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The importance of microbial communities in the forest
ecosystem: case studies of soil erosion and wood degradation
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The development of a forest ecosystem is a complex process that is affected by wood,
foliage, roots and rhizosphere, deadwood, ground vegetation, and litter and soil. Interactions
between them and their associated microbial communities are complex. Fortunately, the high-
throughput sequencing provides a new approach to help investigate microbial communities and
their functioning. In our studies, we used two cases: (1) soil erosion in cool temperate mixed
forests in Southern Japan, and (2) wood degradation by cultivated Grifola frondosa (maitake)
to attempt to understand the important of microbiome and microbial interaction in the forest by
amplicon sequencing.

(1) Soil erosion, which involves the degradation of the physical and chemical properties of
soil, is a major threat to the soil environment. Although the effects of soil erosion on the physical
or chemical properties of forests soil have been studied, little has been reported on the soil
microbial community, which is likely to affect forest ecosystems. This study aimed to elucidate
how the microbiome changed with the soil environment accompanying soil erosion in cool
temperate mixed forests in Southern Japan, where soil erosion has been accelerated by the
increased population of sika deer. We investigated the soil microbial communities of the
different soil erosion intensities at three forest sites. In bacterial communities, diversity indices
were increased with the sum of the height of exposed roots (SUMH), an index of soil erosion.
In fungal communities, the relative abundances of plant pathogenic and wood saprotroph fungi
were increased as SUMH increased and those of symbiotrophs and ectomycorrhizal fungi were
increased with humus organic matter content, suggesting that the difficulties in establishing
plants would be increased as soil erosion progressed because of the changes in the composition
and function of fungal communities in eroded areas. Moreover, soil fungal communities had a
more complex co-occurrence network than that of bacterial communities, suggesting that the
effects of soil erosion on fungal network is smaller than those on bacterial network. Changes in
the soil environment induced by soil erosion altered the microbiomes in the deeper layers of the
soil and had different effect on bacteria and fungi.

(2) The method used to cultivate the popular Japanese mushroom maitake, called ‘wood




log cultivation,’ is comprised of two steps: (1) the mycelium is grown around a wood log in a
plastic bag, and (2) the mycelium that has spread on the wood log is transferred into casing
substrates in a forest. This method is still popular in Japan due to its low cost and high-quality
crop production. The importance of the microbiome that inhabits mushroom-cultivation
surroundings has recently attracted attention, but no study of the microbial communities in
maitake cultivation have been published. We investigated how the bacterial communities
changed in wood logs in comparison with a control group (without inoculation) and their
interaction with maitake during the first to fourth years of maitake wood log cultivation. A
maitake biomass was detected by quantitative PCR in wood logs but not in the casings, and we
thus decided to investigate the bacterial communities in wood log samples for control and first-
to fourth-year cultivation. The results indicate that the phyla Proteobacteria, Firmicutes, and
Gemmatimonadota play key roles in changes of the microbiome composition for maitake wood
log cultivation. In a functional profile, bacteria communities in the wood logs during maitake
cultivation showed higher relative abundance in cellulolysis, glycolysis, TCA cycle, and many
biosynthesis pathways, whereas the control group showed higher relative abundance in
fermentation. These results suggested that (i) the bacterial communities which inhabited maitake
cultivated wood logs may help the maitake degrade wood cellulose, and (ii) part of the glucose
from the cellulose degraded by both maitake and bacteria was used for the bacterial TCA cycle
instead of fermentation. Bacteria also produce some chemicals that maitake mycelium may
need. Itis also likely that some potential intracellular parasites dwell with maitake. The different
cultivation stages showed different network structures. A network analysis indicated that Class
Gammaproteobacteria is a potential keystone taxon for the microbiome network stability of
maitake cultivated wood logs. These results contribute to the understanding of the microbiome
in maitake-cultivation surroundings, improve maitake wood log cultivation, and conserve
national forest resource.

