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Microsporidia genome size variation

Genome reduction …

and

Secondary genome expansion …

… lead to high variation in 
genome size (< 3 Mb to > 50 Mb)
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Microsporidia genome size variation

Lack in high-quality resources 
from species with large genomes 
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Telomere-to-Telomere genome assemblies 
of human-infecting Encephalitozoon species
Anne Caroline Mascarenhas dos Santos1, Alexander Thomas Julian1, Pingdong Liang1, Oscar Juárez1 and 
Jean-François Pombert1* 

Abstract 
Background Microsporidia are diverse spore forming, fungal-related obligate intracellular pathogens infecting a 
wide range of hosts. This diversity is reflected at the genome level with sizes varying by an order of magnitude, rang-
ing from less than 3 Mb in Encephalitozoon species (the smallest known in eukaryotes) to more than 50 Mb in Edhaz-
ardia spp. As a paradigm of genome reduction in eukaryotes, the small Encephalitozoon genomes have attracted 
much attention with investigations revealing gene dense, repeat- and intron-poor genomes characterized by a thor-
ough pruning of molecular functions no longer relevant to their obligate intracellular lifestyle. However, because no 
Encephalitozoon genome has been sequenced from telomere-to-telomere and since no methylation data is available 
for these species, our understanding of their overall genetic and epigenetic architectures is incomplete.

Methods In this study, we sequenced the complete genomes from telomere-to-telomere of three human-infecting 
Encephalitozoon spp. —E. intestinalis ATCC 50506, E. hellem ATCC 50604 and E. cuniculi ATCC 50602— using short and 
long read platforms and leveraged the data generated as part of the sequencing process to investigate the presence 
of epigenetic markers in these genomes. We also used a mixture of sequence- and structure-based computational 
approaches, including protein structure prediction, to help identify which Encephalitozoon proteins are involved in 
telomere maintenance, epigenetic regulation, and heterochromatin formation.

Results The Encephalitozoon chromosomes were found capped by TTAGG 5-mer telomeric repeats followed by 
telomere associated repeat elements (TAREs) flanking hypermethylated ribosomal RNA (rRNA) gene loci featuring 
5-methylcytosines (5mC) and 5-hemimethylcytosines (5hmC), themselves followed by lesser methylated subtelom-
eres and hypomethylated chromosome cores. Strong nucleotide biases were identified between the telomeres/
subtelomeres and chromosome cores with significant changes in GC/AT, GT/AC and GA/CT contents. The presence 
of several genes coding for proteins essential to telomere maintenance, epigenetic regulation, and heterochromatin 
formation was further confirmed in the Encephalitozoon genomes.

Conclusion Altogether, our results strongly support the subtelomeres as sites of heterochromatin formation in 
Encephalitozoon genomes and further suggest that these species might shutdown their energy-consuming ribosomal 
machinery while dormant as spores by silencing of the rRNA genes using both 5mC/5hmC methylation and faculta-
tive heterochromatin formation at these loci.

Keywords Encephalitozoon, Telomeres, Methylation, Heterochromatin, Computational biology, Protein structure

Introduction
Microsporidia form a large and diverse assemblage of 
spore-forming obligate intracellular pathogens related to 
Fungi composed of more than 1,500 species that infect 
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Hamiltosporidium tvaerminnensis 

• Transmission: Vertical and horizontal 
• Asexual 
• Fat body, ovaries

65 µm Pictures: Ebert (2005)spores
infected D. magna



Materials and Methods

• Genome assembly: PacBio, Oxford Nanopore, and 
Illumina sequencing 

• Annotation: PacBio Iso-Seq to sequence full-length transcripts, 
providing reliable isoform information without assembly steps
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• 21.64 Mb
• N50 1.44 Mb

• BUSCO score 94 %

• 39.56% interspersed repeats 
• retroelements 7.07%
• DNA transposons 7.04%
• other 25.45%

Final assembly



Iso-Seq (full-length transcript data)

• Number of protein-coding genes in 21.64 Mb: 3,573
Encephalitozoonidae: genome size 2-3 Mb, ~2,000 genes

• We observed Alternative PolyAdenylation (APA), which could be a 
potential mechanism for gene regulation in microsporidia

The motif for cleavage of protein-coding mRNA is shared with other 
Metazoans:
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Conclusion

• Genome size variation in microsporidia can potentially be explained 
by repetitive sequence content:

-> comparative genomic analyses aiming to understand the evolution 
of genome reduction and expansion should focus on understanding 
how and why repetitive sequence is purged or aggregated in the 
studied species.
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Thank you!

Ebert Group
Dieter Ebert
Peter Fields

and Jean-François Pombert
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Assembly
Total length (Mb) 21.64
GC content (%) 26.60
Contig N50 (Mb) 1.44
Contig number 17
BUSCO completeness score (%) 94
Annotation
Total length of repeats (Mb) 8.56
Number of protein-coding genes 3,573
Mean gene length (bp) 1,391
Number of predicted introns 98
Number of Iso-Seq confirmed introns 17
Number of genes with confirmed introns 15
Mean intron length (bp) 28

Angst et al. (2023)



11Angst et al. (2022)



12Williams et al. (2022)




