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Dear Participant,
We are very happy to finally have the EpiChrom meeting in person
again, this time at Uppsala University. To celebrate this, we have
invited excellent speakers, both from abroad and Sweden.
The meeting will take place in the historic main University building,
and we will have a dinner in the also historic Uppsala Castle.
We are looking forward to meet you, hear about your latest findings,
and for the new connections this meeting will foster.
Warm welcome to Uppsala!
THE ORGANIZERS

Carlos
Guerrero-Bosagna

Joëlle Rüegg

Andrea Hinas

Parisa
Norouzitallab

WE ARE VERY GREATEFUL TO OUR SPONSORS:

IMPORTANT PRACTICAL INFORMATION

• You can connect to the internet with the ‘Guest’ network or
simply via Eduroam;
• Your time slot for contributed talks will be 15 mins in total, but
please consider 3 mins for questions. We will let you know when
you have 2 mins left to 12 mins.
• For invited speakers the allocated time is 30 mins; please
consider 5 mins for questions. We will let you know when you
have 2 mins left to 25 mins.
• For keynote speakers the allocated time is 45 mins; please
consider 5 mins for questions. We will let you know when you
have 2 mins left to 40 mins.
• For those of you attending the dinner at the Castle, swish 500
sek using the following QR code:
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Jorge Manuel de Oliveira
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Germán Martinez Arias (SLU)
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Detailed program
Day 1 – September 8th 2022
Time
8:30 – 9:15
9:15 – 9:30

Registration and coffee
Welcome Notes and Introduction of the Keynote Speaker
Session 1 – Epigenetic mechanisms and evolution
Host: Andrea Hinas (Department of Cell and Molecular Biology - Uppsala University)

9:30 – 10:15
10:15 – 10:30
10:30 – 10:45
10:45 – 11:15
11:15 – 11:45

11:45 – 12:00

12:00 – 12:15

12:15 – 12:30

12:30 – 13:30

RNAi-mediated transgenerational epigenetic gene silencing
Marc Bühler (Friedrich Miescher Institute, Keynote speaker)
Non-coding RNAs from the rDNA intergenic repeats regulate rRNA gene transcription
Kanwal Tariq (Stockholm University)
Unexpected CRISPR/Cas9 editing consequences when targeting noncoding genomic
regions
Keyi Geng (Karolinska Institute – SciLifeLab)
Fika (with poster viewing)
Through the lens of experimental evolution: a genome-wide view of the spontaneous rate,
spectrum and stability of epimutations in a metazoan
Vaishali Katju (Uppsala University, invited speaker)
Rewiring of the promoter-enhancer interactome and regulatory landscape in glioblastoma
orchestrates gene expression underlying the neurogliomal synaptic communication
Silvia Remeseiro (Umeå University)
A New CUT&RUN Low Volume-Urea (LoV-U) protocol uncovers Wnt/b-catenin tissuespecific genomic targets
Gianluca Zambanini (Linköping University)
Cell type-specific deployment of codons and anticodons via combined
single-cell ATAC and RNA sequencing
Carlos Gallardo Dodd (Karolinska Institute – SciLifeLab)
Lunch (with poster viewing)

Session 2 - Epigenetic effects of environmental factors
Host: Joëlle Rüegg (Department of Organismal Biology – Uppsala University)
13:30 – 14:00
14:00 – 14:15
14:15 – 14:30
14:30 – 14:45
14:45 – 15:15

Stress signatures in sperm
Katharina Gapp (ETH Zurich, invited speaker)
The neuro-epigenome of piglet´s brain is differentially affected by their maternal
environment and behaviour
Fábio Pértille (Uppsala University)
Paternal mitochondrial function influences offspring metabolism
Melisa Gómez Velázquez (Helmholtz Institute)
Functional impact of methylmercury-associated DNA methylation – from epidemiological
observations to experimental evidence
Andrea Cediel-Ulloa (Uppsala University)
Fika (with poster viewing)
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15:15 – 15:45
15:45 – 16:00
16:00 – 16:35
19:00 – 22:00

The Exposome and Paternal Epigenetic Inheritance
Oskar Karlsson (Stockholm University, invited speaker)
Discovery of plant chromatin regulators responding to chloroplast signals
Marti Quevedo (Umeå Plant Science Center)
Sponsor presentations: Bionordika, IDT
EpiChrom 2022 official dinner, Uppsala Castle (Slottet)

Day 2 – September 9th 2022
Time
9:15 – 9:30

Introduction of the Keynote Speaker
Session 3 - Epigenetics and Reproduction
Host: Carlos Guerrero Bosagna (Department of Organismal Biology – Uppsala University)

9:30 – 10:15
10:15 – 10:30
10:30 – 10:45
10:45 – 11:15
11:15 – 11:45
11:45 – 12:00

12:00 – 12:15
12:15 – 12:30
12:30 – 13:30

Do men matter? Preconception phthalates, sperm epigenetic aging and early-life
development
Rick Pilsner (Wayne State University, CRU Keynote speaker)
Are female sex hormones the key in preventing obesity-induced liver diseases?
Christian Sommerauer (Karolinska Institute – SciLifeLab)
Mechanisms of METTL3 in breast cancer and metastasis
Cyrinne Achour (Umeå University)
Fika (with poster viewing)
Dietary sugar shifts mitochondrial metabolism and small RNA biogenesis in sperm
Anita Öst (Linköping University, invited speaker)
Stressing the symbionts: Investigating the influence of developmental metabolic stress
upon mitochondrial physiology and epigenomics
John Lees (Uppsala University)
Tandem Repeat Expansions on the X-chromosome (TREX): A high-resolution and highthroughput screening method for skewed X-chromosome inactivation
Maike Bensberg (Linköping University)
A landscape of X-inactivation during human T-cell development
Björn Gylemo (Linköping University)
Lunch (with poster viewing)

Session 4 - Epigenetic Biomarkers
Host: Parisa Norouzitallab (Department of Organismal Biology – Uppsala University)

13:30 – 14:00

14:00 – 14:15
14:15 – 14:30

Epigenetics of muscle growth in fish and identification of epimarkers with potential
application in aquaculture
Jorge Manuel de Oliveira Fernandes (Nord University, invited speaker)
Understanding the role of small RNAs in the orchestration of the epigenetic,
transcriptional, and translational landscape during the maturation of plant gametes
Germán Martinez Arias (Swedish University of Agricultural Sciences)
Single-cell Multiomics: What can be said about the cell cycle?
Johan Henriksson (Umeå University)
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14:30 – 15:00
15:00 – 15:30
15:30 – 15:45

15:45 – 16:00
16:00 – 16:15

Epigenetics of common toxicants
Karin Broberg (Karolinska Institute, invited speaker)
Fika (with poster viewing)
Identification of novel factors controlling non genetic cell plasticity in Chronic Myeloid
Leukemia
Guido Baselli (Karolinska Institute)
Extensive evidence for aberrant B cell hypomethylation in relapsing-remitting Multiple
Sclerosis
Ewoud Ewig (Karolinska Institute)
Sponsor presentations: Diagenode

Sponsored by
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ABSTRACTS
Day 1 - September 8th
Session 1 – Epigenetic Mechanisms and Evolution

Keynote Lecture
RNAi-mediated transgenerational epigenetic gene silencing
Marc Bühler1
1Friedrich

Miescher Institute, Basel, Switzerland.

Over the last two decades, there has been a convergence of two seemingly disparate fields of study:
chromatin organization and RNA biology. We have been taking advantage of the power of fission yeast
to address fundamental questions in this area by employing a wide range of approaches. Because S.
pombe has a functional RNAi pathway and its heterochromatin has many of the same post-translational
modifications and protein components as mammalian systems, this yeast is particularly well suited for
studying the link between non-protein coding RNAs and epigenetic genome regulation. Focusing mainly
on small interfering RNAs (siRNAs), this has enabled us to dissect mechanistic details of RNAi-mediated
heterochromatin assembly and has led to the discovery of a novel genome-regulatory pathway that we
refer to as co-transcriptional gene silencing (CTGS). Moreover, although endogenous siRNAs play critical
roles in maintaining centromeric heterochromatin in fission yeast, efforts to initiate stable
heterochromatin-mediated repression of protein coding genes in trans by using siRNAs had been
unsuccessful. Our more recent work provides an explanation for this conundrum, as we have discovered
counter-acting mechanisms that impede small RNA-directed formation of heterochromatin and
epigenetic gene silencing. Expression of synthetic siRNAs in cells in which these mechanisms are
impaired leads to formation of stably repressed heterochromatin at the target gene. Remarkably, this
newly established heterochromatin is passed on to subsequent generations, even in the absence of the
primary siRNAs that initiated heterochromatin assembly. This complies with the classical definition of
epigenetics (i.e., it is heritable even in the absence of the initiating signal) and highlights fundamental
roles of the transcription and RNAi machinery in building epigenetic memory.
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Contributed Talks
Non-coding RNAs from the rDNA intergenic repeats regulate rRNA gene transcription
Kanwal Tariq1, Jaclyn Quin1, Stefanie Böhm1, Judith Prim1, Neus Visa1, Anita Öst2, Ann Kristin Östlund
Farrants1
1Dept.

of Molecular Biosciences, The Wenner-Gren Institute, Stockholm University.
of Biomedicine and Clinical Science, Division of Cell Biology, Linköpings University.

