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The genetic and epigenetic landscape of the Arabidopsis
centromeres

Tuesday, 6th April - 14:15: Keynote Session (Room 1) - Abstract ID: 128

Mr. Ian Henderson 1

1. University of Cambridge, UK

Despite their conserved role in chromosome segregation the DNA sequences that underly centromeres are

highly diverse and fast evolving, termed the centromere paradox. Furthermore, many centromeres consist

of large tandem arrays of satellite monomers, often at the scale of millions of base pairs. The satellites are re-

sponsible for loading CENH3 nucleosomes that assemble the kinetochore and connect to spindle microtubules.

However, the recombination pathways that mediate satellite array formation remain unclear, partly due to

centromere sequences being unassembled in many species. To provide insight into these questions we have

assembled the Arabidopsis centromeres using long-read nanopore sequencing. I will present what this new

assembly reveals about the genetic and epigenetic structure of centromeres and how they evolve.
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Protecting the centers – Exploring the regulatory network
surrounding SHUGOSHIN

Tuesday, 6th April - 15:00: Oral Session 1 (Room 1) - Abstract ID: 147

Ms. Franziska Böwer 1, Dr. Chao Yang 1, Dr. Yuki Hamamura 1, Dr. Shinichiro Komaki 2, Prof. Arp
Schnittger 1

1. University of Hamburg, 2. Nara Institute of Science and Technology

In yeast and animals, Shugoshin (SGO) is well known to play crucial roles in ensuring correct chromosome seg-

regation through manipulating different events during meiosis, e.g. protecting centromeric sister chromatid

cohesion (SCC) from premature cleavage by Separase and regulating the biorientation of homologous chromo-

somes. Despite the importance of SGO, not much is known about its localization. To address this question, we

have generated a functional SGO1 reporter and have followed its distribution and accumulation by live cell

imaging in the model system Arabidopsis thaliana. Interestingly, we found a previously unrecognized dynamic

localization pattern of SGO1 duringmeiosis: themajority of SGO1was associatedwithmicrotubules prior to nu-

clear envelope breakdown (NEB), followed by a rapid transport to the centromeric regions of chromosomes and

a fast degradation at the end of anaphase I. Following up this observation, we are exploring the molecular func-

tion of following the three different aspects of SGO1 localization: The recruitment of SGO1 to the centromeres,

SGO1’s degradation at the end of anaphase I as well as its co-localization with microtubules prior to NEB. We

found by combining genetic and imaging approaches that the recruitment of SGO1 to the centromeres depends

on the spindle assembly checkpoint (SAC) kinases MPS1 and BUB1. In contrast to animals, we found, however,

that MPS1 and BUB1 act largely redundantly. This conclusion is further supported by our finding that mps1

bub1 double mutants are gametophytic lethal in Arabidopsis. Next, we provide evidence that SGO1 is a likely

target of the APC/C. Currently, we are dissecting the association of SGO1 to microtubules with a combination

of biochemical and live imaging approaches to investigate its biological relevance and located a region in the

N-terminal part of SGO1 responsible for microtubule association. Taken together, our results shed light on the

regulatorymechanisms responsible for recruitment, degradation, and function of SGO1 inArabidopsis thaliana.

2
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Targeted meiotic recombination in Arabidopsis and Brassica

Tuesday, 6th April - 15:20: Oral Session 1 (Room 1) - Abstract ID: 243

Ms. Carolina Saad 1, Mr. Michael Janisiw 2, Dr. Konstantin Tomanov 2, Dr. Jason Sims 2, Dr.
Marie-Therese Kurzbauer 2, Dr. Bernd Edlinger 2, Dr. Bert J. van der Zaal 3, Dr. Gregory P. Copenhaver

4, Dr. Peter Schlögelhofer 2

1. Max Perutz Labs,Department of Chromosome Biology, University of Vienna, Vienna BioCenter, Dr. Bohr-Gasse 9, 1030

Vienna, Austria, 2. Max Perutz Labs, Department of Chromosome Biology, University of Vienna, Vienna BioCenter, Dr.

Bohr-Gasse 9, 1030 Vienna, Austria, 3. Institute of Biology Leiden, Faculty of Science, Leiden University, Sylviusweg 72, Leiden,

BE, The Netherlands, 4. University of North Carolina at Chapel Hill Department of Biology and the Integrative Program for

Biological and Genome Sciences, Genome Science Building, Chapel Hill, North Carolina 27599-3280

All breeding programs depend on the recombination of genetic traits during meiosis. Meiosis is a specialized,

two-step cell division that ensures the reduction of the genome prior to the formation of generative cells, as well

as the exchange of genetic information (crossovers) between maternal and paternal chromosomes. Crossovers

are initiated by the introduction of DNA double strand breaks (DSBs) by the SPO11 complex in a non-random

fashion throughout the genome. In Arabidopsis, besides SPO11-1 and SPO11-2, five additional proteins are also

required for DSB formation: MTOPVIB, PRD1, PRD2, PRD3 and DFO.