In these two cases, the importance of microbial communities in the forest ecosystem was
recognized. We hope these insights will be helpful to understand and conserve forest

ecosystems.
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Warm-season grasses have a high potential for utilization as forage and turf in the temperate
and subtropical regions. Despite the advantage of high biomass productivity and superior turf
quality, their high lignin content and winter dormancy hinder forage quality, as well as their
aesthetic function as turfgrass. The improvement of warm-season grasses by conventional
breeding is limited because many of them reproduce vegetatively or by apomixis, necessitating
alternative breeding methods. Genome editing technology has gained attention as a new
breeding technology by targeted mutagenesis at specific sequences of target genes. To
effectively utilize this technology in warm-season grasses, it is crucial to isolate the target genes
and establish tissue culture and transformation systems. This study aimed to address these
challenges by 1) isolating and characterizing key lignin biosynthesis genes in bahiagrass for use
in genome editing technology, 2) establishing an efficient transformation system for zoysiagrass
using Agrobacterium-mediated transformation, and 3) conducting genome editing targeting the
Non-yellow coloring-1 (NYCI) gene in zoysiagrass for the development of an evergreen variety.

For bahiagrass, a stable transformation has previously been established, while genetic
information is lacking. Thus, the key lignin biosynthesis genes, caffeic acid O-methyltransferase
(COMT), and cinnamyl alcohol dehydrogenase (CAD) were isolated and characterized.
Phylogenetic analysis revealed high sequence similarity to other C4 monocot species. Gene
expression analysis of phenylalanine ammonia-lyase (PAL), COMT, and CAD at different plant
developmental stages showed high expression in the vegetative (V) and early reproductive
stages. Lignin content increased until the middle reproductive stage (R2) and remained constant
thereafter. The impact of CAD downregulation was investigated in transgenic bahiagrass lines
with sorghum CAD antisense and RNAi vector. The transgenic plants showed reduced lignin
content, and the PAL and COMT expressions were affected. In the V stage, PAL expression was
lower, while COMT showed no significant differences in transgenic lines compared to wild type
(WT). Conversely, in the R2 stage, PAL and COMT expressions were significantly higher in
transgenic lines than in the WT, indicating a feedback system induced by CAD downregulation.

Lignin content influenced the phenotype, resulting in a dwarf phenotype in transgenic plants




with significantly reduced lignin content. These findings are currently being applied to genome
editing for the development of new breeding materials with improved digestibility in bahiagrass.

Zoysiagrass is widely used for landscaping, and the development of improved varieties with
the stay-green trait is desired to improve its utility and sustainability. First, a stable tissue culture
and an efficient Agrobacterium-mediated transformation were established to develop a breeding
method by genome editing for Z. matrella ‘“Wakaba’. Embryogenic callus induced from shoot
apices of nodal segments was cultured in Murashige and Skoog (MS) medium containing 2
mg/L 2,4-dichlorophnoxyacetic acid, 0.1 mg/L 6-benzylaminopurine and 5 uM CuSO4 (MS-
DBC). Repeated sub-culture of compact high-quality callus in MS-DBC medium produced
highly regenerative callus serving as a target for transformation. Agrobacterium strain EHA105
harboring the pANIC8B vector containing -glucuronidase gene (GUS), and hygromycin B
phosphotransferase gene was used. Co-culturing with 100 uM acetosyringone for 5 days and
following a 50 mg/L hygromycin selection pressure resulted in a transformation efficiency of
6.6%. Southern blot analysis verified one to three copies of GUS gene integration in transgenic
plants. All transgenic plants were morphologically normal and the GUS expressions were stable.
This optimized in vitro and transformation system can be effectively applied to zoysiagrass
genome editing.