2Department

Ribosomal RNA transcription make up ~70% of all cellular transcription. These rRNAs combine with
ribosomal proteins to form ribosomes, responsible for protein synthesis. The eukaryotic ribosomal DNA
is a multi-copy gene, maintained in at least four different states: active, poised, inactive and silent copies.
The number of actively transcribing copies must be regulated to allow induction for cellular needs in an
energetically efficient manner. It is also important that the rDNA copies can be opened up to allow for
increase in transcription, when needed. Here, we establish that the rDNA intergenic spacer is actively
transcribed and plays a functional role in regulating rRNA transcription and chromatin accessibility.
Novel noncoding RNA, IGS38s, keeps the region accessible by interacting with WSTF, allowing factor
recruitment and formation of polymerase initiation complex (PIC). Reduction in IGS38s causes changes
in factor recruitment for rDNA transcription, and overall compaction at the rDNA promoter. Overall, this
study describes an essential role of noncoding RNAs in human rDNA regulation.
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Unexpected CRISPR/Cas9 editing consequences when targeting noncoding genomic
regions
Keyi Geng1, Lara G. Merino1, Linda Wedemann1, Raül G. Veiga1, Janine Hoffman1, Christian
Sommerauer1, Aniek Martens1, Małgorzata Sobota1, Yerma P. Sanchez1, Eva Brinkman1, Jonas Nørskov
Søndergaard1, Robert J. White2, Claudia Kutter1*
1Department

of Microbiology, Tumor, and Cell Biology, Karolinska Institute, Science for Life Laboratory,

Sweden.
2University of York, Department of Biology, York, United Kingdom.
*Author for correspondence: claudia.kutter@ki.se
The CRISPR/Cas9 dual gRNA system is widely used to study regulation and functionality of noncoding
genomic. However, CRISPR/Cas9-mediated genomic deletions can result in unexpected genomic
alterations occurring at the target (‘on’-target) or non-target (‘off’-target) region and compromise
functional studies. We attempted to study the cellular consequences of a noncoding genomic region in
cancer cells by using the CRISPR/Cas9 dual gRNA system. Although we confirmed the successful deletion
of our genomic region of interest by standard PCR and Sanger sequencing, we obtained contradicting
results by ChIP sequencing. Using DNA target enrichment followed by long read sequencing coupling
with customized de novo assembly, we uncovered frequently occurring duplications and inversions of
the target region as well as integrations of exogenous DNA and clustered interchromosomal
rearrangements at genomic on-target regions. We found that these aberrant DNA fragments were still
functional despite the altered genomic composition.
Furthermore, we found an unexpected genomic deletion of about 300 kb irrespective of the intended
deletion. Although we showed that the deletion was not a direct consequence of the CRISPR/Cas9 offtargeting, the workflow for generating CRISPR/Cas9-modified cell clones increased the probability of
such unintended and unpredictable genomic deletions. The unintended genomic deletion was
associated with global changes in genome-wide acetylation of histone 3 lysine 27 (H3K27ac) and gene
expression. Differentially expressed genes were closely related to the fundamental cell machinery, such
as cell cycle and DNA replication. Our detailed molecular and cellular characterization of CRISPR/Cas9modified cell clones highlights undesired genomic alterations, underscores the complexity of human
DNA repair mechanisms and provides experimental and computational solutions for cell clone
verification.

3
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Invited Talk
Through the lens of experimental evolution: a genome-wide view of the spontaneous
rate, spectrum and stability of epimutations in a metazoan
Vaishali Katju1
1Program

in Evolutionary Biology, Department of Ecology and Genetics, Uppsala University, Uppsala,

Sweden.

The long-term evolutionary potential of epigenetic alterations (epimutations) has been challenging to
evaluate given that their spontaneous rates of origin and loss, as well as duration of persistence remain
largely unknown. Herein, we employed long-term experimental evolution lines of the model nematode
Caenorhabditis elegans propagated under regimes of minimum selection to characterize the genomewide rate, spectrum and stability of epimutations driven by small silencing RNAs. We demonstrate that
epimutations arise spontaneously at a rate approximately 25 times greater than DNA sequence changes
and typically have short half-lives of two to three generations, although a small fraction of epimutations
persist for at least ten generations. Epimutations
mediated by small RNAs may thus contribute to evolutionary processes over a short timescale but are
unlikely to bring about long-term divergence in the absence of selection. We further explore the
evolutionary dynamics of small RNAs and repressive chromatin in conjunction with the efficiency of
selection in modulating the expression of transposable elements (TEs). Our experimentally evolved
populations exhibited increased TE expression relative to the ancestral population, with the largest
increases occurring in the smallest populations. Our results show that natural selection is responsible
for maintaining low levels of TE expression in C. elegans, and provide new insights into the epigenomic
features responsible.

4
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Contributed Talks
Rewiring of the promoter-enhancer interactome and regulatory landscape in
glioblastoma orchestrates gene expression underlying the neurogliomal synaptic
communication
Chaitali Chakraborty1,2, #, Itzel Nissen1,2, # and Silvia Remeseiro1,2, *
1Umeå

Centre for Molecular Medicine (UCMM), Umeå University, Umeå, Sweden.
Centre for Molecular Medicine (WCMM), Umeå University, Umeå, Sweden.
#Equal contribution.
*Author for correspondence: silvia.remeseiro@umu.se
2Wallenberg

Chromatin organization is considered to control transcription by modulating interactions between
enhancers and promoters in the 3D nuclear space. Alterations in epigenetic states and 3D-chromatin
organization result in gene expression changes contributing to cancer pathogenesis. Glioblastoma (GBM)
is the most aggressive of all primary brain tumours. Here, we perform a multi-omics approach to map
the promoter-enhancer interactome and the regulatory landscape of glioblastoma, including histone
marks and chromatin accessibility. Our data reveals a rewiring of the promoter-enhancer interactions,
chromatin accessibility and redistribution of histone marks across all four GBM subtypes. This leads to
loss of long-range regulatory interactions and overall promoter activation, which orchestrates changes
in the expression of genes associated to glutamatergic synapses, axon guidance and chromatin
binding/remodeling. Motif search analysis reveals a set of transcription factors (TFs) controlling genes
associated to synaptic contacts and axon guidance, providing mechanistic insight into the regulatory
networks that mediate the neurogliomal synaptic communication, which directly drives tumour
progression by relaying neuronal activity to tumour cells.
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A New CUT&RUN Low Volume-Urea (LoV-U) protocol uncovers Wnt/b-catenin tissuespecific genomic targets
Gianluca Zambanini1, Anna Nordin1, Mattias Jonasson1, Pierfrancesco Pagella1, Claudio Cantù1
1Linköping

University, Wallenberg Centre of Molecular Medicine.

Gene regulation is achieved by the combinatorial action of transcription factors (TFs), which bind specific
DNA sequences within regulatory regions in the genome. Another class of proteins involved in this
process is that of transcriptional CoFactors (Co-Fs) which physically tether TFs with the apparatus for
gene transcription, including chromatin modifying enzymes and the RNA Polymerase II. This is
emphasised, for instance, in the WNT signalling pathway, where the pivotal protein for the transduction
of the signal into transcriptional output is a protein called β-catenin, a Co-F that does not directly bind
the DNA. Because of this property, the study of Co-Fs activity, such as β-catenin, is often challenging.
Cleavage Under Target and Release Using Nuclease (CUT&RUN) is an enzyme based technique used to
analyse the genome-wide association profile of proteins that bind to DNA. This technique works
optimally when histone modifications and TFs are targeted, but can be tricky if applied to DNA-non
binding protein, such as Co-Fs like β-catenin. Here we present a new and improved CUT&RUN protocol,
by the name of CUT&RUN Low Volume Urea (LoV U), that will allow the analysis of DNA non-binding
protein, like β-catenin. The application of this protocol allowed us to reveal differential association of βcatenin with the WNT dependent TCF/LEF transcription factors in a Locus dependent and tissue specific
manner. Moreover, I will show how our protocol is well suited for its simultaneous application on a
relatively large number of samples.
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Cell type-specific deployment of codons and anticodons via combined single-cell ATAC
and RNA sequencing
William Gao1, Carlos J Gallardo-Dodd1, Claudia Kutter1
1Department

of Microbiology, Tumor, and Cell Biology, Karolinska Institute, Science for Life Laboratory,
Stockholm, Sweden.

The correlation between codon and anticodon pools influences the efficiency of translation, but whether
differences exist in these pools across individual cells is unknown. We determined that codon usage and
amino acid demand are highly stable across different cell types using available mouse and human singlecell RNAsequencing atlases. After showing the robustness of ATAC-sequencing measurements for the
analysis of tRNA gene usage, we quantified anticodon usage and amino acid supply in both mouse and
human single-cell ATAC-seq atlases. We found that tRNA gene usage is overall coordinated across cell
types, except in neurons, which clustered separately from other cell types. Integration of these data sets
revealed a strong and statistically significant correlation between amino acid supply and demand across
almost all cell types. Neurons have an enhanced translation efficiency over other cell types, driven by an
increased supply of tRNAAla (AGC) anticodons. This results in faster decoding of the Ala-GCC codon, as
determined by cell type–specific ribosome profiling, suggesting that the reduction of tRNAAla (AGC)
anticodon pools may be implicated in neurological pathologies. This study, the first such examination of
codon usage, anticodon usage, and translation efficiency resolved at the cell-type level with single-cell
information, identifies a conserved landscape of translation elongation across mammalian cellular
diversity and evolution.
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Session 2 – Epigenetic Effects of Environmental Factors
Invited Talk
Stress signatures in sperm
Katharina Gapp1,
1Molecular

and Behavioral Neuroscience, ETH Zürich, Switzerland.

Stress is a major risk factor for complex diseases. Beyond affecting the individuals directly exposed it can
also confer disease risk to the offspring via modifications in the germline. In this talk we explore
molecular germline alterations in a reductions intergenerational model of stress in rodents. We discuss
causal contribution to the transmission process and pinpoint specific modifications at specific loci
potentially related to a metabolic phenotype.
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Contributed Talks
The neuro-epigenome of piglet´s brain is differentially affected by their maternal
environment and behaviour
Patricia Tatemoto1+, Fábio Pértille2,3+, Thiago Bernardino1, Ricardo Zanella4, Carlos Guerrero-Bosagna2,
5*, Adroaldo José Zanella1*
1Center

for Comparative Studies in Sustainability, Health and Welfare, Department of Preventive
Veterinary Medicine and Animal Health, School of Veterinary Medicine and Animal Science, FMVZ,
University of São Paulo, Pirassununga, São Paulo, Brazil.
2Avian Behavioral Genomics and Physiology Group, IFM Biology, Linköping University, Linköping,
Sweden.
3Animal Biotechnology Laboratory, Animal Science Department, University of São Paulo – Luiz de
Queiroz College of Agriculture (ESALQ), Piracicaba, São Paulo, Brazil.
4Faculty of Agronomy and Veterinary Medicine, University of Passo Fundo, Passo Fundo, Rio Grande do
Sul, Brazil.
5
Environmental Toxicology Program, Department of Organismal Biology, Uppsala University, Uppsala,
Sweden.
Epigenetic mechanisms can play an important role in the modulation of the neurodevelopment of
pregnant sow´s offspring depending on the environment to which they are exposed during their
pregnancy. Stress-induced by the conventional production setups can have a drastic effect on this
modulation with the potential to compromise animal behavior and welfare. Moreover, lack of
stimulation in a confined environment prevents animals to express natural behaviors, resulting in the
expression of stereotypies (repetitive behavior without an apparent function). Although stereotypies
have been widely studied, little attention has been devoted to the postnatal effects of maternal
stereotypy. Therefore, we investigated here how the maternal environment (barren or enriched) and
stereotypic behavior (presence or absence) of sows affect the neuro-epigenome (methylation) of their
piglets. We focused on the amygdala, frontal cortex, and hippocampus, brain tissues known to be related
to emotionality, learning, memory, and stress response. Differentially methylated regions were
investigated in these brain regions of male piglets born from sows kept in an enriched environment vs
sows kept in a barren environment. Within the latter group of piglets, we compared the brain
methylomes of those born from sows expressing stereotypic behavior vs sows not expressing stereotypic
behavior. Our combined results emerging from significant differentially methylated regions emerging in
each comparison show that while the epigenome of the hippocampus and frontal cortex of piglets is
mainly affected by maternal environment, the epigenome of the amygdala is mainly affected by
maternal stereotypic behavior. Additionally, we show that the molecular pathways and mechanisms
triggered in the brains of piglets by maternal environment and stereotypic behavior are also different.
In relation to gene function, introns are more prominently affected by maternal stereotypic behavior
than the environment. Although the epigenetic consequences of maternal stress in the offspring have
9
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been investigated to a large extent, the present study is the first to investigate the neuro- epigenomic
effects of maternal enrichment and stereotypic behavior in mammals.
Keywords: Maternal environment; Maternal behavior; Stereotypic behavior; Gestation; Prenatal; Sows;
Piglets; Offspring; Brain; Emotionality; Epigenetics; DNA methylation;
Funding agencies: FAPESP (proj: 2018/0182-4), CAPES, FORMAS.
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Paternal mitochondrial function influences offspring metabolism
Melisa Gómez-Velázquez1,2, Raffaele Gerlini1,2, Archana Tomar1,2, Raffaele Teperino1,2
1Institute