Low levels of DSBs and crossovers can impede the effective recombination of beneficial traits in some regions

of the genome. Here we present a strategy for targeted stimulation of meiotic DSBs and crossovers in the model

plant Arabidopsis thaliana. We used transgenic plants expressing SPO11-zinc-finger fusion proteins (ZnFs) to

enhance meiotic recombination at two different targeted intervals. Our results demonstrate that the recom-

bination landscape of plants can be intentionally modulated in Arabidopsis thaliana. Now we are aiming to

translate this knowledge to the related crop species Brassica napus (rapeseed) by using SPO11-1 and PRD2 fused

to ddCAS9. This may allow to combine desired traits at will in Brassica and impact future plant breeding pro-

grams.

3
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Recombination landscapes and genome evolution in
Angiosperms

Tuesday, 6th April - 16:00: Flash Session 1 (Room 1) - Abstract ID: 167

Mr. Thomas Brazier 1

1. University of Rennes, CNRS, ECOBIO (Ecosystems, Biodiversity, Evolution) - UMR 6553, Rennes, France

Meiotic recombination is a crucial mechanism for genome evolution in eukaryotes, as it influences the dis-

tribution of genetic variation and the efficacy of selection. Hence, reliable estimates of local recombination

rates along a genome, also defined as recombination landscapes, are highly relevant in the study of genome

evolution. Angiosperms display an impressive diversity in genome sizes, number of chromosomes, genomic

features (e.g. gene density, base composition), which could potentially affect recombination rates within and

among chromosomes. In particular it has been hypothesized that chromosome architecture (e.g. chromosome

size,centromere position) was an important driver of the distribution of recombination along chromosomes.

However, general description of the diversity of recombination landscapes at a large phylogenetic scale is still

lacking in angiosperms. Hencewe established recombinationmaps for 56 angiosperm species, representing 677

chromosomes, to describe and quantify the diversity of recombination landscapes in a representative panel of

angiosperms. We estimated local recombination rates using the Marey map approach with publicly available

data. The comparison of genetic maps with their reference physical maps yielded estimates of recombination

rates along the genome at a large genomic scale (100kb). In agreement with the role of chromosome architec-

ture, we found a wide range of recombination rates and a negative correlation between the average recombi-

nation rate and chromosome size. Interestingly, larger chromosomes experience an uneven distribution with

recombinationmostly concentrated in distal regions of the chromosome. Both centromere position anddistance

to telomeres seem to play a role in shaping variation in recombination landscapes. Furthermore, recombina-

tion was also positively correlated with gene density in most species, suggesting the role of genic regions in

the initiation of recombination as described in a handful of species. This association may also have important

implications to understanding the variation in genetic shuffling among chromosomes and species.

4
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Cataloging human PRDM9 allelic variation using long-read
sequencing reveals PRDM9 population-specificity and two

distinct groupings of related alleles

Tuesday, 6th April - 16:00: Flash Session 1 (Room 1) - Abstract ID: 263

Dr. Benjamin Alleva 1, Dr. Kevin Brick 1, Dr. Florencia Pratto 1, Dr. Mini Huang 1, Dr. R. Daniel
Camerini-Otero 1

1. Genetics and Biochemistry Branch, NIDDK, National Institutes of Health, Bethesda, MD, USA

Introduction:
In humans, localization of DNA double strand breaks (DSBs) duringmeiosis is dependent upon the DNA-binding

protein PRDM9. DSB targeting specificity is encoded by a hypervariable array of C2H2 zinc fingers, resulting in

potentially countless alleles with different DNA recognition sites. Since PRDM9 alleles have gross differences in

recombination hotspot localization, systematic assessment of PRDM9 diversity is important for understanding

the complexity of population genetics and inheritance linkage patterns. However, due to the repetitive nature

of PRDM9, large-scale genotyping is difficult. In addition, previous studies of PRDM9 diversity disproportion-

ately surveyed individuals of European descent and therefore a comprehensive survey of PRDM9 across human

populations has never been performed.

Methods:
To address these issues, we developed a high throughput long-read sequencing strategy, utilizing nanopore and

Pacbio sequencing technologies, to genotype PRDM9 from 665 individuals across 7 populations composed of in-

dividuals from Asia, Africa, South America, and Europe. We further assessed the potential relatedness between

human PRDM9 alleles by developing an algorithm to infer sequence similarity between different alleles based

on template switching as the mechanism for new PRDM9 allele formation. Last, we analyzed DSB localization

in human spermatocytes from individuals harboring small variations in PRDM9 by performing single-stranded

DNA sequencing.

Results/Discussion:
We detected 62 high-confidence alleles including 25 novel alleles and 12 alleles previously identified in sperm

suggestive of greater undiscovered PRDM9 diversity. We also found that PRDM9 alleles differ substantially be-

tween populations, and that some alleles are segregating within populations. Our relatedness analysis revealed

that these alleles group into two major clusters around the PRDM9-A and PRDM9-C alleles. Further, we applied

this analysis to annotated mouse Prdm9 alleles and found a similar pattern wherein alleles clustered based on

the strain they were annotated in suggesting an evolutionarily conservedmechanism of PRDM9 diversification.

Importantly, by mapping DSBs in human testis we found that individuals harboring small variations in PRDM9

can substantially alter the meiotic recombination landscape. In summary, our data expands our knowledge

ofPRDM9 diversity in humans and demonstrates that minor PRDM9 variants may play an under-appreciated

role in shaping patterns of human recombination.

