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ABSTRACT

Since the 1980s, an invasive plant, Symphyotrichum subulatum, has become widely
naturalized in Korea, competing with native plants and disrupting ecosystems. Since
powdery mildew symptoms were initially observed on S. subulatum on a riverside in Busan
in 2007, infected plants have been continuously observed. Morphological examination and
phylogenetic analysis confirmed Golovinomyces ambrosiae as the causal agent. This study
reports the first occurrence of powdery mildew caused by G. ambrosiae on S. subulatum in
Korea. Given that this pathogen completes its life cycle by developing its sexual stage in
Korea, it poses a potential threat to S. subulatum and other Asteraceae plants.
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B The invasive wild plant Symphyotrichum subulatum (Michx.) G.L. Nesom is native to the tropical
a OPEN ACCESS regions of America. This plant was accidentally introduced to Korea in the 1980s and has since become
PISSN : 0253-651X widely naturalized, outcompeting indigenous plants and disrupting native ecosystems [1]. In November

eISSN 23835249 2007, S. subulatum plants showing symptoms of powdery mildew were first observed at a riverside

Kor. J.Mycol. 2124 December, 5241325320 in Busan (35°1247"N 128°5929"E), Korea. Between 2007 and 2020, four powdery mildew-infected
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specimens of S. subulatum were collected and deposited in the Korea University Herbarium (KUS-F).
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Initially, the infection appeared as circular to irregular white patches on the upper surfaces of the leaves,
which gradually spread to form a powdery growth on both sides of the leaves, as well as on the stems and
inflorescences (Fig. 1A and 1B). The affected leaves exhibited a purple-to-brown discoloration.
© 2024 THE KOREAN SOCIETY OF MYCOLOGY.

For morphological analysis, fungal structures from infected leaves were mounted in distilled water and
ThE[S. isl and(? pten. g‘ciesj observed under a bright-field microscope (Olympus BX50, Olympus, Tokyo, Japan). Conidiophores, conidia,
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examination revealed that the appressoria on the mycelia were nipple-shaped. The conidiophores were

with a sinuate outline (Fig. 1D and 1E). Foot cells of conidiophores were straight and 41.4 to 75.9 (av. 58.4)
um long (Fig. 1C to 1E). Conidia were hyaline, ellipsoid to barrel-shaped, 29.5 to 39 (av. 33.6) X 133 to
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18 (av. 15.7) pm (a length/width ratio = 1.5 to 2.3), lacked distinct fibrosin bodies, and produced a germ
tube at the subterminal position, with reticulate wrinkling of the outer walls (Fig. 1F to 1H). Chasmothecia
were amphigenous and caulicolous, scattered to gregarious, subglobose, and 97.6 to 132 (av. 111.5) um in
diameter. Peridium cells were irregularly shaped, ranging from polygonal to daedaleoid, and 8.7 to 16 (av.
12.5) um in diameter.

Fig. 1. Powdery mildew symptoms (A and B) and morphological features (C—J) of Golovinomyces
ambrosiae affecting Symphyotrichum subulatum. (A) Powdery mildew symptoms on the inflorescence
and young stems of S. subulatum, showing white fungal growth. (B) Symptoms on leaves characterized
by white, powdery patches. (C—E) Conidiophore with foot cell and immature conidia in chains. (F)
Conidia with ellipsoid to barrel shape, with a germ tube formed at the subterminal position (G) and
with reticulate wrinkling on the outer wall (H). (I) Chasmothecium with appendages and developing
ascospores, indicating sexual reproductive structures. (J) Close-up view of developing asci with
ascospores inside a chasmothecium.
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Appendages were numerous, arising from the lower half of the chasmothecium, mycelioid, and 0.5-2
times longer than the chasmothecial diameter, with a width of 4-8 (av. 5.9) um. Initially, the appendages
were hyaline but later became yellowish to medium brown (Fig. 1I). The asci were usually numbered
6-11, obovoid to clavate saccate, and 62 to 87 (av. 72.2) X 44 to 66 (av. 55.4) um, typically containing
two ascospores (Fig. 11 and 1J). The ascospores were colorless, ellipsoid to ovoid, and 13 to 22.3 (av. 17)
X 10 to 18 (av. 13.5) um (Fig. 1J). These morphological features are consistent with those described for
Golovinomyces ambrosiae (Schwein.) U. Braun & R. T. A. Cook [2,3].

For molecular phylogenetic analysis, genomic DNA was extracted from mycelia and conidia scraped
from infected leaves using a MagListo SM Plant Genomic DNA Extraction Kit (Bioneer, Daejeon, Korea).
The internal transcribed spacer (ITS1-5.8S-ITS2), the 5'-end of the 28S intergenic spacer (IGS) regions of
rDNA, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene were amplified by polymerase
chain reaction (PCR) using the primer sets PM10/1TS4, PM3/TW14, IGS-12a/NSIR, and GoGPD-F/
GoGPD-R, respectively [4-7]. PCR products were purified using an AccuPrep PCR Purification Kit
(Bioneer) and sequenced by Macrogen, Inc. (Seoul, Korea). The obtained sequences were edited using

DNAStar software (Madison, Wis., USA) version 5.05 and deposited in GenBank (Table 1).

