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Overview of the scientific projects of the team
We study the biology of small RNAs involved in gene expression regulation and Transposable Elements
(TE). We are also interested in RNAs post-transcriptional modifications that play a role in RNA
biogenesis and fate. In metazoans, 3 types of small RNAs have been described, whose specificity differs
according to the Argonaute protein with which they interact: microRNA (miRNA), small interfering RNA
(siRNA) and PIWI interacting RNAs (piRNA). Transposition of TEs provokes deleterious mutations. In
Drosophila, TE expressions are controlled by piRNAs in the gonads. Our projects aim to understand the
dynamics of piRNA clusters in heterochromatic loci from which piRNAs are maturated and, using
functional screens, to characterize genes involved in piRNA-dependent repression. Some of those
genes have human orthologue with potential therapeutic targets that will help to better understand
pathologies related to the invalidation of those pathways.
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Overview of the scientific projects of the team
The primary goal of the ARTbio team is accompanying biologists in their computational analyses. We
have built our expertise from studies of small RNA sequencing datasets and the development of the
computational framework Galaxy. Today, we are focusing on the development of statistical tools for
1) single cell RNAseq analysis of highly heterogeneous tumors 2) genomic variant detection in
leukemias and 3) deconvolution of nanopore signals for direct identification of modified nucleotides
in sequencing datasets. We have 3-years experience in an innovative bioinformatics training program
called companionship. ARTbio is member of the CONECT-AML research consortium, affiliated to the
Institut Français de Bioinformatique where it is in charge of the national task-force-covid19 and to the
European network ELIXIR, and member of the Galaxy devteam.
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Doctoral Project
Title: Study of piRNA clusters: loci involved in genome stability
Abstract :
Transposable elements (TE) are a source of deleterious mutations. A first defense that comes into
play is based on small RNAs, called piRNAs, which target TEs by sequence complementarity and block
their transposition. This defense mechanism is often compared to an adaptive immune system. piRNAs
come from discrete loci, the piRNA clusters. Composed of intertwined and inactive TEs, these clusters
represent the library of mobile sequences that cells must repress in order to maintain genome integrity.
The main goal of this iBio PhD project is to understand the dynamics of activation of these piRNA
clusters and subsequent production of piRNAs that control TE expression.
RNA chemical modifications (mostly methylation) on the piRNA precursors transcripts will be also
investigated in this project. Indeed those RNA modifications are probably involved in the correct
funneling of the piRNA precursors transcripts to the piRNA processing factory localized in the
cytoplasm. Thus, the PhD project required both biochemistry and chemistry knowledge. In addition,
Drosophila genetics and bioinformatics sequences analysis and statistics will be an asset for the future
recruited iBio PhD student.
Context and objective :
Transposable Elements (TE) are mobile DNA sequences present in all genomes. Their insertion into
the genome can provoke gene mutation. Thus, specific repressive mechanisms have been set up to
protect the genome against uncontrolled TE activity. One of these mechanisms involves particular
heterochromatic loci, called piRNA clusters, highly enriched in TE fragments. These loci are expressed
in the germline. Their transcripts are exported into the cytoplasm where they are processed into small
non-coding RNAs associated with PIWI proteins belonging to the argonaute family of proteins. These
RNAs have been called PIWI interacting RNAs or piRNAs. These PIWI/piRNA complexes specifically
target active TE transcripts by sequence complementarity to repress transposition via RNA interference
mechanisms. To date, about thirty protein factors have been identified as being involved in piRNA
biogenesis. However, the mechanisms allowing the recognition of these primary transcripts are still
unknown.
Our team is interested in the biology of piRNA clusters in the Drosophila germline. We are studying
more specifically two germline piRNA clusters. One of them is a locus consisting of 7 tandem repeated
transgenes, called BX2, which we have been shown to exist in two different epigenetic states: unable to
produce piRNAs (BX2OFF) or activated for the production of transgenic piRNAs (BX2 ON). The other
one is cluster 1A, which is one of the 140 piRNA clusters identified in the genome of D. melanogaster.
Cluster 1A is localized at the subtelomeric region of the X chromosome. This locus has the unique
feature among all piRNA clusters of being present only in some laboratory strains, allowing controlled
genetic experiments (Asif-Laidin et al., 2017). The aim of this PhD project is to better understand the
genesis and activation of piRNA clusters, using BX2 and cluster 1A as piRNA cluster models.
In a previous study, we showed that maternal inheritance of transgenic piRNAs is crucial for the
activation and maintenance of a locus into a piRNA-producing BX2ON locus (de Vanssay et al., 2012).
The first aim of this iBio PhD project will be to set up the tools to understand the determinism of
this maternal inheritance. For this part, the student will have to prepare immunoprecipitations from
ovaries of BX2ON lines using antibodies specific to the three PIWI proteins (Aub, Piwi and Ago3). These
PIWI-piRNA complexes will then be microinjected separately or in combination into embryos of the
BX2OFF lineage. Using a functional test developed in the laboratory (de Vanssay et al., 2012), the
epigenetic status of this locus will then be tested. This study will provide a better understanding of the
mechanistics and determinism of maternal inheritance.
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The second aim of this iBio PhD project is to understand the dynamics of activation and
production of cluster 1A. In a study currently underway in the laboratory, we noticed that cluster 1A
does not seem to be transcribed homogeneously. This result was surprising because it was assumed that
piRNA clusters were transcribed as a single transcription unit. In order to understand this observation,
the PhD student will sequence and analyze a transcriptome using a direct RNA sequencing approach
from Oxford Nanopore Technology (ONT). This ONT approach has the advantage of providing long
sequence fragments (long reads) adapted to the sequencing of repeated regions. In addition, using this
direct RNA sequencing approach, RNA sequences are read directly without cDNA preparation. This
analysis will provide structural information of transcripts from cluster1A, such as their size, initiation
sites, splicing region, termination site, etc... It will also allow us to specify how piRNA clusters are
transcribed and how their transcripts are identified as precursor sequences to be funneled to the piRNA
production factory in the cytoplasm.
The third aim of this iBio PhD project will be to test whether RNA post-transcriptional
modification such as ribose 2’O-méthylation (Nm), cytosine methylation (m5C) and adenine methylation
(m6A) are required on primary transcripts of BX2 and 1A piRNA clusters to funnel those transcripts to
the piRNA factory in the cytoplasm. Importantly, in the two piRNA clusters cited above, we already
have identified that the activation state is not associated with a particular accumulation of transcripts.
Indeed in both states (piRNA production ON or OFF), those piRNAs clusters are transcribed at the same
level. We hypothesized that the recruitment of factors allowing the addressing of piRNA precursors to
the piRNA biogenesis pathway could be achieved through post-transcriptional modifications of these
transcripts, allowing the recruitment of particular factors (readers of those RNA modifications).
Recently, the team has identified two Drosophila 2'-O methyltransferases (Nm MTase) and two m5C
methyltransferases necessary for the repression of certain germline TEs (Angelova & Dimitrova et al.,
2020 and Genenncher et al., 2018).
We have already built and characterized genetic tools (piRNA sensors for BX2 and 1A clusters: de
Vanssay et al., 2012; Asif-Laidin et al., in prep) and mutant lines (Nm, m5C, m6A, etc...MTases:
Angelova & Dimitrova et al., 2020 and Genenncher et al., 2018) necessary to tackle this question. In
addition, we will take advantage of the ONTs direct RNA long reads generated in aim 2 to look for
modifications on the precursor transcripts of piRNA clusters using dedicated bioinformatics algorithms
(Ueda et al., 2020).
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Justification of suitability for i-Bio: The PhD project raises two main questions that represent a
breakthrough in the piRNA biology field as well as technological advances in the epitranscriptomics
that combine both, chemical approaches as well as bioinformatics analysis and development of
bioinformatics pipelines necessary for the ONT approaches that we started to develop recently. This
project will be possible in a reasonable amount of time (3 years) only if there is a strong collaboration
between two types of expertise: 1- Drosophila genetics, epigenetics and epitranscriptomics that
Transgenerational Epigenetics and small RNA Biology (TErBio) team leaded by Clément Carré and
Laure Teysset at Sorbonne University - IBPS - possesses, but also 2- chemistry based RNA modification
detection and advance statistical and bioinformatics analysis that will be fulfilled by Christophe
Antoniewski at the ARTbio bioinformatic analysis platform located at IBPS. As detailed above, this
project will benefit from the bioinformatics expertise of Christophe Antoniewski on RNA modification
detection (recently developed at ARTbio), expertise that is not to our knowledge yet developed elsewhere
at Sorbonne University Alliance. The progress of the PhD project would benefit from the co-direction
between our 2 teams and the fact that the student will perform (sequencing), develop (computer
technologies including machine learning software) and analyze (statistics associated to RNA sequences
analysis) the experiments in the two teams, in three area of expertise: Biology, Chemistry and
Bioinformatics development and analysis. Finally, Clément Carré is a COST Epitran French
representative, which currently counts 26 member states and 60 management members. The COST
Epitran will help to attract good and specialized PhD candidates on our iBio PhD project.