of Experimental Genetics, Helmholtz Zentrum München, German Research Center for
Environmental Health.
2German Center for Diabetes Research (DZD) Neuherberg, Germany.
The missing heritability problem arises when the genetic variation cannot fully explain the observed
phenotypic variation. Using the International Mouse Phenotyping Consortium (IMPC) resource, we
found that paternal mitochondrial genetic perturbations, either structural or functional, impact
metabolic homeostasis in wild-type offspring. To understand how paternal mitochondrial dysfunction
can disrupt offspring metabolic health, we used a short-term high fat diet (HFD) to environmentally
interfere with paternal mitochondrial function. We saw that two weeks of HFD are enough to impair
metabolic control in fathers and in ~30% of the offspring (F1). The sperm is the main vehicle of paternal
intergenerational effects. RNAseq from sperm showed disruption in mitochondria related pathways and
a notorious increase in mitochondrial tRNAs (mt-tRNAs) and their fragments. Testis single cell RNAseq
and complementary analyses showed that this tRNA population is sperm borne. Importantly, a portion
of these mt-tRNAs is also specifically upregulated in pre-implantation embryos suggesting father-tooffspring transmission, and targets genes important for metabolic control. Our data shows that paternal
mitochondria may control offspring metabolism through sperm-borne and mt-derived small RNAs.
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Functional impact of methylmercury-associated DNA
epidemiological observations to experimental evidence

methylation

–

from

Andrea Cediel-Ulloa1, Ximiao Yu1, Ylva Johansson2, Maria Hinojosa2, Anna Forsby2, Karin Broberg3, Joëlle
Rüegg1
1Department

of Organismal Biology, Uppsala University, Uppsala, Sweden.
of Biochemistry and Biophysics, Stockholm University, Stockholm, Sweden.
3Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
2Department

Epidemiological evidence supports associations between exposure to background levels of methyl
mercury (MeHg), acquired mainly from fish and seafood consumption, and altered DNA methylation of
genes important for neurodevelopment. Nonetheless, the functional implications of these epigenetic
changes and their mechanistic link to reported impaired neurodevelopment remain unknown. The aim
of this study was to use in vitro models in order to corroborate findings identified in a meta-analysis of
epigenome epigenome-wide association studies (EWAS), where prenatal exposure to MeHg was
associated with altered DNA methylation at several genomic sites in new-borns and children (Lozano et
at, 2022). For this, we selected the top five differentially methylated genes from a previous study
(MED31, MRPL19, GGH, GRK1, and LYSMD3). Additionally, we studied the correlations between DNA
methylation and gene expression of the selected genes. As in vitro models we selected the C17.2 murine
neural progenitor and the human SH-SY5Y neuroblastoma cell lines which were exposed during
differentiation to 8, 40, or 90 nM of MeHg. The concentrations were selected to represent the range of
cord blood MeHg (2–8.5 µg/L) reported in the cohorts included in the epidemiological study. Bisulfite
pyrosequencing and qPCR were used for assessment of DNA methylation and gene expression,
respectively. In SH-SY5Y cells, we found increased DNA methylation of MED31 at a CpG site adjacent to
cg24184221. This was in concordance with the epidemiological findings where more MED31 methylation
was associated with higher concentrations to MeHg. Furthermore, we found significant correlations
between DNA methylation and gene expression of Lysmd3 in C17.2 cells and of GGH in SH-SY5Y cells.
Altogether our study highlights the value of experimental validation of epidemiological association
studies and raises the possibility of MED31-controlled fetal development playing an important role on
the developmental neurotoxicity of background exposure to MeHg observed in epidemiological data.
Keywords: Methylmercury; Neurodevelopment; Epigenome wide association analysis; DNA methylation;
SH-SY5Y cell line; C17.2 cell line
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 825759.
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Invited Talk
The Exposome and Paternal Epigenetic Inheritance
Oskar Karlsson1,
1

Science for Life Laboratory, Department of Environmental Sciences, Stockholm University, Sweden.

The continuous exposure to air pollution and the growing number of manmade chemicals is a threat to
biota and human health. These exposures can, together with other stressors, cause adverse effects,
either alone or via complex interactions. The exposome can be defined as an individual’s cumulative
lifetime environmental exposure and related biological responses. Our response to current exposures
and disease vulnerability, is influenced by genetics, epigenetics, physiology, and health status, which
involve alterations in biological pathways induced by earlier exposures. It might even be influenced by
your parents or grandparents’ exposures. At conception, the gametes deliver not only the genetic
material to form an embryo, but also additional epigenetic information that could reflect the exposures
and lifestyle behaviours of both parents. The alarming decrease in sperm counts and research indicating
possible paternal transmission of phenotype through epigenetic mechanisms show that research on risk
factors and implications are urgently needed. We aim to integrate experimental model systems,
computational and omics tools, and epidemiological research to increase the understanding of if, and
how, environmental exposures may affect male reproductive health and their children via paternal
epigenetic inheritance.
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Contributed Talk
Discovery of plant chromatin regulators integrating chloroplast signals
Martí Quevedo1, Ivona Kubalová1, Luis Cervela-Cardona1, Xu Jin1, Åsa Strand1
1Umeå

Plant Science Centre, Department of Plant Physiology, Umeå University, 90187 Umeå, Sweden.

Plants are photoautotroph organisms that harness light and turn it into chemical energy to sustain
themselves. This essential process is called photosynthesis and occurs in chloroplasts, highly specialized
organelles that, like mitochondria, contain their own genome. Due to the endosymbiotic origin, the
photosynthetic machinery is built using proteins encoded both in the nucleus and plastids. In our
laboratory we are interested in elucidating the regulatory networks that synchronize the different
genomes in the plant cell. In particular, we use the process of chloroplast development and
establishment of photosynthesis as a model for the genetic interplay between chloroplast and nucleus.
Our work has demonstrated that besides an initial anterograde (nucleus-to-organelle) light-dependent
response, a secondary retrograde (organelle-to-nucleus) signal originating in the maturing chloroplast is
required for the transition into a fully activated transcriptional program for photosynthetic genes.
Genome-wide analysis of the distribution of four histone marks uncovered a changing chromatin
landscape through the process of establishment of photosynthesis. We observed highly dynamic
epigenetic regulatory events in response to both anterograde and retrograde signals. In addition, by
manipulating the process of chloroplast maturation we could confirm the influence of retrograde signals
on the epigenetic status of the nucleus. Finally, by de novo motif prediction we have identified and
characterized new transcription factors with the potential to accelerate or stall the greening process of
plant seedlings. Overall, our work advances our understanding in how chromatin is regulated during
plant development and how epigenetics can be influenced by organelle signaling systems.
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Day 2 - September 9th
Session 3 – Epigenetics and Reproduction
Keynote Lecture
Do men matter? Preconception phthalates, sperm epigenetic aging and early-life
development.
Rick Pilsner1,2
1Department

of Environmental Health Sciences, University of Massachusetts Amherst, Amherst, MA,

USA.
2Department of Obstetrics and Gynecology & Center for Molecular Medicine and Genetics, Wayne State
University, Detroit, MI 48201, USA.
The Pilsner lab addresses the interface of environmental epidemiology, toxicology, and reproductive
health with a particular emphasis on epigenetic mechanisms. Specifically, our research provides a
paternal perspective by delineating the role of sperm epigenetics as a pathway linking paternal
preconception environmental exposures to reproductive and offspring health. Such research is critical
to understand the paternal environmental determinants of reproductive health, early-life development,
and future health of offspring. The second arm of research in the Pilsner lab aims to identify novel sperm
biomarkers of male infertility and couples’ reproductive success. Ongoing research is also developing
novel sperm epigenetic clocks (i.e., a proxy of biological aging of sperm) to understand its relationship
with reproductive outcomes in IVF and non-clinical populations as well as to determine the
environmental factors accelerating sperm epigenetic aging. As such, my presentation will provide an
overview of windows of susceptibility during spermatogenesis and phthalates, a class of environmental
disrupting chemicals, and then discuss research findings on preconception phthalate exposures, sperm
epigenetics and early-life development. I will conclude the presentation by discussing our novel
epigenetic clock in sperm and how they associate with couples’ time-to-pregnancy in the general
population as well as phthalate exposure.
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Contributed Talks
Are female sex hormones the key in preventing obesity-induced liver diseases?
Christian Sommerauer1, Carlos Gallardo Dodd1, Christina Savva2,3, Linnea Hases4,5, Madeleine
Birgersson4,5, Rajitha Indukuri4,5, Keyi Geng1, Jonas Nørskov Søndergaard1, Amena Archer4,5, Marion
Korach-André2,3, Cecilia Williams4,5, Claudia Kutter1
1Department

of Microbiology, Tumor, and Cell Biology, Karolinska Institute, Science for Life Laboratory,
Stockholm, Sweden.
2Department of Medicine, Karolinska Institute, Stockholm, Sweden.
3Clinical Department of Endocrinology, Karolinska University Hospital Huddinge, Sweden.
4Department of Protein Science, KTH Royal Institute of Technology, SciLifeLab, Stockholm, Sweden.
5Department of Biosciences and Nutrition, Karolinska Institute, Stockholm, Sweden.
Estrogen is a sex hormone which is essential for development of gender-specific characteristics and
influences multiple organs and cell types. Functionality of estrogen is facilitated by binding to estrogen
receptors (ERs) which can directly and indirectly induce expression of target genes as well as initiate a
downstream cascade of signaling responses. Previous studies have shown that ERs exert protective
functions towards the development of obesity-related hepatic malignancies, such as metabolicassociated fatty liver disease. However, how and to what extent systemic activation of nuclear ERs and
their interplay with co-factors govern metabolically relevant genes in the liver in response to dietary
changes remains elusive.
To interrogate how ER activation regulates genes involved in preventing obesity-related phenotypes, we
profiled the liver transcriptome and epigenome in male and female mice which were fed a high fat diet
(HFD) and treated with isoform-specific ER-agonists. We observed that weight gain and hepatic steatosis
was more prominent in male mice, which was also manifested in higher expression level changes.
Strikingly, selective activation of both nuclear ERs largely restored male-specific gene expression,
resulting in reduction of hepatic steatosis and weight gain. Specifically, systemic ER activation reverted
HFD-induced gene expression changes across various cellular pathways, including lipid metabolism,
biological oxidation, GPCR signaling and hemostasis.
Profiling of histone 3 lysine (H3K)4 trimethylation (H3K4me3) and H3K27 acetylation revealed that ERmediated transcriptome reversal involves epigenomic modulation of promoter and enhancer sites.
Dissection of enhancer-gene regulatory networks further identified a gene set with conserved
expression patterns in human MAFLD patient cohorts.
Our study shows that female sex hormones are molecular safeguards that can be used to correct for
malignant liver phenotypes. The beneficial transcriptome and epigenome changes are executed through
both ERa and ERb and involve various cellular pathways.

