Ichiyanagi et al. Mobile DNA (2026) 17:6
https://doi.org/10.1186/s13100-025-00392-7

MEETING REPORT

Report on the seventh Japanese meeting

Mobile DNA

Open Access

®

Check for
updates

on biological function and evolution through
interactions between hosts and transposable

elements

Kenji Ichiyanagi', Yoko lkeda?” and Kuniaki Saito®”

Abstract

The seventh Japanese meeting on host-transposon interactions, titled “Biological Function and Evolution through
Interactions between Hosts and Transposable Elements,” was held on September 1st and 2nd, 2025, at the National
Institute of Genetics, as well as online. This meeting was supported by the National Institute of Genetics and aimed

to bring together researchers studying the diverse roles of transposable elements (TEs) in genome function and
evolution, as well as host defense systems against TE mobility, TE bursts during evolution, and intron mobility in
mammials, insects, land plants, fungi, and protozoa. Here, we present the highlights of these discussions.
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Introduction

Evidence suggests that transposable elements (TEs)
play key roles in biological processes. The interactions
between TEs and their hosts were discussed in a series
of meetings titled “Biological Function and Evolution
through Interactions between Hosts and Transposable
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Elements” [1-4]. This event was held at the National
Institute of Genetics (NIG) in Mishima, Japan, where
biologists studying TEs in different species gathered
and exchanged ideas. At the seventh meeting, held on
September 1st and 2nd, 2025, we invited 17 speakers
to present their recent work in seven sessions chaired
by Kei Fukuda (Yamanashi University, Japan), Jun-ichi
Nakayama (National Institute for Basic Biology, Japan),
Yasuo Ariumi (Nagasaki University, Japan), Eriko Sasaki
(Kyushu University, Japan), Atsuko Shirai (RIKEN, Japan),
Mikiko Siomi (University of Tokyo, Japan), and Yuka Iwa-
saki (RIKEN, Japan). The sessions included approximately
50 onsite attendees and 25 online attendees.

Highlights of the talks

Special lecture

At lunch time on the second day, Tetsuji Kakutani
(National Institute of Genetics, Japan) presented a special
lecture on the epigenetic silencing of TEs in the model
plant Arabidopsis thaliana [5, 6] and on anti-silencing
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systems mediated by proteins named VANCs [7-9]. He
presented unpublished results on the structure and inter-
action of VANCs and their target DNA, which suggest
coevolution of the protein structure and its target DNA
sequence. He also discussed the role of tandem repeats
and TEs in the rapid evolution of sequence-specific anti-
silencing systems as well as centromeres [10-12].

TE diversity
Kenji K. Kojima (Genetic Information Research Insti-
tute, USA) introduced the diversity and current TE clas-
sification scheme within the framework of the eukaryotic
repeat database RepBase. The rapid accumulation of
genome sequence data has expanded our knowledge of
TE diversity, but simultaneously obscures the boundar-
ies between TEs and other selfish genetic entities, such
as viruses and homing endonuclease genes. Polinton-
like viruses, for instance, challenge our understanding of
TEs because they behave like TEs and also like viruses.
Beyond the Tree of Life, some eukaryotic DNA trans-
poson superfamilies share certain characteristics with
prokaryotic insertion sequences (ISs). IS481EU is a new
addition to such eukaryotic superfamilies, showing simi-
larities to the prokaryotic IS481 family [13]. Retroele-
ments, which encode a reverse transcriptase, also include
a new group, Troyka, as an independent lineage of long
terminal repeat (LTR) retrotransposons [14]. Newly dis-
covered composite non-autonomous LTR retrotranspo-
sons Helenus and Ajax use small RNA-derived sequences
for transcription, analogous to short interspersed ele-
ments (SINEs) [15]. Horizontal transfer and modularity
appear to be the key to understand TE diversity.
Toshiharu Ishikawa (Nagoya University, Japan), a
graduate student in the Ichiyanagi Laboratory, presented
recent findings on the genome of an insect of Pseu-
dococcidae family (mealybug). Interestingly, its sex is
determined by paternal genome silencing, in which the
paternal chromosomes are heterochromatinized during
early embryogenesis to become males, whereas females
keep all chromosomes in an active state [16]. He and his
colleagues constructed its genomic sequence at the chro-
mosomal level, which revealed that 43% of the genome
is comprised of repetitive sequences, with DNA trans-
posons being particularly abundant (28.7%). Sequence
divergence of these DNA transposons suggests three
major bursts of amplification, with the latest burst appar-
ently still ongoing, implying that TE activity is currently
generating diversity in the population.

