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Teliospore mucilage of Puccinia miscanthi 
revealed through the axial imaging 
of secondary electrons
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Abstract 

Puccinia miscanthi teliospores were observed on the leaf surface of Miscanthus sinensis using a field emission scan-
ning electron microscope. Details of teliospore mucilage could be visualized through the axial imaging of secondary 
electrons for a better understanding of pathogen behavior in rust diseases.
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Secondary electrons (SEs) are generated from the pri-
mary electron beam-specimen interaction. For scan-
ning electron microscopy (SEM), SEs are collected 
using either a lateral below-lens Everhart-Thornley (ET) 
detector or an axial in-lens detector. The two types of 
SE detectors have pros and cons depending on research 
objectives. Comparative low-kV SE imaging revealed the 
fine details of epicuticular waxes on air-dried strawberry 
leaves through the axial detector (Kim et al. 2009). Mean-
while, the ET detector would be an option for a higher 
topographic contrast.

Puccinia species represent pathogenic fungi causing 
rust diseases of various plants worldwide. They have sev-
eral types of spores including teliospores, urediniospores, 
aeciospores, and basidiospores. Teliospores of Puccinia 
species are commonly observed after chemical fixation 
and dehydration in a graded series of either acetone or 
ethanol (Bonde et al. 2015; Morin et al. 1992; O’Keefe and 
Davis 2015). Although mucilaginous exudates were found 
on the spore surface, the preparation procedures might 
have partially removed them. Mucilaginous exudates 
are associated with host infection and pathogen survival 

against adverse conditions (O’Keefe and Davis 2015). It is 
worthwhile to visualize mucilaginous exudates for a bet-
ter understanding of pathogen behavior in rust diseases.

Rust-infected symptomatic leaves of Miscanthus sin-
ensis, eulalia grass, were collected in the field and dried 
at room temperature for two months (Kim 2015). They 
were sputter-coated with platinum and observed using 
a field emission SEM (FESEM) (Supra 55VP; Carl Zeiss, 
Oberkochen, Germany) at 2 kV with the two types of SE 
detectors. FESEM revealed the surface details of Puccinia 
miscanthi teliospores using an axial detector (Fig.  1). 
The spore surface was covered with a netlike substance, 
mucilaginous exudates. Such characteristics were not so 
contrasted through the ET detector, compared with those 
through the axial one (data not shown). Direct imaging 
without chemical fixation and dehydration was assumed 
to be effective at preserving spore mucilage. Due to the 
slight differences in height variations on spore surface, 
the axial detector was appropriate for low-kV SE imag-
ing. These results suggest the combined use of air-drying 
spores and low-kV axial SE imaging may provide a basis 
for visualization of the fine details of mucilaginous exu-
dates on rust teliospores.

Open Access

Applied Microscopy

*Correspondence:  kiwoo@knu.ac.kr
2 Tree Diagnostic Center, Kyungpook National University, Sangju 37224, 
Republic of Korea
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-7010-0336
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42649-021-00064-9&domain=pdf


Page 2 of 2Kim  Appl. Microsc.           (2021) 51:15 

Acknowledgements
Not applicable.

Author’s contributions
The author performed the experiment and wrote the manuscript. The 
author(s) read and approved the final manuscript.

Author’s information
Not applicable.

Funding
Not applicable.

Availability of data and materials
Data and materials available on request.

Declarations

Competing interests
The author declares no competing interests relevant to this article.

Author details
1 Department of Ecology and Environmental System, Kyungpook National Uni-
versity, Sangju 37224, Republic of Korea. 2 Tree Diagnostic Center, Kyungpook 
National University, Sangju 37224, Republic of Korea. 

Received: 7 September 2021   Accepted: 13 October 2021

References
M.R. Bonde, C.A. Murphy, G.R. Bauchan, D.G. Luster, C.L. Palmer, S.E. Nester, J.M. 

Revell, D.K. Berner, Evidence for systemic infection by Puccinia horiana, 
causal agent of chrysanthemum white rust, in chrysanthemum. Phytopa-
thology 105, 91–98 (2015)

K.W. Kim, Three-dimensional surface reconstruction and in situ site-specific 
cutting of the teliospores of Puccinia miscanthi causing leaf rust of the-
biomass plant Miscanthus sinensis. Micron 73, 15–20 (2015)

K.W. Kim, J.J. Ahn, J.-H. Lee, Micromorphology of epicuticular wax structures 
of the garden strawberry leaves by electron microscopy: syntopism and 
polymorphism. Micron 40, 327–334 (2009)

L. Morin, J. Brown, B.A. Auld, Teliospore germination, basidiospore formation 
and the infection process of Puccinia xanthii on Xanthium occidentale. 
Mycol. Res. 96, 661–669 (1992)

G. O’Keefe, D.D. Davis, Morphology of Puccinia horiana, causal agent of chry-
santhemum white rust, sampled from naturally infected plants. Plant Dis. 
99, 1738–1743 (2015)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Fig. 1 Scanning electron micrograph of Puccinia miscanthi teliospores on the leaf surface of Miscanthus sinensis. The specimen was imaged using 
an axial secondary electron detector. Arrows: mucilage. T: teliospore. Scale bar = 2 μm
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