16

Hall X, Uppsala University Main Building
Uppsala, Sweden
September 8th-9th 2022

Mechanisms of METTL3 in breast cancer and metastasis
Cyrinne Achour1,2, Devi Prasad Bhattarai1,2, Margalida Esteva1, Francesca Aguilo1,2
1Department
2Wallenberg

of Molecular Biology, Umeå University, Umeå, Sweden.
Centre for Molecular Medicine, Umeå University, Umeå, Sweden.

N6-methyladenosine (m6A) modification is the most prevalent internal modification of eukaryotic
messenger RNAs (mRNAs) and plays an important role in the regulation of gene expression. Although
m6A deposition is impaired in multiple types of cancer, the specific role of METTL3 – the solely catalytic
subunit of the m6A-methylase complex – remains poorly understood in breast cancer. In this study, we
show that METTL3 enhances the breast cancer phenotype by a novel dual mechanism depending on its
sub-cellular localization. We found that the canonical nuclear function of the core of the m6Amethyltransferase complex, which includes METTL3 and its partner METTL14, decorates transcripts that
are involved in cell proliferation and migration, thus we could define an m6A-related gene signature
specific to breast cancer cells. Additionally, we observed that METTL3 is highly expressed in the
cytoplasmic compartment of breast cancer cells from patients. We found that the cytoplasmic METTL3
interacts with the exocyst complex, an evolutionary conserved octameric complex of proteins that
mediates intracellular membrane trafficking i.e., the targeting and tethering of post-Golgi secretory
vesicles to specific membrane sites. Noteworthy, breast cancer cell lines depleted of METTL3 displayed
less gelatinases activity and less invadopodia formation, supporting the role of METTL3 in cell invasion
via exocytosis. Altogether, our findings revealed a novel non-canonical role for METTL3 in the cytoplasm
and its adverse consequences for breast cancer growth and progression.
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Invited Talk
Dietary sugar shifts mitochondrial metabolism and small RNA biogenesis in sperm
Rashmi Ramesh1*, Signe Skog1, Lovisa Örkenby1, Unn Kugelberg1, Daniel Nätt1, Anita Öst1*
1Department

of Biomedical and Clinical Sciences, Linköping University, 581 83 Linköping, Sweden.
*Authors for correspondence: rashmi.ramesh@liu.se and anita.ost@liu.se

Accumulating evidence show that the paternal nutrient state at the time of conception influence early
events at fertilization as well as long term metabolic health of the offspring. We have earlier shown that
increasing concentrations of dietary sugar in male Drosophila results in a linear and rapid accumulation
of triglycerides in the F0 generation. When mated to control females, however, their offspring present
a U-shaped obesity-response. Here, using a combination of proteomics and small RNA (sRNA)
sequencing, we aimed to understand the molecular underpinning in sperm for such intergenerational
metabolic response.
We found that both proteomics and sRNA-seq data points to two separate mechanisms for rapid
molecular changes in sperm. One driven by metabolic adaptation to the diet, and one driven by the
cellular response to changed levels of reactive oxygen species (ROS) at the mitochondria. Moreover, we
found an overlap between diet-sensitive proteins and sRNA in Drosophila sperm and markers for male
fertility in humans. Thus, our work has identified potential candidates for the molecular mechanisms
underlying paternal intergenerational metabolic responses as well as opened the question if male
infertility can be treated by short diet interventions.
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Contributed Talks
Stressing the symbionts: Investigating the influence of developmental metabolic stress
upon mitochondrial physiology and epigenomics
John Lees1, Fabio Pertille1, Per Jensen2, Johan Belteky2, Carlos Guerrero Bosagna1
1Environmental

Toxicology Program, Department of Organismal Biology, Uppsala University, Uppsala,

Sweden.
2Linköping University, IFM.
Mitochondria are a key component of diverse cellular processes in birds including apoptosis, regulation
of the cell cycle and calcium homeostasis. The mitochondria also represent important mediators of the
cellular response to the external environment during development. Alterations to mitochondrial
performance resulting from environmental stressors during incubation and development are therefore
important in driving phenotypic change. The role that the mitochondrial epigenome plays in
mitochondrial function remains controversial but there is increasing evidence suggesting an active role
of DNA methylation within mitochondrial DNA. Here, we demonstrate that exposure to environmental
stressors during development impacts the avian mitochondrial epigenome as well as mitochondrial
morphology and physiology, raising new questions regarding the mitoepigenome and mitochondrial
DNA transcription.

Keywords: Mitochondria, mitoepigenome, stress, physiology
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Tandem Repeat Expansions on the X-chromosome (TREX): A high-resolution and highthroughput screening method for skewed X-chromosome inactivation
Maike Bensberg1, Dora Goldmann1, Colm E. Nestor1
1Crown

Princess Victoria Children´s Hospital, and Department of Biomedical and Clinical Sciences,
Linköping University, Linköping, Sweden.

There is a notable difference in T-cell biology and immune function between males and females. Females
show a stronger response to both self- and non-self-antigens leading to a more effective clearance of
infections but also a higher risk for autoimmune diseases. This difference has been linked to a high
frequency of immune genes on the X chromosome and the ability of females (XX) to express a higher
dosage of X-linked genes while males (XY) only express one copy of the gene. About 15% of genes on the
X-chromosome ‘escape’ X-chromosome inactivation (XCI) and are expressed from both alleles in
females. Further study of this hypothesis requires in depth study of XCI and escape gene function in
humans. During early development, cells randomly inactivate one of the parental X-chromosomes
confounding studies of XCI in bulk tissues. While single-cell-technologies have made significant advances
many functional assays and techniques are not yet possible at the single-cell level. Notably, some women
(~1:100 – 1:300) show complete XCI skewing (cXCI), having either the maternal of paternal Xchromosome inactivated, and are a natural and powerful genetic model system for the study of Xchromosome biology. Here we present TREX, a high-throughput and highly sensitive technique for cXCI
screening. TREX involves methyl-sensitive restriction digestion (only the un-methylated active Xchromosome is cut) of four highly polymorphic short tandem repeats along the X-chromosome followed
by amplification of the uncut allele. Utilizing artificial samples of varying degrees of XCI skewing and a
pilot cohort of 30 individuals, we can report improved sensitivity of TREX over traditional methods (<90%
sensitivity to 99%) and were able to accurately identify levels of XCI skewing. Employing TREX, we have
subsequently screened 500 additional female samples from the Swedish ABIS biobank and identified
two women with cXCI that can be recruited for further study.
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A landscape of X-inactivation during human T-cell development
Björn Gylemo1,4, Antonio Lentini1,#, Christina Lundqvist2,#, Maike Bensberg1, Alessandro Camponeschi2,
Dora Goldman1, Aida Selimović1, Olov Ekwall2,3,#, Colm E. Nestor1,#*
1Crown

Princess Victoria Children´s Hospital, and Department of Biomedical and Clinical Sciences (BKV),
Linköping University, Linköping, Sweden.
2Department of Rheumatology and Inflammation Research, Institute of Medicine, The Sahlgrenska
Academy, University of Gothenburg, Gothenburg, Sweden.
3Department of Pediatrics, Institute of Clinical Sciences, The Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden.
#Equal contribution.
*Author for correspondence: colm.nestor@liu.se
Females exhibit a more robust response to both self- and non-self-antigens than males. This difference
manifests as a higher prevalence of autoimmune disease but more effective response to infection in
females. Increased expression of X-linked immune genes in female T-cells has been suggested as the
molecular basis of this enhanced immune response. Here, we isolated thymocyte sub-populations from
healthy males (46, XY), females (46, XX), and a female with completely skewed X-inactivation in
lymphocytes (46, XX, cXCI). Combining RNA sequencing and high-resolution DNA methylation data we
present a sex-aware expression profile in normal human T-cell development and reveal the role of Xinactivation (XCI) therein by generating an extensive map of X-chromosome escape in human T-cells.
Contrary to expectation, XCI was highly transcriptionally and epigenetically stable throughout human Tcell development and is independent of XIST expression levels. T-cells exhibit a distinct escape and
expression pattern with several genes known to escape XCI being expressed from only one Xchromosome and genes in the PAR region showing no male-biased expression contrary to what has been
seen in solid tissues. Finally, using thymocytes isolated from a Turner Syndrome female lacking a second
X chromosome (45, X0) we reveal that the inactive X-chromosome does not contribute to T-cell
development or TCR repertoire formation in human females. This study represents the first high
resolution map of X-inactivation during any normal developmental process in humans and reveals a
pattern of sex-biased gene expression unique to T-cells. The observation of minimal sex-biased
expression of X-linked immune genes, stability of X-inactivation during T-cell development and that a
second X-chromosome is unnecessary for T-cell development motivates a re-assessment of XCI as the
origin of sex differences in T-cell function.
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Session 4 – Epigenetic Biomarkers

Invited Talk
Epigenetics of muscle growth in fish and identification of epimarkers with potential
application in aquaculture
Jorge Manuel de Oliveira Fernandes1,
1Faculty

of Biosciences and Aquaculture, Nord University, Bodø, Norway.

Aquaculture has seen a notable expansion in the last decades, since it is a major source of high-quality
protein to feed the ever-increasing human population. It is widely accepted that selective breeding of
the major commercial fish species is essential to ensure sustainability of the industry. The current
molecular approaches used for selection of desired traits in farmed fishes are based mainly on genetic
markers and genomic selection, without considering the impact of epigenetics. However, epigenetic
mechanisms are emerging as a new source of phenotypic variability and plasticity in response to
environmental cues. We have recently discovered that changes in DNA methylation (5mC) and
hydroxymethylation (5hmC) occur throughout the genome during the early stages of Nile tilapia
domestication. Some 5mC and 5hmC marks are linked to size and may be used as epigenetic markers
(epimarkers) to distinguish between fish with slow- or high growth rates. Selecting for fast-growing fish
will reduce the time required to reach market size and the associated maintenance costs, ultimately
improving sustainability and profitability of the aquaculture sector.
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Understanding the role of small RNAs in the orchestration of the epigenetic,
transcriptional and translational landscape during the maturation of plant gametes
Germán Martinez Arias1,2
1Department
2Linnean

of Plant Biology, Uppsala BioCenter, Swedish University of Agricultural Sciences.
Center for Plant Biology, Uppsala, Sweden.

