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Despite many studies on avian phylogenetics in recent decades that used morphology,
mitochondrial genomes, and/or nuclear genes, the phylogenetic positions of several birds, e.g.,
storks, remain unsettled. In addition to the aforementioned approaches, analysis of
retroposon insertions, which are nearly homoplasy-free phylogenetic markers, has also been
used in avian phylogenetics. However, the first step in the analysis of retroposon insertions,
1.e., isolation of retroposons from genomic libraries, is a costly and time-consuming procedure.
Therefore, in this study, a high-throughput and cost-effective protocol was developed to collect
retroposon-insertion information based on next-generation sequencing technology and
applied it to three waterbird species, for which I identified 35,470 loci containing chicken
repeat 1 retroposons (CR1). The presence/absence analysis of 30 CR1 insertions demonstrated
the intra- and interordinal phylogenetic relationships in the waterbird assemblage, namely 1)
waterbirds form a monophyletic group, 2) loons (Gaviiformes) diverged first among the
waterbirds, 3) penguins (Sphenisciformes) and petrels (Procellariiformes) diverged next, and
4) among the remaining families of waterbirds traditionally classified in
Ciconiiformes/Pelecaniformes, storks (Ciconiidae) diverged first. Isolation of two inconsistent
CR1 insertions among the 30 loci suggests rapid radiation in waterbirds divergence.

Furthermore, the genome-scale, in silico retroposon analysis uncovered a complex
divergence history among pelican, heron, and ibis lineages, presumably involving ancient
interspecies hybridization between the heron and ibis lineages. Thus, the retroposon-based
waterbird phylogeny and the established phylogenetic position of storks will help us
understand the evolutionary processes of aquatic adaptation and related morphological
convergent evolution. In addition, I isolated dozens of taxon-specific CR1 inseritions. These
loci have a potential to be used for phylogenetic analyses of intra- and interfamilial
relationships. Therefore, I expect that complex evolution of birds will be clarified by more

extensive retroposon analysis using next-generation sequencing and genomic data.
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