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v AR Y 4EFE (Genome Expansion and Transposon Accumulation in Intronic
Regions of the Iberian Ribbed Newt)

Vertebrate genome gigantism is frequently accompanied by recurrent bursts of
transposable element (TE) activity, yet how such bursts reshape gene architecture and
transcription over evolutionary time remains unclear. Urodele amphibians (newts and
salamanders) provide an extreme natural experiment: their genomes can exceed 20 Gb
while maintaining broadly conserved protein-coding repertoires. I asked how genes
tolerate persistent TE invasion without immediate catastrophic disruption of coding
sequences and regulatory landscapes.

In this study, I aimed to define how TE accumulation contributes to genome
expansion through gene-body inflation and to test whether TE-driven intron expansion
is coupled to reduced transcription across loci. I focused on the Iberian ribbed newt
Pleurodeles waltl (P. waltl; assembled span ~20.3 Gb) and compared it with the compact
genome of the western clawed frog Xenopus tropicalis (X. tropicalis; estimated genome
size ~1.7 Gb). To capture both long-term accumulation and very recent events, I also
compared two independently assembled P walt/ genomes generated from inbred
lineages in Japan and Europe.

To connect genome structure with transcription, I integrated gene and repeat
annotations with high-fidelity (HiFi) genome assemblies and three expression datasets:
RNA sequencing (RNA-seq), Cap Analysis of Gene Expression (CAGE; total RNA),
and Nascent-Transcript Cap Analysis of Gene Expression (NET-CAGE; nascent RNA).
I quantified expression as reads per million (RPM) for each dataset and evaluated locus

structure using multi-track genome-browser visualizations and dot-plot comparisons of



syntenic regions between the two P. waltl assemblies. Within gene bodies, I calculated
repeat occupancy as the fraction of gene-body bases annotated as TEs and summarized
contributions from major TE classes.

I first examined a conserved syntenic region containing a ferritin heavy chain-family
(Fth) gene cluster and twelve orthologous neighboring genes. In X. tropicalis, four
compact fth genes reside within a short interval, whereas in P. waltl seven Fth paralogs
occupy a dramatically expanded region while flanking gene order remains largely
conserved. Within this locus, I observed a continuum of intronic TE invasion: some
paralogs remain minimally expanded with few intronic insertions, whereas others are
enlarged several-fold by diverse TE classes. Importantly, even in strongly inflated
paralogs, transcriptome-supported mRNA sequences preserve an intact open reading
frame (ORF), consistent with efficient splicing-mediated removal of TE-containing
introns.

Despite frequent ORF preservation, transcriptional profiling revealed that gene-body
inflation is commonly associated with reduced transcription. Across Fth paralogs,
CAGE, NET-CAGE, and RNA-seq signals were inversely related to gene-body length,
consistent with transcriptional attenuation for enlarged paralogs. I then tested whether
this relationship generalizes by analyzing two additional liver-enriched loci: albumin
(Alb) and vitellogenin (Vtg). At the Alb locus, three conserved albumin-family genes
show large TE-driven intron expansion without changes in exon number, while
transcription decreases as gene bodies enlarge. The Vtg cluster exhibited an even
broader spectrum of outcomes, including a massively inflated Vg locus with extensive
TE accumulation and markedly reduced transcription. I also observed cases in which
transcriptional repression coincides with detectable coding disruption and dispersed
exon-like remnants between intact Vg genes, suggesting that prolonged TE attack can
eventually fragment gene architecture.

To evaluate whether genome expansion is ongoing, I compared syntenic segments



between the Japanese and European P. walt/ assemblies and detected lineage-specific
insertions, including a recent long terminal repeat (LTR) retrotransposon integration in
the downstream region of an Fth gene in only one lineage. Additional small insertions
and residual fragments of other mobile elements in the same interval further supported
very recent activity. These differences between closely related inbred lineages provide
direct evidence that TE insertion continues in the newt genome and that genome
gigantism is an active, ongoing process.

Finally, I identified Boul, a testis-enriched, TE-derived locus encoding a reverse
transcriptase (RT) and RNase H-like region and, in an alternative reading frame,
recombinase-like proteins. Although its molecular role remains hypothetical, its strong
testis-biased expression highlights a germline context in which TE-derived genes and
TE dynamics may still be shaped by host regulation. Taken together, my results portray
genome gigantism as a punctuated yet persistent process driven by successive waves of
TE invasion that variably inflate gene bodies, reduce transcription, and diversify gene
fates. I propose an evolutionary model in which introns act as protective buffers that
absorb TE insertions, helping shield coding exons from immediate disruption and

delaying gene decay until transcription is reduced and selective constraints are relaxed.
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