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Nitrate-activated CLE genes
in Medicago truncatula symbiotic nodule development
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CLE peptides are important regulators of plant development. In addition to their roles in
plant meristems, where CLE peptides regulate the expression of the WOX genes,
responsible for stem niche maintenance, CLE peptides were also shown to be systemic
regulators capable for long-distance transport in plants. In legume plants, CLE peptides
are known as key components of autoregulation of nodulation (AON), which
systemically controls the number of nitrogen-fixing nodules formed on the root as a
result of symbiotic interaction with soil bacteria rhizobia. CLE peptides are produced in
the root in response to rhizobia inoculation and are transported via xylem to the shoot,
where they are recognized by CLV1-like receptor kinase, which in its turn inhibit
subsequent nodule development in the roots via negative feedback mechanism.
Mutations in the gene encoding such CLV1-like kinase in different legumes result in
supernodulation — the development of excess number of nodules. In soybean and Lotus
japonicus, CLE genes have been described that are activated by nitrate and mediate
nitrate-dependent inhibition of nodulation. Our study focuses on nitrate-activated CLE
genes in Medicago truncatula. We have identified two genes, MtCLE35 and MtCLE34,
activated by both nitrate treatment and rhizobia inoculation in M. truncatula. MtCLE34
overexpression did not reduce the number of noduled on transgenic roots. On the
contrary, MtCLE35 overexpression inhibited nodulation on transgenic roots; moreover,
such inhibitory effect appeared to be systemic, since nodulation on non-transgenic roots
of composite plants bearing MtCLE35-overexpressing roots was also inhibited. We also
found that MtCLE35 overexpression did not reduce nodule number in sunn mutant
defected in the gene encoding shoot-acting CLV1-like kinase, suggesting that this kinase
could be involved in MtCLE35 reception. Therefore, MtCLE35 is a systemic inhibitor
of nodulation in response to nitrate, whereas its close homologue MtCLE34 might play
a distinct role in nodulation.
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