Mechanisms and regulation of transposition

It is important, not only from the aspect of basic biol-
ogy, but also from biotechnology aspects, to under-
stand molecular mechanisms of transposition reactions.
Tomoichiro Miyoshi (RIKEN, Japan) reported recent
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findings on how LINE and SINE retrotransposition is
regulated by host factors. Human LINE-1 encodes two
proteins, ORF1p and ORF2p, both of which are required
for LINE-1 retrotransposition. He previously reported
that LINE-1 exploits host DNA repair factors to facilitate
its mobilization [17]. However, host cells have developed
anti-retrotransposon systems to maintain genome integ-
rity [18, 19]. Despite extensive studies on LINE-1 regu-
lators, the host factors that control Alu, a human SINE
family, remain poorly understood, largely due to the lack
of suitable tools to monitor Alu mobilization. To expand
the repertoire of Alu retrotransposition reporters and
explore its regulation, he and his colleagues developed an
EGFP-based fluorescent reporter for Alu retrotransposi-
tion. EGFP-positive cells obtained with this new reporter
exhibited Alu insertions displaying the hallmarks of
canonical retrotransposition, including target-site dupli-
cation and the LINE-1 endonuclease cleavage site. Fur-
thermore, they demonstrated that this reporter can be
adapted for other SINE families, such as mouse B2 ele-
ments. This system enables the detection of Alu activity
using flow cytometry and live-cell imaging without anti-
biotic selection.

Sayuri Tsukahara (The University of Tokyo, Japan) pre-
sented her research on the integration mechanism of the
centrophilic retrotransposon Tall, an LTR retrotranspo-
son in Arabidopsis lyrata. She and her colleagues previ-
ously showed that the introduction of Tal/l into the A.
thaliana genome resulted in de novo integration into cen-
tromeric satellite repeat regions [20]. Their recent study
described that Tall integrates into regions occupied by
CENHS3 (centromere-specific histone H3), and that ecto-
pic expansion of the CENH3-occupied region results in
the spread of 7Tall integration regions, suggesting that
Tall targets CENH3-containing chromatin [12]. They
also demonstrated that the C-terminal region of Tall
integrase was responsible for targeting centromeres, as
a single amino acid substitution within this region dis-
rupted centromere-specific integration of 7all. She also
presented unpublished results regarding additional struc-
tural variations controlling the targeting properties of
Tall.

Hiroshi Nishimasu (The University of Tokyo, Japan),
a structural biologist working on CRISPR-Cas systems
and nucleases [21-24], presented his recent studies on
the transposase of bacterial IS621, a DNA transposon
[21]. IS621 is intriguing in that, when circulized, it gen-
erates a non-coding RNA called a bridge RNA, which
directs transposase activity. The bridge RNA consists of a
target-binding loop and a donor-binding loop, and binds
to the transposase. The cryo-EM structure revealed that
the transposase forms a dimer of dimers, with one dimer
binding to the target-binding loop and the other to the
donor-binding loop. Active sites are formed between the
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two dimers and positioned at the recombination site of
the donor and target DNA. The top strands of the target
and donor DNA are cleaved at these active sites, after
which the cleaved DNA strands are exchanged and re-
ligated, resulting in a Holliday junction intermediate.
This intermediate is then resolved by cleavage of the bot-
tom strands. Overall, the IS621 complex structure reveals
how the bridge RNA confers target/donor specificity to
the transposase. Since the guide segments in the bridge
RNA can be altered, the IS621 system enables program-
mable recombination between various DNA molecules
for genome engineering. Therefore, the IS621 structure
provides a framework for the engineering of the bridge
system with enhanced activity and specificity.