RNA silencing controls essential gene regulatory networks in eukaryotes at the transcriptional, posttranscriptional and translational level. Together with this role, RNA silencing protects the genome
against invasive RNAs, including transposable elements (TEs). Plant gametophytes are fascinating
structures that accomplish a very specialized developmental program that is crucial for gamete
formation and fertilization. During gametogenesis, plant gametophytes experience profound
transcriptional and epigenetic reprogrammings that require the activity of RNA silencing.
We will discuss how different RNA silencing pathways (miRNAs, TE-derived sRNAs and tRNA-derived
fragments) are involved in different steps of the transcriptional and epigenetic reprogramming that
takes place during the maturation of the male gametophyte (the pollen grain). Our results indicate that
the developmental progression from microspore to mature pollen grain is characterized by a transition
from microRNAs focused on the control of development to microRNAs regulating transposable element
activity. In parallel, we detected a pollen-specific accumulation of tRNA-derived sRNAs that correlates
with ribosome stalling. This data points to a programmed degradation of the male gametophyte tRNA
pool that influences the stability and translation of mRNAs. In summary, our data indicates that multiple
RNA silencing pathways regulate gene and TE expression during male gametophyte progression and
potentially during fertilization.
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Single-cell Multiomics: What can be said about the cell cycle?
Debojyoti Das1,2, Ionut Sebastian Mihai1,2,3, Martin Sellinger1,2, William Rosenbaum1,2, Andy Dernstedt4,
Remigius Gröning4, Mattias Forsell4, Teresa Frisan2, Johan Henriksson1,2*
1Laboratory

for Molecular Infection Medicine Sweden (MIMS), Umeå, Sweden.
Centre for Microbial Research, Department of Molecular Biology, Umeå University, Umeå,
Sweden.
3Industrial Doctoral School, Umeå University.
4Department of Clinical Microbiology, Umeå, Sweden.
2Umeå

Single-cell ATAC-seq is commonly used to infer which transcription factors are regulating different cells.
With single-cell simultaneous RNA+ATAC becoming commercially available, our group has investigated
how these two modalities can complement each other and what else the ATAC-seq component can tell
about the cells.
Here we will focus on the observation that telomeres are tagmented in certain cells. We have written a
new simple to use tool, TeloMeMore, that can extract this information from common single-cell and
bulk datasets. We have then investigated public and new datasets, over 10 bulk datasets and one million
single-cells, to see what biology this signal can be correlated to. We conclude non-intuitively that
telomere accessibility does not correlate to telomere length. Instead we can use it as a marker for certain
cell types, such as neutrophils. Of broader applicability, we can use it to annotate cell cycle at a higher
level of detail than with RNA-seq alone. Also other parts of the ATACseq data can be used to improve
the cell cycle annotation.
We will present on-going work to pinpoint the detailed gene regulation in new unpublished multiomics
datasets, including a new custom Variational Autoencoder formulation (SCVI extension) specialized on
cell cycle modelling.
This work will aid in our study of T cell proliferation, but applications on stem cells and cancer will also
be highlighted.
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Invited Talk
Epigenetics of common toxicants
Karin Broberg1,2
1Department
2Division

of Environmental Medicine, Karolinska Institutet, Sweden.
of Occupational and Environmental Medicine, Lund University, Sweden.

Epigenetic changes have been linked to exposure to common toxicants in our environment. Of particular
interest are exposures in utero, potentially altering fetal developmental programming, which may result
in a higher risk of disease later in life. I will in my talk give examples of epigenetic effects of three
common toxicants and discuss their potential mechanisms of action: soot exposure at the workplace,
arsenic in drinking water and food stuff, and perfluorinated compounds in drinking water (PFAS), the
latter with exposure in utero. The relevance of these alterations in relation to risk of disease risk will be
discussed.
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Identification of novel factors controlling non genetic cell plasticity in Chronic Myeloid
Leukemia
Guido Baselli1, Alisa Alekseenko1, Eva Brinkman1, Yerma Pareja-Sanchez1, Vicent Pelechano1
1SciLifeLab,

Microbiology Tumor och Cell Biology, Karolinska Institutet, Solna, Sweden.

Cell plasticity is to date recognized as a hallmark of cancer. Due to the dynamic fluctuation of gene
expression, cancer cell can transiently acquire rare drug resistant phenotypes. These drug tolerant cells
can survive even targeted therapies impairing our ability to eradicate the disease. These reversible
phenotypic switches have been observed in several tumors and often linked to the expression of specific
surface markers. In example, in K562 chronic myeloid leukaemia (CML) cells it has been identified a drug
resistant subpopulation overexpressing the surface marker CD24. Importantly, the CD24+ phenotype
was shown to be reversible as both CD24+ and - cells were able to originate a heterogeneous culture
over time. On this background, in this study we tried to leverage the dynamic expression of the CD24 in
CML cells to isolate those cells undergoing a state transition and to identify genes involved in the
regulation of this process by genome wide CRISPR screening. Then we investigated these genes
association with drug resistance in human CML.
We firstly confirmed the reversibility of the CD24+ phenotype. As shown in figure A, CD24+ and - K562
cells were isolated by magnetic activated cell sorting (MACS) were. Both lines were able to originate a
heterogenous culture in about 6 days. Then, we investigated which genes contribute to the regulation
of this transition by CRISPR screening. We developed a genome-wide CRISPR-KO screening K562 line
using the Brunello sgRNA library and evaluated the distribution of KO events in the transitioning cells.
To identify the cells undergoing a state transition we combined the results of two orthogonal
experimental frameworks. In the first experiment (Figure B) we sorted CD24+ and - cells sequentially by
MACS to identify the cells changing their phenotype over 24h. In the second experiment we leveraged
the temporal delay between mRNA and protein levels variation. Indeed, due to the time required to
translate the mRNA to protein, we expect cells turning a gene on to display increased levels of mRNA
but not yet protein. Conversely, being mRNA turnover faster, cells turning off a gene should display
decreased mRNA levels and still high protein expression. We measured mRNA and protein levels by
combining mRNA fluorescence in situ hybridization (FISH) and protein staining identifying population of
cells undergoing active phenotypic state transition (Figure C). In the two screening experiments we
compared the distribution of the KO events in the transitioning cells with the stable populations and we
identified a set of 49 genes associated with the regulation of the state transition dynamic. We then
evaluated whether these genes were associated with drug resistance in CML patients. To this extent we
re-analysed published gene expression data from 96 CML patients. PBMC transcriptome was profiled at
the diagnosis by microarray. Patients failing to achieve an early molecular response (EMR) after 3 months
of therapy were considered drug resistant (N=13). Genes associated with a faster transition dynamic in
the CRISPR screening were expected to be overexpressed while the putative negative regulator of
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plasticity was expected to be repressed. We associated 7 genes with drug resistance in these patients.
Interestingly, those genes were mainly involved in the regulation of cell energetic homeostasis (fdr <0.1,
Wilcoxon test, Figure D). Among the negative regulator of plasticity, we found a key enzyme of glycolysis
and a lysosomal peptidase and among the negative regulators of this process we found three genes
involved in oxidative metabolism. To validate the association of those genes with cell plasticity we
started developing KO models for the most interesting candidates in K562 cells. As shown in figure E the
heterozygous knock-down of the glycolytic enzyme in K562 cells resulted in a faster state transition as
expected.
Overall, we identified a gene signature associated with the regulation of cell plasticity in CML models
and drug resistance in the patients. Interestingly, our results suggest a link between cell plasticity and
the regulation of cell energetic metabolism in CML. Further analysis will be required to understand the
mechanisms by which these genes regulate cell plasticity.

27

Hall X, Uppsala University Main Building
Uppsala, Sweden
September 8th-9th 2022

Extensive evidence for aberrant B cell hypomethylation in relapsing-remitting Multiple
Sclerosis
Ewoud Ewing1, Faiez Al Nimer1, Sunjay Fernandes1, Lara Kular1, Pernilla Stridh1, Peri Noori3,4, David
Gomez-Cabrero2,3,4, Jesper Tegner3,4, Mohsen Khademi1, Tomas Olsson1, Fredrik Piehl1, Maja Jagodic1
1Department

of Clinical Neuroscience, Center for Molecular Medicine, Karolinska Institutet, 171 77
Stockholm, Sweden.
2Translational Bioinformatics Unit, Navarrabiomed, Complejo Hospitalario de Navarra (CHN),
Universidad Pública de Navarra (UPNA), IdiSNA, Pamplona, Spain.
3Unit of Computational Medicine, Department of Medicine, Solna, Center for Molecular Medicine,
Karolinska Institutet, 171 77 Stockholm, Sweden.
4Biological & Environmental Sciences & Engineering Division, King Abdullah University of Science &
Technology, Thuwal, Kingdom of Saudi Arabia.
Background: Multiple Sclerosis (MS) is a chronic inflammatory disease characterized by autoimmune
attack and destruction of myelin and neuroaxonal degeneration in the central nervous system (CNS). We
and others have found widespread differences in DNA methylation between MS cases and healthy
controls in B cells. Importantly, B cells have come under renewed interest due to the striking
effectiveness B cell-depleting agents.
Objectives: To further characterize epigenetic changes and their functional consequences in CD19+ B
cells collected from persons with MS (PwMS).
Methodology: We measured DNA methylation in CD19+ B cells sorted from peripheral blood using
Infinium HumanMethylationEPIC arrays from relapsing-remitting (RRMS) (n = 26) and healthy controls
(HC) (n = 15), which we compared and integrated with 2 previously reported cohorts, namely PMID
31053557 (RRMS n = 12, HC n = 10), run on Infinium HumanMethylation4550K array, and PMID
34911760 (RRMS n = 29, HC n = 24), run on reduced representation bisulfite sequencing (RRBS). We
compared the sites that overlap depending on the amount of evidence per site in a stepwise metaanalysis using the METAL pipeline. We subsequently functionally overlapped the results with publicly
and locally available data from other omics types.
Results: A meta-analysis of the three B cell cohorts revealed 7 051 differentially methylated CpGs
between RRMS and HC (with adjusted p-values < 0.01 and a 5% effect size) in 3 833 genes, where ~80%
of the CpGs displayed hypomethylation in RRMS vs controls. Pathway analyses of the cohorts implicated
dysregulation of genes involved in cell-to-cell communication, cell migration, and immune activation.
Conclusion: Our observations establish that B cells from PwMS patients acquire a distinct epigenetic
profile connected to changes in pathways of importance for B cell functions across three separate
cohorts and different technological platforms. These findings provide additional insights into the role of
B cells in MS and as a therapeutic target.
Keywords: MS, Multiple Sclerosis, B-cells, Epigenetics, DNA Methylation, EWAS, Meta-analysis
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Perturbed epigenetic transcriptional regulation in AML with IDH mutations causes
increased susceptibility to NK cells
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2Department

IDH mutations are found in 20% of acute myeloid leukemia (AML) patients. IDH inhibitors (IDHi) have
emerged as a novel treatment option. However, only 30-40% of patients respond to single drug
treatment and there is an unmet need for improvement as well as identifying alternative treatment
options. The overall aim of this study was therefore to gain deeper insights into the molecular signatures
of IDH mutations, the effects of IDHi as well as to identify a molecular vulnerability to tailor novel
therapies for AML patients with IDH mutations. Here, we have characterized the transcriptional and
epigenetic landscape before and after treatment with IDH2i AG-221, using an IDH2 mutated AML cell
line model and AML patient cohorts. We discovered decreased DNA hydroxymethylation in IDH2
mutated AML cells, particular in enhancers and a perturbed transcriptional regulatory network involving
myeloid transcription factors. In addition, hypermethylation of the HLA I cluster caused a dramatic
down-regulation of HLA genes, triggering an enhanced natural killer (NK) cell activation, and displayed
an increased susceptibility to NK cell mediated killing. These responses were reverted when the AML
cells were pre-exposed to IFN-gamma, resulting in up-regulation of cell surface HLA class I. Finally,
analyses of DNA methylation data from IDHi-treated patients showed that non-responders continued to
harbor hypermethylation in HLA class I genes, suggesting maintained susceptibility to NK cells. In
conclusion, this study provides new insights into the perturbed epigenetic and transcriptional regulation
in IDH mutated AML and shed light on a potential strategy for personalized medicine in AML.

