hosts (Paeonia × suffruticosa). In addition, E. mal-
vae and E. punicae have been newly discovered in China. All new species and the 
new records are based on the present phylogenetic analyses and tend to reflect a 
strong co-evolutionary relationship between species of the Erysiphaceae and their 
hosts. E. limoniicola is a newly described species parasitizing plants in the genus 
Limonium (Plumbaginaceae). An unidentified powdery mildew fungus, previously 
recorded on L. tetragonum in Japan (Meeboon et al. 2021), has been confirmed 
as the new species E. limoniicola. E. paeoniae-suffruticosae is a new species con-
fined to Paeonia × suffruticosa. Previously, E. paeoniae was reported to parasitize 
a wide range of plants in the genus Paeonia and had a broad distribution. La et al. 
(2015) recorded P. × suffruticosa as a host of E. paeoniae, and this species is now 
classified under the new species E. paeoniae-suffruticosae. Additionally, there may 
be other cryptic species on Paeonia, as demonstrated in Fig. 1, where the powdery 
mildew fungi on Paeonia [P. coriacea var. atlantica and P. daurica subsp. wittmanni-
ana (= P. wittmanniana)] originating from Switzerland form distinct clades.

Another one, Erysiphe clematidis is confined to Clematis spp. (Ranunculace-
ae) in the northwestern regions (Gansu, Qinghai and Shaanxi provinces) of Chi-
na. Previously, powdery mildews on Clematis were all described as E. aquilegiae 
(Braun and Cook 2012), including the Clematis specimen we collected in Jilin 
Province (HMJAU-PM92189). Both rDNA sequence and multilocus sequence 
phylogenetic analyses show that E. clematidis forms a separate branch with high 
support (Figs 1, 2, Suppl. material 1). However, in the ITS+28S and ITS+28S+IGS 
phylogenetic trees, E. clematidis formed a sister clade to E. aquilegiae s. lat., 
whereas in the multi-locus phylogeny (ITS+28S+IGS+RPB2+TUB), it clustered as 
a sister clade to the lineage containing E. acetosae, E. betae, E. heraclei, E. howea-
na, E. limonii, E. limoniicola, E. malvae, E. paeoniae, E. paeoniae-suffruticosae, 
E. polygoni and E. rumicicola.. The systematic relationship between E. clematidis 
and the E. aquilegiae complex needs to be further explored. This newly recog-
nized species provides a crucial perspective for evolutionary studies. Its distinct 
phylogenetic position relative to the E. aquilegiae complex makes it an ideal out-
group for analyzing the evolutionary dynamics within this complex. Additionally, 
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the phylogenetic position of E. actinostemmatis was first definitively established 
in this study based on the obtained sequence data, which formed a sister group 
to the subclade containing E. hommae, E. neolycopersici, E. pileae, and E. sedi 
within the E. aquilegiae complex clade. The foundational ITS phylogenetic frame-
work by Takamatsu et al. (2015a) first delineated the E. aquilegiae clade (com-
plex), which encompassed numerous taxa including E. catalpae, E. euphorbiae, 
E. macleayae, E. knautiae, E. coriariae, E. circaeae, E. sedi, E. hommae, E. chloran-
thi, E. pileae, E. takamatsui, E. neolycopersici, Ps. hortensiae, and Ps. boroniae. 
Subsequent studies by Shin et al. (2019) and Bradshaw et al. (2020b) further 
explored this complex, establishing criteria for species delimitation. However, 
while E. parnassiae, E. lythri, and E. punicae cluster within the broader E. aquilegi-
ae clade in phylogenetic trees, single-locus analyses (ITS/28S rDNA) have prov-
en inadequate for resolving species-level relationships within the core complex. 
This limitation prompted Bradshaw et al. (2023c) to employ multilocus approach-
es (ITS/28S/CAM/GAPDH/GS/RPB2/TUB), which improved resolution but still 
revealed persistent ambiguities, many taxa like E. sedi, E. pileae, and E. hommae 
remain intermingled in subclades. In the multilocus phylogenetic analyses of 
this study, E. coriariicola, E. knautiae, and E. chloranthi formed well-supported 
subclades, whereas E. sedi, E. pileae, E. hommae and others exhibited the same 
intermixing patterns observed in Bradshaw et al. (2023c) (Fig. 2).

Furthermore, currently performed phylogenetic analyses of collections on 
diverse Ranunculaceae revealed undescribed speciation within E. aquilegiae 
(var. aquilegiae and var. ranunculi) (Figs 1, 2, Suppl. material 1). E. aquilegiae 
as previously circumscribed (Braun and Cook 2012) potentially comprises 
more different species, viz., E. aquilegiae var. ranunculi on Ranunculus spp. and 
Clematis florida, E. aquilegiae var. aquilegiae on Aquilegia vulgaris, and one or 
more undescribed species (Erysiphe spp.) on Anemonastrum canadense comb. 
nov. (= Anemone canadensis) (FH01122081) (Monsyakin 2016), Aquilegia coe-
rulea (FH00941236), Clematis [Cl. stans (MUMHJPN 0293) and Cl. montana 
(MA51 and MA52)], Thalictrum [T. delavayi (FH01131052), and T. revolutum 
(FH01131051) (Figs 1, 2, Suppl. material 1). These results indicate that, although 
multilocus analyses were used, there are still many taxa with identical or almost 
identical sequences. Since the E. aquilegiae complex clade is very large and con-
tains many species with a global distribution and a wide host range, more com-
prehensive analyses of extensive collections from diverse geographical regions 
and hosts from around the world are needed to better understand this complex.