Epigenetic regulation of TEs

Epigenetic mechanisms, including DNA methylation,
histone modification, and PIWI-interacting RNAs (piR-
NAs), play important roles in regulating TE activity at
both transcriptional and post-transcriptional levels. It is
widely accepted that heterochromatin is a critical com-
ponent of chromosomes marked by repressive epigenetic
marks. While the formation of locus-specific heterochro-
matin in mammals is being increasingly understood, the
mechanism guiding it in plants remains obscure, as the
sequence-driven DNA methylation mechanism in plants
functions mainly within euchromatic regions. Taiko Kim
To (Institute of Science, Tokyo, Japan) and her colleagues
previously identified a novel mechanism for heterochro-
matin formation that is independent of the well-known
de novo DNA methylation mechanism, RADM [25-27].
However, it remains unclear how this mechanism targets
the regions that should undergo heterochromatin silenc-
ing. At the meeting, she presented their recent data on
extensive epigenomic analyses, emphasizing the impor-
tance of histone H2A variants, H2A.Z and H2A.W, in de
novo heterochromatin formation [28].

Takuji Tsukiyama (Kindai University, Japan) studied
Miniature Ping (mPing), which is the first active minia-
ture inverted-repeat TE (MITE) identified in the rice
genome and an excellent model for studying how MITEs
proliferate to tens of thousands in the host genome [29].
The DNA transposon Ping provides two proteins (Myb-
like protein and transposase) for mPing transposition. It
has been believed that Ping successfully escaped host-
mediated transcriptional silencing because the expression
of Ping was detected in both mPing-active and -inactive
rice strains [30]. He presented unpublished results indi-
cating that Ping is a target for host-mediated transcrip-
tional silencing in several rice cultivars. Intriguingly, this
silencing does not appear to involve DNA methylation.
How Ping is silenced remains to be elucidated.

Soichiro Yamanaka (Hamamatsu University School of
Medicine, Japan) introduced his study on the epigenetic
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regulation of TEs in mouse germ cells. He and his col-
leagues discovered that chromatin at TE loci becomes
open and transcriptionally active in male fetal germ cells.
They proposed that this transient chromatin relaxation
facilitates genome-wide de novo DNA methylation dur-
ing the developmental window [31]. However, persistent
activation can trigger germ cell apoptosis and infertil-
ity. Of note, they found that transiently activated TEs
are subsequently repressed through MORC1-dependent
H3K9me3 deposition [32]. In contrast, only a subset of
transposons is activated in female fetal germ cells. There-
fore, transient TE activation occurs in both male and
female germ cells, but the modes of their activation are
sexually dimorphic, highlighting germ cells as critical
arenas for host—transposon interactions over evolution-
ary timescales.

To advance our understanding of piRNA-directed
transposon silencing, Taichiro Iki (Osaka University,
Japan) and his colleagues adapted TurbolD, an in vivo
proximity biotin-labeling technique, to the insect model
Drosophila melanogaster. They successfully employed
this method in testicular germ cells to catalogue the cli-
ent proteins of the testis-specific molecular chaperone
Cyclophilin 40 (Cyp40/PPID) [33, 34], and to character-
ize the cofactors of the sex chromosome regulator Ctr9,
enriched in the testis (Ctr9t) [35]. TurboID was then
employed in female germ cells to define the proximity
proteome of PIWI-clade Argonaute family proteins (Piwi,
Aubergine, and Ago3), which are the essential partners
of piRNAs and central effectors of transposon silencing.
Germline PIWI-TurboID analysis first recovered a set
of known piRNA pathway components, demonstrating
that the proteome reflects functional proximity. More-
over, RNAi-based knockdown screening identified sev-
eral novel candidates involved in the piRNA pathway and
transposon silencing. By integrating transcriptome analy-
sis, piRNA sequencing, and Cut&Tag-based chromatin
profiling, the researchers are now elucidating the roles
of Piwi proximity factors in controlling transposons that
contribute to telomere formation.

