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Developmental morphology of branching system in the roots of lycophytes
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Lycophytes are the basal clade of extant vascular plants and are key for
clarifying the evolution of three main organs of vascular plants: stem, leaf, and root. To assess the
evolutionary origin of roots and shoots in vascular plants, we examined the root apical meristem (RAM)
organization, and root and shoot branching system in lycophytes. The present results suggested that RAM
organizations of lycophytes are much more diverse than expected. It is assumed that RAM organizations
parallely evolved in the both clades, lycophytes and euphyllophytes. The Lycopodium clavatum RAM has a
large group of common initial cells which is similar to the quiescent center of angiosperm RAM. When this
RAM branched, the quiescent center like area was divided in two, and two new RAMs formed. The roots of L.
clavatum divide dichotomously. In contrast, the branching of shoots of L. clavatum was monopodial system.
Thus, the root and shoot of lycophytes are different in branching system.
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