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ABSTRACT

This study examined the effects of myristate on an asymbiotic culture of Rhizoglomus intra-
radices, a species of arbuscular mycorrhizal fungi (AMF; Glomeromycota). Mycelial growth
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and sporulation in a modified medium containing myristate were observed. The findings

demonstrated that myristate induced R. intraradices spore formation, with daughter spores
having a smaller diameter than the parent spores. This observation is consistent with previ-
ous studies on other Rhizoglomus species. Further studies are needed to investigate the
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potential for continuous culture, mass production using daughter spores, and the application

of AMF colonization techniques in plants.

1. Introduction

Arbuscular mycorrhizal fungi (AMF) have symbiotic
relationships with terrestrial plants, where the fungi
help host plants by increasing nutrient absorption,
improving salt and drought resistance, and promot-
ing growth through interactions with other microor-
ganisms [1]. AMF require the colonization of plant
roots and the establishment of a symbiotic relation-
ship during their life cycle. If hyphae do not
encounter roots after the initial growth from spore
germination, fungal growth ceases [2]. As a result,
AMEF can be cultured either in pots with host plants
or in Petri dishes with roots transformed by
Rhizobium rhizogenes [3,4]. However, recent studies
have revealed that AMF can be cultured alone with-
out plants using a medium containing fatty acid
[5,6]. Myristate induces sporulation during the
asymbiotic growth of Rhizoglomus irregulare, and in
the case of Rhizoglomus clarum, spore production
increases when myristate and peptone are mixed. In
this study, we investigated whether myristate indu-
ces sporulation in an asymbiotic culture of R. intra-
radices and examined the mycelial growth and
sporulation processes.

2. Materials and methods

Soil collected from the fields was trap-cultured. A
single spore was isolated and inoculated into sor-
ghum (Sorghum bicolor (L.) Moench) to obtain a
pure culture of R. intraradices (KNUE S1103) in

pots. Pure-cultured soil from these pots was used in
this study. After grinding 5g of pure-cultured soil
in a blender for Imin, it was centrifuged at
2,000rpm for 10min with a 50% sugar solution.
Spores in the supernatant were collected using a
45 um sieve, and healthy spores were selected under
a dissecting microscope.

DNA extracted from the crushed spores was
amplified using nested PCR for the 18S ribosomal
RNA (SSU) region. The first and second PCR used
NS1 and NS4 primers and AML1 and AML2 pri-
mers, respectively [7]. PCR products were sequenced
by SolGent Co., Ltd. (Daejeon, Korea). Molecular
identification was performed using BLAST, and
phylogenetic trees were constructed with MEGA
(version 7.0.26).

To surface-sterilize the spores, they were first
treated with 2% chloramine T solution and gently
vortexed for 15min, followed by rinsing 2-3 times
with sterile water. The spores were then treated with
a 0.04% streptomycin solution and vortexed for
2min, and rinsed again 2-3 times with sterile water.
Ultimately, the sterilized spores were individually
placed in a modified T medium [6], in which potas-
sium myristate was replaced with myristate
(Samchun, Pyeongtaek, Korea). The spores were
placed in the medium at 25°C in the dark. Mycelial
growth and spore formation were observed using an
optical microscope (Axio Imager Al, Carl Zeiss,
Oberkochen, Germany) and a dissecting microscope
(Olympus SZX7, Tokyo, Japan). The runner hyphal
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length was measured using eXcope (version
3.7.7934) by the gridline intersection method [8].

Ten weeks after cultivation, the mycelium and
daughter spores were cut along with the medium
block and subcultured under the same conditions.
The parent and daughter spores were isolated from
solid medium using 1 mM sodium hexametaphos-
phate [9] and rinsed 2-3 times with sterile water.
The spores were then stained with 100 uM SYTO 13
green fluorescent nucleic acid stain (Thermo Fisher
Scientific, Massachusetts, USA) in water for 2h, and
observed by fluorescent microscopy (EVOS M5000,
Thermo Fisher Scientific).