Table 1. Powdery mildew specimens of Symphyotrichum subulatum in Korea

GenBank accession numbers

Herbarium no. Date Geographic location

ITS LSU IGS GAPDH
KUS-F27140 Oct 2012 Seoul PQ680183 - PQ683339 -
KUS-F27257 Nov 2012 Jeju PQ680182  PQ680179  PQ683336  PQ683341
KUS-F29331 Jul 2016 Jindo PQ680181 - PQ683337 -
KUS-F31878 Jul 2020 Seoul PQ680184  PQ680180  PQ683338  PQ683340

ITS: internal transcribed spacer; LSU: large-subunit rDNA; IGS: intergenic spacer; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase.

A Basic Local Alignment Search Tool (BLAST) search revealed that the ITS, 28S, IGS rDNA, and
GAPDH sequences shared 100% similarity with reference sequences of G. ambrosiac (MG704839 for
ITS, AB769427 for the large-subunit tDNA (LSU), MZ614729 for IGS, and ON360701 for GAPDH).
Phylogenetic analysis was performed using sequences from the ITS, 28S, IGS regions, and GAPDH gene.
These regions provide comprehensive information on genetic variability, allowing accurate identification
and differentiation of closely related fungal species. The sequences of each marker were aligned using
MAFFT version 7 [8], and a phylogenetic tree was constructed using the maximum likelihood (ML)
method in MEGA 11 [9]. Bootstrap analysis was performed with 1,000 replicates to evaluate the robustness
of the inferred phylogenetic relationships. Based on the morphological characteristics and molecular
analyses, the causal agent of powdery mildew on S. subulatum was identified as G. ambrosiae (Fig. 2).

The powdery mildew of S. subulatum (previously known as Aster subulatus), or its related species, S.
squamatum, associated with Golovinomyces cichoracearum s. lat. were reported in Australia, New Zealand,

France, Iraq, Israel, and Japan [10]. Previous phylogenetic studies have revealed that G. ambrosiae on S.
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G. ambrosiae ex Asclepias syriaca FH00941223

G. ambrosiae ex Symphyotrichum subulatum KUS-F29331
G. ambrosiae ex Symphyotrichum subulatum KUS-F27140
G. ambrosiae ex Symphyotrichum patens FH00941234

G. ambrosiae ex Liatris spicata FH01122013

G. ambrosiae ex Acalypha rhomboidea FH00941205

G. ambrosiae ex Symphyotrichum subulatum KUS-F27257

G. ambrosiae ex Symphyotrichum subulatum KUS-F31878
89| G. ambrosiae ex Dahlia ‘Knockout’ FH00941248

G. ambrosiae ex Symphyotrichum novi-belgii HMJAUPM91804
G. ambrosiae ex Symphyotrichum novi-belgii HMJAUPM91805
2?1 G. ambrosiae ex Symphyotrichum novi-belgii HMUJAUPM91806
G. ambrosiae ex Symphyotrichum novi-belgii HMJAUPM91807

83 G. ambrosiae ex Symphyotrichum novi-belgii HMJAUPM91808
m;'nbrosiae ex Zinnia elegans FH00941245
G. latisporus ex Helianthus annuus FH00941221
— G. asterum ex Symphyotrichum novae-angliae FH00941249
\j G. asterum var. asterum ex Symphyotrichum georgianum FH00941279
G. inulae ex Telekia speciosa HAL 3445 F
92~ G. orontii ex Valeriana obovata FH01122026
99— G. sordidus ex Plantago major FH01122025
80 — G. circumfusus ex Eupatorium cannabinum GLM74796
‘ 88‘ G. salviae ex Agastache scrophulariifolia FH00941250
\ﬁ( G. magnicellulatus ex Phlox panniculata FH01122024

l G. verbenae ex Verbena bonariensis FH00941270

Neoerysiphe galeopsidis ex Lamium purpureum FH00941231
0.050

Fig. 2. Maximum likelihood tree of Golovinomyces species inferred from concatenated ITS, LSU, IGS
rDNA, and GAPDH sequences. Bootstrap values higher than 60% are indicated above the branches.
The blue box represents Golovinomyces ambrosiae. All Korean specimens sequenced in this study
are shown in bold. ITS: internal transcribed spacer; LSU: large-subunit rtDNA; IGS: intergenic spacer;
GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

novi-belgii [9] and S. patens [11] clustered within the same clade but were distinct from G. asterum on S.
novae-angliae and G. asterum var. asterum on S. georgianum [11], thus confirming that Symphyotrichum
spp. are affected by G. ambrosiae and G. asterum. This study verified that S. subulatum in Korea was
specifically infected with G. ambrosiae. To our knowledge, this is the first report of powdery mildew
disease caused by G. ambrosiae on S. subulatum in Korea. In addition, we discovered the sexual stage of G.
ambrosiae, indicating that the pathogen can complete its life cycle and reproduce sexually in Korea, posing

a potential threat to S. subulatum and other Asteraceae plants.
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