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Abstract:  16 

Teratoramularia rumicicola  is a plant pathogenic fungus infecting Rumex species. 17 

Although it was described as a new species in 2016, its fundamental characteristics, 18 

including historical occurrence, geographic distribution, and host range, remain 19 

poorly resolved. In this study, we re-identified strain GR1, which was originally 20 

isolated from a diseased Rumex plant in the Bonin (Ogasawara) Islands in 1996 and 21 

deposited in a public bioresource center, together with the plant voucher specimen, 22 

and evaluated its host range. Colony and conidial morphology and a phylogenetic 23 

analysis based on concatenated internal transcribed spacer (ITS) and large subunit 24 

(LSU) rDNA sequences identified GR1 as T. rumicicola . Morphological examination 25 

of the host plant voucher specimen confirmed Rumex japonicus as the natural host. 26 

Pathogenicity assays demonstrated that GR1 infected R. japonicus, reproduced the 27 

original disease symptoms, and was successfully re -isolated from diseased tissues, 28 

consistent with Koch’s postulates. In addition, GR1 caused significant disease and 29 

shoot biomass reduction in R. japonicus , R. crispus  and R. obtusifolius. The 30 

identification of GR1 reveals the presence of T. rumicicola in Japan approximately 31 

two decades prior to its formal description, representing the earliest known record of 32 

this species. Furthermore, this finding extends its known distribution from temperate 33 

regions to the subtropical Bonin Islands, a well -preserved and isolated ecosystem. 34 

This study documents for the first time R. japonicus as a natural host of T. rumicicola. 35 

 36 

Keywords: Teratoramularia rumicicola; Rumex japonicus; re-identification; natural 37 

host; historical record   38 
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Introduction 39 

The ramularioid fungi, historically accommodated in Ramularia, represents a 40 

morphologically heterogeneous group of hyphomycetes with ramularia -like 41 

conidiogenesis and both economic and ecological importance  (Videira et al. 2016). 42 

Many of these species are economically significant foliar pathogens of cereals, forage 43 

grasses, and other crops, causing leaf spot and blight diseases that reduce yield and 44 

quality, with Ramularia collo-cygni B. Sutton & J.M. Waller  on barley as a notorious 45 

example (McGrann et al. 2016). In addition to their importance as crop pathogens, 46 

several Ramularia-like fungi have also attracted attention as potential agents for the 47 

biological control of weeds (Bond et al. 2007), highlighting their dual relevance to 48 

both plant pathology and weed management. Given this agricultural significance, 49 

accurate delimitation of these fungi is essential . In this context, molecular 50 

phylogenetic analyses revealed the ramular ioid fungi to be polyphyletic, leading to 51 

the erection of several distinct genera, including Teratoramularia  (Videira et al. 52 

2016). 53 

Teratoramularia currently comprises several species, including 54 

Teratoramularia rumicicola  Videira, H.D. Shin & Crous, Teratoramularia rumicis  55 

Kushwaha, S.K. Verma, Sanj. Yadav & Raghv. Sing, Teratoramularia kirschneriana  56 

Videira & Crous, Teratoramularia infinita  Videira & Crous, and Teratoramularia 57 

persicariae Videira, H.D. Shin & Crous. Among them, T. rumicicola is recognized as 58 

a foliar pathogen of problematic Rumex weeds and has been highlighted as a 59 

promising candidate for microbial bioherbicide development in pasture systems 60 

(Videira et al. 2016; Choi et al. 2025; Izumi and Sato 2025) . However, as a species 61 

described only recently, its fundamental characteristics—particularly historical 62 
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occurrence, geographic distribution, and host range  —remain poorly understood. To 63 

date, T. rumicicola has been reported from Rumex crispus L. in Korea and mainland 64 

Japan (Videira et al. 2016; Izumi and Sato 2025)  and from Rumex obtusifolius L. in 65 