Phylogenetic analyses incorporating powdery mildew sequences from two 
Polygonaceae genera (Polygonum, and Rumex) have further clarified the spe-
cies of powdery mildews associated with Polygonaceae in China. Our expanded 
phylogenetic framework incorporating E. rumicicola (Darsaraei et al. 2023) and 
E. acetosae (Bradshaw et al. 2024b) from Rumex provides new insights into Chi-
nese Rumex-infesting powdery mildews, confirming E. rumicicola as the resident 
pathogen. It also indicates that the powdery mildew on specimens on the Rumex 
genus from South Korea (KACC 30382, KUS F30682, and KUS F30366) is the 
same species as that found in China, E. rumicicola, rather than E. polygoni (Fig. 1). 
Another species on Polygonaceae, E. bistortae on Bistorta amplexicaulis (Zafar 
et al. 2023), belongs to the E. betae/E. heraclei/E. malvae complex clade. These 
species exhibit minimal genetic differentiation based on ITS sequences and are 
primarily distinguished from other members of the E. betae/E. heraclei/E. malvae 
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complex clade, including the newly recorded species E. malvae introduced in this 
study, through biological and morphological characteristics. This further high-
lights the limitations of rDNA sequence-based phylogenetics in this group.

Based on current trends, many fungal species have relatively broad host rang-
es, considering environmental and ecological factors (Phukhamsakda et al. 2020). 
Powdery mildews also have the ability to switch between different host plants. This 
host-switching capability may further lead to speciation, especially when there are 
changes in the ecological niches of host plants or under conditions of geographical 
isolation. Therefore, the evolution and speciation processes of powdery mildews 
are likely to be closely related to the diversity of host plants and their ecological 
niches. In terms of phylogenetic analysis, our research results indicate that, in ad-
dition to the sequences from traditional gene regions such as RPB2 and TUB, IGS 
rDNA sequences also hold significant potential to enhance the resolution of phy-
logenetic analyses of sect. Erysiphe species. This is particularly important in com-
plexes that are poorly resolved based solely on ITS+28S sequences. By integrating 
these different gene regions, we can gain a more comprehensive understanding of 
the evolutionary history and speciation processes of powdery mildews.

Conclusions

Three new species and two new records of Erysiphe sect. Erysiphe from Chi-
na were described and illustrated. These five new taxa are well supported by 
molecular phylogenetic data and morphological evidence. This study provides 
support for exploring the evolutionary relationship between parasitic fungi and 
their host plants, not only by conducting a multi-gene phylogenetic analysis 
that combines the RPB2 and TUB regions, but also by further validating that 
the molecular marker (IGS rDNA) is applicable for distinguishing species within 
sect. Erysiphe. The results enrich the morphology, hosts, and distribution of 
powdery mildew fungi, and provide new insights into phylogenetic and taxo-
nomic studies of powdery mildew fungi.

Acknowledgments

We would like to thank the Herbarium Mycologicum Academiae Sinicae (HMAS) 
for lending type specimens; We sincerely acknowledge Prof. Uwe Braun for 
reading the full text, for critical comments and for corrections. We also thank 
Prof. Michael Bradshaw for the advice provided in the phylogenetic analysis.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Funding
This work was supported by the NSFC-Regional Innovation and Development Joint Fund 
(No.U21A20177 and 31970019).



140MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Author contributions
Zhao-Yang Zhang, Jing Feng, Li Liu, Dan-Ni Jin, Shuang-Bao Wang, and Xue-Lian Wu col-
lected samples. Zhao-Yang Zhang and Xue-Lian Wu isolated cultures and performed DNA 
isolation and PCR amplification. Xiao-Xue Lv analyzed data. Zhao-Yang Zhang wrote the 
original draft. Shu-Yan Liu, Yu Li and Tom Hsiang reviewed and edited the draft. Tie-Zhi Liu 
reviewed and edited the part draft. All authors read and approved the final manuscript.

Author ORCIDs
Zhao-Yang Zhang  https://orcid.org/0009-0002-2507-8480
Tie-Zhi Liu  https://orcid.org/0000-0003-1751-2195
Li Liu  https://orcid.org/0000-0002-6754-3750
Jing Feng  https://orcid.org/0000-0001-5229-2648
Tom Hsiang  https://orcid.org/0000-0002-9549-1847
Shu-Yan Liu  https://orcid.org/0000-0001-9082-1053

Data availability
All of the data that support the findings of this study are available in the main text or 
Supplementary Information.

