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ABSTRACT: Spore isolation is an essential experimental approach in the fields of mycology and plant pathology,
enabling researchers to isolate fungi from diseased plant samples for subsequent identification. Routine single-spore
isolation strategies, however, are time-consuming and highly susceptible to contamination with other microorganisms.
Herein, we developed a rapid approach to isolate individual spores of the fungal pathogen Passalora circumscissa from
diseased cherry leaves in an orchard with a low risk for contamination. Diseased cherry leaves with individual lesions
were first selected from the orchard, sterilized with 75% ethanol, and rinsed under deionized water. An acquisition tool
was then used to isolate a single spore that was absorbed from the disease spot, and the spore was transferred onto the
surface of water agar plate. Individual germinating spores were then excised from these agar plates using a cutting tool
under a 10× objective magnification microscope. Lastly, the germinating spores were transferred from the water agar
plates onto potato agar media for further growth and preservation. Based upon our findings, an experienced technician
can utilize this strategy to isolate individual spores from over 100 independent diseased plant tissue samples in a single
day with minimal risk of contamination. This strategy should also be well-suited for the isolation of individual fungal
spores associated with other diseased sample types.
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INTRODUCTION

Cercosporoid make up the largest ascomycetes genera
composing of approximately 2000 species that can
cause leaf spot, fruit spot, and blight diseases in
many different plants worldwide [1–5]. Cercosporoid
hyphomycetes classification is primarily based on fac-
tors including host specificity, morphological charac-
teristics, and molecular phenotyping. Morphological
changes in these fungi due to variable culture con-
ditions, however, can lead to their misidentification.
Molecular approaches are, therefore, often used to
overcome these morphology-based limitations to fun-
gal taxonomic classification and various new species
or re-identification has been reported [6, 7]. The
analysis of conserved rDNA sequences represents an
efficient and reliable approach to systematically clas-
sify and identify fungi via molecular approaches. How-
ever, conducting these molecular analyses is dependent
upon obtaining a pure pathogen culture from which
genomic DNA can be isolated.

The two primary strategies that have been em-
ployed to obtain pure fungal cultures are surface ster-
ilization and single spore isolation [8]. Surface steril-
ization strategies, however, are limited in their ability
to yield pure cultures of obligate parasitic pathogens
as these pathogens must obtain nutrients from live
plant tissues and often grow slower than saprophytes
on artificial media. In addition, pathogens within
plant tissues are often mixed with other endophytic

bacteria, saprophytes, and miscellaneous bacteria that
can contaminate cultures of isolated pathogens, lead-
ing to erroneous molecular phenotyping. As such,
single spore separation strategies are more commonly
utilized to separate and analyze these pathogens of
interest.

Single-spore isolation approaches are commonly
employed in studies designed to characterize, purify,
or preserve fungal samples. Several different single
spore isolation methods have been described to date.
Matsushima [9] utilized a micromanipulator to iso-
late and arrange individual fungal spores for photo-
graphic imaging in his mycological lectorum, while
Constantinescu [10] developed an improved instru-
ment that was attached to a microscope objective and
facilitated rapid single-spore isolation for analyses of
various fungi. Contrarily, another study [11] utilized
a capillary pipette to isolate individual target spores
from a spore suspension and transferred them onto a
glass slide. Besides, another research [12] detailed a
micromanipulation strategy, wherein bacteria or fungi
were transferred from agar plates using microcapillary
tubes. Previous studies [13–15] also generated practi-
cal approaches to isolate individual spores with glass
needles, and these strategies have subsequently been
adopted by a number of other studies [16–19].

These approaches, however, are dependent upon
the availability of specialized equipment and well-
trained technicians. Micromanipulators are very costly
and may not be accessible to some laboratories. In
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addition, significant skill is necessary to accurately
aspirate spores into a fine capillary tube and to sub-
sequently break these tubes into short fragments con-
taining individual spores.