5
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Illuminating the role of meiotic host/transposon conflicts in
the germline-specific neo-functionalization of

transposon-derived genes

Tuesday, 6th April - 16:00: Flash Session 1 (Room 1) - Abstract ID: 261

Dr. Raphaelle Laureau 1, Ms. Annie Dyatel 1, Ms. Gizem Dursuk 1, Dr. Gianni Liti 2, Dr. Ian Adams 3,
Dr. Luke Berchowitz 1

1. Department of Genetics and Development, Columbia University, 2. IRCAN Institute for Research on Cancer and Aging,

Université Côte d’Azur, 3. MRC Human Genetics Unit, University of Edinburgh

In mammals,Ty3/Gypsy LTR-retrotransposons have been repeatedly domesticated into novel genes which serve

critical functions in reproductive biology. However, how these genes acquire their function is unclear. The

germline serves as the battleground between retrotransposons and host genomes where retrotransposons at-

tempt to produce new heritable copies and host cells aim to maintain the genomic integrity of their progeny.

We used genetic and genomic approaches in budding yeast to study an active Ty3/Gypsyretrotransposon during

meiosis. In addition, we analyzed available sequencing data in opossum testis (RNAseq), in mouse testis (wild

type andMybl1-/- RNAseq, Mybl1 ChIPseq, Dazl iCLIP), and in human fetal ovary (Dazl RNA-IP) to study germline

activity of Ty3/Gypsy-derived genes.

We demonstrate that in yeast gametogenesis, both the transcriptional activation of Ty3/Gypsy retrotransposons

and the host defense are controlled bymaster meiotic regulators (Figure 1). We show that Ty3/Gypsy co-opts the

essential meiotic transcription factor Ndt80 to link its transcriptional activation to meiotic progression. While

our lab strain harbors only one Ty3/Gypsycopy, wemade the same observation for multiple Ty3/Gypsy elements

in various yeast strains. We also elucidate howyeast cells thwart Ty3/Gypsy proliferation by blocking translation

of its mRNA using the meiotic RNA-binding protein Rim4. In parallel, we show that mammals utilize equivalent

mastermeiotic regulators to regulate three Ty3/Gypsy-derived genes in developing gametes (Figure 2). Inmouse,

we found that PNMA1 and PNMA4 are highly expressed in pachytene (round spermatocytes), and that their

expression is regulated by Mybl1 and Dazl, the mouse orthologs of yeast Ndt80 and Rim4 proteins. In opossum,

M-PNMA is also expressed in round spermatocytes, and in human fetal ovaries, PNMA1 and PNMA4 mRNA are

expressed and also bound by Dazl. The expression pattern of these Ty3/Gypsy-derived genes and the regulatory

elements involved are highly reminiscent of the yeast meiotic regulation of Ty3/Gypsy retrotransposon.

We uncovered a fascinating host-retrotransposon conflict in yeast, where yeast successfully protect its gametes

from Ty3/Gypsy propagation. However, the persistence of Ty3/Gypsymeiotic expression across different yeasts

suggests that this must be a successful propagation strategy in some context yet to discover. Additionally, our

findings on the meiotic activation of Ty3/Gypsy-derived genes, its timing and the regulatory proteins involved

in mammalian gametogenesis led us to hypothesize that the recruitment of meiotic regulators during ances-

tral evolutionary conflicts has facilitated the repurposing of some Ty3/Gypsy coding sequences into germline-

expressed genes with functions in gamete development which remain to be determined.

6
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Laureau figure 1.png
Laureau figure 2.png
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Testing the effect of structural differences and SNPs on
crossover frequency at the hotspot scale

Tuesday, 6th April - 16:00: Flash Session 1 (Room 1) - Abstract ID: 245

Mrs. Maja Szymanska-Lejman 1, Mr. Wojciech Dziegielewski 1, Mrs. Julia Dluzewska 1, Ms. Nadia Kbiri
1, Dr. Piotr Ziolkowski 1

1. Laboratory of Genome Biology, Adam Mickiewicz University in Poznan

It is widely accepted that structural differences and SNPs between homologous chromosomes lead to local sup-

pression of crossover recombination. However, at the fine scale, when few recombination hotspots are present,

this relationship has only been studied to a very limited extent. Taking advantage of recently developed seed-

typing method that provides a precise analysis of the frequency and distribution of recombination at the fine

scale, we will present one of the applications of this method to study the impact of different types of polymor-

phism on recombination.

We have developed seed-typing method, which enables to preselect the recombinants based on segregation of

linked fluorescent reporters. First, five extremely narrow intervals of 15-49 kb in length were generated and

crossed with different accessions to investigate recombination rate within the intervals using seed-scoring. In

order to identify the precise CO sites, the recombinants (single colour seeds) can be selected and sequenced

using Illumina technology. Later, SNPs differing the parental accessions are used to map CO breakpoints along

the intervals.

