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Signals and transcription factors involved
in phosphorus starvation responses in white lupin
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Cluster roots contribute much to the adaptation to phosphorus (P) deficiency in white lupin
(Lupinus albus L.). Cluster root formation is affected by the P-limiting level in shoots, but not
in roots. Thus, shoot-derived signals have been expected to transmit the message of
P-deficiency to stimulate cluster root formation. Transcription factors and signaling proteins
have also been expected to be involved in such signaling cascades. The present study indicates
that sugars are required for a response to P starvation including cluster root formation and the
expression of P starvation-induced genes. Moreover, transcription of 60 genes encoding

transcription factors and signaling proteins is shown.

Sugar signaling mediates cluster root formation and phosphorus starvation-induced gene

expression

White lupin plants were grown in vitro on P-sufficient or P-deficient media supplemented
with sucrose for 4 weeks. Sucrose supply stimulated cluster root formation in plants on both
P-sufficient and P-deficient media, but no cluster roots appeared on the P-sufficient medium
without sucrose. On the medium with sucrose, a high concentration of inorganic phosphate in
leaves did not suppress cluster root formation. Because sorbitol or organic acid in the media
did not stimulate cluster root formation, the sucrose effect was not due to increased osmotic

pressure or enriched energy source, that is, sucrose acted as a signal. Gene transcription
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induced by P starvation, LaPT! and LaPEPC3, was magnified by the combination of P
limitation and sucrose feeding, and that of LaSAP was stimulated by sucrose supply
independently of P supply. These results suggest that at least two sugar-signaling mediating
systems control P starvation responses in white lupin roots. One system regulates cluster root
formation and LaSAP expression, which acts even when P is sufficient if roots receive sugar as
a signal. The other system controls LaPT] and LaPEPC3 expression, which acts when P is

insufficient.
Transcription of 60 genes encoding transcription factors and signaling proteins

In the sugar mediating signaling cascades for P starvation responses in white lupin, a lot
of transcription factors and signaling proteins are expected to be involved. A total of 60 cDNA
fragments representing MYB-CC (cdiled coil) genes, RZR3MYB genes, other transcription
factor genes and signaling protein genes were isolated from white lupin, and their transcription
in normal roots, cluster roots, leaves and shoot tips was analyzed under P-deficient and
P-sufficient conditions. Five MYB-CC genes isolated by using degenerated primers showed
high homology with PHRI that regulates many P starvation responses in Arabidopsis. Their
transcription was detectevd in all organs tested and was not affected by the presence or absence
of P. Twenty-nine RZR3MYB genes were isolated by using degenerated primers. Among them,
transcription of LaMYB12 was enhanced by P-starvation. Thirteen of other transcription factor
genes and 13 signaling protein genes were obtained from the cDNA library. Among them,
LaCaM encoding calmodulin protein was enhanced its transcription by P starvation. The

correlation of these genes to P-starvation response was discussed.

This work reveals a sugar signal that mediates P starvation resistance and provides
candidate genes that regulate P deficiency responses. The identified sugar signal and candidate
genes expand the current information available on the regulation and signaling mechanisms

during P deficiency in plants.
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