Given the limitations of these extant approaches,
the present study sought to develop an efficient and
straightforward approach to single-spore isolation that
can be readily conducted by researchers without uses
of specialized equipment. The approach described
herein does not necessitate a costly micromanipulator
and requires less skill than do capillary tube-based
methods or approaches that require specialized instru-
ment production.

In the present study, we utilized Passalora circum-
scissa, (modern classification from Cercospora circum-
scissa or hyphomycetes), as a model and demonstrated
that our strategy enables efficient single-spore isolation
in an inexpensive, user-friendly, and reliable manner.
The approach only needs the use of basic equipment,
meaning that even laboratories with limited funding
can execute the protocols described herein.

MATERIALS AND METHODS

Materials

Basic materials for this single-spore isolation approach
included glass slides, a general optical microscope, a
dissecting needle, 100 µl pipette tips, 2.5 µl pipette
tips, an alcohol burner, a clean bench space, mi-
cropipettes, flat tweezers, 3% water agar, and potato
dextrose agar (Fig. S1). All agars were prepared via
autoclaving at 121 °C for 20 min, then antibiotics were
added when the agars had cooled to 50 °C.

Spore visualization and isolation were conducted
with a general optical microscope. Spores on the water
agar slice were incubated in plastic containers for ger-
mination. The spore acquisition tool used herein was
constructed using sterilized 2.5 µl pipettes, a dissecting
needle, spirit lamps, and flattened tweezers.

Methods

Acquisition tool preparation

The spore acquisition tools consisted of a dissecting
needle and two types of modified pipettes, including
an attachment tool and a cutting tool (Fig. S2).

The attachment tool was prepared by briefly heat-
ing a 2.5 µl pipette tip over an alcohol lamp until
it melted and became rounded. Then, the tip was
removed from the flame and cooled. The round and
smooth pipette tips allowed spores from diseased spot
to adhere to the spheroid surface prior to transferring
them onto water agar slices without the need to scratch
the leaf lesions.

The cutting tool was prepared by melting the front
end of a 2.5µl pipette tip over an alcohol until it melted
and became rounded. Then, the tip was removed from
the flame. Tweezers were used to pull the melted head

Fig. 1 Diseased spots were crushed and repeatedly smeared,
and spores were absorbed using the attachment tool.

Fig. 2 Spores on the spheroid surface of the attachment tool
were transferred to water agar slices.

of the pipette tip, followed by the use of scissors to
generate a pointed, flattened spatula.

Water agar slices (10 mm in diameter, 2 mm thick)
were prepared from 100 µl of 3% water agar that
was absorbed and transferred onto glass slides via
micropipettor.

Procedure

Fresh diseased leaves collected from an orchard were
first sterilized using 75% ethanol and, then, washed
thrice with sterilized deionized water containing 2%
lactic acid. The attachment tool was mounted onto
the tip of a dissecting needle and briefly dipped into
deionized water containing 2% lactic acid. The fruiting
bodies located on the diseased leaf were then gently
crushed and smeared repeatedly using the attachment
tool, and the tool was used to streak repeatedly across
water agar slices to ensure spore adherence to the
surface of the agar slices (Fig. 1 and Fig. 2).

These water agar slices on glass slides were then
examined under a general optical microscope in order
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Fig. 3 One spore on a water agar slice as visualized via an
optical microscope (10×objective). Bar scale = 20 µm.

Fig. 4 A glass slide with a water agar slice on the stage was
adjusted such that only one spore was located in the visual
field, after which the agar was cut with the cutting tool.

to assess the number of spores in the visual field using a
10×objective to ensure that there were just 2–3 target
spores within each water agar slice (Fig. 3).

Glass slides containing these sections were then
transferred into a plastic box, covered with parafilm,
and incubated at 25 °C under a fluorescent lamp.
Spores were assessed within 12 h and then evaluated
every 24 h thereafter to assess germination. For the
assessments, slides were placed on the microscope
stage, and germinating spores at the agar surface were
identified. When germinating spores were present, the
cutting tool was used to isolate a small piece of agar
containing the target spore (Fig. 4).