One of the intervals, called ChP, which is 26 kb long, showed significantly increased recombination frequency in

Col x Ler cross when compared to Col x Col inbred (mean 18,45 vs. 9,12 cM/Mb respectively). Using seed-typing

method, we detected the precise location of over 220 crossovers, which occurred in one of the three recombi-

nation hotspots identified within ChP. ChP is located in the pericentromeric region, hence it demonstrates high

density of both SNPs and structural variation between Col and other Arabidopsis accessions making it a per-

fect model to study their effect on recombination. We used a set of different accessions to investigate whether

structural rearrangements (ranging 8-10 kb in size) surrounding ChP on one or both sides of the interval have

an impact on the recombination at the hotspot scale. Surprisingly, we did not observe differences in the re-

combination frequency between lines with or without structural changes. The exception is the C24 line, which

additionally has the natural deletion of 1197 bpwithin the strongest ChP hotspot resulting in recombination not

statistically different from the inbred. These results show that structural changes have no effect on the crossover

frequency unless they directly involve recombination hotspots. ChP line is also used to investigate the influence

of mismatch repair factor MSH2 on the activity of the identified hotspots. The comprehensive analysis of the

influence of different types of polymorphisms on recombination at the hotspot will be presented.

The work is supported by NCN grant #2016/22/E/NZ2/00455 and TEAM FNP grant POIR.04.04.00-00-5C0F/17-00

to PAZ.
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Functional analysis of interactions between hybrid sterility
locus Hstx2 and PRDM9 during meiotic recombination

initiation

Tuesday, 6th April - 16:00: Flash Session 1 (Room 1) - Abstract ID: 267

Mrs. Elena Damm 1, Dr. Khawla AbuAlia 1, Mr. Marvin Suhr 1, Dr. Linda Odenthal-Hesse 2

1. Department Evolutionary Genetics, Research Group Meiotic Recombination and Genome Instability, Max Planck Institute for

Evolutionary Biology, Plön, 2. Department Evolutionary Genetics, Research Group Meiotic Recombination and Genome

Instability, Max Planck Institute for Evolutionary Biology

Recently optical mapping has revealed a strong candidate microRNA cluster to play a crucial role in hybrid

sterility locus HstX2-related sterility of male mice. We postulate that the function of PRDM9 during meiotic re-

combination could be modulated by variants of Hstx2 in normal meiosis as well as in the well-studied context

of B6xPWD male hybrid sterility. We generated intra- and intersubspecific mouse model lines with variable

combinations of PRDM9 and Hstx2 variants. Variation in crossover frequency combined with robust crossover

resolution data, gathered from fine-scale analyses of recombinant molecules, support the hypothesis that vari-

ants of Hstx2modulate PRDM9-function during or possibly even ahead ofmeiotic recombination initiation. The

observed interaction between Hstx2 and PRDM9 during crossover formation allowed us to narrow down target

genes in the candidate miRNA cluster that may affect recombination processes at the initiation of meiotic re-

combination directly. The strongest emerging candidate target genes were those, encoding for proteins which

directly interact with PRDM9 throughout the initiation ofmeiotic recombination (e.g., part of the COMPASS com-

plex). Analyses of testis-expression levels of respective genes, uncovered an effect of X-chromosomal miRNA

expression on gene expression patterns of all candidate genes on different autosomes. At the same time, the

expression levels of additional control genes also fluctuated with Hstx2 genotype. Additionally, across-species

testis transcriptomic analyses revealed target gene divergence inwildmice, with additional exons in both genes

expressed exclusively in theMus musculus domesticus lineage. These data undermine the impact of the uncov-

ered miRNA cluster on hybrid sterility at the Hstx2-locus. We thus hypothesize, that miRNAs are capable of

modulating the initiation stages of meiosis by altering the expression levels of proteins, which are essential for

meiotic recombination initiation. Most likely these differences are more apparent across species, than within.

We thus compared protein expression patterns between intra- and intersubspecific hybrids and observed sig-

nificant divergence in the protein expression patterns of candidate target proteins. Together these data suggest

a powerfulmechanistic explanation for themeiotic phenotype observed in hybrid sterility, driven by the impact

of Hstx2 on the proteins of meiotic initiation as well as insighst into the mechanistic onset of functional meiotic

recombination.
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From hills to mountains: the recombination landscape in
Brassica AAC allotriploids

Tuesday, 6th April - 16:00: Flash Session 2 (Room 2) - Abstract ID: 253

Mr. Franz Boideau 1, Mr. Loeiz Maillet 1, Mrs. Gwenn Trotoux 1, Mrs. Virginie Huteau 1, Mrs. Maryse
Taburel 1, Mrs. Frédérique Eber 1, Mrs. Marie Gilet 1, Mr. Alain Bamme 1, Ms. Anael Brunet 1, Mr.

Jérôme Morice 1, Dr. Julien Boutte 1, Dr. Gautier Richard 1, Mr. Cyril Falentin 1, Dr. Olivier Coriton 1,
Dr. Mathieu Rousseau-Gueutin 1, Dr. Anne-Marie Chèvre 1

1. IGEPP, INRAE, L’Institut Agro, Université de Rennes 1, BP35327, 35653 Le Rheu Cedex, France

Meiotic recombination via crossovers (COs) is amajormechanism generating new genetic diversity at each gen-

eration by reshuffling alleles inherited from the parents. However, COs are highly regulated both in frequency

and in distribution, with rarely more than three COs per chromosome that are almost exclusively present in

subtelomeric regions. However, it remains to be deciphered the impact of an additional paired vs unpaired

sub-genome on COs landscape in allopolyploid hybrids. To that purpose, we produced two BrassicaF1 hybrids

having two different levels of ploidy but the same A genotype: one allotetraploid (AACC) and one allotriploid