Reference

Abasova L, Aghayeva D, Takamatsu S (2018) Notes on powdery mildews of the ge-
nus Erysiphe from Azerbaijan. Journal of Fungal Biology 8: 30–53. https://doi.
org/10.5943/cream/8/1/3

Adhikari MK (2021) New record of two parasitic fungi on Malva sylvestris L. from Nepal. 
Journal of Plant Research 19: 12–17.

Amano K (1986) Host range and geographical distribution of the powdery mildew fungi. 
Japan Scientific Societies Press, Tokyo, 741 pp.

Bolay A, Clerc P, Braun U, Goetz M, Takamatsu S (2021) New species, new records and 
first sequence data of powdery mildews (Erysiphaceae) from Europe with special 
emphasis on Switzerland. Mycology 28: 131–159.

Bradshaw M, Boufford D, Braun U, Moparthi S, Jellings K, Maust A, Pandey B, Slack S, 
Pfister DH (2024c) An in-depth evaluation of powdery mildew hosts reveals one of 
the world’s most common and widespread groups of Fungal plant pathogens. Plant 
Disease 108: 576–581. https://doi.org/10.1094/PDIS-07-23-1471-RE

Bradshaw M, Braun U, Götz M, Doğan G, Erdoğdu M, Ates MA, Pastircakova K, Pastircak 
M, Fernandez-Pavia SP, Takamatsu S, Abbasi M, Moparthi S, Gafforov Y, Chinan VC, 
Kummer V, Kruse J, Pfister D (2024a) Contributions to the knowledge of the phy-
logeny and taxonomy of the Erysiphaceae (powdery mildews) part 2. Sydowia 76: 
113–145. https://doi.org/10.12905/0380.sydowia76-2024-0113

Bradshaw M, Braun U, Götz M, Jurick W (2022a) Phylogeny and taxonomy of pow-
dery mildew caused by Erysiphe species on Lupinus hosts. Mycologia 114: 76–88. 
https://doi.org/10.1080/00275514.2021.1973287

Bradshaw M, Braun U, Goetz M, Takamatsu S (2020a) Taxonomy and phylogeny of the 
Erysiphe lonicerae complex (Helotiales, Erysiphaceae) on Lonicera spp. Fungal Sys-
tematics and Evolution 7: 49–65. https://doi.org/10.3114/fuse.2021.07.03

Bradshaw M, Braun U, Gotz M (2020b) Contributions to the knowledge of the phylogeny 
and taxonomy of the Erysiphaceae (powdery mildews) part 1. Sydowia 73: 89–112. 
https://doi.org/10.12905/0380.sydowia73-2020-0089

https://orcid.org/0009-0002-2507-8480
https://orcid.org/0000-0003-1751-2195
https://orcid.org/0000-0002-6754-3750
https://orcid.org/0000-0001-5229-2648
https://orcid.org/0000-0002-9549-1847
https://orcid.org/0000-0001-9082-1053
https://doi.org/10.5943/cream/8/1/3
https://doi.org/10.5943/cream/8/1/3
https://doi.org/10.1094/PDIS-07-23-1471-RE
https://doi.org/10.12905/0380.sydowia76-2024-0113
https://doi.org/10.1080/00275514.2021.1973287
https://doi.org/10.3114/fuse.2021.07.03
https://doi.org/10.12905/0380.sydowia73-2020-0089


141MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Bradshaw M, Braun U, Mitchell JK, Crouch U, LaGreca S, Pfister DH (2024b) Phylogeny 
and taxonomy of the genera of Erysiphaceae, part 6: Erysiphe (the “Microsphaera 
lineage” part 2). Mycologia 117: 110–165. https://doi.org/10.1080/00275514.2024
.2386230

Bradshaw M, Braun U, Pfister D (2022b) Phylogeny and taxonomy of the genera of 
Erysiphaceae, part 1: Golovinomyces. Mycologia 114: 964–993. https://doi.org/10.1
080/00275514.2022.2115419

Bradshaw M, Braun U, Pfister D (2023a) Phylogeny and taxonomy of the genera of 
Erysiphaceae, part 4: Erysiphe (the “Uncinula lineage”). Mycologia 115: 871–903. 
https://doi.org/10.1080/00275514.2023.2230853

Bradshaw M, Braun U, Quijada L, Coombes AJ, Contreras-Paredes CA, Pfister D (2023b) 
Phylogeny and taxonomy of the genera of Erysiphaceae, part 3: Cystotheca. Mycolo-
gia 115: 427–436. https://doi.org/10.1080/00275514.2023.2194172

Bradshaw M, Braun U, Quijada L, Pfister D (2023c) Phylogeny and taxonomy of the gen-
era of Erysiphaceae, part 5: Erysiphe (the “Microsphaera lineage” part 1). Mycologia 
116: 106–147. https://doi.org/10.1080/00275514.2023.2252715