29

Hall X, Uppsala University Main Building
Uppsala, Sweden
September 8th-9th 2022

Rearrangements Under Wnt (RUW): Wnt signaling remodels chromatin structure via
changes in CTCF binding patterns
Anna Nordin1, Mattias Pernebrink1, Gianluca Zambanini1, Pierfrancesco Pagella1, Claudio Cantù1
1Linköping

University, Wallenberg Centre for Molecular Medicine

The Wnt signaling pathway is important for embryonic development, maintenance of cell stemness, and
tissue homeostasis. It culminates in the nuclear translocation of cytosolic β-catenin, which binds to
TCF/LEF transcription factors and drives expression of Wnt target genes. The Wnt response is tissue
specific, and one possible explanation for this could be that the Wnt pathway can influence chromatin
structure to fine-tune its transcriptional response. Using CUT&RUN, we profiled the binding patterns of
CTCF, a transcription factor that regulates the three-dimensional structure of the genome by marking
boundaries of chromatin domains, in Wnt ON and OFF conditions. We discovered a set of 270
rearrangements of CTCF binding sites under WNT signaling (RUW). All RUW were found to be β-catenin
dependent, many containing TCF/LEF as well as CTCF motifs and coinciding with β-catenin and TCF/LEF
binding sites. The RUW sites are enriched for associations with Wnt pathway genes, especially negative
regulators. Further research is needed to discover the exact function of RUW sites and their role in the
tissue-specific Wnt signaling response.
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Repeated symptomatic and asymptomatic exposure to malaria and telomere length in
Kenyan children longitudinally followed over time
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Wambua4, Jennifer Musyoki4, Oscar Kai4, Philip Bejon4,6, Alex Maccharia4, Thomas N. Williams4,7,8, Anna
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Background: Malaria is a potentially severe and fatal infection. Children living in endemic areas
represent a high-risk group for malaria, often suffering multiple infections each year. Whether repeated
malaria exposure has hidden costs on the host, as reflected by cellular aging has not been studied.
Method: We investigated the impact of Plasmodium falciparum exposure on telomere shortening in
children, surveyed for malaria from birth, up to their 15th birthday in two well-characterized longitudinal
cohorts in Kenya. Telomere length was assessed in whole blood by qPCR in 218 children from Junju, an
area of moderate transmission, and 90 age-matched controls from Ngerenya, where malaria is nonendemic. Telomere length was measured at three cross-sectional surveys (2007, 2010 and 2013) and
correlated with symptomatic and asymptomatic malaria at yearly surveys and weekly surveillance data
from birth.
Results: Overall telomere length decreased with age in both cohorts, whie lower effects of age on TL
were more common in individuals with initially shorter telomere kinetics. The was no difference of TL
change between the exposed and non-exposed cohort, and cumulative number of malaria episodes did
not seem to impact telomere length (lme, p>0.05). Asymptomatic Plasmodium parasitaemia at survey
seem to affect TL, however, the clinical relevance is unclear.
Conclusion: Repeated asymptomatic and symptomatic P. falciparum malaria infections do not impact
cellular aging by accelerating telomere shortening in children. Nevertheless, to evaluate the effect of
malaria on life span, future longitudinal studies with active and passive surveillance data from a
population exposed to endemic malaria, including individuals of all ages and detailed documentation of
malaria incidence and telomere kinetics are needed.
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Dual targeting of G9a and DNMTs increases treatment sensitivity in multiple myeloma
Patrick Nylund1, Berta Garrido-Zabala1, Alba Atienza Párraga1, Fredrik Öberg1, Antonia Kalushkova1 and
Helena Jernberg-Wiklund1.
1Science

for Life Laboratory, Department of Immunology, Genetics and Pathology, Rudbeck Laboratory,
Uppsala University, Uppsala, Sweden.

Multiple myeloma (MM) is a complex haematological disease characterized by genetic aberrations
interconnected with dysregulated epigenetic mechanisms. MM has a complex genetic profile; however,
no single alteration has been identified as disease driver. Epigenetic modifications are currently being
studied to elucidate disease progression and treatment response. Despite the many studies performed
MM remains largely incurable. The lysine methyltransferase G9a deposits mono- and di- methylation on
H3K9, hence reinforces the silenced transcriptional phenotype of MM. DNMTs deposit methyl groups in
the DNA. G9a and DNMTs are highly overexpressed in MM cell lines and have been correlated with
worse patient outcome. Here, an in-depth molecular analysis of the H3K9me2 distribution,
DNA methylome and transcriptome of MM identified novel MM associated genes that might contribute
to the disease behavior. Moreover, dual inhibition of G9a and DNMTs increasingly reduced viability,
induced apoptosis and altered the cell cycle in MM cell lines. Taken together, our data provides insight
into the molecular mechanism behind sensitibity to dual inhibition of G9a and DNMT1.
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Enhancer-promoter interactions in 3D explains dysregulation of gene expression in
glioblastoma
Chaitali Chakraborti1,2#, Itzel Nissen1,2#, Silvia Remeseiro1,2*
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Enhancers are cis-regulatory elements that functionally interact with their proximal or very distant gene
targets thanks to the 3D organization of the genome. Glioblastomas (GBM) are brain tumors often
associated with epigenetics-related gene dysregulation, however the 3D chromatin organization of the
glioblastoma genome is poorly understood. To gain insight into the complex regulation of gene
expression in GBM, we have mapped the promoter-enhancer interactome by HiChIP in 15 GBM cell lines,
representing all four expression subtypes (i.e. classical, mesenchymal, proneural and neural) and normal
human primary astrocytes as control. We obtained a total of 278765 significant loops (FDR <= 0.01), out
of which 3508 loops were GBM-specific (gained) and 2125 loops were astrocyte-specific (lost). A genomic
annotation of these loops revealed that, 86.6% of the lost loops involve enhancer interactions (P-E and
E-E), while 85.4% of the gained loops involve exclusively promoter-promoter (P-P) interactions. In
addition, the lost loops were longer (median loop length ~254kb) than the loops gained in glioblastoma
(~114kb). This points to a loss of regulatory interactions in glioblastoma, and in particular long-range
interactions. Importantly, changes in the promoter-enhancer interactome correlate with significant
gene expression changes across all four GBM subtypes. Lost loops are associated with significant
expression changes in 47 genes, while gained loops relate to deregulation of additional 138 genes.
Among such genes are various transcription factors, such as Smad3, Pitx1 and Lhx2, in agreement with
our ChIP-seq and ATAC-seq data which had revealed an enrichment of binding motifs for these factors
around the newly occupied active positions. Integration of these data has helped elucidate the interplay
between the regulatory and the topological landscape of the glioblastoma genome.
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Genetic wiring maps of co-acting transcriptional factors in single cells
Eva K Brinkman1, Alisa Alekseenko1, Vicente Pelechano1
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Gene expression is a fundamental process whereby genetic information is expressed to control cellular
identity and plasticity. Remarkably, in isogenic cell populations heterogeneity in gene expression is often
found. This phenomenon is thought to be of importance for cell survival. In the context of cancer, these
fluctuations may lead to the appearance of rare cells in the population capable to survive treatment.
Since the emergence of drug resistance is a major challenge in disease treatment it is important to
understand how heterogeneous gene expression occurs and is regulated in at a single cell level.
Transcription is driven by transcription factors (TFs), which in turn recruit cofactors (CoFs), thereby
modulating gene expression. However, currently it is not possible to study the effect of the various
possible TF/CoFs pairs in single cells directly. This project will contribute to solve this problem and aims
to develop a method that can simultaneously quantify (unknown) co-occurring TF/CoF pairs and the
transcriptome at single cell resolution. Linking TFs/CoFs interactions with the phenotypic appearance of
the cell may provide new insights in the regulation of gene expression in eukaryotes. Moreover, our
approach may reveal interactions that only arise in a subset of the cell population, that remain hidden
in bulk studies. Our method can be applied to any other set of protein-protein interactions, opening
avenues for future research.
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Sensitive and unbiased detection of clinically actionable gene fusions from FFPE tumor
biopsies using the Arima-HiC platform
Ignacio Mason Pelaez1, David Jacob Hermel2, Kristin Sikkink1, Derek Reid1, Anthony Schmitt1, Darren S.
Sigal2
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Accurate and sensitive identification of gene fusions is critical to understanding disease mechanisms and
the development and selection of optimal treatment regimens for cancer patients. Typically, these
fusions are detected using low-resolution karyotyping, low throughput and biased FISH assays, or RNA
sequencing approaches; however, the accuracy and sensitivity of gene fusion detection can be limited
by factors such as low transcript abundance, transcript length, RNA degradation from formalin fixed
paraffin embedded (FFPE) tissues, or the limited availability of fresh biopsy samples for RNA extraction.
To address these limitations, we developed a novel approach to identifying gene fusions from FFPE
samples using the Arima-HiC platform and short-read sequencing. We performed pan-cancer analysis
on 12 FFPE adult tumor biopsies, each with gene fusions known to be clinically actionable. With this
newly developed Hi-C workflow we identified all the known gene fusions with 100% sensitivity in the
samples including those involving ALK, NTRK3, ROS1, FGFR2, and SS18 genes. This approach also
revealed that the NTRK3 gene fusion was the result of a more complex rearrangement within chr12,
within chr15, and between chr12 and chr15. Additionally, we detected the presence of numerous
structural variants per sample in addition to the known gene fusion in each sample. For example in a bile
duct tumor, Arima-HiC detected an FGFR2-EEA1 gene fusion, as well as 25 other structural variants
genome-wide including in a CPD-LASP1 gene fusion This gene fusion has not been reported to our
knowledge, however, LASP1 is a reported 3’ fusion partner with MLL in leukemia. While these findings
are not clinically actionable today, the unbiased, accurate, and sensitive detection of structural variants
from frozen and FFPE solid tumor biopsies may facilitate further research into their relationship between
disease mechanisms and clinical outcomes. Taken together, these findings demonstrate the analytical
utility of Arima Hi-C sequencing technology to provide both chromosome-scale and gene-level resolution
for the detection of structural variants in tumor biopsies samples. This workflow can provide improved
access to critical genomic information from FFPE blocks for the identification of pathognomonic and
druggable gene fusion events and other structural variants across tumor types.