Korea (Choi et al. 2025). Artificial inoculations with Japanese isolates further 66 

demonstrated the susceptibility of Rumex japonicus Houtt., although this species has 67 

not yet been documented as a natural host (Izumi and Sato 2025). Overall, current 68 

information on the host range and ecology of T. rumicicola  remains limited. 69 

Clarifying such fundamental traits is essential not only for refining the taxonomy of 70 

this newly described species, but also for understanding its biogeography and 71 

assessing its potential applications in weed management.  72 

In this study, we focus on strain GR1, collected in 1996 from a diseased 73 

Rumex plant on Hahajima, the Bonin Islands, by T. Sato (a co-author). It was initially 74 

listed as Ramularia pratensis  Sacc. in a non-peer-reviewed report (Sato et al. 2010) 75 

and deposited in the NARO Genebank as MAFF 238946. An internal transcribed 76 

spacer (ITS) sequence later suggested affinity with T. rumicicola or T. rumicis, but 77 

the isolate itself has never been formally reassessed. Moreover, although recorded as 78 

originating from R. japonicus , no morphological evidence was provided for the host 79 

plant, leaving the authenticity of this host record uncertain. Thus, both the fungal 80 

identity and its host association remain unresolved, underscoring the need for formal 81 

reassessment.  82 

The objectives of this study were to re-examine strain GR1 using ITS and 83 

LSU sequence analyses and morphological observations, to reassess the host voucher 84 

morphologically, and to evaluate the pathogenicity of GR1 against Rumex species. 85 

These investigations aim to clarify the taxonomic placement of GR1 and its host 86 
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association, thereby providing new insights into the historical presence and 87 

ecological breadth of T. rumicicola in Japan.  88 

 89 

Materials and Methods  90 

Fungal Strain GR1  91 

Strain GR1 was originally isolated in June 1996 by coauthor T. Sato from a naturally 92 

infected Rumex leaf exhibiting white powdery mildew-like symptoms in Hahajima in 93 

the Bonin Islands, Japan. At the time of isolation, the fungus was recorded as R. 94 

pratensis  and deposited in the NARO Genebank under accession MAFF 238946. For 95 

the present study, GR1 was revived from the culture collection and used for 96 

morphological, molecular, phylogenetic, and pathogenicity analyses.  97 

 98 

Morphological Observations of Strain GR1  99 

Morphological examination of strain GR1 followed the procedures described 100 

previously with minor modifications (Izumi and Sato 2025). Briefly, GR1 was grown 101 

on potato dextrose agar (PDA; Shimadzu Corporation, Kyoto, Japan) at 25 °C in the 102 

dark. Colony characteristics were recorded after 33 days of incubation, whereas 103 

conidia for microscopic observation were obtained from 24-day-old colonies. 104 

Conidial morphology, including length and septation, was examined under a light 105 

microscope (BH-2, Olympus, Japan). Morphological characteristics were evaluated 106 

by reference to published descriptions of T. rumicicola and T. rumicis  (Videira et al. 107 

2016; Verma et al. 2021). 108 

 109 

Molecular and Phylogenetic Analyses of Strain GR1  110 
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Molecular and phylogenetic analyses followed the methods described previously 111 

(Izumi and Sato 2025). Briefly, genomic DNA of GR1 was extracted from mycelium 112 

grown on PDA at 25 °C in the dark, and ITS and large subunit (LSU) regions were 113 

amplified using the primer pairs ITS1/ITS4 (White et al. 1990) and LR0R/LR7 114 

(Vilgalys and Hester 1990), respectively. Amplicons were purified and sequenced 115 

bidirectionally. Consensus sequences were assembled using CodonCode Aligner 116 

v12.0.1 and deposited in GenBank under accessions PX601562 (ITS) and PX599000 117 

(LSU). The resulting sequences were analyzed using BLASTn on the NCBI website 118 

to identify their closest taxonomic affiliations.  119 

ITS and LSU sequences of strain GR1 were concatenated and aligned with 120 

representative Teratoramularia species using MUSCLE in MEGA v11 (Tamura et al. 121 

2021). Ambiguously aligned regions were removed, yielding a final alignment of 122 

1,191 bp. The maximum-likelihood phylogeny was reconstructed in RAxML v8.2.4  123 

(Stamatakis 2014) using the GTR+GAMMA substitution model with 1,000 bootstrap 124 

replicates. The tree was rooted with Staninwardia suttonii  Crous & Summerell CPC 125 

13055 and displayed in iTOL (Letunic and Bork 2024). Sequences retrieved from 126 

GenBank are listed in Table S1.  127 

 128 

Host Plant Voucher Specimen  129 

The host plant voucher specimen corresponding to strain GR1 was collected in June 130 