Bradshaw M, Braun U, Takamatsu S, Nemeth MZ, Seress D, Pfister D (2025) The Erysiphe 
alphitoides complex (powdery mildews) – unravelling the phylogeny and taxonomy 
of an intricate assemblage of species. New Zealand Journal of Botany 63: 28–44. 
https://doi.org/10.1080/0028825X.2023.2276913

Bradshaw M, Guan GX, Nokes L, Braun U, Liu SY, Pfister DH (2022c) Secondary DNA bar-
codes (CAM, GAPDH, GS, and RpB2) to characterize species complexes and strength-
en the powdery mildew phylogeny. Frontiers in Ecology and Evolution 10: 918908. 
https://doi.org/10.3389/fevo.2022.918908

Bradshaw M, Tobin PC (2020) Sequencing herbarium specimens of a common det-
rimental plant disease (powdery mildew). Phytopathology 110: 1248–1254. 
https://doi.org/10.1094/PHYTO-04-20-0139-PER

Braun U (1978) Beitrag zur Systematik und Nomenklatur der Erysiphales. Feddes Reper-
torium 88: 655–665. https://doi.org/10.1002/fedr.19780880906

Braun U (1999) Some critical notes on the classification and the generic concept of the 
Erysiphaceae. Schlechtendalia (Halle) 3: 48–54.

Braun U, Cook RTA (2012) Taxonomic manual of the Erysiphales (powdery mildews). 
CBS Biodiversity Series No. 11, Utrecht the Netherland, 707 pp.

Braun U, Takamatsu S (2000) Phylogeny of Erysiphe, Microsphaera, Uncinula (Erysi-
pheae) and Cystotheca, Podosphaera, Sphaerotheca (Cystotheceae) inferred from 
rDNA ITS sequences - some taxonomic consequences. Schlechtendalia (Halle) 
4: 1–33.

Braun U, Meeboon J, Takamatsu S, Blomquist C, Pavia SPF, Rooney-Latham S, Macedo 
DM (2017) Powdery mildew species on papaya – a story of confusion and hidden 
diversity. Mycosphere 8: 1403–1423. https://doi.org/10.5943/mycosphere/8/9/7

Budeguer CJ, Ponessa GI, Arce OEA, Ruiz YAI (2012) Morfología y anatomía foliar de 
Dysphania ambrosioides (Chenopodiaceae) en la provincia de Tucumán. Revista 
Agronómica del Noroeste Argentino 32: 9–15.

Carbone I, Kohn LM (1999) A method for designing primer sets for speciation studies in 
filamentous Ascomycetes. Mycologia 91: 553–556. https://doi.org/10.1080/002755
14.1999.12061051

Cook RTA, Inman AJ, Billings C (1997) Identification and classification of powdery mildew 
anamorphs using light and scanning electron microscopy and host range data. My-
cological Research 101: 975–1002. https://doi.org/10.1017/S095375629700364X

https://doi.org/10.1080/00275514.2024.2386230
https://doi.org/10.1080/00275514.2024.2386230
https://doi.org/10.1080/00275514.2022.2115419
https://doi.org/10.1080/00275514.2022.2115419
https://doi.org/10.1080/00275514.2023.2230853
https://doi.org/10.1080/00275514.2023.2194172
https://doi.org/10.1080/00275514.2023.2252715
https://doi.org/10.1080/0028825X.2023.2276913
https://doi.org/10.3389/fevo.2022.918908
https://doi.org/10.1094/PHYTO-04-20-0139-PER
https://doi.org/10.1002/fedr.19780880906
https://doi.org/10.5943/mycosphere/8/9/7
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1017/S095375629700364X


142MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Cunnington J, Takamatsu S, Lawrie IAC, Pascoe G (2003) Molecular identification of 
anamorphic powdery mildews (Erysiphales). Australasian Plant Pathology 32: 421–
428. https://doi.org/10.1071/AP03045

Darsaraei H, Afshan NS, Afzal S, Zafar I, Anwar A, Götz M, Khodaparast SA, Braun U 
(2023) A re-assessment of Erysiphe polygoni: Phylogenetic analyses suggest an 
undescribed species. Sydowia 75: 233–242. https://doi.org/10.12905/0380.sydo-
wia75-2023-0233

Edler D, Klein J, Antonelli A, Silvestro D (2020) raxmlGUI 2.0: A graphical interface and 
toolkit for phylogenetic analyses using RAxML. Methods in Ecology and Evolution 12: 
373–377. https://doi.org/10.1111/2041-210X.13512

Ellingham O, David J, Culham A (2019) Enhancing identification accuracy for pow-
dery mildews using previously underexploited DNA loci. Mycologia 111: 798–812. 
https://doi.org/10.1080/00275514.2019.1643644

Felsenstein J (1985) Confidence limits on phylogenetics: An approach using the boot-
strap. Evolution; International Journal of Organic Evolution 39: 783–791. https://doi.
org/10.2307/2408678

