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FA im S E B Abscisic acid-mediated sugar responses necessary for desiccation
tolerance in bryophytes
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The plant stress hormone abscisic acid (ABA) is involved in triggering responses to various
environmental stresses such as freezing and desiccation in angiosperms, but little is known about its role
in non-vascular bryophytes, such as mosses and liverworts, representing the earliest land plant lineages.
Hence, | made my efforts to reveal the ABA-regulated processes using ABA-deficient lines of two widely
used model bryophytes, the moss Physcomitrium patens and the liverwort Marchantia polymorpha.

It has been shown that in some plants that ABA is involved in cold acclimation process by which tissues
acquire freezing tolerance. P. patens undergoes cold acclimation with enhanced expression of Late
embryogenesis abundant (LEA) transcripts and soluble sugars that mitigate freeze-induced cellular
damage. However, the role of endogenous ABA in cold acclimation was not clear in P. patens. Using an
antibody against one of cold-induced LEA-like protein 17B9, I showed that disruptant of PpABAI of P.
patens encoding zeaxanthin epoxidase crucial for carotenoid-mediated ABA biosynthesis, which
accumulated only a trace amount of endogenous ABA, showed cold acclimation capacity similar to that of
the wild-type line. My analysis also indicated that the ABA-insensitive AR7 line lacking the gene for group
B3 Raf-like MAP kinase kinase kinase, which lacks capacity for both cold acclimation and ABA response
to develop freezing tolerance, did not accumulate the LEA-like 17B9 proteins in response to cold. These
results indicated that although the signaling process for ABA is critical for freezing tolerance, endogenous
ABA is not necessary for cold signaling in P. patens.

In the case of the liverwort M. polymorpha on the other hand, its gemmae, dormant propagules,
did not undergo cold acclimation to develop freezing tolerance and did not accumulate the LEA-like
transcripts in response to cold as well, while the gemmae are highly responsive to exogenous ABA. The
gemmae accumulate low molecular weight soluble sugars in response to exogenous ABA for the
development of desiccation tolerance. These sugars serve as compatible solutes in response to changes in
environmental conditions such as freezing and desiccation. Soluble sugars not only serve as protectants of
cells but also function as signaling molecules to control the expression of genes involved in plant growth
and stress tolerance. It has previously been shown that sucrose treatment of the gemmae of M. polymorpha
enhance desiccation tolerance with accumulation of both LEA-like proteins and soluble sugars similar to
ABA treatment. To determine the role of endogenous ABA in sugar and stress responses in bryophytes,
ABA-deficient lines of M. polymorpha by disrupting MpABAI encoding zeaxanthin epoxidase were
generated.
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Analysis of osmotic response to sugars, desiccation tolerance, dormancy, and sugar-induced gene
expression in the generated ABA-deficient lines revealed that endogenous ABA plays a crucial role in
sugar-induced cellular responses in the liverwort. RNA-seq analysis of sucrose-treated gemmalings of M.
polymorpha revealed that expression of a large part of sucrose-induced genes was reduced in Mpabal in
comparison with that in the wild type. Furthermore, Mpabal accumulated smaller amounts of soluble
sugars in tissues upon sucrose treatment than did the wild type, with reduced expression of genes for
sucrose synthesis, sugar transporters and starch-catabolizing enzymes. These results indicate that
endogenous ABA plays a role in regulation of sugar-induced sugar accumulation in liverworts, enabling
the tissue to have desiccation tolerance.
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