1996 on Hahajima in the Bonin Islands, Japan, by coauthor T. Sato. At the time of 131 

collection, the plant was recorded as R. japonicus  without any accompanying 132 

morphological description. The specimen is currently preserved in the herbarium of 133 

the Institute for Agro-Environmental Sciences, now a part of NARO, under voucher 134 
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ID NIAES-H 20884. For this study, the voucher was retrieved from the herbarium 135 

collection and used for morphological observations.  136 

 137 

Morphological Examination of the Voucher  138 

Morphological observations of the host voucher specimen were conducted to confirm 139 

the host identity. Diagnostic characters examined included the leaf base and the inner 140 

tepal, which are regarded as key traits for distinguishing Rumex species (Ohashi et 141 

al. 2017). In particular, the margin of the inner tepal is critical for separating R. 142 

japonicus from the morphologically similar R. crispus and R. obtusifolius . 143 

Representative images of these characters were taken.  144 

 145 

Plant Materials and Growth Conditions  146 

Seeds of R. japonicus, R. crispus, R. obtusifolius  were sown on moist filter paper in 147 

Petri dishes and incubated under a 12 h light / 12 h dark photoperiod at 25/15 °C 148 

(day/night) until germination. Seedlings were then transplanted into plastic pots (φ = 149 

5 cm), with one seedling per pot, and maintained under the same environmental 150 

conditions. For symptom reproduction assays, a commercial potting soil (Tanemaki 151 

Baido; Takii & Co., Ltd., Japan) was used. For quantitative pathogenicity assays, 152 

seedlings were grown in a soil mixture of akadama soil and vermiculite (1:1, v/v).  153 

 154 

Inoculum Preparation  155 

Inoculum preparation followed the method described by Izumi and Sato (2025). 156 

Briefly, strain GR1 was pre-cultured for 4 days in a 300 mL Erlenmeyer flask 157 

containing 50 mL of 0.5% yeast extract–malt (YM) liquid medium by inoculating a 158 
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5-mm-diameter mycelial disc, and incubated on a rotary shaker at 25 °C and 130 rpm. 159 

The main culture was initiated by transferring 1% (v/v) of the preculture into a 500 160 

mL Sakaguchi flask containing 150 mL of YM liquid medium and incubated for 7 161 

days at 25 °C and 130 rpm. The resulting culture was filtered through two layers of 162 

gauze to remove large mycelial fragments. Fungal suspensions were prepared from 163 

the filtrate and adjusted using YM liquid medium to a concentration of 1.0 × 10⁵ 164 

propagules mL⁻¹ for symptom reproduction assays or 1.0 × 10⁶ propagules mL⁻¹ for 165 

quantitative pathogenicity assays. Here, the term “propagules” refers to conidia and 166 

small mycelial fragments.  167 

 168 

Pathogenicity Assay on R. japonicus for Symptom Reproduction 169 

R. japonicus  plants grown for approximately one month were sprayed with the fungal 170 

suspension (1.0 × 10⁵ propagules mL⁻¹) until runoff. After inoculation, plants were 171 

enclosed in transparent polyethylene bags to maintain high humidity and incubated 172 

in darkness at 30 °C for 48 h. Plants were then transferred to an acrylic growth box 173 

and maintained at 30 °C under a 12 h light/12 h dark photoperiod with 90 ± 10% 174 

relative humidity.  175 

Disease development was monitored regularly, and representative symptoms 176 

were photographed 10 days after inoculation.  Magnified images of representative 177 

disease symptoms were obtained using a digital microscope (VHX-970F, Keyence, 178 

Japan). To re-isolate the pathogen, conidia produced on symptomatic leaf surfaces 179 

were picked up with a sterile inoculating loop and streaked onto PDA plates.  Plates 180 

were incubated at 25 °C in the dark, and emerging fungal colonies were examined 181 

morphologically, including colony and conidial characteristics, to confirm identity.  182 
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 183 

Quantitative Pathogenicity Assay on Rumex species 184 

Pathogenicity of strain GR1 was evaluated on three Rumex species (R. japonicus, R. 185 

crispus, and R. obtusifolius) as previously described, with minor modifications 186 

(Izumi and Sato 2025). Seedlings at the 1–2 leaf stage were sprayed with a suspension 187 

(1.0 × 10⁶ propagules mL⁻¹) at an equivalent spray volume of 4000 L ha⁻¹ . Control 188 

plants were sprayed with sterile YM medium.  After inoculation, plants were placed 189 

in humid chambers created using moistened polyethylene bags and incubated at 25 °C 190 

in darkness for 48 h. Plants were then moved to standard growth conditions (25 °C, 191 