Feng J, Liu SY, Braun U, Takamatsu S, Bradshaw M, Khodaparast SA, Bulgakov TS, Guan 
GX, Zhao FY, Tang SR (2022) Discovery of a cryptic species, Erysiphe Salicina sp. nov., 
and reconstruction of the phylogeny of powdery mildews on Populus and Salix Spp. 
Mycological Progress 21: 1–11. https://doi.org/10.1007/s11557-022-01793-1

Han GS, Kim BS, Choi IY, Shin HD (2016) First report of powdery mildew caused by Ery-
siphe polygoni on Homalocladium platycladum in Korea. Plant Disease 100: 1–3. 
https://doi.org/10.1094/PDIS-04-16-0539-PDN

Heluta V (1988) Filogeneticheskie vzaimosvyazi mezhdu rodami erizifalnykh gribov i 
nekotorye voprosy sistematiki poryadka Erysiphales. Biologicheskii Zhurnal Armenii 
41: 351–358.

Hirata T, Takamatsu S (1996) Nucleotide sequence diversity of rDNA internal transcribed 
spacers extracted from conidia and cleistothecia of several powdery mildew fungi. 
Mycoscience 37: 283–288. https://doi.org/10.1007/BF02461299

Jin DN, Kiss L, Takamatsu S, Zhang ZY, Álvarez MGCd, Li Z, Li Y, Liu SY (2021) Hidden diver-
sity of powdery mildews belonging to the recently re-discovered genus Salmonomyces. 
Mycological Progress 20: 1009–1018. https://doi.org/10.1007/s11557-021-01679-8

Joa JH, Seong KC, Choi I-Y, Cho SE, Shin HD (2016) First report of powdery mildew 
caused by Erysiphe betae on sugar beet in Korea. Plant Disease 101: 1–2. https://doi.
org/10.1094/PDIS-07-16-1029-PDN

Khodaparast S, Hejaroud GA, Takamatsu S (2003) Phylogenetic relationships between 
Iranian isolates of Microsphaera and Erysiphe s. lat. based on rDNA internal tran-
scribed spacers sequences. Rostaniha 4: 79–86.

Kiss L, Vaghefi N, Bransgrove K, Dearnaley JDW, Takamatsu S, Tan YP, Marston C, Liu SY, 
Jin DN, Adorada DL, Bailey J, Álvarez MGC, Daly A, Dirchwolf PM, Jones L, Nguyen 
TD, Edwards J, Ho W, Kelly L, Mintoff SJL, Morrison J, Németh MZ, Perkins S, Shivas 
RG, Smith R, Stuart K, Southwell R, Turaganivalu U, Váczy KZ, Blommestein AV, Wright 
D, Young A, Braun U (2020) Australia: A continent without native powdery mildews? 
The first comprehensive catalog indicates recent introductions and multiple host 
range expansion events, and leads to the re-discovery of Salmonomyces as a new 
lineage of the Erysiphales. Frontiers in Microbiology 11. https://doi.org/10.3389/
fmicb.2020.01571

Koutroumpa K, Theodoridis S, Warren BH, Jiménez A, Celep F, Doğan M, Romeiras MM, 
Santos‐Guerra A, Fernández‐Palacios JM, Caujapé‐Castells J, Moura M, Sequeira MMd, 

https://doi.org/10.1071/AP03045
https://doi.org/10.12905/0380.sydowia75-2023-0233
https://doi.org/10.12905/0380.sydowia75-2023-0233
https://doi.org/10.1111/2041-210X.13512
https://doi.org/10.1080/00275514.2019.1643644
https://doi.org/10.2307/2408678
https://doi.org/10.2307/2408678
https://doi.org/10.1007/s11557-022-01793-1
https://doi.org/10.1094/PDIS-04-16-0539-PDN
https://doi.org/10.1007/BF02461299
https://doi.org/10.1007/s11557-021-01679-8
https://doi.org/10.1094/PDIS-07-16-1029-PDN
https://doi.org/10.1094/PDIS-07-16-1029-PDN
https://doi.org/10.3389/fmicb.2020.01571
https://doi.org/10.3389/fmicb.2020.01571


143MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Conti E (2018) An expanded molecular phylogeny of Plumbaginaceae, with emphasis 
on Limonium (sea lavenders): Taxonomic implications and biogeographic consider-
ations. Ecology and Evolution 8: 12397–12424. https://doi.org/10.1002/ece3.4553

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molecular evolutionary 
genetics analysis across computing platforms. Molecular Biology and Evolution 35: 
1547–1549. https://doi.org/10.1093/molbev/msy096

La YJ, Cho SE, Park JH, Shin HD (2015) Occurrence of powdery mildew caused by 
Erysiphe paeoniae on Paeonia suffruticosa. Tropical Plant Pathology 41: 48–51. 
https://doi.org/10.1007/s40858-015-0060-6

Liu TZ (2010) The Erysiphaceae of Inner Mongolia. Inner Mongolia Science And Tech-
nology Press, Chifeng, 322 pp.