(AAC). These hybrids result from crosses between oilseed rape (Brassica napus, AACC, 2n=4x=38) and a synthetic

oilseed rape line or one of its diploid progenitors (Brassica rapa, AA, 2n=2x=20) used as males, respectively. We

firstly used a set of 202 SNPs (Pelé et al., 2017) to generate genetics maps and compare the homologous recombi-

nation landscape between A chromosomes in the AAC and AACC hybrids with a diploid hybrid AA from Pelé et

al. (2017). It is important to note that, despite these three hybrids have different ploidy levels, they all share the

exact same A sub-genome. Our preliminary results indicate a similar COs landscape between the AA and AACC

hybrids, but a COs increase of 3.8-fold in the AAC hybrid compared to the two others (Fig. 1). Interestingly, HEI10

immunostaining on pollen mother cells suggests an increase of interfering class I COs in the AAC hybrid (Fig.

2). This increase of COs is observed all along the A chromosomes, with the appearance of recombination in the

vicinity of the centromeres. Secondly, we used a 15K Illumina and KASPar SNP array to explore the impact of

chromosomal structure on COs in the AAC and AACC hybrids. Very interestingly, we observed that COs can arise

at only few kb from the centromere in the allotriploid AAC hybrid, whereas they occur (as expected) at several

Mb from the centromere in the allotetraploid hybrid (Fig. 3). We are currently investigating if these modifica-

tions of the recombination rules in allotriploids can persist for several generations and revert when the plant

recovers AACC ploidy level, as well as the role played by epigenetic modifications in this unique phenomenon.

Altogether, this study will provide new insights onmeiotic recombination regulations in an interspecific hybrid

and new ways to more efficiently enhance the narrow genetic diversity of a major polyploid crop.
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Characterizing Recombination Landscape in Arabidopsis
arenosa diploids

Tuesday, 6th April - 16:00: Flash Session 2 (Room 2) - Abstract ID: 255

Dr. Marinela Dukic 1, Prof. Kirsten Bomblies 1

1. ETH Zurich

Meiotic or crossover (CO) recombination is one of the key forces in evolution, since it is reshuffling the existing

genetic variation and creating novel combinations of alleles uponwhich selection can act. We know thatmeiotic

recombination is a tightly regulated process, with obvious constraints on the number and the positioning of

COs across the genome. However, we also know that within those constraints, there is a window of variation

that has been documented between various taxonomic units, and that is expected to have a profound effect

on the evolutionary trajectory of any other trait. Knowing how recombination varies across the genome in the

species of interest, is of crucial importance for designing and interpreting population genetic studies, as well

as advancing breeding efforts. Moreover, deepening our knowledge about aspects of recombination landscape

that differ, or that are conserved between related species, provides a valuable ground towards elucidating the

determinants of recombination rate variation.

In this study, we employed genetic mapping and cytological approach to characterize recombination landscape

in male and female meiosis of Arabidopsis arenosa diploids, an outcrossing relative of A. thaliana. Over the re-

cent years, A. arenosa has been established as a system to studymeiotic adaptations after the whole genome du-

plication. Interestingly, some of the genes that are suggested to govern the stabilization of meiosis in tetraploid

lineage, are also found to be under selection in diploid lineage from a warm and dry Pannonian Basin, when

compared to diploids originating from temperate sites in Carpathian Mountains. Analysing plants from these

specific lineages, we found differences in recombination landscape that might be driven by detected differen-

tiation in meiotic genes. Currently, efforts are underway to test for this possibility. Furthermore, since the two

lineages are originating from significantly different thermal environments, we are also investigating if, and

how, recombination changes in response to temperature in both lineages. Finally, we have compared the re-

combination landscapes between A. thalianaand A. arenosa, and discuss how the differences that have arisen

between the species, might have been driven by changes in the genome architecture or in the breeding system.

Ourwork contributes to the elucidation of recombination rate evolution inArabidopsis complex, but also tackles

the idea of the differential evolution of recombination landscape in different environments.
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Sexually dimorphic DNA damage responses and mutation
avoidance in the mouse germline

Tuesday, 6th April - 16:00: Flash Session 2 (Room 2) - Abstract ID: 190

Dr. Jordana Bloom 1, Dr. John Schimenti 2

1. Whitehead Institute for Biomedical Research, 2. Cornell University

Introduction: The ability of organisms to pass their genetic information onwards to subsequent generations is

crucial for survival and propagation of a species. Germ cells, which are responsible for transmitting DNA to the

next generation, are specified during fetal development and form the foundation of the adult germline. These

primordial germ cells (PGCs) undergo rapid proliferation, yet the germline is highly refractory to mutation

accumulation compared to somatic cells. Importantly, while the presence of endogenous or exogenous DNA

damage has the potential to impact PGCs, there is little known about how these cells respond to stressors.

Methods: cell cycle analysis, RNA-seq, small RNA-seq, single-cell DNA sequencing

Results: To better understand the DNA damage response (DDR) in these cells, we exposed pregnant mice to ion-

izing radiation (IR) at specific gestational time points and assessed the DDR in PGCs. Our results show that PGCs

prior to sex determination lack a G1 cell cycle checkpoint. Additionally, the response to IR-induced DNA damage

differs between female andmale PGCs post-sex determination. Irradiation of female PGCs caused uncoupling of

germ cell differentiation andmeiotic initiation, whilemale PGCs exhibited repression of piRNAmetabolism and

transposon de-repression. We also used whole genome single-cell DNA sequencing to assess whether genetic

rescue of DNA repair-deficient germ cells (Fancm-/-) leads to increased mutation incidence and biases, revealing

that importance of the p21 checkpoint in preventing the accumulation of complex mutations in the germline.