Next, the CRISPR/Cas9 genome editing system was used to target the NYC1 gene to develop
a novel stay-green variety in Z. matrella 'Wakaba'. Of 441 Agrobacterium-infected calli, 22
(5.0%) were transformed, with 14 (63.6%) showing targeted mutations through cleaved
amplified polymorphic sequences analysis. Sequencing analysis revealed mutations mostly 1 or
2 bp indels occurring 2 to 4 bp upstream of the PAM sequence. Regenerated plants exhibited
five ZmNYC1 target locus genotypes, including complete knockout mutants in the TO
generation. Under dark treatment, ZmNYC1-mutated plants displayed suppressed chlorophyll b
(Chl b) degradation, leading to higher chlorophyll content and Chl b, with a lower chlorophyll
a/chlorophyll b ratio compared to WT. Homozygous mutants exhibited the stay-green trait but
showed reduced tillering and inhibited growth. During winter simulation, the homozygous
mutant retained greenness longer than the WT. This is the first successful use of CRISPR/Cas9
genome editing in zoysiagrass and will provide valuable breeding material for the development
of improved zoysiagrass varieties with prolonged greenness, even during winter dormancy.

In summary, this study has paved the way for applying genome editing to warm-season
grasses. The elucidation of CAD and COMT genes functioning in bahiagrass lignin biosynthesis
offers the potential for genome editing to improve bahiagrass digestibility. The established tissue
culture and Agrobacterium-mediated transformation system facilitated the efficient
development of the CRISPR/Cas9 genome editing system for zoysiagrass, enabling the
generation of complete knockout mutants. Further off-target screening and null-segregant
isolation will allow for the unrestricted cultivation of new stay-green varieties.
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Study on suppression of plant diseases by ultraviolet
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Podosphaera aphanis often causes serious diseases affecting strawberry fruit quality and
yields in Japan because the pathogen can easily develop resistance to fungicides. To date,
ultraviolet (UV)-B treatment has been reported to effectively control strawberry powdery
mildew but the molecular mechanisms of how UV treatment works on strawberry plants remain
unclear. In Chapter 1, UV-induced resistance against strawberry powdery mildew was
examined in UV-treated strawberry leaves by RT-qPCR targeting several pathogenesis-related
(PR) genes. The transcript levels of PR-3 and PR-5 were upregulated at 3 and 7 days after
starting UV treatment (dpu) (at 270-380 nm, 0.90-0.96 kJ-m~2-day ) for three hours (0:00 am
— 03:00 am) every night although other candidate genes (PR-1, PR-2, and PR-8) were not
upregulated by UV at 7 dpu. The transcript levels of the selected genes were monitored using
strawberry plants growing in greenhouses over 3 months, and RT-qPCR data showed that
transcript levels of PR-3 and PR-5 were upregulated in strawberry leaves treated with higher
intensity of UV (0.90-0.96 kJ-m2-day ) in comparison to plants treated with lower intensity
of UV (0.17 kd-m~2-day 1). These results suggested that there is a positive correlation between
transcript levels of PR-3 (or PR-5) and the dose of UV irradiation. In the inoculation tests,
infection of P. aphanis tended to increase the transcript levels of PR-3 and PR-5, and the
symptom severity of the UV-treated plants was significantly lower than those of the untreated
plants throughout the experiment periods over 5 months. Interestingly, there was no significant
difference in disease severity between UV-treated plants with higher and lower intensity,
suggesting that UV treatment affects the pathogen in a direct way as well as induces resistance
to infection in host plants.

To investigate suppressive effect of UV-B treatment on plant virus disease, cucumber mosaic
virus (CMV), we performed UV-B irradiation onto Nicotiana benthamiana and tomato plants
before/after infection of CMV in chapter 2. Our preliminary data showed that UV-B treatment
before virus infection decreased accumulation levels of the Y strain of CMV (CMV-Y) in
tomato leaf tissues while CMV-Y accumulation in N. benthamiana was not affected by UV-B
treatment. However, it remains unclear whether UV-B treatment would affect plant growth and
CMV transmission by aphids. Here, we investigated the growth and disease severity of infected




tomato plants after UV-B treatment and the aphids’ settlement on UV-B-treated and CMV-
infected plants. To check the settlement of Myzus persicae (generalist of CMV vector) on the
UV-B-treated plants or CMV-D8-infected plants, choice tests were carried out by releasing (6-
day-old) nymphs in the middle of pots between a control and a UV-B-treated plant. Pre-
treatment of UV-B suppressed severe symptoms at 2 months after inoculation. Choice tests
showed that UV-B treatment or infection of CMV-D8 did not affect aphids’ preference during
experiments. UV-B reduced the symptom severity on tomato plants infected with CMV-D8 but
did not affect the growth and aphids’ performance on tomato plants, suggesting that UV-B
treatment is one of the promising control methods for CMV diseases in tomato plants.