Role of each supervisor / skills provided: Drosophila Genetics and Biochemistry experiments will be
led by Laure Teysset and Clement Carré in the Transgenerational Epigenetics and small RNA Biology
team. Our team developed dedicated tools to identify and characterize the biology of the two piRNA
clusters (BX2 and cluster 1A) as well as detection of RNA modifications (Nm and m 5C) on piRNA
precursors transcripts of these clusters. These tools described in the above references tagged in red will
be used in this PhD project. The production of direct RNA sequencing using ONT approaches will be
performed directly in our lab with a dedicated Minion Mk1C sequencer (already available in the team).
The bioinformatic analysis part (ONT sequencing analysis) of the PhD project will be led by Dr.
Antoniewski with whom we started an ONT sequencing analysis project in 2020. Christophe
Antoniewski is in charge of the ARTbio bioinformatics analysis platform (IBPS) which has strong
expertise in the field of small non-coding RNA and corresponding RNA sequencing analysis including
nanopore technologies. Based on our strong preliminary results and past collaborations, our consortium
is among the pioneers in this field.

Profil of the desired student: The successful candidate will specifically investigate the formation and
activation of piRNA clusters in already available piRNAs clusters sensors. His/her project is based on
recent discoveries (see red references above) from the lab indicating that maternally deposited piRNAs
(in dedicated argonautes proteins) and RNA modifications are involved in the properties and functions
of the piRNA pathway. The successful candidate should have a strong background in genetics,
epigenetics, molecular biology and biochemistry, as well as skills in computer technologies, statistics
and good knowledge of nucleic acid chemistry. Our labs have a long time experience on PhD mentorship
for several years (average one PhD student/ year dispatch in 4 HDR lab members). Our labs also work
regularly with students from all around the world (Bulgaria, Pakistan, France, Algeria, Germany), thus
the lab common language is both English and French.

5

