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Evolutionary processes of roots from subterranean stems in lycophytes
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To test the hypothesis that the root in lycophytes is a stem that acquires a
root cap, we observed root development in the extant Lycopodium clavatum. Our observations revealed
that the first root with chloroplasts emerges near a branching point of the stem. This primary root
branches multiple times to form third- or fourth-order roots, which exhibit distinct meristematic

characteristics and cell division dynamics compared to the primary root. These findings suggest that
the first root is homologous to the stem. Furthermore, we searched for the oldest root fossils
lacking a root cap from the Silurian to the Devonian in northern Vietnam and Japan. We discovered
the oldest plant fossils in Asia in Vietnam, as well as the oldest ones in Japan. However, we did
not find the oldest root.
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