Rippei Hayashi (Australian National University, Aus-
tralia) presented recent findings on the co-evolution
of endogenous retroviruses (ERVs) and host defense
mechanisms. It has been previously postulated that 7y3/
gypsy LIR retrotransposons acquired an envelope gene
during the recent evolutionary history of Drosophila.
These envelope-carrying gypsy elements are active in the
somatic cells of the ovaries and can infect female germ-
line cells. Drosophila species have developed defense
mechanisms based on the Piwi-interacting RNA (piRNA)
pathway to counter their activities. Contrary to this
established model, a recent study showed that envelope-
carrying gypsy elements are widespread in metazoan
species, including ancient animals such as cnidarians,
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ctenophores, and tunicates, suggesting that their origin
dates back to before the split of bilaterian and non-bilate-
rian animals in the Pre-Cambrian era [36]. Furthermore,
they found that the piRNA pathway that targets the enve-
lope-carrying gypsy in the native niche of ovarian somatic
cells is widely conserved across insects, indicating a long-
term evolutionary arms race.

Hitoshi Nakayashiki (Kobe University, Japan) has
studied the relationships among TE amplification, DNA
methylation, and DNA double-strand breaks in the fun-
gus Pyricularia oryzae [37]. He introduced a study show-
ing that the copy number and DNA methylation levels
of the MAGGQGY retrotransposon increased upon intro-
duction of MAGGY into a MAGGY-less strain. Rad51,
Rad55, and Rad57 mediate either the overall level or the
copy number-dependence of de novo DNA methyla-
tion, likely in conjunction with DNA repair. Interestingly,
mutations in DCL1 and AGO2, which are involved in
the RNAi pathway, impair copy number-dependence of
MAGGY methylation. Co-immunoprecipitation experi-
ments suggested a physical interaction between RNAI
and homologous recombination to inhibit the uncon-
troled amplification of this retrotransposon.

Kensuke Kataoka (National Institute for Basic Biology,
Japan) presented his recent findings on the heterochro-
matin-mediated process of TE silencing in the ciliate Tez-
rahymena. While heterochromatin plays a central role
in TE silencing in eukaryotes, the unicellular eukaryote
Tetrahymena goes one step further—eliminating het-
erochromatinized TEs from its active genome. Similar
to other ciliates, Tetrahymena possesses two types of
nuclei within a single cell: the transcriptionally inactive
germline micronucleus (MIC) and the transcription-
ally active somatic macronucleus (MAC). During sexual
reproduction, the MIC undergoes meiosis and generates
a new MAC for the next generation. During MAC dif-
ferentiation, tens of thousands of transposon loci in the
genome are marked by histone methylation (H3K9me3
and H3K27me3) via a small RNA-mediated pathway and
are ultimately eliminated from the MAC genome [38].
Kataoka showed that members of the Heterochromatin
Protein 1 (HP1)-like proteins, which recognize H3K9me3
and H3K27me3 [39, 40], interact with one another to
cluster TE loci into a limited number of nuclear conden-
sates. The researchers further characterized the roles of
each HP1-like protein in condensate formation and found
that one of the HP1-like proteins played a central role in
condensate formation through phase separation, whereas
the others fine-tuned the dynamics of the resulting con-
densate. This cooperative role of HP1-like proteins likely
confines the potentially deleterious DNA elimination
process to clustered heterochromatin, thereby ensuring
the faithful and robust removal of TEs.
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Interactions between host function and TEs