12 h light/12 h dark), while high humidity was maintained by keeping the 192 

polyethylene bags in place.  Leaf-level disease incidence was recorded 21 days after 193 

inoculation, and shoot biomass of Rumex plants was measured as fresh weight at the 194 

same time point. Leaf-level disease incidence was expressed for each plant as the 195 

proportion of leaves showing clear disease symptoms relative to the total number of 196 

leaves. A leaf was scored as diseased when characteristic signs were observed (e.g., 197 

visible white conidiomata).  198 

 199 

Statistical Analysis  200 

Statistical analyses were conducted in R (version 4.5.0). One plant grown in one pot 201 

was treated as one biological replicate. For each Rumex species, n = 4–5 plants per 202 

treatment (GR1 inoculation vs. mock control) were used, and the bioassay was 203 

repeated twice on separate dates. Leaf-level disease incidence was compared between 204 

treatments using the Mann–Whitney U test. Shoot biomass was analyzed using 205 

Student’s t-test after confirming homogeneity of variances with an F -test. Data are 206 
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presented as mean ± SE. Similar results were obtained in the second run, and data 207 

from one representative run are shown.  208 

 209 

Results 210 

Morphological Characterization of Strain GR1 211 

When cultured on PDA at 25 °C in the dark, GR1 developed very slowly, with 212 

colonies attaining only ~20 mm in diameter after 33 days (Fig. 1). The colonies were 213 

round in outline but displayed an uneven, elevated surface with coarse folds and 214 

wrinkles. The upper surface was distinctly black at the center and surrounded by a 215 

white marginal zone. A reddish pigment diffused into the agar, particularly around 216 

the colony center. On the reverse, the colony center was dark reddish -brown and 217 

contrasted with a paler peripheral zone.  Microscopically, the fungus produced hyaline, 218 

cylindrical conidia that were mostly aseptate, though occasional 1 -septate forms were 219 

observed, and had slightly rounded ends. Conidia measured 6.9–21.9 × 1.3–3.1 µm 220 

(n = 50) (Fig. 2).  221 

 222 

Molecular Identification of Strain GR1  223 

Comparison of the ITS sequence of GR1 with the NCBI database revealed identical 224 

to several T. rumicicola entries (PX069134, OL711641, PP301328, PP301329) as 225 

well as to the ex-type of T. rumicis  (NR_174642). The T. rumicicola  ex-type strain 226 

(NR_154517) also showed nearly identical similarity (469 of 471 bp; 99.6%). For the 227 

LSU locus, GR1 exhibited 100% identity to the T. rumicicola ex-type strain and three 228 

additional isolates (KX287254–KX287256, PX069135), whereas the match to T. 229 

rumicis was 98.6% (697/707 bp; MW276098). Two further T. rumicicola accessions 230 
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(PP301336, PP301337) were also highly similar (99.9%, 722/723 bp).  231 

A maximum-likelihood phylogeny constructed from a concatenated ITS-LSU 232 

alignment (1,191 bp) showed four major clades within Teratoramularia: T. 233 

kirschneriana , T. infinita, T. persicariae , and a mixed T. rumicicola-T. rumicis clade 234 

(Fig. 3). Within this latter group, GR1 consistently grouped with T. rumicicola  235 

isolates and the T. rumicicola ex-type, with full bootstrap support (100%). Although 236 

the T. rumicis type strain was retained in the same clade, it was placed on a noticeably 237 

extended branch, reflecting divergence from GR1 and the T. rumicicola assemblage.  238 

 239 

Identification of Host Plant Voucher Specimen  240 

The overall morphology of the inflorescence and leaves is shown in Fig. 4a. The leaf 241 

base is cuneate, lacking auricles on both sides, thus indicating subgenus Rumex (Fig. 242 

4a). As shown in Fig. 4b, the margin of the inner tepal is shallowly serrate, a key 243 

diagnostic character for distinguishing R. japonicus from R. crispus , which has entire 244 

margins, and R. obtusifolius, which has sharply serrate margins.  Taken together, these 245 

diagnostic characters support the identification of the voucher specimen as R. 246 

japonicus. Notably, whitish fungal residue was visible on the surface of the specimen 247 

(Fig. 4c), which is consistent with fungal growth observed in T. rumicicola infections.  248 

