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The Huperzia selago shoot tip transcriptome sheds new light on the evolution 
of leaves and plasmodesmata 
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All aboveground organs of land plants originate from shoot apical meristems (SAMs). Three main types 
of SAMs exist which differ in origin and distribution of the plasmodesmata (PD) connecting their cells. All 
cells within a monoplex SAM are clonally related and connected exclusively by primary PD; these SAMs 
contain a single apical initial. In simplex and duplex SAMs, cells can be connected by both primary and 
secondary PD. Such SAMs contain multiple apical initials. Two types of SAMs, simplex and monoplex, 
can be found within Lycopodiophyta, the earliest branch among the extant vascular plants which 
separated from the lineage leading to all other vascular plants ca. 400 mya. Notably, the type of the 
SAM in lycophytes shows no correlation with homo-/heterospory: lycophytes with simplex SAMs include 
homosporous Lycopodiales and heterosporous lsoetales, while the heterosporous Selaginellales have 
monoplex SAMs. The phylogenetic relationship between the SAM types has not been resolved yet. The 
genome sequence of a heterosporous representative of the Selaginellales, Selaginella moellendorffii, 
was published in 2011. To obtain a better understanding of the place of the different families of the 
Lycopodiophyta in the evolution of SAMs and PD in land plants, we sequenced the shoot tip 
transcriptome of a representative of the Lycopodiales, Huperzia selago, and used the sequences to 
analyse the KNOX protein family. As down-regulation of KNOX I genes represents a key event in 
differentiation of leaf primordia in all plants, we set about to search for transcripts of the two major 
KNOX I repressors, ARP and YABBY, in the H. selago transcriptome. None of the lycophyte class I 
KNOXes contained the amino acid residues which were revealed by Chen et al. (2014) as necessary for 
trafficking through PD. The H. selagO transcriptome does not contain an ARP homolog, although 
Selaginella spp. do. Surprisingly, H. selago contains a YABBY homolog, although these transcription 
factors were assumed to have evolved only in seed plants. The existence of a YABBY homolog in H. 
selago suggests that the common ancestor of lycophytes and euphyllophytes contained two types of 
transcription factors that could repress the transcription of class I KNOX genes, ARP and YABBY, 
supporting a deep homology of all types of leaves. The presence of YABBY in the common ancestor of 
vascular plants also supports the hypothesis that this common ancestor had a simplex SAM and 
secondary PD. In this case, secondary PD in Lycopodiales and seed plants are homologous. 
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