Furthermore, the generation of defective RNA3 of CMV-Y (D3Ya) was investigated from
the point of view of host-specific maintenance, experimental condition, a viral factor, and
induced resistance in Chapter 3. D3Ya has 162-nt-deletion in 3a protein open reading flame,
which is encoded in RNAS3, and is generated in Nicotiana spp. kept at 25/20°C (day/night), not
low temperature (15°C), after 4 weeks of infection with CMV-Y. In this study, N. tabacum (cv.
Samsun NN) plants were treated with Acibenzolar-S-methyl (ASM; a chemical for inducing
defense resistance in plants) or UV-B for 5 days before and after inoculation (for 10 days of
treatment in total), and RT-PCR was performed to check whether D3Y o is generated or not at
15 dpi. The PCR results showed that D3Ya was detected neither in controls or ASM/UV-B
treated tobacco plants, suggesting that generation of D3Ya is not promoted by ASM or UV-B
treatment. Regardless of UV-B treatment, D3Y o was not detected in plants infected with 2b
protein-deficient CMV-Y mutant at 28 dpi. These results suggest that 2b protein, which is one
of the well-studied RNA silencing suppressors, is necessary for D3Ya generation in N.
tabacum.
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Vegetative propagation of persimmon by cutting, grafting, and
micropropagation
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Introducing persimmons (Diospyros kaki) to Afghanistan is credited to returning migrants
from neighboring countries, leading to successful cultivation in the eastern and northern regions.
The recent establishment of commercial orchards has bolstered local production, although
imports persist. Diospyros lotus is the common rootstock, and grafting remains the primary
propagation method. Astringent persimmons dominate the orchards, necessitating artificial
ripening. Ethylene is increasingly used for ripening, while some still employ calcium carbide or
allow natural ripening on trees. Afghan farmers sell the fruits to contractors, who subsequently
market and sell the fruit to consumers. Despite facing obstacles, there is significant potential for
improving the persimmon industry in this country. The general objective of this study was to
enhance persimmon vegetative propagation by streamlining labor-intensive steps, considering
efficiency, and aligning with sustainable development goals.

Grafting, the sole method of persimmon propagation in Afghanistan, involves mud and
polyethylene film covering, which is considered time-consuming and labor-intensive.
Rootstocks were grafted onto persimmon cultivars to identify an efficient alternative using five
treatments, including buddy tape, mud sealing, and others. The buddy tape consistently
demonstrated the highest graft success and outperformed other treatments, including the
traditional mud approach.

‘MKR1°’, a persimmon rootstock and patented variety in Japan, shows promise in dwarfing
trees and enhancing yield efficiency. Traditional propagation with seedlings faces challenges,
leading to genetic diversity and uneven sizes. Despite recent advances in cutting propagation,
ideal conditions for ‘MKR1’ softwood cuttings remain unexplored. Softwood cutting also
demands specialized equipment and substantial water volume, posing challenges in arid regions
like remote Afghanistan. To address this, ‘MKR1’ cuttings quick-dipped in IBA solution were
planted in plastic pots with four substrates in late June, July, and August. Cuttings were irrigated
using an intermittent mist or water-conserving TPT system developed in this study. Late June
plantings showed the highest survival and rooting rates, with improved winter survival. The
rooting medium minimally affected survival, with perlite having the lowest rooting percentage.




While irrigation systems had no significant impact, the TPT proved an easily applicable and
water-conserving alternative for resource-poor areas.

