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Summary of thesis contents

Arbuscular mycorrhizal (AM) symbiosis is the most widespread mutualistic association between
plants and fungi. Through this symbiosis, AM fungi provide host plants with inorganic nutrients
such as phosphorus and nitrogen compounds from the soil. In return, the AM fungi receive
carbohydrates derived from photosynthetic products from the plants. Root colonization by AM
fungi greatly promotes the growth of host plants, especially in oligotrophic soils.

In the pre-symbiotic stage, AM fungi randomly elongate hyphae to explore host roots.
When the hyphae come close to plant roots, they perceive strigolactones (SLs) that are present in
the rhizosphere. SLs are a kind of phytohormone that was identified as a signal factor for AM
fungi. SLs enhance metabolic processes and increase hyphal branching and elongation in the AM
fungi. These processes facilitate direct contact between the AM fungi and host plants. After
hyphal entrance into the host root, AM fungi form a characteristic densely-branched hyphal
structure called the arbuscule in the cortical tissue of the root, where the nutrient exchange is
undertaken.

AM fungi are difficult to be studied because they are obligate symbionts that do not
produce next generation spores without symbiosis with host plants. Therefore, molecular
mechanisms of AM fungal infection of plant roots are poorly understood. To provide novel
insights into the molecular mechanisms of AM symbiosis, | screened and investigated genes of
the AM fungus Rhizophagus irregularis that contribute to the infection of host plants.

To compare comprehensive gene expression profiles of R. irregularis between the
pre-symbiotic and symbiotic stages, RNA-sequencing (RNA-seq) analysis was performed in the
non-symbiotic germinating spores (control), SL-treated germinating spores, and symbiotic
hyphae outside host roots. Carrot (Daucus carota) roots were used as the host roots. The
RNA-seq analysis revealed that 19 genes are up-regulated by both treatment with SL and
symbiosis. It was interesting that 11 of the 19 genes were predicted to encode small proteins with
secretory signal peptides at their N-terminal ends. Then | performed real-time quantitative
reverse transcription (gRT)-PCR analysis to verify the result of the RNA-seq analysis. The
gRT-PCR analysis demonstrated that at least 5 genes of the 11 genes are induced during both SL
treatment and symbiosis.

Among the 5 putative secreted protein genes, SL-induced putative secreted protein 1
(S1S1) showed the largest induction under the both conditions. To analyze the functions of SIS1
during AM symbiosis, SIS1 was then characterized by a reverse genetic approach using
host-induced gene silencing (HIGS) because a method for the direct transformation of AM fungi
has not yet been developed. HIGS causes RNAI in the fungus via the host plant. | designed a
SIS1-HIGS construct and transformed Medicago truncatula hairy roots with this construct. These
transgenic hairy root lines were used for co-culture with R. irregularis, and RNAi of SIS1 was

caused within R. irregularis-infected host roots. As a result, colonization levels were
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significantly lower in the SIS1-HIGS roots than in an empty vector (EV) control root line. In
accordance with this result, the spore formation numbers in the co-culture with SIS1-HIGS roots
were significantly lower than those in the EV control. Furthermore, qRT-PCR analysis confirmed
that SIS1 expression levels in the inner hyphal tissues of the SIS1-HIGS roots were significantly
suppressed compared with those in the EV controls. Therefore, the presence of the SIS1-HIGS
RNAI construct suppressed expression of SIS1, and this suppression was associated with reduced
colonization by R. irregularis within the SIS1-HIGS host roots. These results imply that SIS1 is
required for infection of host roots by R. irregularis.

To further characterize the effects of SIS1-HIGS on AM fungal colonization, | observed
in detail the hyphal structures of R. irregularis within the SIS1-HIGS hairy roots. The arbuscules
in EV control hairy roots were mature and finely branched, whereas the majority of arbuscules in
the SIS1-HIGS hairy roots displayed defective morphology. The stunted arbuscules are an
indication of incomplete AM symbiosis. These results suggest that SIS1 contributes to the
establishment of AM symbiosis in R. irregularis.

It can be concluded that SIS1 is a novel putative secreted protein that is induced by both
SL treatment and AM symbiosis in R. irregularis, and that it positively regulates AM
colonization. It is not yet clear how and where SIS1 functions, however, further characterizations
of SIS1 functions lead to a better understanding of the mechanisms controlling the establishment

of AM symbiosis.
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Summary of the results of the doctoral thesis screening
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