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Lepidoptera, comprising over 160,000 species of butterflies and moths, serves as a key model for evolutionary and
ecological research due to their diversity. Lepidopteran genomes are characterized by holocentric chromosomes with
high conservation of synteny but remarkable karyotype diversity. Comparative studies are essential for understanding
conserved and variable chromosomes, including the Z chromosome, which is central to hypotheses like Faster—Z
evolution. This hypothesis, which suggests that the Z chromosome evolves faster than autosomes, remains a topic of
ongoing debate.

In this study, I constructed a chromosome-level genome assembly of Cephonodes hylas, achieving a highly contiguous
assembly corresponding to 29 chromosomes. Chromosome analysis revealed that shorter chromosomes had lower identity
between haplotypes, higher proportions of repeat sequences, and increased frequencies of recent repeat insertions,
indicating faster evolutionary rates and higher sequence divergence. Next, using publicly available genome data from 46
lepidopteran species, | performed interspecific comparisons of the Z chromosome and autosomes. Analysis revealed that
nucleotide sequence divergence was more rapid on the Z chromosome than on autosomes, supporting the Faster—Z
hypothesis. Additionally, synteny analysis revealed lower conservation and higher frequencies of chromosomal
rearrangements on the 7Z chromosome compared to autosomes, suggesting accelerated structural divergence. To
investigate the mechanisms underlying rapid interspecific divergence on the Z chromosomes, we used ’alternate
haplotypes’, which is additional sequences generated during genome assembly to detect structural variants (SVs) and
single nucleotide variants (SNVs). The analysis revealed low genetic diversity across the Z chromosome. However, SVs
account for 19.4 times more variation on the Z chromosome in terms of bases affected compared to SNVs, suggesting
that SVs may be driving the divergence of the Z chromosome.

Overall, lepidopteran chromosomes are evolving at different rates, with distinct patterns on shorter chromosomes and

the Z chromosome. These findings enhance our understanding of chromosome evolution in this diverse order.
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