Discussion: Our work uncovers novel insights into how PGCs exposed to DNA damage can become develop-

mentally defective, leaving only those genetically fit cells to establish the adult germline. Notably, there are

many genes which when mutated lead to germ cell depletion, some via apoptosis and some by slowing DNA

replication. It will be important in future studies to continue exploring the impact of these various contexts

on de novogermline variation throughout germ cell development. In summary, our findings contribute to the

understanding of how the germline minimizes mutation transmission to future generations when exposed to

DNA damage and replication stress in utero.
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Unconventional conservation reveals structure-function
relationships in the synaptonemal complex

Tuesday, 6th April - 16:00: Flash Session 2 (Room 2) - Abstract ID: 246

Dr. Lisa Kursel 1, Dr. Ofer Rog 1

1. University of Utah

Functional requirements constrain protein evolution, commonly manifesting in a conserved primary amino

acid sequence. Implicit in this paradigm is notion that relaxed selection of primary amino acid sequence re-

flects a non-essential or non-conserved structure or function. We challenged this assumption by identifying

signatures of unconventional conservation in an essential meiotic protein complex called the Synaptonemal

Complex (SC). The SC is instrumental to sexual reproduction. It ensures that offspring inherit the correct num-

ber of chromosomes by aligning parental chromosome pairs and regulating exchanges between them. In elec-

tronmicrographs ofmyocytes fromall eukaryotic clades, the SC appears as a ~100 nm-wide ladder-like structure

with regular striations. Despite the conserved dimensions, ultrastructure and functions, the proteins that make

up the SC are highly divergent. Taking an evolutionary genomics approach, we found that, within Caenorhabdi-

tis, SC proteins are significantly more diverged than other proteins,but do not evolve under positive selection.

Interestingly, we found that SC proteins have highly conserved overall protein length and coiled-coil domain

structure.The same signature of unconventional conservation held true for SC proteins in Drosophila andmam-

mals, suggesting that high divergence, conserved length and conserved coiled-coil domains could be a universal

feature of SC proteins. We used this evolutionary signature to identify SC proteins in silico.We successfully iden-

tified a novel SC protein in Pristionchus pacificus, Ppa-SYP-1, which has no significant homology to any protein

outside of Pristionchus.Ppa-SYP-1 localizes to the inter-chromosomal interface inmeiotic prophase, and its dele-

tion confers strong embryonic lethality and chromosome missegregation due to lack of chiasmata. Our work

sheds light on conserved features of SC proteins that are not reflected in their primary amino acid sequence,

and suggests that the length and relative arrangement of the coiled-coil domains play a key role in the structure

and function of the SC. Furthermore, our analysis implies that for some protein families, primary amino acid

conservation is a poor proxy for functional and structural conservation.
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Figure syp1 conserved coiled coil.png
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Changes in meiotic crossover distribution and frequency in
response to chromosome structural variants

Tuesday, 6th April - 16:00: Flash Session 2 (Room 2) - Abstract ID: 264

Ms. Christiana Wang 1, Dr. Nicole Crown 1

1. Case Western Reserve University

Recombination of genetic material leads to crossover (CO) formations, which are required for proper segrega-

tion of gametes and sexual reproduction. Although the CO events are suppressed by heterozygous inversion in

Drosophila, COs increase in frequency between unaffected chromosome pairs; this phenomenon is called the

interchromosomal (IC) effect. It has been proposed that chromosome axis defects present in inversion heterozy-

gotes trigger the pachytene checkpoint. The subsequent delay in pachytene provides an extended opportunity

for generating more COs, thus causing the IC effect. However, this model has not been explicitly tested and

the exact mechanism of how the pachytene checkpoint would allow for the generation of more COs remains

unknown. In this work, we are investigating whether or not the IC effect is directly mediated by the pachytene

checkpoint as previously proposed, or, alternatively, mediated by disrupted CO controls caused by the heterozy-

gous inversion. To test for the effect of pachytene checkpoint activation and subsequent delay in pachytene

progression on CO formation and patterning, we are utilizing maelstrom mutants that activate the checkpoint

independent of any chromosome defects. We hypothesize that by turning on the pachytene checkpoint in flies

without any inversions, the IC effect can be recapitulated. On the other hand, if the IC effect is caused by the lack

of a CO on the heterozygous inversion, then the effect should be absent when a CO is present on the heterozy-

gous inversion. To test this, we are analyzing the IC effect in the presence and absence of COs on a heterozygous

single inversion, dl-49, located on chrX. Current results show that the CO frequency on chr2 is not significantly

different in the presence or absence of a CO on the inversion chromosome (Fisher’s exact test, p=0.4), suggesting

that a CO on a heterozygous chromosome does not alleviate the IC effect. However, the frequency of double and

triple COs is significantly different (Chi-Square test, p=0.02), suggesting that if a CO on an inversion does not

alleviate the IC effect, the properties of the IC effect are slightly different. Further research with larger sample

size is required to investigate discrepancies between the two sets of results. With the study on pachytene delay

getting completed, our data will provide insights into the mechanisms of the IC effect and reveal whether or

not the IC effect is directly mediated by a delay in pachytene or, alternatively, mediated by disrupted crossover

control mechanisms.
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An essential role of TOPBP1 in male fertility dispensable for
organismal viability

