2015 2017

Does the establishment of choheterotrophic symbiosis_between orchids and
mycorrhizal fungi require the genes of common symbiotic pathway necessary for
mutualistic plant-mycorrhizal symbioses?
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The mycorrhizal symbiosis in orchids has a feature that carbon is ﬁrovided
by mycorrhizal fungi, whose nutrition mode is termed as mycoheterotrophy and opposite to the general
mutual symbioses. It has been reported that the genes of common symbiotic pathway are required for
mutualistic plant-mycorrhizal symbioses, but the information about the molecular mechanisms of the
relationship between orchids and their mycorrhizal fungi is limited. In this study, we conducted the
transcriptome analysis and expression analysis of marker genes for mutual symbiosis using symbiotic
germination of Bletilla striata (Orchidaceae) and the complementation experiment using CCaMK, which
1S a key gene for common symbiotic pathway. Our results partially demonstrated that the
establishment of mycoheterotrophic symbiosis between orchids and mycorrhizal fungi require the genes
of common symbiotic pathway necessary for mutualistic plant-mycorrhizal symbioses.
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Fig. 1 Venn diagram showing the number of
differentially expressed genes (DEGs) between
transitions W1-W2 and W2-W3 during symbiotic
germination of Bletilla striata.
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Fig. 2 GO enrichment analysis of DEGs during
symbiotic germination in the de novo reference
assembly of Bletilla striata.
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Fig. 3 Amino acid alignment of the CCaMK protein
sequence from three plant species, B. striata,
Oryza sativa, and Lotus japonicus.
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Fig. 4 Expression of BsCCaMK during symbiotic
germination with Tulasnella sp. strain HR1-1.
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Fig. 5 Complementation of the Lotus japonicus
ccamk-3 mutant with Bletilla striata CCaMK.
Transgenic hairy roots carrying an empty vector
(EV), LjCCaMK, or BsCCaMK were inoculated
with Rhizophagus intraradices (A), or with
Mesorhizobium loti expressing DsRed (B).
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Fig. 6 Effect of sucrose on symbiotic germination of
Bletilla striata with Tulasnella sp. strain HR1-1.
(A) The number of symbiotic cells per symbiotic
protocorm growing on oatmeal agar medium with
or without sucrose. (B) B. striata cells with
Tulasnella hyphae. (C) B. striata protocorms
growing with Tulasnella.
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Fig. 7 Expression of Bletilla striata marker genes
during symbiotic germination with Tulasnella sp.
strain HR1-1.
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Fig. 8 Spatial distribution of the expression of
Bletilla striata marker genes in symbiotic
protocorms. (A) Colonization of a B. striata
protocorm by Tulasnella sp. strain HR1-1. (B)
Expression of B. striata marker genes during
symbiotic germination with Tulasnella.

Molecular Plant Microbe Interactions

3

Miura, C., Yamaguchi, K., Miyahara, R.,
Yamamoto, T., Fuji, M., Yagame, T.,
Imaizumi-Anraku, H., Yamato, M.,
Shigenobu, S. and Kaminaka, H.: The
mycoheterotrophic  symbiosis  between
orchids and mycorrhizal fungi possesses
major components shared with mutualistic
plant-mycorrhizal symbioses. Mol. Plant
Microbe Interact., in press (2018)

Suetsugu, K., Yamato, M., Miura, C.,



Yamaguchi, K., Takahashi, K., Ida, Y.,
Shigenobu, S. and Kaminaka, H.: Comparison
of green and albino individuals of the

partially mycoheterotrophic orchid
Epipactis  helleborine on molecular
identities of  mycorrhizal fungi,

nutritional modes, and gene expression in
mycorrhizal roots. Mol. Ecol., 26,
1652-1669 (2017)

Yamamoto, T., Miura, C., Fuji, M.,
Nagata, S., Otani, Y., Yagame, T., Yamato,
M. and Kaminaka, H.: Quantitative
evaluation of protocorm growth and fungal
colonization in Bletilla  striata
(Orchidaceae) reveals less-productive
symbiosis with a non-native symbiotic
fungus. BMC Plant Biol., 17, 50 (2017)

21
59
2018 3
Chihiro Miura, Katsushi Yamaguchi,

Ryohei Miyahara, Tatsuki Yamamoto, Masako
Fuji, Takahiro Yagame, Haruko
Imaizumi-Anraku, Masahide Yamato, Shuji
Shigenobu, Hironori Kaminaka
Conservation of plant common symbiosis
pathway in mycorrhizal symbiosis between
Bletilla striata (Orchidaceae) and
mycorrhizal fungus
Taiwan-Japan Plant Biology 2017 2017

11

Rhizoctonia
27 2017 9
27
2017 9
27 2017
9
Chihiro Miura, Tatsuki Yamamoto,

Katsushi Yamaguchi, Yuri Kanno, Takahiro
Yagame, Masahide Yamato, Mitsunori Seo,
Shuji Shigenobu, Hironori Kaminaka

Gibberellin-mediated defense responses on
the mycorrhizal symbiosis in Bletilla
striata (Orchidaceae) 58

2017 3
42

2017 3

2016
2016 12

Tulasnella
2016
2016 12

Yuki Furui, Chihiro Miura, Tatsuki
Yamamoto, Katsushi Yamaguchi, Takahiro
Yagame, Masahide Yamato, Shuji Shigenobu,
Hironori Kaminaka: Transcriptome analysis
of asymbiotically germinated Bletilla
striata (Orchidaceae) and effects of
phytohormones on germination

AFELISA
2016 2016 10
Tatsuki Yamamoto, Chihiro Miura,
Takahiro  Yagame, Masahide Yamato,

Hironori Kaminaka: Involvement of auxin
and gibberellic acid in the regulation of
mycorrhizal symbiosis in Bletilla striata
(Orchidaceae)

AFELISA 2016

2016 10
« ) _
26 2016 9
26
2016 9
80 2016 9
Chihiro Miura, Tatsuki Yamamoto,

Masahide Yamato, Katsushi Yamaguchi,
Shotaro Nagata, Yuria Otani, Hisayo Asao,
Miwako Matsumoto, Takahiro Yagame, Shuji
Shigenobu, Hironori Kaminaka Involvement
of auxin and gibberellic acid in the
regulation of mycorrhizal symbiosis in
Bletilla striata (Orchidaceae),

XVII International Congress
of Molecular Plant-Microbe Interactions




2016 7

Chihiro Miura, Tatsuki Yamamoto,
Masahide Yamato, Katsushi Yamaguchi,
Shotaro Nagata, Yuria Otani, Hisayo Asao,
Miwako Matsumoto, Takahiro Yagame, Shuji
Shigenobu, Hironori Kaminaka Involvement
of auxin and gibberellic acid in the
regulation of mycorrhizal symbiosis in
Bletilla striata (Orchidaceae)

57 2016 3
2015 2015 10
2015 2015
10
25 2015 9
25 2015
9

@R EE], ERAM, AT K]

Synthetic long-read

NGS 2015 7

2015-196787
27 10 2

http://muses.muses.tottori-u.ac. jp/facu
Ity/kaminaka/index.html

@

KAMINAKA, Hironori
@
©)

YAMATO, Masahide
“)

IMATZUMI-ANRAKU, Haruko
MIURA, Chihiro
YAMAMOTO, Tatsuki
FURUI, Yuki



