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Abstract
Three species, Sphaerellopsis filum, S. macroconidialis, and S. paraphysata, from Queensland and Victoria, Australia, 
were identified and characterised by multilocus sequence analyses. This study clarifies earlier reports of Sphaerellopsis in 
Australia and provides the first report of S. filum in Australia. We also confirm the presence of S. macroconidialis and S. 
paraphysata in Australia. A single-locus phylogeny based on the internal transcribed spacer (ITS) region of the ribosomal 
DNA (rDNA) provided sufficient resolution for species-level identification and yielded a topology consistent with that of 
the combined dataset of ITS, large subunit of the rDNA, and the RNA polymerase II second largest subunit. The high intron 
variability in the translation elongation factor 1-α region among Sphaerellopsis spp. made it unsuitable for phylogenetic 
analysis. The specimens and data generated here lay the groundwork for future studies into the evolution and molecular basis 
of mycoparasitism in Sphaerellopsis.
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Introduction

The fungal genus Sphaerellopsis (Leptosphaeriaceae, Ple-
osporales) accommodates nine recognised species (https://​
www.​index​fungo​rum.​org/), seven of which are supported 
by DNA sequence data (Gómez-Zapata et al. 2024). Most 
Sphaerellopsis spp. have been found in association with rust 
fungi (Pucciniales). However, in vitro evidence of myco-
parasitism has only been confirmed for S. filum, S. macro-
conidialis, and S. paraphysata (Gómez-Zapata et al. 2024). 

Other species, such as S. artemisiae and S. isthmospora, were 
considered saprobic (Phookamsak et al. 2019; Doilom et al. 
2021). Further investigation is needed to understand the geo-
graphic distribution, host range, and species diversity within 
Sphaerellopsis, and to elucidate the mechanisms underlying 
their mycoparasitic and saprobic lifestyles, as well as their 
potential application in the biological control of rust fungi.

Despite the ecological importance of Sphaerellopsis, lit-
tle is known about its diversity in Australia. To date, four 
species, namely, S. filum (Driessen et al. 2004), S. hakeae 
(Crous et al. 2016), S. macroconidialis, and S. paraphysata 
(Gómez-Zapata et al. 2024), have been recorded in Australia. 
Of these, S. hakeae has only been reported from Australia 
(Crous et al. 2016; Gómez-Zapata et al. 2024). Prior to this 
study, no viable cultures of Sphaerellopsis were maintained 
in Australian culture collections. Here, we report multilo-
cus characterisation of several Sphaerellopsis spp. collected 
from different parts of Australia. Cultures of these fungi have 
been deposited in the Queensland Plant Pathology Herbarium 
(BRIP, Brisbane, Qld), Victorian Plant Pathogen Collection 
(VPRI, Melbourne, Australia), and Westerdijk Fungal Bio-
diversity Institute (CBS, Utrecht, Netherlands) to support 
future studies on the evolution and molecular mechanisms 
of mycoparasitism in this important group of fungi.
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Materials and methods

Plant samples with rust pustules (Pucciniales) were collected 
in Queensland and Victoria, Australia (Table 1). Each speci-
men was screened for Sphaerellopsis-like pycnidia in rust 
pustules under a stereomicroscope, and individual pycnidia 
were transferred to 1 ml of sterile distilled water for 5 min 
before streaking the supernatant onto streptomycin-amended 
potato dextrose agar (Amyl Media, Australia), V8 agar (10% 
v/v clarified, Campbell Soup Company, Australia), and 
water agar (LabChem, Australia). Single-conidium isolates 
were established as described by Driessen et al. (2004) and 
maintained at 24 °C under a 12-h photoperiod. DNA extrac-
tion from 4-week-old mycelia cultured in Czapek-Dox broth 
(Bacto Laboratories, Australia) was completed as described 
by Vaghefi et al. (2024).

Four loci were amplified and sequenced for the identifi-
cation of Sphaerellopsis spp. (Gómez-Zapata et al. 2024). 
These included the internal transcribed spacer (ITS) region 
of the nuclear ribosomal DNA (nrDNA), partial sequences 
of the large subunit of rDNA (28S), RNA polymerase II 
second largest subunit (RPB2), and translation elongation 
factor 1-α (TEF-1α). PCR reactions consisted of Hot Start 
Taq Master Mix (New England Biolabs Inc, USA), 0.4 μM 
of forward and reverse primers, and 10 ng of the target 
DNA. PCR protocols included an initial denaturation step 
for 30 s at 95 °C, followed by 30 cycles (35 for TEF-1α) 
of denaturation at 95 °C for 30 s, annealing for 30 s at 
55 °C for ITS, TEF-1α and RPB2, and 45 s at 54 °C for 
LSU, and elongation at 68 °C for 60 s, and a final exten-
sion for 5 min at 68 °C. Sanger sequencing was conducted 
by Macrogen Inc. (Seoul, South Korea) using the PCR 
amplification primers.