Liu TZ (2022) Erysiphaceae of Inner Mongolia: Supplement and revision. Journal of Fun-
gal Research 20: 6–22. https://doi.org/10.13341/j.jfr.2021.1410

Liu SY, Takamatsu S (2006) A review of generic systematics of powdery mildews. Junwu 
Xuebao 25: 152–159. https://doi.org/10.1109/IPSN.2006.244130

Liu L, Bradshaw M, Braun U, Götz M, Khodaparast SA, Liu TZ, Bulgakov TS, Darsaraei H, 
Hofbauer WK, Li Y, Liu SY (2022a) Phylogeny and taxonomy of Erysiphe berberidis 
(s. lat.) revisited. Mycoscience 63: 222–234. https://doi.org/10.47371/mycos-
ci.2022.07.005

Liu L, Hui LC, Yu SR, Li Y, Liu SY (2022b) Erysiphe ruyongzhengiana sp. nov., a new pow-
dery mildew species on Aristolochia debilis, belonging to the Erysiphe aquilegiae 
clade. Mycoscience 63: 169–175. https://doi.org/10.47371/mycosci.2022.05.005

Lu WJ, Wang LH, Wang YQ, Li CH (2015) First report of powdery mildew caused by 
Erysiphe polygoni on buckwheat in Yunnan, China. Plant Disease 99: 9. https://doi.
org/10.1094/PDIS-12-14-1334-PDN

Meeboon J, Takamatsu S (2015) Erysiphe takamatsui, a powdery mildew of lotus: Re-
discovery of teleomorph after 40 years, morphology and phylogeny. Mycoscience 56: 
159–167. https://doi.org/10.1016/j.myc.2014.05.002

Meeboon J, Takamatsu S (2017) Notes on powdery mildews (Erysiphales) in Thai-
land IV. Erysiphe species on Malvaceae, Menispermaceae, Moraceae, Nyctaginace-
ae, Polygonaceae, Solanaceae and Urticaceae. Tropical Plant Pathology 42: 1–10. 
https://doi.org/10.1007/s40858-017-0156-2

Meeboon J, Okamoto J, Takamatsu S (2021) Two new records of powdery mildews 
(Erysiphaceae) from Japan: Erysiphe actinidiicola sp. nov. and Erysiphe sp. on Li-
monium tetragonum. Mycoscience 62: 198–204. https://doi.org/10.47371/mycos-
ci.2021.02.002

Monsyakin SL (2016) Nomenclatural notes on North American taxa of Anemonastrum 
and Pulsatilla (Ranunculaceae), with comments on the circumscription of Anemone 
and related genera. Phytoneuron 79: 1–12.

Nylander JAA (2004) MrModeltest V2. Program Distributed by the Author. Evolutionary 
Biology Centre, Uppsala University, Uppsala.

Phukhamsakda C, McKenzie EHC, Phillips AJL, Jones EBG, Bhat DJ, Marc S, Bhunjun CS, 
Wanasinghe DN, Thongbai B, Camporesi E, Ertz D, Jayawardena RS, Perera RH, Ekanay-
ake AH, Tibpromma S, Doilom M, Xu J, Hyde KD (2020) Microfungi associated with 
Clematis (Ranunculaceae) with an integrated approach to delimiting species boundar-
ies. Fungal Diversity 120: 1–203. https://doi.org/10.1007/s13225-020-00448-4

Qian HW, Jing JC, Liang C, Liang WX, Huang JG (2016) First report of powdery mildew 
caused by Erysiphe paeoniae on Paeonia suffruticosa in China. Plant Disease 100: 
1015–1016. https://doi.org/10.1094/PDIS-08-15-0897-PDN

https://doi.org/10.1002/ece3.4553
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1007/s40858-015-0060-6
https://doi.org/10.13341/j.jfr.2021.1410
https://doi.org/10.1109/IPSN.2006.244130
https://doi.org/10.47371/mycosci.2022.07.005
https://doi.org/10.47371/mycosci.2022.07.005
https://doi.org/10.47371/mycosci.2022.05.005
https://doi.org/10.1094/PDIS-12-14-1334-PDN
https://doi.org/10.1094/PDIS-12-14-1334-PDN
https://doi.org/10.1016/j.myc.2014.05.002
https://doi.org/10.1007/s40858-017-0156-2
https://doi.org/10.47371/mycosci.2021.02.002
https://doi.org/10.47371/mycosci.2021.02.002
https://doi.org/10.1007/s13225-020-00448-4
https://doi.org/10.1094/PDIS-08-15-0897-PDN


144MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Qiu PL, Tang SR, Guan GX, Li Y, Takamatsu S, Liu SY (2019) Revisiting a poorly known 
powdery mildew species: Morphology and molecular phylogeny of Erysiphe longissi-
ma. Mycoscience 60: 250–254. https://doi.org/10.1016/j.myc.2019.03.001

