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One of advantageous traits for multicellularity is the cell differentiation with which the multicellular organism can strengthen its body function as a whole for better adaptation. In multicellular organisms, differentiated cells distribute often with a certain pattern, indicating that a fate-determining machinery is operational to govern the distribution of certain differentiated cells by determining which cell will be differentiated among other cells. In this nature of multicellularity, the upstream fate-determiner has to have a hierarchical instructing system to bring its influence down onto the cell differentiation toolkits. During the evolution of vascular plants, the fate-determiners for root epidermal cells had likely experienced several regime changes while certain downstream cell-differentiation toolkits had persisted throughout it. In our study, the root hair cell as a cell differentiation model has been taken to embark on the inquiry how the downstream cell differentiation workers had survived over the evolutionary regime changes of the upstream determiners. 
The distribution of root hair cells on the root epidermis shows different patterns in vascular plants according to their evolutionary lineage, indicative of divergence of fate-determining machineries (the fate determiners) for hair cell/non-hair cell. Conversely, the root hair morphogenesis is likely to be operated by similar gene products (the workers) even in taxa with different fate determiners. We have studied on the evolutionary relationship between the upstream fate determiners and the downstream workers. Previously we identified a conserved cis-element (RHE) for root hair-specific gene expression of those worker genes. Orthologous worker genes from different fate-determining lineages share the same functional RHE. Recently we found that RSL4, a bHLH transcription factor, is able to bind RHE and modulate the RHE-containing worker genes. RSL4 orthologs from eudicots, a monocot, and a lycophyte with different fate determiners are functionally compatible, indicating that the RSL4-RHE module for root hair morphogenesis emerged before divergence of the fate determiners. These results suggest that the upstream fate determiners, over the evolution of vascular plants, should have managed to find the route to the RSL4-RHE module to modulate root hair tip growth. The RSL4 gene itself contains RHE so as to amplify its own expression. The existence of RHE on the RSL4 orthologous genes from bryophytes (moss and liverwort) suggests that the RSL4-RHE module had evolved as early as land plant emergence, where the module probably served the tip growth of rhizoids.
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