Accumulating evidence suggests that TEs are activated
in the human brain and play a role in the pathogenesis
of neurological disorders. Therefore, it is important to
understand the epigenetic features of TEs and inter-indi-
vidual genetic diversity caused by TE transposition in the
human brain. Risa Watanabe (Icahn School of Medicine
at Mount Sinai, USA) shared their findings on the genetic
and epigenetic heterogeneity of TEs in the postmortem
human brain. She and colleagues utilized Fiber-seq, a
single-molecule long-read sequencing method that maps
the primary architecture of multikilobase chromatin
fibers at nucleotide resolution [41]. Across 61 samples,
approximately 2,000 and 1,000 TE-related insertions
(INS) and deletions (DEL), respectively, were detected.
Half of the TE-INS were intragenic and enriched in neu-
ral genes. Interestingly, Alu and LINE-1 elements exhib-
ited nucleosome phasing in their adjacent sequences.
They also revealed a discrepancy between Fiber-seq and
ATAC-seq in LINE-1 promoter accessibility profile in
the brain, suggesting the importance of utilizing long-
read methods over conventional short-read methods for
studying TE accessibility.

Human genes harbor many TEs in their introns; how-
ever, the roles of intronic TEs remain largely unknown.
Yasunori Aizawa (Institute of Science Tokyo, Japan)
revealed how intronic Alu elements suppress gene
expression by using their genome engineering method
called UKiS (universal knock-in system) [42]. They pre-
cisely removed all Alu copies from the first intron of the
TP53 gene locus, resulting in a sixfold increase in mRNA
and a threefold increase at the protein level. Interestingly,
removal of intronic Alu clusters from two other human
genes did not affect the transcriptional activity of their
respective parental genes. These results imply the pres-
ence of an unknown mechanism where Alu retrotrans-
position events into TP53 intron modulated its gene
expression during primate evolution.

Environmental stress often activates TEs, and this
transcriptional activation may play a role in the stress
response. One such example is ONSEN, a heat-activated
LTR retrotransposon found in plants [43]. Hidetaka Ito
(Hokkaido University, Japan) described stress-induced
TEs, including ONSEN, which is transcriptionally acti-
vated by heat shock factors (HSFs), the pivotal tran-
scription factors during heat stress. Environmental
temperature affects the activity of ONSEN, as revealed
by the analysis of various ecotypes of Arabidopsis thali-
ana, which showed that the copy number of ONSEN is
higher in ecotypes living in regions with greater tempera-
ture amplitude. Other types of stress, including biotic
interactions, can also influence TE activity. Under these
conditions, plants activate stress-related transcription
factors, leading to the transcriptional induction of several
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TEs, including ONSEN. These findings underscore the
close relationship between environmental stress and TE
dynamics [44]. ONSEN has been shown to preferentially
retrotranspose into genic regions, suggesting that stress-
induced activation of this TE may contribute to pheno-
typic diversity and environmental adaptation.

Takahito Takei (National Institute of Advanced Indus-
trial Science and Technology, Japan) shared his recent
findings on how the RNA-directed DNA methylation
(RADM) pathway contributes to gene expression control
by regulating TEs. He focused on PDS5C and PDS5E,
non-canonical components associated with the RdADM
pathway, and reported that loss-of-function mutants of
these factors exhibit pronounced phenotypic changes
accompanied by de-repression of TEs located near pro-
tein-coding genes [45]. Using epidermal development as
a model, he showed that PDS5C/E-mediated TE regula-
tion plays a critical role in controlling the expression of
nearby genes. This work suggests an unconventional
mechanism of gene regulation distinct from the canoni-
cal transcriptional repression mediated by RADM. Future
studies are expected to identify all the genes subject to
regulatory mechanism and clarify their conservation
across plant species.

Abbreviations

TEs Transposable elements

NIG National Institute of Genetics
ISs Insertion sequences

LTR Long terminal repeat
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MAC Macronucleus

HSFs Heat shock factors
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