Qiu PL, Liu SY, Bradshaw M, Latham SR, Takamatsu S, Bulgakov TS, Tang SR, Feng J, 
Jin DN, Aroge T, Li Y, Wang LL, Braun U (2020) Multi-locus phylogeny and taxonomy 
of an unresolved, heterogeneous species complex within the genus Golovinomyces 
(Ascomycota, Erysiphales), including G. ambrosiae, G. circumfusus and G. spadiceus. 
BMC Microbiology 20: 1–16. https://doi.org/10.1186/s12866-020-01731-9

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Höhna S, Larget B, Liu 
L, Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian phylogenet-
ic inference and model choice across a large model space. Systematic Biology 61: 
539–542. https://doi.org/10.1093/sysbio/sys029

Saenz GS, Taylor JW (1999) Phylogeny of the Erysiphales (powdery mildews) inferred 
from internal transcribed spacer ribosomal DNA sequences. Canadian Journal of 
Botany 77: 150–168. https://doi.org/10.1139/b98-235

Cho Se, Zhao TT, Choi IY, Shin HD (2016) First report of powdery mildew caused by Ery-
siphe aquilegiae var. ranunculi on Catharanthus roseus in Korea. Plant Disease 101: 
1–2. https://doi.org/10.1094/PDIS-10-16-1456-PDN

Sehar ANU, Maria R (2022) First record of Erysiphe aquilegiae on Clematis mon-
tana (Himalayan Clematis) from Pakistan. Nova Hedwigia 114: 69–76. https://doi.
org/10.1127/nova_hedwigia/2022/0680

Shin HD, La YJ (1993) Morphology of edge lines of chained immature conidia on conid-
iophores in powdery mildew fungi and their taxonomic significance. Mycotaxon 46: 
445–451.

Shin HD, Meeboon J, Takamatsu S, Adhikari MK, Braun U (2019) Phylogeny and taxon-
omy of Pseudoidium pedaliacearum. Mycological Progress 18: 237–246. https://doi.
org/10.1007/s11557-018-1429-y

Shirouzu T, Takamatsu S, Hashimoto A, Meeboon J, Ohkuma M (2020) Phylogenetic 
overview of Erysiphaceae based on nrDNA and MCM7 sequences. Mycoscience 61: 
249–258. https://doi.org/10.1016/j.myc.2020.03.006

Song JG, Xu B, Zhao ZY, Zhang SH, Cho SE, Shin HD (2016) Erysiphe acantholi-
monis sp. nov. on Acantholimon hedinii. Mycotaxon 131: 621–629. https://doi.
org/10.5248/131.621

Swofford D (2002) PAUP*. Phylogenetic analysis using parsimony (and other methods). 
4.0b10. Sinauer Associates, Sunderland, MA.

Takamatsu S, Kano Y (2001) PCR primers useful for nucleotide sequencing of rDNA 
of the powdery mildew fungi. Mycoscience 42: 135–139. https://doi.org/10.47371/
mycosci.MYC42135

Takamatsu S, Hirata T, Sato Y (1998) Phylogenetic analysis and predicted secondary 
structures of the rDNA internal transcribed spacers of the powdery mildew fungi (Ery-
siphaceae). Mycoscience 39: 441–453. https://doi.org/10.1007/BF02460905

Takamatsu S, Hirata T, Sato Y, Nomura Y (1999) Phylogenetic relationships of Micros-
phaera and Erysiphe section Erysiphe (powdery mildews) inferred from the rDNA ITS 
sequences. Mycoscience 40: 259–268. https://doi.org/10.1007/BF02463963

Takamatsu S, Bolay A, Limkaisang S, Kom-un S, To-anun C (2006) Identity of a powdery 
mildew fungus occuring on Paeonia and its relationship with Erysiphe hypophylla on 
oak. Mycoscience 47: 67–373. https://doi.org/10.47371/mycosci.MYC47367

https://doi.org/10.1016/j.myc.2019.03.001
https://doi.org/10.1186/s12866-020-01731-9
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1139/b98-235
https://doi.org/10.1094/PDIS-10-16-1456-PDN
https://doi.org/10.1127/nova_hedwigia/2022/0680
https://doi.org/10.1127/nova_hedwigia/2022/0680
https://doi.org/10.1007/s11557-018-1429-y
https://doi.org/10.1007/s11557-018-1429-y
https://doi.org/10.1016/j.myc.2020.03.006
https://doi.org/10.5248/131.621
https://doi.org/10.5248/131.621
https://doi.org/10.47371/mycosci.MYC42135
https://doi.org/10.47371/mycosci.MYC42135
https://doi.org/10.1007/BF02460905
https://doi.org/10.1007/BF02463963
https://doi.org/10.47371/mycosci.MYC47367


145MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Takamatsu S, Niinomi S, Harada M, Havrylenko M (2010) Molecular phylogenetic 
analyses reveal a close evolutionary relationship between Podosphaera (Erysip-
hales: Erysiphaceae) and its rosaceous hosts. Persoonia 24: 38–48. https://doi.
org/10.3767/003158510X494596