3. Results and discussion

The parent spores used in this study were identified
as R. intraradices through morphological and
molecular identification (Figure 1). The small sub-
unit sequence was 99.61% similar to R. intraradices
FL208; additionally, in phylogenetic analysis based
on the neighbor-joining method, the isolate KNUE
S1103 was closely related to the same reported
strain. The spores germinated within 3-6 days. From
the germinated spores, a single transparent and thick
hypha extended, and thin hyphae branched from it
(Figure 2(C,D)). One to two hyphae branched min-
imally and continuously elongated, with a few reach-
ing the end of the Petri dish. The hyphae around the
parent spores branched more frequently than those
extending farther away, with thin hyphae densely
formed within a narrow area (Figure 2(E,F)).
Daughter spores began to form around the parent
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spores 2-4weeks later and were partially produced
from the extended hyphae over time. The daughter
spores were mostly spherical with elliptical shapes,
with a diameter of (23.91-) 35.67 (-54.39) x (19.18-)
3546 (-52.64) um and exhibited a light-yellow color
(Figure 2(H-J)). Daughter spore formation was
observed only in the medium containing myristate.
The diameters of the daughter spores were less than
half those of the parent spores (Figure 3). This finding
was consistent with the characteristics of R. irregulare
and R. clarum cultured in a medium containing myr-
istic acid [5,6]. In the first cultivation and subculture,
the daughter spores germinated, and the hyphae were
thinner than the parent hyphae (Figure 4(A,B)).
Following subculture, hyphae grew and branched
more; in one of the subcultures, new daughter spores
were observed (Figure 4(C,D)). However, the spores
were produced on the parent hyphae, but not on the
daughter hyphae.

R. intraradices was reported to produce spores
without plant roots when cocultured with the bac-
terium Paenibacillus validus [10]. This study demon-
strated that myristic acid is a factor in the
asymbiotic spore production of R. intraradices.
Based on the results of previous studies showing
that the production of spores of R. irregulare and R.
clarum can be induced using myristate [5,6], it is
clear that spore production of Rhizoglomus species
is induced by myristate. However, the finding that
daughter spores have a significantly smaller diam-
eter than the parent spores is consistent with that of
a previous study. Considering palmitoleic acid
accounts for the largest proportion of fatty acids in

- Rhizoglomus intraradices KNUE S1103

Rhizoglomus intraradices FL208

Rhizoglomus proliferum JC035

Rhizoglomus irregulare DAOM229456

|: Rhizoglomus fasciculatum JC009
Rhizoglomus vesiculiferum Att14-8

—— Rhizoglomus clarum UFLA003

100
—— Rhizoglomus manihotis CNPAB041

0.0100

Glomus macrocarpum JC086

Figure 1. Neighbor-joining phylogenetic tree of 18S small subunit regions of Rhizoglomus intraradices KNUE S1103. Glomus
macrocarpum was used as an outgroup. Numbers of branches indicate bootstrap values (2000 replicates). The fungal isolate

used in this study is shown in bold.
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Figure 2. Asymbiotic culture of Rhizoglomus intraradices. (A) Parent spore stained with SYTO 13 green fluorescent nucleic acid
stain and (B) daughter spore; (C,D) Germination of spores 3 days after culturing in myristate-containing medium. (E) Branching
pattern of hyphae around the parent spore. (F) Branching pattern of hyphae extending far from the parent spore. (G)
Appearance after 10 weeks of culturing in myristate-free medium. (H-J) Appearance after 10 weeks of culturing in myristate-
containing medium (H-J) (scale bars: A,B: 75 um, C-J: 100 pm; white arrow: parent spore, black arrow: daughter spore).
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Figure 3. Diameter of parent and daughter spores in myris-
tate-containing medium.

R. intraradices spore [11], myristate is likely elon-
gated and unsaturated after absorption. Given that,
mitosis occurs during spore formation [12], many
fatty acids will be needed in the process. These fac-
tors may contribute to the formation of small
daughter spores.

The possibility of continuous culture and mass
production using daughter spores requires further
investigation. Although daughter spores germinated,
they formed thinner hyphae. Parent hyphae in sub-
culture produced new daughter spores; however,
daughter spores did not continue to the next gener-
ation. The maturity and diameter of spores affect
their viability and germination [12], and small
daughter spores induced by myristate demonstrated
low germination and growth rates. Considering that
R. clarum can be continuously cultured in media
containing myristate, peptone, strigolactone, and
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Figure 4. Daughter spore germination and new spore production at the subculture of Rhizoglomus intraradices. The germi-
nated daughter spore (A,B); R. intraradices 10 weeks after cultivation (C) and 4 weeks after subculture (D) (scale bars: 100 um;
black arrow: hyphae from daughter spores, white arrow: daughter spores produced on first cultivation, red arrow: daughter

spores produced on subculture).

jasmonic acid [6], it is thought that continuous cul-
tivation of R. intraradices will be possible through
the addition of phytohormones.

The findings imply that root organ and asymbi-
otic cultures rely on the formation of daughter
spores; the potential use of AMF colonization tech-
niques in plants is also worth exploring. Given that
the success rate of inoculation and culture using sin-
gle spores is low [13,14], using AMF grown for a
certain period after germination in a medium con-
taining myristate without host plants could poten-
tially increase the success rate of colonization. By
inoculating these AMF into plants along with steri-
lized soil, it may be possible to establish the colon-
ization of a single species more effectively. This
approach may also provide better control over the
inoculation process and allow for easier monitoring
of the progress of AMF colonization in the host

plants. Further studies will be required to fully
understand the advantages and limitations of this
technique and to optimize the process for practical
applications.
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