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The molecular mechanisms underlying plant cell totipotency are largely unknown.
Here, we present a protocol for the efficient regeneration of plants from Arabidopsis
thaliana protoplasts. The specific liquid medium used in our study leads to a high
rate of reentry into the cell cycle of most cell types, providing a powerful system to
study dedifferentiation/regeneration processes in independent somatic cells. To
identify the early events in the establishment of totipotency, we monitored the
genome-wide transcript profiles of plantlets and protoplast-derived cells (PdCs)
during the first week of culture. Plant cells rapidly dedifferentiated. Then, we
observed the reinitiation and reorientation of protein synthesis, accompanied by the
reinitiation of cell division and de novo cell wall synthesis. Marked changes in the
expression of chromatin-associated genes, especially of those in the histone variant
family, were observed during protoplast culture. Surprisingly, the epigenetic status
of PdCs and well-established cell cultures differed, with PdCs exhibiting rare
reactivated transposons and epigenetic changes. The differentially expressed genes
identified in this study are interesting candidates for investigating the molecular
mechanisms underlying plant cell plasticity and totipotency. One of these genes, the
plant-specific transcription factor ABERRANT LATERAL ROOT FORMATION4, is
required for the initiation of protoplast division.
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