Takamatsu S, Ito Arakawa H, Shiroya Y, Kiss L, Heluta V (2015a) First comprehensive 
phylogenetic analysis of the genus Erysiphe (Erysiphales, Erysiphaceae) I. The Micro-
sphaera lineage. Mycologia 107: 475–489. https://doi.org/10.3852/15-007

Takamatsu S, Ito Arakawa H, Shiroya Y, Kiss L, Heluta V (2015b) First comprehensive 
phylogenetic analysis of the genus Erysiphe (Erysiphales, Erysiphaceae) II: The 
Uncinula lineage. Mycologia 107: 903–914. https://doi.org/10.3852/15-062

Walsh PS, Metzger DA, Higuchi R (1991) Chelex 100 as a medium for simple extraction 
of DNA for PCR-Based typing from forensic material. BioTechniques 10: 506–513. 
https://doi.org/10.2144/000113897

Wang CT, Yeh YW, Ld L, Kirschner R (2019) First record of the powdery mildew fungus Ery-
siphe polygoni on the introduced coral vine Antigonon leptopus (Polygonaceae) in Tai-
wan. Plant Pathology & Quarantine 9: 160–165. https://doi.org/10.5943/ppq/9/1/14

Watpade S, Naga KC, Pramanick KK, Tiwari RK, Kumar R, Shukla AK, Mhatre PH, Lal MK, 
Pal D, Manjunatha N (2023) First report of powdery mildew of pomegranate (Punica 
granatum) caused by Erysiphe punicae in India. Journal of Plant Diseases and Protec-
tion 130: 651–656. https://doi.org/10.1007/s41348-023-00718-8

Zafar I, Afshan NS, Majeed J, Niazi AR, Khalid AN (2023) Erysiphe bistortae sp. nov. 
on Bistorta amplexicaulis from Pakistan. Mycotaxon 137: 883–891. https://doi.
org/10.5248/137.883

Zheng RY, Yu YN (1987) Flora Fungorum Sinicorum. (Vol. 1). Erysiphales. Science Press, 
Beijing, 552 pp.

Supplementary material 1

Phylogenetic tree of selected species within sect. Erysiphe based on the 
ITS+28S+IGS regions

Authors: Zhao-Yang Zhang
Data type: pdf
Explanation note: Bootstrap values greater than 60% for the maximum likelihood 

(ML) analyses are displayed followed by posterior probabilities ≥ 0.70 of Bayesian 
inference (BI) analyses. HT = Holotype; the color box indicates new species; bold 
font indicates the new species obtained in this study; blue bold font indicates new 
record species.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.118.154217.suppl1

https://doi.org/10.3767/003158510X494596
https://doi.org/10.3767/003158510X494596
https://doi.org/10.3852/15-007
https://doi.org/10.3852/15-062
https://doi.org/10.2144/000113897
https://doi.org/10.5943/ppq/9/1/14
https://doi.org/10.1007/s41348-023-00718-8
https://doi.org/10.5248/137.883
https://doi.org/10.5248/137.883
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.118.154217.suppl1


146MycoKeys 118: 119–146 (2025), DOI: 10.3897/mycokeys.118.154217

Zhao-Yang Zhang et al.: Hidden taxa of Erysiphe fungi in China: Morphology and multilocus phylogeny

Supplementary material 2

List of taxa, host, voucher, collection locality and GenBank accession 
number of the specimens downloaded from NCBI

Authors: Zhao-Yang Zhang
Data type: xlsx
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.118.154217.suppl2

Supplementary material 3

Alignment file for constructing the ITS+28S phylogenetic tree

Authors: Zhao-Yang Zhang
Data type: fas
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.118.154217.suppl3

Supplementary material 4

Alignment file for constructing the ITS+28S+IGS+RPB2+TUB phylogenetic tree

Authors: Zhao-Yang Zhang
Data type: fas
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.118.154217.suppl4

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.118.154217.suppl2
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.118.154217.suppl3
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.118.154217.suppl4

	Discover hidden taxa of Erysiphe section Erysiphe fungi (Ascomycota, Erysiphaceae) based on morphology and multilocus phylogeny in China
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Morphological observations
	DNA extraction and sequencing
	Phylogenetic analysis
	Abbreviations

	Results
	Phylogenetic analysis
	Taxonomy
	Erysiphe clematidis Zhao Y. Zhang & S.Y. Liu, sp. nov.
	Erysiphe limoniicola Zhao Y. Zhang, S.Y. Liu & T.Z. Liu, sp. nov.
	Erysiphe paeoniae-suffruticosae Zhao Y. Zhang & S.Y. Liu, sp. nov.
	New records

	Erysiphe malvae Heluta, Ukrayins’k. Bot. Zhurn. 47(4): 75, 1990.
	Erysiphe punicae T.M. Achundov, Novosti Sist. Nizsh. Rast. 24: 95, 1987.

	Discussion
	Conclusions
	Acknowledgments
	Additional information
	Reference