 249 

Symptom reproduction on R. japonicus  250 

A photograph of the original field symptom, taken by coauthor T. Sato in 1996 and 251 

archived in the NARO Genebank, showed leaves extensively covered with 252 

conspicuous white, powdery fungal growth (Fig. 5a; reprinted from the 253 

Microorganisms image database, NARO Genebank, Japan). In the present inoculation 254 
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assay, similar symptoms developed on R. japonicus, and marked white fungal growth 255 

was evident on leaves by 10 days after inoculation  (Fig. 5b and 5c). Accordingly, the 256 

inoculation assay reproduced the original symptom.  To confirm the causal 257 

relationship, conidia were collected directly from symptomatic leaf surfaces and 258 

cultured on PDA. The resulting colonies and conidial morphology were 259 

indistinguishable from those of the original isolate GR1, supporting that GR1 was 260 

the causal agent of the symptoms observed on R. japonicus .  261 

 262 

Quantitative pathogenicity and host range within three Rumex species 263 

Twenty one days after inoculation, leaf-level disease incidence reached 84.0 ± 4.0% 264 

in R. crispus and 84.0 ± 4.0% in R. japonicus, whereas it was lower in R. obtusifolius 265 

(40.0 ± 6.7%) (Fig. 6). Consistent with symptom development, shoot fresh weight 266 

was reduced in inoculated plants across all three species, with significant growth 267 

inhibition of 44.2 ± 5.0% in R. crispus, 56.1 ± 7.3% in R. japonicus , and 28.7 ± 9.2% 268 

in R. obtusifolius . Overall, R. obtusifolius showed comparatively lower susceptibility 269 

to GR1. 270 

 271 

Discussion 272 

Strain GR1 was identified as T. rumicicola  based on concordant morphological, 273 

molecular, phylogenetic, and biogeographic evidence.  The colony phenotype of GR1 274 

and the shape of its conidia closely matched the diagnostic features reported for the 275 

T. rumicicola ex-type strain (CPC 14653) (Videira et al. 2016). In contrast, the closest 276 

related species, T. rumicis, is typically characterized by longer conidia and a higher 277 

frequency of septate conidia (0–2 septa) (Verma et al. 2021), which were not 278 
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predominant in GR1. Molecular data provided additional support. The ITS and LSU 279 

sequences of GR1 was identical  or nearly identical to that of the T. rumicicola  ex-280 

type strain. In phylogenetic analysis of concatenated ITS–LSU datasets, GR1 281 

consistently clustered with reference isolates of T. rumicicola , including the ex-type, 282 

and was diverged from T. rumicis . Moreover, T. rumicicola  has been documented 283 

repeatedly from East Asia (including Korea and Japan), whereas T. rumicis has so far 284 

been reported only from a single collection in India (Videira et al. 2016; Verma et al. 285 

2021; Choi et al. 2025; Izumi and Sato 2025) . Because multi-locus sequences for T. 286 

rumicis (e.g., RPB2, TEF1) are not currently available, species boundaries within 287 

this complex cannot be evaluated as rigorously as would be possible with additional 288 

loci. Nonetheless, the congruence of morphological traits, ITS –LSU similarity, 289 

phylogenetic position, and presently known biogeography provides a robust support 290 

for identifying GR1 as T. rumicicola . 291 

The re-identification of strain GR1, isolated in 1996, indicates that T. 292 

rumicicola was already present in Japan approximately two decades before its formal 293 

description. The isolate underpinning the original description was obtained in 2007 294 

(Videira et al. 2016), and subsequent records include isolates collected in 2022 (Choi 295 

et al. 2025) and 2024 (Izumi and Sato 2025). Thus, to our knowledge, GR1 represents 296 

the earliest documented record of this species. Notably, GR1 originated from 297 

Hahajima in the Bonin Islands, a remote oceanic archipelago geographically isolated 298 

from the Japanese mainland (Fig. 7). While an introduction from outside the islands 299 

cannot be ruled out, the presence of GR1 in 1996 raises the possibility that T. 300 

rumicicola had persisted in the local ecosystem for an extended period.  In addition, 301 

GR1 represents a first record from a subtropical island environment. To our 302 
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knowledge, previous isolates of T. rumicicola  have been reported from temperate 303 

regions, and therefore this finding extends the known ecological and geographic 304 

context of the species. Accumulating such records across climatic zones will be 305 

important for refining our understanding of the distribution of T. rumicicola. Because 306 