The cut section of media containing the target
spore was then transferred to a 90 mm plate using the

Fig. 5 Infected cherry leaf 3 weeks after inoculation with
Passalora circumscissa for demonstration of pathogenicity.

Fig. 6 Passalora circumscissa spore suspension containing
Alternaria sp. spores and debris. Bar scale = 20 µm.

sterilized cutting tool. Individual spores were cultured
on potato agar medium (Fig. 5).

All these protocols were conducted under sterile
conditions within a laminar flow hood to avoid the
potential for contamination.

RESULTS AND DISCUSSION

Single-spore isolation is an approach that is commonly
used to study plant diseases by purifying pathogens
and subjecting them to morphological or molecular
analyses, in addition to characterizing their biochemi-
cal or genetic characteristics [20–22].

In prior studies, surface sterilization of diseased
tissue was typically done with alcohol or sodium
hypochlorite prior to moist cultivation, and diseased
tissues were then generally re-cultured for 2–3 days to
regenerate aerial fungal spores and washed with sterile
water to form a spore suspension.

Alternatively, fine tweezers or scraping tools can
be used to directly isolate fruiting bodies to prepare a
spore suspension [14, 23]. These routing approaches,
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however, are very time-consuming and highly suscep-
tible to contamination by microorganisms other than
the pathogens of interest (Fig. 6). Novel approaches
to directly isolate spores from diseased tissues can
reduce sample collection time and decrease the risk
of off-target contamination. The spherical surface of
the attachment tool developed in the present study
can increase the contact area between this tool and
the fruiting bodies, thereby decreasing the odds of
unintentionally collecting debris or impurities. This
approach relies upon collecting spores by exploiting
water tension between the diseased spot and the at-
tachment tool.

Dissecting needles, capillaries, glass needles, and
other special instruments are commonly used to collect
spores. However, each of these tools is associated with
certain disadvantages. For example, dissecting needles
are soft, while glass needles are very fragile, necessi-
tating special care during handling. These limitations
can affect the success of single spore isolation or can
decrease the overall efficiency of such approaches. The
handmade cutting tool used in the present study, in
contrast, can readily manipulate and modify pieces of
agar as necessary.

The water agar slices used in our approach pro-
vided optimal transparency when used in combination
with glass slides, enabling investigators to cut the
agar and adjust slides freely on the microscope stage.
When 2–3 spores were transferred to each of these
slides, the low spore density and absence of leaf debris,
together with the sufficient operative space created
by this approach, made it relatively easy to transfer
pathogenic spores of interest onto PDA (Table S1).

In summary, we developed a novel approach to the
isolation of single fungal spores by directly collecting
spores from the surface of diseased leaves with a
handmade attachment tool constructed from a 2.5 µl
pipette tip. Microscopic guidance was then used to
further isolate and subculture individual spores. All the
necessary instrumentation for this approach was com-
monly available in the laboratory of phytopathology,
and no special instruments (such as a high magnifica-
tion dissecting microscope, a micromanipulator, or an
electron microscope) were required.

CONCLUSION

In conclusion, the single-spore isolation procedure de-
scribed in this study allows for the rapid and reliable
isolation of individual fungal spores from diseased
samples under microscopic visualization using only
handmade tools. Our technique is relatively more con-
venient and easier to implement than previously de-
scribed conventional spore isolation strategies, mean-
ing that this approach has significant promise for future
research applications.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2022.086.
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Appendix A. Supplementary data

Table S1 Isolation rates of different isolation methods after 7 days of cultivation on PDA.

Method Amount of isolation Target colony Contaminated colony Isolation rate (%)

Surface sterilization 40 0 36 0
Fungi suspension dilution 40 5 28 12.5
Improved single spore isolation 40 34 1 85

Fig. S1 Materials and apparatus used in the isolation procedure.

Fig. S2 Improved spore acquisition tools: A, normal pipette; B, cutting tool; C, attachment tool.
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