Tuesday, 6th April - 16:00: Flash Session 3 (Room 3) - Abstract ID: 254

Ms. Jennie Sims 1, Dr. Carolline Fernanda Ascencao 1, Dr. Paula Cohen 1, Dr. Robert Weiss 1, Dr.
Marcus Smolka 1

1. Cornell University

Introduction

TOPBP1 is an essential molecular scaffold with established roles in the checkpoint and DNA damage response

pathways. In the context of meiosis, conditional depletion of TOPBP1 in spermatocytes severely impairs mei-

otic progression. However, given the multifaceted functions of TOPBP1 in DNA metabolic processes, including

activation of the DNA damage sensor kinase ATR, understanding the mechanism of TOPBP1meiotic activity has

remained a major challenge. Here we report a separation-of-function Topbp1mutant mouse bearing point mu-

tations in TOPBP1 BRCT5 domain. These mice display male-specific meiotic defects but retain most aspects of

ATR signaling.

Methods

Mice bearing Topbp1point mutations were generated by the Cornell Stem Cell and Transgenic Core Facility us-

ing CRISPR/Cas9. Meiotic spread immunofluorescence, sperm counts and histological characterization of the

Topbp1B5/B5mousewere performed as described in PMID: 24891606. Topbp1B5/B5and Topbp1+/+ MEFswere gener-

ated from E13.5 embryos and immortalized with large-T antigen before exposure to indicated genotoxin for as-

sessment of viability by colony formation assay and checkpoint activation bywestern blot as in PMID: 32743550.

Results

Topbp1B5/B5 mice are viable and grossly indistinguishable from wild type littermates (Fig 1 A-B). MEFs derived

from Topbp1B5/B5mice are not sensitive to genotoxins and can fully activate the downstream checkpoint kinase

CHK1 (Fig. 1C-D). While female Topbp1B5/B5mice are fertile, males have reduced testes size, reduced tubule

cellularity, and do not produce sperm (Fig. 2 A-D). Evaluation of meiotic spreads from Topbp1B5/B5males re-

vealed normal chromosome synapsis but a potent accumulation of cells at pachytene (Fig 2 E-F) with defects in

phospho-H2AX localization at the PAR of the XY (Fig 3C). Surprisingly, pHORMAD2 and pCHK1 (Fig 3A-B), well-

established meiotic targets of the ATR kinase at the XY, were not disrupted, suggesting that distinct domains of

TOPBP1 coordinate ATR signaling duringmeiosis by directing its kinase activity to distinct downstream players.

Discussion

We have found that the BRCT5 domain of TOPBP1 is critical for male fertility independent of TOPBP1’s role in

promoting canonical ATR activity. Moreover, Topbp1B5/B5mice display abnormal sex body morphology such as

incomplete spreading of phospho-H2AX to the PAR region of the XY, indicating a defect in the spreading of ATR

signaling. Our findings point to the intriguing possibility that TOPBP1 coordinates meiosis-specific modes of

ATR signaling that are essential for prophase I progression.

19



The Students and Postdocs Meiosis Workshop v3.0

Sims ascencao figure2.jpg Sims ascencao figure3.jpg

Sims ascencao figure 1.jpg

20



The Students and Postdocs Meiosis Workshop v3.0

The Genome-wide recombination rate in mammals is
modified by a single cSNP in the synaptonemal complex

component SIX6OS1

Tuesday, 6th April - 16:00: Flash Session 3 (Room 3) - Abstract ID: 181

Mr. Fernando Sánchez-Sáez 1, Dr. Laura Gómez-H 1, Dr. Natalia Felipe-Medina 1, Mx. Yazmine B.
Condezo 1, Ms. Raquel Sainz-Urruela 1, Dr. Manuel Sánchez-Martín 1, Ms. Isabel Ramos 1, Dr. Elena

Llano 1, Dr. Alberto M Pendás 1

1. Centro de Investigacion del Cáncer de Salamanca (CSIC-USAL)

Introduction: Meiotic recombination generates crossovers (COs) betweenhomologous chromosomeswhich are

essential for genome haploidization. The synaptonemal complex (SC) is a ‘zipper’-like structure that synapses

homologue pairs and provides the structural framework for processing recombination sites into COs. Humans

show individual differences in the number of COs generated across the genome. Recently, several SNP vari-

ants influencing human recombination rate have been identified, such as in the C14ORF39/SIX6OS1. We have

previously shown that this transcript encodes a novel component of the central element of the synaptonemal

complex that interacts with thewell-established synaptonemal complex central element 1 (SYCE1). Mice lacking

this central element are defective in homologous chromosome synapsis at meiotic prophase I, which provokes

an arrest at the pachytene-like stage that results in infertility. In accordance with it being a modifier of the

recombination rate in humans, SIX6OS1 is essential for the appropriate processing of intermediate recombina-

tion nodules immediately prior to reciprocal recombination and CO formation. The cSNP in the human SIX6OS1

(p.Leu524Phe) affects a Phe residue that is highly conserved in mammals except for humans.