GR1 originated from an isolated subtropical oceanic archipelago, targeted surveys 307 

across subtropical and temperate islands and mainland sites will be needed to 308 

evaluate the broader distribution of T. rumicicola. 309 

In addition to the morphological identification of the host plant as R. 310 

japonicus, we examined historical distribution records to assess whether this species 311 

could plausibly have been the natural host at the time and location of isolation. 312 

Herbarium records document the presence of R. japonicus on Hahajima as early as 313 

1920 (e.g., specimen TI:ISP:576; GBIF Japan), well before the 1996 isolation of 314 

strain GR1. The species was also included in the revised flora of the Bonin and 315 

Volcano Islands (Kobayashi and Ono 1987), supporting its long -established 316 

occurrence within the archipelago.  In contrast, R. crispus has been documented from 317 

the Bonin Islands since 2005 from Chichijima (Ogasawara World Natural Heritage 318 

Center 2013). In particular, R. japonicus is recognized as a native species in Japan, 319 

whereas R. crispus is regarded as an alien species; thus, the early establishment of R. 320 

crispus in the remote Bonin Islands is considered unlikely.  Taken together, these 321 

lines of evidence support the conclusion that the natural host of strain GR1 was R. 322 

japonicus. Importantly, the present study establishes R. japonicus  as the first 323 

confirmed natural host of T. rumicicola. Clarifying the natural host range of T. 324 

rumicicola will be essential for understanding its behavior within native and managed 325 

ecosystems. Finally, based on the characteristic white, powdery growth on leaf 326 

.CC-BY 4.0 International licenseperpetuity. It is made available under a 
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 23, 2025. ; https://doi.org/10.64898/2025.12.22.696101doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.22.696101
http://creativecommons.org/licenses/by/4.0/


15 

 

surfaces, we propose the name white powdery blight (Japanese: hakufun -byo) for this 327 

disease. 328 

Beyond its natural host, GR1 also showed pathogenicity toward other Rumex 329 

weeds, including R. crispus and R. obtusifolius, indicating that susceptible hosts 330 

extend beyond R. japonicus under experimental conditions. This pattern is consistent 331 

with our previous report on a different Japanese isolate of T. rumicicola. Although 332 

further work is required to evaluate susceptibility of other Rumex species and related 333 

genera within Polygonaceae, these findings support the potential utility of T. 334 

rumicicola as candidates for Rumex weed management.  335 

We re-evaluated the archival strain GR1 (Bonin Islands, 1996; NARO 336 

Genebank) and identified it as T. rumicicola. This represents the earliest documented 337 

record of the species, confirms R. japonicus as its first verified natural host, and 338 

extends its known distribution to a subtropical region.  339 
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 407 

Figure Legends  408 

Figure 1. Colony morphology of strain GR1.  409 

Strain GR1 cultured on potato dextrose agar (PDA) for 1 month at 25 °C in darkness. 410 

(a) Colony surface; (b) colony reverse. Scale bars: 10 mm.  411 

Figure 2. Conidial morphology of strain GR1.  412 

Light micrographs showing conidia produced by strain GR1: (a) a typical aseptate 413 

conidium; (b) a rare 1-septate conidium (arrowhead). Conidia were cylindrical and 414 

hyaline. Scale bars = 5 µm.  415 

Figure 3. Phylogenetic position of strain GR1 inferred from concatenated ITS 416 

and LSU sequences.  417 

Maximum-likelihood phylogeny reconstructed from concatenated ITS–LSU rDNA 418 

sequences under the GTR+GAMMA substitution model. Node labels indicate 419 

bootstrap support (1,000 replicates), with values ≥70% shown. GR1 is highlighted 420 

in red; ex-type strains are indicated in bold. Reference sequences of 421 
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Teratoramularia spp. were obtained from GenBank. Staninwardia suttonii  served as 422 

the outgroup.  423 

Figure 4. Host plant voucher specimen from which strain GR1 was isolated.  424 

(a) Overall specimen showing the inflorescence  and leaves. (b) Inner tepal showing 425 

a shallowly serrate margin, diagnostic of Rumex japonicus . (c) White fungal residue 426 

on the leaf surface.  427 

Figure 5. Comparison of natural and reproduced symptoms of GR1 on R. 428 

japonicus. 429 

(a) Naturally infected leaf collected in Hahajima, the Bonin Islands (1996), 430 

showing white powdery symptoms on the leaf surface (original symptoms; source of 431 

strain GR1). The photograph is reprinted from the Microorganisms image database, 432 