Consensus sequences were produced in Geneious Prime 
v.2025.1.2 (Biomatters Inc., New Zealand) and deposited in 
the NCBI GenBank database (Table 1). Reference Sphaere-
llopsis sequences were obtained from Trakunyingcharoen 
et al. (2014), Crous et al. (2016), Phookamsak et al. (2019), 
Doilom et al. (2021), and Gómez-Zapata et al. (2024). The 
ITS sequence of WAC 11350 recorded as S. filum in West-
ern Australia was obtained from Driessen et al. (2004). 
RPB2 sequences for strains CBS 234.51 and CBS 235.51 
were extracted from their genome (D’Angelo et al. 2025). 
Alignments and Maximum Likelihood phylogenetic trees 
were constructed as described by Vaghefi et al. (2020).

Results

Seven isolates of Sphaerellopsis species were recovered 
from rust pustules collected in Queensland and Victoria 
(Table 1). Three isolates were identified as S. filum from 

Puccinia spp. infecting Holcus and Poa hosts in Victoria, 
while two isolates from Puccinia allii on Allium fistulosum 
in the Queensland were identified as S. macroconidialis. 
In addition, two isolates of S. paraphysata were recovered 
from Puccinia clemensiae infecting Smilax australis in 
Queensland. Voucher cultures of all isolates were depos-
ited in Queensland Plant Pathology Herbarium, Victorian 
Plant Pathogen Collection, and Westerdijk Fungal Biodi-
versity Institute to support future research.

Attempts to use the TEF-1α region for phylogenetic 
analyses were unsuccessful due to the high intron variabil-
ity across species (only 18.8% conserved sites) (Fig. 1A 
and B), resulting in poor sequence alignment quality. 
Therefore, TEF-1α was excluded from further analyses. 
Phylogenetic analyses based on the ITS region yielded a 
well-resolved, single-locus phylogeny consistent with the 
topology of the multi-locus phylogeny constructed using 
concatenated sequences of ITS, 28S, and RPB2 regions 
(Fig. 1C and D). An isolate originally reported as S. filum 
on Puccinia boroniae in Western Australia (WAC 11350; 
Driessen et al. 2004) clustered with S. macroconidialis.

Discussion

This study provides the first report of S. filum in Australia 
and confirms the presence of S. macroconidialis and S. 
paraphysata in eastern Australia, extending earlier records 
by Gómez-Zapata et al. (2024) based on herbarium speci-
mens. The detection of S. macroconidialis on Puccinia 
allii, along with the re-identification of isolate WAC 11350 
(Driessen et al. 2004), indicates a broader distribution of 
this species in Australia than previously recognised. In 
contrast, S. hakeae, so far reported only from Australia 
(Crous et al. 2016; Gómez-Zapata et al. 2024), and S. arte-
misiae and S. isthmospora, known only from China (Doi-
lom et al. 2021; Phookamsak et al. 2019), were not found 
in this study.

The TEF-1α primers recommended by Gómez-Zapata 
et  al. (2024) (EF1-728F and EF1-986R; Carbone and 
Kohn 1999) amplified a ~ 300-bp intron-rich region that 
is conserved within species, but highly variable among 
Sphaerellopsis spp., making alignment highly ambiguous 
and unreliable. For future studies, it may be preferable to 
use the primers listed by Trakunyingcharoen et al. (2014), 
which amplify a region spanning several exons that are 
more conserved among Sphaerellopsis species.

The global biogeography of Sphaerellopsis is poorly 
documented, but a recent study suggested no strong host-
specificity for Sphaerellopsis species (Gómez-Zapata 
et al. 2024). This pattern is consistent with the ecological 
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association between Sphaerellopsis and Pucciniales, 
which they parasitise. Sphaerellopsis macroconidialis, 
S. paraphysata, S. filum, and S. melampsorinearum were 
reported to have a cosmopolitan distribution, although S. 
paraphysata was more abundant in the tropics (Gómez-
Zapata et al. 2024), which is consistent with our finding 
of this species in Queensland.

To the best of our knowledge, only one living culture 
of S. hakeae and one of S. paraphysata from Australia are 
held in the Westerdijk Culture Collection (CBS), along 
with herbarium specimens of S. hakeae and S. macroco-
nidialis in the Purdue University Fungal Reference Col-
lection (PUR). No living cultures of any Sphaerellopsis 
species were previously available in Australian culture 
collections. Our study contributes additional isolates of 
S. paraphysata to public collections, as well as the first S. 
filum and S. macroconidialis isolates recorded in Australia. 
The preservation of viable cultures of these isolates in 
public collections will enable research into their biology 
and potential use as biocontrol agents against rust fungi. 
Given the ecological importance of Sphaerellopsis as 
mycoparasites of rusts, understanding their evolutionary 
history, distribution, and molecular basis of mycoparasit-
ism will be critical for exploring their application in inte-
grated rust management programmes.
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