Plastic pollution poses a global threat, particularly in the nursery and greenhouse sectors,
where 320 to 408 million pounds of plastic are used annually. Disposal of plastic waste is an
environmental concern, especially in developing nations where recycling may not be practical.
Compostable substrate-based pots, such as peat pots and peat pellets, promise to reduce plastic
dependency for sustainable plant production. To assess the effectiveness of compostable pots in
the rooting of ‘MKR1’ cuttings, considering the prior reliance on plastic pots, various factors
were evaluated, including pot type, auxin application, and concentrations. Peat pots showed
survival and rooting rates similar to plastic pots, suggesting their feasibility as an eco-friendly
alternative. The highest rooting percentage among peat pellets was cuttings quickly dipped in
2000 mg-Lt NAA. A comparable rooting rate to the quick-dip was observed when cuttings were
planted in pellets soaked with IBA 50 or 250 mg-L™* or when cuttings were sprayed with NAA
250 mg-L*. These findings present compelling alternatives to the traditional auxin quick-dip
method, offering efficiency and reducing the time and labor intensity associated with the process.

Efficient year-round ‘MKRI1’ propagation faces challenges despite successful softwood
cutting propagation. While micropropagation serves this purpose, the protocol requires
optimization. Direct transplantation of ‘MKR1’ microcuttings into commercial substrates was
explored to eliminate jiffy pots and save resources. Shoots grown in MS or MS (1/2N) medium
supplemented with 5uM zeatin were transplanted into either MetroMix® or half of MS (1/2N)
hormone-free artificial medium after a quick dip in an IBA 1.25 mM solution. The shoots of the
artificial medium underwent a 10-day dark treatment. Subsequently, half of the shoots from each
medium were transplanted into MetroMix®, while the remaining half was left in the same
medium at 28 °C under a 16-hour photoperiod. Regardless of the medium, shoots that underwent
dark treatment exhibited significantly higher rooting percentages than those directly
transplanted into MetroMix® without dark incubation. After the dark treatment, shoots from the
MS medium achieved a one hundred percent rooting, whether transplanted into MetroMix® or
left in the artificial medium. Despite successful rooting, the quick-dip IBA method remained
labor-intensive. To address this, microcuttings were exposed to a half MS (1/2N) rooting
medium containing 1, 2, and 5 pM IBA solutions. Shoots quickly dipped in 1.25 mM IBA and
planted in a hormone-free rooting medium served as a control. After a 10-day dark treatment,
half of the shoots were transplanted into peat pellets, and the rest after 20 days. Optimal root
and shoot growth were obtained with a 10-day transplantation and a medium containing 1 pM
IBA, eliminating the need for the quick-dip method.

In conclusion, this comprehensive study explores sustainable alternatives, innovative
techniques, and efficient protocols to enhance persimmon propagation, addressing challenges
and fostering the growth of the persimmon industry.
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In Japan, intensive marine aquaculture is primarily characterized by the substantial production
of Seriola species, which includes yellowtail, amberjack, and kingfish. However, these
aquaculture operations face significant challenges due to bacterial infections, with pathogens
like Lactococcus garvieae and Nocardia seriolae posing serious concerns. The overuse of
antibiotics to control these pathogens has led to the emergence of drug-resistant strains. Notably,
the vaccine developed to combat L. garvieae infections has shown limited efficacy and a short
protection term, while a vaccine for Nocardia seriolae has not yet been introduced. To address
this pressing issue, there is a growing need to explore alternative and eco-friendly options
against these pathogens. One such method currently gaining attention in aquaculture operations
is bacteriophage therapy, which offers potential solutions to combat these bacterial infections.
The careful screening of the literature during this study did not find any lytic bacteriophage
infecting these pathogens. Therefore, the primary objective of the present study was to first
isolate and characterize the lytic bacteriophages that infect L. garvieae and N. seriolae.