NARO Genebank, Japan (https://www.gene.affrc.go.jp/databases-433 

micro_images_detail.php?id=25206). (b) Leaf 21 days after inoculation with GR1 434 

(this study), showing white powdery symptoms consistent with the natural 435 

symptoms. (c) Higher-magnification view of the leaf surface showing the white 436 

powdery mold masses. 437 

Figure 6. Pathogenicity of strain GR1 on three Rumex species 21 days after 438 

inoculation.  439 

Bars show mean ± SE (n = 4-5). Dark blue: leaf-level disease incidence; light blue: 440 

shoot biomass reduction relative to the mock control. Daggers (††, p < 0.01) and 441 

asterisks (* p < 0.05; ** p < 0.01) indicate significant differences versus the 442 

corresponding controls within each species (incidence: Mann–Whitney U test, 443 

biomass: Student’s t-test after an F-test for homoscedasticity).  444 
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Figure 7. Geographic distribution of T. rumicicola isolates in East Asia.  445 

The black circle indicates Tsukuba, Japan (isolated in 2024; Izumi and Sato, 2025). 446 

The magenta diamond indicates the Bonin Islands (isolated in 1996; this study).  447 

Blue squares indicate Korean localities (isolated in 2007 and 2022 ; Videira et al., 448 

2016; Choi et al., 2025). A 500 km scale bar is shown. Base map: U.S. Census 449 

Bureau / maps package (public domain).  450 

 451 
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Figure 1. Colony morphology of strain GR1.  

Strain GR1 cultured on potato dextrose agar (PDA) for 1 month at 25 °C in darkness. (a) Colony 

surface; (b) colony reverse. Scale bars: 10 mm. 
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Figure 2. Conidial morphology of strain GR1.  

Light micrographs showing conidia produced by strain GR1: (a) a typical aseptate conidium; (b) a 

rare 1-septate conidium (arrowhead). Conidia were cylindrical and hyaline. Scale bars = 5 µm. 
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Figure 3. Phylogenetic position of strain GR1 inferred from concatenated ITS and LSU 

sequences. 

Maximum-likelihood phylogeny reconstructed from concatenated ITS–LSU rDNA sequences under 

the GTR+GAMMA substitution model. Node labels indicate bootstrap support (1,000 replicates), 

with values ≥70% shown. GR1 is highlighted in red; ex-type strains are indicated in bold. Reference 

sequences of Teratoramularia spp. were obtained from GenBank. Staninwardia suttonii served as 

the outgroup. 
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Figure 4. Host plant voucher specimen from which strain GR1 was isolated.  

(a) Overall specimen showing the inflorescence and leaves. (b) Inner tepal showing a shallowly 

serrate margin, diagnostic of Rumex japonicus. (c) White fungal residue on the leaf surface. 
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Figure 5. Comparison of natural and reproduced symptoms of GR1 on R. japonicus. 

(a) Naturally infected leaf collected in Hahajima, the Bonin Islands (1996), showing white powdery 

symptoms on the leaf surface (original symptoms; source of strain GR1). The photograph is 

reprinted from the Microorganisms image database, NARO Genebank, Japan 

(https://www.gene.affrc.go.jp/databases-micro_images_detail.php?id=25206). (b) Leaf at 21 days 

after inoculation with GR1 (this study), showing white powdery symptoms consistent with the 

natural symptoms. (c) Higher-magnification view of the lower leaf surface showing the white 

powdery mold masses. 
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Figure 6. Pathogenicity of strain GR1 on three Rumex species 21 days after inoculation. 

Bars show mean ± SE (n = 4-5). Dark blue: leaf-level disease incidence; light blue: shoot biomass 

reduction relative to the mock control. Daggers (††, p < 0.01) and asterisks (* p < 0.05; ** p < 0.01) 

indicate significant differences versus the corresponding controls within each species (incidence: 

Mann–Whitney U test, biomass: Student’s t-test after an F-test for homoscedasticity). 
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Figure 7. Geographic distribution of T. rumicicola isolates in East Asia. 

The black circle indicates Tsukuba, Japan (isolated in 2024; Izumi & Sato, 2025). The magenta 

diamond indicates the Bonin Islands (isolated in 1996; this study). Blue squares indicate Korean 

localities (isolated in 2007 and 2022; Videira et al., 2016; Choi et al., 2025). A 500 km scale bar 

is shown. Base map: U.S. Census Bureau / maps package (public domain). 
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