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We revealled many pathogen specific TE subfamilies indicating their potential important functions
during infection. We also found many young subfamilies were misannotated. We then proposed a new
classification and annotation approach, which is key to resolve the role of TEs played during
infection.

We examined transposable elements that were up-regulated upon the infection
of different pathogens. We identified many LTR subfamilies that were significantly activated
following Salmonella infection; we found another set of LTR subfamilies that were activated
following influenza infection. These pathogen-specific subfamilies were mostly integrated before
primates during evolution.

After we look Into the candidate TE subfamilies, we found that many instances from these subfamilies
were mis-annotated. We then performed the phylogenetic analysis to re-annotate instances from
relatively young subfamilies. In the end, we validated that the new annotation that we achieved have

a high sequence, epigenetics, and functional specificity validated by using the massive parallel
reporter assay.
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Microbial pathogens arefirst detected by the innate immune system after they breach physical and chemical
barriers, and then alter adaptive immunity to the presence of infection. Transposable elements (TEs) are
interspersed repetitive sequences that cover a large fraction of numerous mammalian genomes. TES have
expanded the repertoire of transcription factor binding sites in mammalian genomes and, through this
process, have been co-opted in various transcriptional networks, including the immune related pathways
(Bourque et al. 2018; Chuong, Elde, and Feschotte 2016). On the other hand, TE transcription, especially
endogenous retroviruses, were drastically upregulated in human immune cells upon pathogen infection.
Although it remains unclear how and whether TEs were upregulated consistently upon different pathogens.

TE instances were annotated as a subfamily mainly through the sequence homology between genomic
sequences and curated TE consensus sequences. Aswe known, many TE instances were mis-annotated due
to the similarity between closely related subfamilies and the evolutionary complexity within the subfamily.
Although most studies on TE functionality still relied on the current problematic TE annotation files. We
hypothesized that the phylogenetic relationships should be used to achieve a proper classification and

annotation of TEs.

In this project, we proposed to first analyze the transcriptomic datain human macrophages before and after
infection with different pathogens to identify common and pathogen-specific upregulated TEs. We aso
aimed to develop a novel approach to improve TE classification and annotation in the human genome and

to further dissect the function of TES upon pathogen infection.

To identify common and pathogen-specific upregulated TEs upon infection, wefirst downloaded the single-
end RNA-seq data in human macrophages before and after infection with different pathogens, including
Salmonella bacteria (SRA:SRP074274) and influenza virus (H1IN1) (EBI:EGACO00001000250) (Nédélec
et al. 2016; Aracena et a. 2024). We then ran TEtranscripts to quantify the TE expression level at the
subfamily-level for all samples with the aligned BAM file as the input with the TE and gene annotation
files. After we merged the count tables of all samples, we then used the DEseg2 tool to identify the
differentially expressed subfamilies (|log2FC| >1 and log10(padj) >3) analysis before and after infection.
Candidate subfamilies were kept and compared between pathogens.

To re-annotate the TE subfamilies, we first downloaded the TE annotation files from the
Repeatmasker database, and then retrieved the sequences of TE instances using BEDtools. We then
performed the phylogenetic analysis for each subfamily using MAFFT, PRANK, trimAL, |Q-TREE2 and
other tools. We then clustered the TE consensus sequences (Repbase) using Cytoscape tool for the network

analysis and subfamilies with similar consensus sequences were categorized into a subfamily group. After



we determined and obtained the clusters per subfamily based on the evolutionary tree and internal branch
lengths, we further re-constructed the rooted tree including all cluster consensus sequences from the same
subfamily group. In the end, TE instances from the clusters with amongst the top branch lengths to others
were grouped as the new subfamilies. We then performed the lentiM PRA experiment to experimentally

validate the new subfamilies have a higher specificity compared to the originally annotated subfamily.

Using the RNA sequencing (RNA-seq) data in human macrophages during Salmonella infection, we
identified 542 and 30 subfamilies that were significantly upregulated and downregulated after infection,
respectively (Figure 1A). To examine whether the expression of these subfamilies was also changed upon
the infection with other pathogens, we then performed the comparative analysis with the expression change
during influenzainfection (Chen et al. 2023). In the end, we identified 90, 16 and 36 subfamilies that were

upregulated upon Salmonella, influenza, and both pathogens, respectively (Figure 1B).

Salmonellainfection. (B) Comparison of the upregulated subfamilies after the infection with

Salmonella and influenza infection. Top candidate pathogen-specific subfamilies were labeled.
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Figure 1. TE expression changes during pathogen infection. (A) TE expression changes during
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When we look at the annotation of LTR subfamilies we previously identified, we found that many

sequences may be mis-annotated based on the distribution of divergence rates relative to the consensus

sequences. We developed a new approach based on the phylogenetic analysis to re-annotate the sequences

from the young LTR subfamilies (Figure 2A). To validate it, we picked MER11A/B/C subfamilies as

examples and the sequences from these subfamilies were classified into four reconstituted MER11 new

subfamilies, including MER11 G1/G2/G3/G4. We next functionally validated our new approach by

looking at the regulatory potential and motifsin MER11 G1/G2/G3/G4 new subfamilies using MPRA

experiment (Figure 2B). After that, we applied it to atotal of 53 originally annotated subfamilies and

successfully grouped them into 75 new subfamilies, which showed an increased transcription factor

binding specificity.
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Figure 2. A novel TE classification and annotation approach. (A) The novel annotation approach
for re-annotating TE instances. MER11A/B/C subfamilies are shown as examples. Left panel shows
the divergence rates relative to each consensus sequence before and after the re-annotation. Right
panel shows the reconstructed rooted tree of al cluster consensus sequences from the MER11A/B/C
subfamily group. (B) The novel approach has a significantly higher specificity of functional motifs
for the new subfamilies (phyletic groups) compared to the original subfamilies using the MPRA
technology. Enrichment was computed as the proportion of instances containing each motif in the top
new subfamily, the one with the highest proportion, minus the bottom new subfamily, the one with
the lowest proportion. Motif enrichment was computed similarly between the top and the bottom
original subfamily. (C) Numbers of newly annotated subfamilies per subfamily group. Sequences

from atotal of 53 subfamilies were re-annotated into 75 new subfamilies using our novel approach.
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