A novel lytic siphophage named PLG-II, specifically targeting pathogenic Lactococcus
garvieae serotype Il strains, was successfully isolated from seawater samples collected in
Miyazaki Prefecture, Japan. The whole-genome sequencing of PLG-II revealed a 32,271-bp
double-stranded DNA molecule with an average GC content of 37.74%. It encompasses 69 open
reading frames (ORFs), among which 43 currently lack reliable functional annotations for their
products, along with a single tRNA. The lytic spectrum of phage "PLG-II" unequivocally
demonstrated its strict lytic activity against serotype Il strains, as it infected 17 out of 21 serotype
Il strains while showing no infectivity towards any of the 14 tested serotype | strains. The
absence of any lysogenic and resistance genes in the phage DNA confirms its suitability for
further experimentation. Moreover, initial challenge experiments provided confirmation that
fish fed with bacteriophage-supplemented diets exhibited a 100% survival rate, in contrast to
control fish fed with bacterial-supplemented diets only.

Nocardia seriolae also presents a significant threat to marine aquaculture operations.
However, there is no phage isolated and characterized against this pathogen. In the present study,
we also reported the first isolation of a lytic bacteriophage “NS-I"” with a siphovirus morphotype
from sea farm water samples collected from Miyazaki Prefecture, Japan. Its genome was a
43,361-bp double-stranded DNA molecule, exhibiting a GC content of 67%. Putative functions




could be assigned to only 39% (25/64) of the ORFs, whereas 61% (39/64) of the ORFs remained
without any functional annotation.  The lytic spectrum of NS-I showed its broad lytic range as
it infected 15/15 Nocardia seriolae strains isolated from fish and 4/4 Nocardia sp strains isolated
from non-fish sources. The absence of antimicrobial resistance genes, temperate markers, and
virulence genes in the NS-I genome, makes it a promising candidate for further evaluation.
Further experiments are required to confirm its suitability in real aquaculture settings.

Moreover, within the scope of this study, an in-depth exploration of drug resistance
mechanisms was conducted for L. garvieae serotype Il strains, with a specific focus on the
erm(B) resistance plasmid. A total of 98 pathogenic strains of L. garvieae serotype Il were
collected from various prefectures in Japan over the period spanning 2018 to 2021. These strains
exhibited notable resistance to erythromycin, lincomycin, and tiamulin. Subsequent PCR
amplification revealed the consistent presence of erm(B) in all erythromycin-resistant strains. A
conjugation experiment confirmed the transmissibility of erm(B) to recipient Enterococcus
faecalis OG1RF, with transfer frequencies ranging from 10 to 10° per donor cell. The
nucleotide sequencing analysis of the representative plasmid, pkh2101, isolated from an
erythromycin-resistant strain unveiled a 26,850 bp DNA with an average GC content of 33.49%.
This plasmid encompassed 31 CDSs, 13 of which remained devoid of any functional annotation.
Interestingly, the plasmids isolated from erm(B) strains collected from three different
prefectures confirmed the presence of the same (identical) plasmid. This confirms the prevalence
of the same erm(B) plasmid around different prefectures. The comparative genomic analysis of
this plasmid showed its highest similarity (97.57% identity) with the clinically isolated plasmid
pAMbetal, previously retrieved from Enterococcus faecalis DS-5.

In conclusion, this study reported the first isolation and characterization of lytic bacteriophage
against L. garvieae serotype Il and N. seriolae.  Since the emergence of drug-resistance strains
of L. garvieae and N. seriolae is on the rise, these phages could serve as potential therapeutic
agents in an eco-friendly way. Nevertheless, further detailed experiments are required to fully
evaluate their potential in real farming systems. This study also entailed drug resistance patterns
and mechanisms of L. garvieae serotype |1, confirming the presence of similar resistant plasmids
in different farms around Japan. This comprehensive study underscores the importance of
monitoring and understanding drug resistance patterns and mechanisms in aquaculture,
providing valuable insights for the development of more effective strategies to manage and
mitigate the growing issue of drug-resistant pathogens in marine aquaculture.
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