Author Disclosure Information: D.J. Hermel: None. K. Sikkink: ; Arima Genomics. D. Reid: ; Arima
Genomics. A. Schmitt: ; Arima Genomics. D.S. Sigal: None.
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Redistribution of enhancer marks links transcription factors to neurogliomal synapses
in glioblastoma
Itzel Nissen1,2#, Chaitali Chakraborti1,2#, Silvia Remeseiro1,2
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Glioblastoma (GBM) is the most lethal and aggressive of all primary brain tumors. The mechanistic
contribution of the non-coding regulatory genome to glioblastoma remains poorly studied. Currently,
we focus on mapping the changes in the enhancer landscape that might underlie gene dysregulation in
glioblastoma. For this purpose, we determined the genome-wide binding sites for the active enhancer
mark H3K27ac, the promoter mark H3K4me3 and the repressive mark H3K27me3, together with ATACseq to map chromatin accessibility, in 15 patient-derived GBM cell-lines representing all four GBM
subtypes. Our data indicates a redistribution of histone marks and open chromatin regions across the
15 GBM lines, representing all four expression subtypes, in comparison to normal human primary
astrocytes. These changes lead to overall activation of promoters, loss of active distant regulatory
elements and loss of repressive intergenic regions in glioblastoma. Gene ontology analysis reveals
glutamatergic synapses, axon guidance and chromatin remodeling/binding as major processes
associated to relocation of active enhancer marks in GBM. Moreover, motif search analysis points to a
set of transcription factors involved in GBM tumorigenesis, out of which some regulate target genes
associated to synaptic contacts and axon guidance. Altogether, our data points to TFs playing a role in
neuroglioma synapses and underlines the connection of GBM etiology with neuronal communication.
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Modelling chromosome-wide target search
Lucas Hedström1, Ludvig Lizana1
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Experiments suggest that proteins find DNA target sequences by diffusing along with the DNA,
occasionally unbinding and rebinding to other, further sites. This process is known as facilitated
diffusion, which has been described by multiple biophysical models. They treat the basepair sequence
as an energy landscape, with a protein acting as a diffusing particle looking for one of the landscape's
valleys.
Because of the vast size of DNA, these simulations cannot be generalized to genome-wide searches.
Instead, the models that deal with large-scale search omit sequence motifs and envision chromosomes
as a 3D contact network that guides the protein across the chromosome. While applicable, these models
cannot predict binding rates to specific motifs. Therefore, to model the chromosome-wide search of
`real proteins', we need to connect the small- and large-scale.
We present a model that connects search at a basepair and chromosome-wide level to simulate search
times for specific proteins looking for target motifs. At the basepair level, we use an established twostate facilitated diffusion model, and at the large scale, we build on previous work modelling the protein
search as a random walk on a weighted network representing the 3D interaction of the chromosome
network from Hi-C experimental data.
Our cross-scale method allows us to calculate the search rates for proteins in chromosome-wide search,
considering factors such as the variance of the energy landscape and target placements. We show that
the mean-first passage to any section on the chromosome is strongly correlated to the "node flux", a
measure that combines the 3D organisation of the chromosome and the trapping effect of auxiliary
targets.
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No more barcoding: De novo identification of cell lineages in single-cell transcriptome
data reveals diverging cell fate decisions
A.S. Eisele1*, M. Tarbier2*, A. Dormann2, V. Pelechano1, D.M. Suter2
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Understanding lineage relationships within complex cell populations has been transformed by the use
of cellular barcoding combined with single cell RNA-seq. However, in many instances cellular barcoding
is practically not feasible and the vast majority of existing scRNA-seq datasets are devoid of lineage
information. Here we developed an analytical pipeline that allowed us to identify core sets of memory
genes (inert genes) displaying conserved expression levels at the exonic or intronic level across several
cell divisions. We show that this information can be applied to standard scRNA-seq datasets of various
cell types and allows us to accurately identify cell lineages. We also found that scATAC-seq datasets
further improve these predictions, suggesting even more powerful cell lineage inferences from
multiomics datasets. These predictions are quantitative, allow for accurate identification of asymmetric
cell fate choices and conserved pathways, and can discern temporal gene expression fluctuations from
stable epigenetic differences in the cell population. Altogether, our approach provides a major advance
in the obtention of cell lineage information from single cell omics datasets.
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Exposure to a human-relevant mixture of endocrine disrupting chemicals induces
changes in hippocampal DNA methylation correlating with hyperactive behavior in
male mice
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Humans are constantly exposed to environmental chemicals e.g. endocrine disrupting chemicals, which
can result in adverse health effects. In utero exposure is considered a particularly sensitive window in
which exposure can lead to long-lasting adverse effects. Epigenetic mechanisms such as DNA
methylation are likely involved in such long lasting changes. In a previous epidemiological study, in utero
co-exposure to 8 EDCs was associated with delayed language development in children, suggesting an
impact on neurodevelopment. In utero exposure to this mixture in human-relevant concentrations was
shown to alter gene expression and behavior in adult mice. To address whether epigenetic alterations
could underlie the observed molecular and phenotypic changes induced by the mixture, we analyzed
DNA methylation at the changed genes and investigated whether it is correlated with altered gene
expression and behavior. Using bisulfite-pyrosequencing, we analyzed DNA methylation at regulatory
regions of these genes and identified hypomethylation in three HPA axis-related genes, namely Nr3c1,
Nr3c2, and Crhr1, coding for the glucocorticoid receptor, mineralocorticoid receptor, and corticotropin
releasing hormone receptor 1, respectively. Nr3c1 methylation was negatively correlated with Nr3c1
expression. Additionally, we found that the lower DNA methylation in Nr3c1, Nr3c2, and Crhr1 correlates
with activity under stress conditions, and, for Crhr1, also with decreased social behavior. Our results
show that in utero exposure to a human-relevant EDC mixture induces epigenetic changes directly
correlated to long-lasting behavioral effects.
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Modelling of histone methylation by Polycomb complexes with minute-scale precision
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Polycomb proteins are critical epigenetic regulators of metazoan development. They form two major
kinds of complexes, Polycomb Repressive Complex 1 (PRC1) and Polycomb Repressive Complex 2 (PRC2).
PRC2 can add up to three methyl groups to Lysine 27 of histone H3 (H3K27), which is necessary for its
repressive function. PRC2 functions in two ways: hit-&-run, a diffusion based random methylation of the
inactive genome, and by targeting to specific genes. When PRC2 targets genes it binds to genomic
elements called Polycomb Response Elements (PREs).
We model the dynamics of epigenetic repression by PRC2 in replicating Drosophila melanogaster cells.
To this effect, we represent chromatin as a string of nucleosomes, each with 2 methylation sites, which
can have 0-3 methyl groups attached. Using experimental bulk values for the methylation states,
measured difference in methylation rates for adding the first, second or third methylation group, and
allosteric stimulation by H3K27me3, we constrain the model to represent hit-&-run methylation. By
introducing additional parameters: an increase in catalytic efficiency when PRC2 is bound to a PRE, and
the probability of interaction with the PRE-bound PRC2, we further expand the model to represent
targeted methylation.
In the current state, the model recapitulates H3K27me3 profiles around known Polycomb regulated
genes and allows us to answer questions that cannot be addressed by experiments alone. For example,
how the H3K27 methylation profiles build up during fly development and the purpose of allosteric
stimulation, and so on.
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Effect of phthalate mixtures on endometrial cells and gene expression
Nadja Visser1, Anastasios Damdimopoulou2, Eva Davey1, Theodora Kunovac Kallak1, Susanne Lager1,
Agne Velthut-Meikas3, Kristine Roos3, Richelle D. Björvang4, Darja Lavogina5,6, Mary Laws7, Andres
Salumets4,6,8, Jodi Flaws7, Pauliina Damdimopoulou4, Matts Olovsson1
1Department

of Women's and Children's Health, Uppsala University, Sweden,
and Expression Analysis core facility, Department of Biosciences and Nutrition,
Karolinska Institutet, Sweden,
3Department of Chemistry and Biotechnology, Tallinn University of Technology, Estonia,
4Department of Clinical Science, Intervention and Technology, Karolinska Institute & Karolinska
University Hospital, Sweden,
5Institute of Chemistry, University of Tartu, Estonia,
6Competence Centre on Health Technologies, Tartu, Estonia,
7Department of Comperative Biosciences, University of Illinois Urbana-Champaign, USA,
8Department of Obstetrics and Gynecology, Institute of Clinical Medicine, University of Tartu, Estonia.
2Bioinformatics

