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ABSTRACT (1000 characters, including spaces): 

 

Transposable elements (TEs) represent a significant fraction of vertebrate genomes, impacting genome 

composition, architecture and evolution. 

The characterization of TEs in the large genome of Bombina pachypus will allow us to explore the genome 

evolution of this endangered species and unveil the history of TE-host evolutionary dynamics. 

We investigated the activity of TEs in somatic and germline tissues, to identify potentially active TE families 

and tissue-specific dynamics. Our results highlighted a higher expression of TEs in the male gonad, with the 

Gypsy family showing the highest activity. 

Furthermore, the activity of 32 target genes involved in TE host silencing mechanisms was analysed, 

revealing higher  activity of TE regulatory pathways in the male gonad. This result suggests that higher TE 

activity in the germline is associated with higher TE repressive mechanism activation in the host. 

 

 

 

 

 



Part 1.  Scientific case of the PhD Research (2 to 3 pages, including figures) 

- BACKGROUND 

Transposable elements (TEs) diversity and abundance are highly variable among vertebrate lineages due to 

different dynamics acting at both the TEs and host genome levels1. 

TEs could also be the driver of genome expansion in some organisms, playing a major role in genome size 

variation. In particular, a positive correlation was detected between the accumulation of specific TE families 

and species with very large genomes. As an example, salamanders, show a much larger amount of long 

terminal repeat (LTR) retrotransposons due to a slower rate of DNA loss and poor TE silencing 

mechanisms2-3. 

This PhD project is focused on the investigation of transposable elements dynamics in the large genome of 

the Apennine yellow-bellied toad (Bombina pachypus), an endangered anuran species endemic to the Italian 

peninsula, which experienced a post-glacial range expansion that left a marked signature of southern richness 

- northern purity on its genetic diversity4.  

Studying TEs in Bombina will allow us to explore both long and short term TE-host evolutionary dynamics 

and, in general, to contribute to our understanding of large genomes evolution.  

 

- SCIENTIFIC AIMS 

 Characterize TE abundance and diversity in the genome of  B. pachypus. 

 Analysing the activity of TEs in somatic and germline tissues, in order to identify potentially active 

TE families and tissue-specific dynamics. 

 Exploring the expression of genes involved in TE silencing mechanisms to control TE expression 

dynamics. 

 Investigate the impact of drift-selection balance on TE dynamics, comparing two populations of B. 

pachypus with markedly different effective population sizes. 

 Investigate the relationship between genome size and TE content and diversity in a comparative 

analysis including species belonging to the 3 orders of amphibians. 

 

- WORKPLAN AND RESEARCH ACTIVITIES 

WP 1. Expression analysis of TEs in somatic and germline tissues 

We analysed the activity of TEs in the brain and in the male gonad of four individuals of B. pachypus (from 

a Southern population showing high genetic diversity), to identify potentially active TE families and tissue-

specific dynamics. Female gonad tissues are being sequenced to further complement this analysis. 

Detection and annotation of TEs in the transcriptome assembly of B. pachypus were performed with EDTA5 

and DeepTE6 to generate a library of TE sequences. Expression levels of the different TE families in the two 

tissues were estimated with SalmonTE7 and edgeR8, mapping the individual mRNA-seq raw reads on the 

reference TE library. 

 

On average a higher expression of all TE families was found in the male gonad compared to the brain, a 

pattern also confirmed by Pasquesi et al.9 in a study of recent TE expression in 12 vertebrate lineages. 

Retrotransposons (Total_ClassI) are the most active class, with Gypsy family showing the highest activity 

(Figure 1). 

A total of 186 differential expressed TEs were identified between the two tissues (Figure 2): 119 

overexpressed in the male gonad, represented mainly by Gypsy and ERV families; and a smaller cluster of 

67 overexpressed TEs in the brain, represented mainly by DNA-hAT family and Gypsy family. 

 



 

 

 

 

 

 

 

 

 

 

Figure 1. Expression levels of TEs in the transcriptomes of B.pachypus: 
Total_ClassI: total of all Retrotransposons (from BEL to PLE families); Total_ClassII: total of all DNA transposons; 
BR: brain (blue), MG: male gonad (yellow).                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      
 

Figure 2. Differential expression analysis of TEs between the two tissues of B.pachypus: 
red clusters represent overexpressed TEs (logFC > 2); pie charts show the abundance of overexpressed TEs. 

                         

WP 2. Expression analysis of TE-regulatory gene pathways 

The activity of 32 target genes involved in TE host silencing mechanisms was analysed in the two tissues, to 

test for tissue-specific strategies to control TE mobilization. Briefly, we searched our annotated brain and 

male gonad transcriptomes for transcripts which could be orthologous to genes of the Ago and PIWI 

pathways, genes involved in small RNA biogenesis, and specific transcriptional regulators such as 

heterochromatin protein, DNA Methyltransferases and the nucleosome remodelling and deacetylase (NuRD) 

complex. 

First, we functionally annotated the transcriptome assembly using different methods (DIAMOND10, 

Blast2GO11, UniProt12, InterProScan13 and HMMER14), and then we selected, translated and manually 



curated the 32 target sequences to identify UTR and CDS regions. Expression levels were estimated with 

Salmon15 and edgeR, mapping the individual mRNA-seq raw reads to the reference transcriptome. 

 

We detected higher expression of TE silencing pathways in the male gonad compared to the brain, in 

particular: PIWI:piRNA pathway and genes involved in primary and secondary piRNA processing (PLD6, 

SETDB1, MAEL, PRMT5; red boxes in Figure 3), genes involved in heterochromatin formation (HP1a-g) 

and genes encoding proteins of the NuRD complex (CHD3-4, HDAC1, MBD2-3, MTA2, P66a, RBBP4-7;  

green boxes in Figure 3). 

These findings suggest that higher TE activity in the germline is also associated with higher TE repressive 

mechanism activation16-18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Expression levels of key genes involved in negative regulation of TE activity in the transcriptomes of B.pachypus: 

BR: brain (blue), MG: male gonad (yellow). 
 

 

WP 3. Genomic analysis of TEs 

In the coming months, the draft genome assembly of B. pachypus will be available and we will soon 

characterise the abundance and diversity of TEs in this large genome. 

Furthermore, we will investigate the impact of selection on TE dynamics by comparing two populations of 

B. pachypus with markedly different effective population sizes: one from the more stable Southern Italy 

(Calabria) range and the other one from the recently re-colonized northern Apennines (Emilia-Romagna). 

 

Meanwhile, we are performing a comparative analysis across the three orders of amphibians to test whether 

there is a correlation between genome size and TE content and diversity, and to investigate if the correlation 

is clade-specific. 

At the moment, we have selected 10 anuran species’ genomes with different genome sizes (from 1Gb to 

10Gb) to which we are applying the same detection and annotation pipeline (FasTE pipeline19) in order to 

obtain a comparable classification. 
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Part 2. PhD student information on the overall year activity (courses/seminars/schools, mobility 

periods, participation to conferences) 
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