Endocrine disrupting chemicals are compounds interfering with hormone balances. Phthalates are a
group of EDCs often used as plasticizers and are quickly metabolized to secondary compounds. They are
found in PVC-floors and tubing and as well in plastic toys for children and self-care products like shampoo
and make-up. Many of these compounds are found in nature, like sediment, air and water. Previous
studies have found phthalate compounds in humans, in serum, breast milk, urine etc. Phthalates are
often studied as single compounds despite being mixtures in real life rather than single chemicals.
Methods on phthalate mixture effects are not well established since they are complex and not easy to
interpret, and therefore studies on phthalate mixtures are scarce.
A variety of phthalates has been investigated in relation to infertility. Several studies found negative
associations with phthalate exposure and fertility outcomes. However, most of these studies have
focussed on male fertility and less on female fertility, despite the fact that women rely on tightly
regulated hormone levels and that women harbour the site of fertilization. Available female fertility
research indicates negative effects of phthalate exposure on steroidogenesis and follicle growth in
ovaries. Recently, it has been suggested that phthalate exposure can also affect the endometrium. Here,
we have investigated the effect of three different phthalate mixtures on viability and gene expression in
four different human endometrial cell types in culture.
We used the (1) Ishikawa cell line that represents endometrial epithelial cells and (2) THESC cell line that
represents endometrial stromal cells, as well as (3) primary endometrial stromal and (4) epithelial cells
isolated from women undergoing hysterectomy for benign reasons. Three phthalate mixtures were
prepared using the Midlife Women’s Health Study (MWHS) cohort and used in the cell culture studies:
exposure-based, effect-based and equimolar mixtures. The phthalates in focus were MEHHP, MEHP,
MEOHP, MECPP, MiBP, MBzP, MCPP, MEP and MBP. The epidemiological mixture was developed to
reflect phthalate levels in urine of the women, and the effect-based mixture contained only those
phthalates that were found to associate to serum estradiol levels in the women using the Weighted
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Quantile Sums modelling (MEHHP, MiBP, MBzP and MEP). The equimolar mixture contained the
phthalates in equimolar concentrations. The single compound MEHHP and the vehicle DMSO were used
as controls. First, viability was tested after exposure to the phthalate mixtures in two concentrations, 1x
(corresponding to 1,9µM total exposure) and 100x epidemiological level of exposure in short (24 h) and
long (7 days) exposure. Then, cells were exposed to the same mixtures and concentrations for 24 hours,
and RNA was harvested for transcriptomic analyses.
Cell viability was not negatively affected by any of the phthalate exposures at the tested concentrations.
By using FDR<0.1 as a cutoff, the RNA sequencing data revealed 12 common genes affected by the
phthalate mixtures across all four cell types. We developed an additional analysis pipeline based on
subtle changes in gene expression in consistent manner, and discovered a far more diverse set of
regulated genes. The results of the on-going analyses will be shown in this poster.
Altogether, this project indicates that different phthalate mixtures can regulate gene expression in
human endometrial cells in culture at epidemiologically relevant concentrations. Further studies need
to address the possible impact on endometrial biology and fertility in women.
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RNA affinity purification followed by sequencing (RAPseq) enables profiling of the
epitranscriptome and other in vitro innate RBP-RNA interactomes
Riccardo Mosca*, Ionut Atanasoai, Sofia Papavasileiou, Natalie Preiss, Christian Sommerauer, Carlos
Gallardo Dodd, Jonas Søndergaard, Claudia Kutter
*presenter Karolinska Institute | SciLifeLab | Claudia Kutter Lab

Post-transcriptional gene regulation is orchestrated by RNA binding proteins (RBPs) and their
interactions with RNA molecules. Every stage in the life of an RNA molecule is dictated by its interactions
with RBPs. Deciphering the identity of such interactions and their relative strengths is crucial for
comprehending post-transcriptional gene regulation.
We developed a novel, in vitro, RBP-centric technology that discovers and quantifies RBP binding sites
in any given transcriptome/species of interest. RAPseq is an in vitro binding assay between a
recombinant purified RBP and native total RNA which is chemically fragmented prior to the binding assay
to a median size of ~50 nucleotides. The bound RNA molecules are recovered and sequenced on an NGS
platform to deconvolute the RBP binding sites through standard NGS data processing pipelines.
We demonstrated that the use of native total RNA substrates allowed us to interrogate all major RBPRNA binding modalities, namely sequence-, structure- and RNA modification-dependent specificities, in
contrast to existing technologies. The in vitro and simple nature of RAPseq enabled us to modify it and
produce an RNA modification depleted total RNA substrate by T7 in vitro transcription of the original
native RNA and produce an identical faithful replica that only lacks modified ribonucleotides. We used
the two substrates in parallel to profile the modification dependent and independent RNA interactome
of YTHDF1 and classified which of its binding sites in the human transcriptome are affected by the
presence/absence of RNA modifications, discovering that mRNAs coding for chromatin regulators were
the ones with the highest m6 A-dependency in terms of YTHDF1 binding. In addition, we further
demonstrate the power of RAPseq by 1. providing binding cooperativity maps for two splicing factors;
2. describe how vertebrate evolution has shaped the binding properties of a highly conserved RBP by
profiling all vertebrate orthologs with RAPseq; 3. assessing the impact on the RNA interactomes of RBPs
mutated in cancer and 4. provide a resource of RNA interactomes for 26 novel non-canonical RBPs.
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Distinct DNA methylation patterns in alveolar macrophages and alveolar T-cells induced
by Mycobacterium tuberculosis
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Background Host innate immune cells have been identified as key players in the early eradication of
Mycobacterium tuberculosis and in the maintenance of an anti-mycobacterial immune memory, which
we and others have shown are induced through epigenetic reprogramming. Studies on human
tuberculosis immunity are dominated by those using peripheral blood as surrogate markers for
immunity. We aimed to investigate DNA methylation patterns in immune cells of the lung compartment
by obtaining induced sputum from patients with tuberculosis and subjects exposed to M. tuberculosis.
Alveolar macrophages and alveolar T cells were isolated from the collected sputum and DNA methylome
analyses performed (Illumina Infinium Human Methylation 450k).
Results Multidimensional scaling analysis revealed that DNA methylomes of cells from the patients with
tuberculosis, the exposed subjects and controls appeared as separate clusters. The numerous genes that
were differentially methylated between the three groups were functionally connected and overlapped
with previous findings of trained immunity and tuberculosis. In addition, analysis of the interferongamma release assay (IGRA) status of the subjects demonstrated that also the IGRA status was reflected
in the DNA methylome by a unique signature data.
Conclusions M. tuberculosis induces epigenetic reprogramming in immune cells, reflected as a specific
DNA methylation pattern of immune cells in the lung compartment upon exposure to tuberculosis. The
data of this pilot study suggests that DNA methylation-based biosignatures could be considered for
further development towards a clinically useful tool for determining tuberculosis exposure in contact
tracing and tuberculosis infection status.
Keywords: DNA methylation, tuberculosis, biosignature, epigenetics, sputum induction, IGRA
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Sperm-borne mitochondrial small RNA are dietary sensitive in flies and human
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Environmental perturbation has been found detrimental to both germ cell development and maturation,
as well as the inheritance of developmental phenotypes. Here, epigenetic changes have been studied as
a potential mechanism due to their plastic nature, where small non-coding RNA especially has shown a
great response for paternal insults like diet. Additionally, they are interesting messenger molecules,
capable of transmitting information from parental germ cells to the zygote as they are easily
transported.
We can now show that sugar diet in a Drosophila model affects the seminal load of small non-coding
RNA. Here, we find that mitochondrial small RNAs are globally downregulated in normal sugar levels
compared to high sugar diet. To understand if this is conserved in humans, we re-analyzed data from
our previously performed human diet intervention. Here, a high sugar diet of one week increased
mitochondrial small RNA in young healthy male participants, confirming that sperm mitochondrial small
RNAs are acutely dietary sensitive in both flies and human. Further mining of previously published
studies of sperm small RNA showed that mitochondrial small RNAs are increased in human sperm of
fertile subjects and males leading to higher embryonic quality during IVF, further identifying that mito
sRNA may be connected to sperm health. This raises molecular questions about how diet and infertility
may be directly intertwined.
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tRNA fragment biogenesis during male gamete biogenesis is linked to transcriptome
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RNA silencing is an evolutionary-conserved mechanism that protects genomes against invading RNAs
and/or regulates gene expression at the transcriptional and post-transcriptional levels. To exert these
functions, small RNAs (sRNAs) act through a diversity of pathways. tRNAs are known for their
indispensable function linking transcription and translation, but they can also produce different classes
of functional sRNAs: tRNA-derived fragments (ranging from 18 to 28 nts and termed tRFs) and tRNA
halves (ranging from 30 to 35 nts). Here we have investigated the accumulation pattern of tRNA-derived
sRNAs and their effects at the post-transcriptional level during Arabidopsis thaliana male gametogenesis.
Using sRNA sequencing of different pollen developmental stages, we identified that tRNA halves
accumulate to high levels in the microspore and mature pollen grain. These pollen-accumulating tRNAs
halves derive from specific tRNAs precursors and show a correspondence between highly accumulated
tRNA fragments and the abundance of RNA modifications. In parallel, RNA sequencing from mature
pollen indicates that accumulation of tRNA halves correlates with a decrease in the activity of genes
mediating RNA post-transcriptional modifications and an increase in the expression of members of the
RNase T2 family, opening the possibility of RNA modification as a regulatory pathway for the production
and processing of tRNA fragments. In summary, our data indicate that the Arabidopsis pollen grain
experiences a programmed degradation of the tRNAs that might influence the stability and translation
of mRNAs during male gametogenesis and fertilization.
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Statistical approach to GBS-MeDIP count data
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In recent years the field of epigenetics has expanded exponentially. Multiple wet lab techniques have
been developed such as WGBS and several others. These techniques offer single-base resolution but
have the disadvantage of reduce the complexity of the sequence, making it challenging for the alignment
process. Very recently it was published a newly method: GBS-MeDIP (Rezaei et al., 2022). This method
has several advantages over previous ones, it is highly cost-effective, and it integrates genetic and
methylomic information. This technique uses enzymatic digestion to get a DNA reduced genome library.
After the library preparation a pull of all the individuals to be analyzed undergoes a methyl-immunoprecipitation. Because of the nature of the fragments the current statistical methods do not have power
enough to call the correct peaks and to correctly assess possible differences in methylation between
groups.
In this poster I will show our current findings on the correct statistical approach to analyze GBS-MeDIP
data. I have compared the performance of the gold standard parametric approach in other epigenetic
assays with non-parametric approaches such as Mann-Whitney and permutation test. We also
compared the performance of quasi-likelihood vs maximum likelihood approaches to handle over
dispersed data as well as the use of winsorized mean.
Our results suggest that we can have a robust method fitting GBS-MeDIP data to a negative binomial
distribution and calculating the parameters by doing quasi-likelihood approaches. Winsorizing the mean
do not produce any positive effect in terms of handling the overdispersion.
In conclusion, parametric approaches are a good and reliable option to perform statistical analysis when
using GBS-MeDIP data.
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Lymphatic progenitors arise from multiple sources, the most studied of which is the venous
endothelium. Upon expression of the transcription factor Prox1, the lymphatic linage specification is
initiated. However, the mechanistic insight into how one linage is derived from the other to form a
functionally and morphologically distinct vascular network remains unclear.
As Prox1 is evolutionary conserved in the animal kingdom and has a complex, well-described expression
pattern in multiple tissues from different germ layers, we took advantage of conservation of non-coding
regulator elements to identified sequences driving Prox1 expression in endothelium in zebrafish.
Using Mvista analysis of the Prox1 locus in vertebrate species, 10 conserved non-coding sequences were
identified, for which we generated stable reporter lines and analysed activity in vivo. Two elements
drove reporter expression in lymphatic endothelial cells (LECs). The first element led expression of the
fluorescent reporter in the recently described facial lymphatic valve at 5 days post fertilisation in
zebrafish embryos. The second element was active in the facial lymphatic endothelium, as well as some
venous tissue. This revealed, unexpected, regulatory element driven compartmentalisation of lymphatic
gene expression.
To further study the mechanisms inducing LEC identity, we moved into a more global approach. As
chromatin architecture is an integral in regulating differential gene expression during development, we
are generating Hi-C, scRNA-seq and ATAC-seq datasets on zebrafish FACS sorted endothelial cells. This
will determine structural chromatin changes in LECs that drive the cell fate separation from venous
endothelium.
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