Methods: In this presentworkwe have generated (making use of CRISPR/Cas9 genome editing) and functionally

analyzed two different mutants: a humanized mouse expressing the Leu variant in the 513 position of mouse

Six6os1 (Six6os1KI/KI) and another harbouring a 12 bp in-frame deletion surrounding that residue (Six6os1Δ/Δ),

so that we could explore its impact in the recombination rate.

Results: The humanized Six6os1KI/KI mutant showed an augmented recombination rate in male mice, observed

by an increase in the number of MLH1 foci in pachytene spermatocytes that phenocopies the previously de-

scribed association with genome-wide meiotic recombination rate in humans. Strikingly, the Six6os1Δ/Δ sper-

matocytes showed no differences in the number of MLH1 foci neither in the number of spermatocytes with

a chromosome axis with more than two COs in comparison with the WT. None of these mutants showed any

synaptic defect in prophase.

Discussion: From our study, we can conclude that humanized Six6os1 increases the recombination rate by

inhibiting the random distribution of COs in male mice. These results provides for the first time in mammals

functional evidence of the direct participation of a structural component of the SC in the conserved phenomenon

of CO interference.
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Sycp1 is not required for subtelomeric DNA double-strand
breaks but is required for homologous alignment in zebrafish

spermatocytes.

Tuesday, 6th April - 16:00: Flash Session 3 (Room 3) - Abstract ID: 220

Dr. Yukiko Imai 1, Dr. Noriyoshi Sakai 1

1. National Institute of Genetics

Introduction:In meiotic prophase I, homologous chromosomes are bound together by the synaptonemal com-

plex, inwhich two axial elements are connected by transverse filaments and central element proteins. In human

and zebrafish spermatocytes, homologous recombination and assembly of the synaptonemal complex initiate

predominantly near telomeres. In mice, synapsis is not required for meiotic double-strand breaks (DSBs) and

homolog alignment but is required for DSB repair; however, the interplay of these meiotic events in the context

of peritelomeric bias remains unclear.

Methods:In this study, we identified a premature stop mutation in the zebrafish gene encoding the transverse

filament protein Sycp1. We analyzed this sycp1mutant aswell as spo11 and iho1mutant zebrafish by cytological

approaches to understand how synapsis affects DSB formation and repair.

Results:In sycp1mutant zebrafish spermatocytes, axial elements were formed and paired at chromosome ends

between homologs during early- to mid-zygonema (Figure 1). However, they did not synapse, and their asso-

ciations were mostly lost in late zygotene- or pachytene-like stages (Figure 1). Insycp1mutant spermatocytes,

γH2AX signals were observed, and Dmc1/Rad51 and RPA signals appeared predominantly near telomeres, re-

sembling wild-type phenotypes (Figure 2). We observed persistent localization of Hormad1 along the axis

insycp1mutant spermatocytes, while the majority of Iho1 signals appeared and disappeared with kinetics simi-

lar to those inwild-type spermatocytes (Figure 3A). In contrast, we observed persistent Iho1 foci in spo11mutant

spermatocytes (Figure 3B), suggesting that Iho1 dissociation from axes occurs in a Spo11-dependent manner.

We also found that Dmc1/Rad51 foci were drastically reduced in iho1 mutant spermatocytes, suggesting that

zebrafish Iho1 likely promotes DSBs similar to orthologs in other species.

Discussion:Altogether, our results demonstrated that Sycp1 is not required for peritelomeric DSB formation

but is necessary for complete pairing of homologs in zebrafish meiosis. In sycp1mutant zebrafish, homologous

pairing occurred transiently and locally near telomeres. This is different fromwhat is observed in Sycp1mutant

mice, where most homologs remain aligned via parts of the chromosome at pachytene-like stages (de Vries et

al., 2014). Our results also indicate that Iho1 dissociation from axes is promoted not by synapsis but rather by

DSB formation, and imply that Iho1 localization would be a key factor for subtelomeric DSBs.
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Studying the structure and function of the synaptonemal
complex in C. elegans meiosis

Tuesday, 6th April - 16:00: Flash Session 3 (Room 3) - Abstract ID: 237

Ms. Ivana Cavka 1, Mr. Yu-Le Wu 1, Dr. Jonas Ries 2, Dr. Simone Koehler 2

1. European Molecular Biology Laboratory, Heidelberg, Heidelberg, Germany; Collaboration for joint PhD degree between

EMBL and Heidelberg University, Faculty of Biosciences, Heidelberg, Germany, 2. European Molecular Biology Laboratory

Heidelberg

During the pachytene stage of meiosis, homologous chromosomes are joined by the synaptonemal complex, a

proteinaceous structure that assembles between homologs along their entire lengths in most sexually repro-

ducing species. Additionally, a limited number of double strand breaks mature into class I crossover (CO) sites

that physically link the two homologs. Double strand breaks are generally introduced in great excess but only a

small subsetmature into CO sites regulated by crossover assurance and interference. An imbalance in the distri-

bution of CO events may lead to errors in chromosome segregation, which can have devastating consequences

on the health and viability of progeny. To understand how these errors occur and how to prevent them, the

mechanisms that regulate the distribution of CO sites must be elucidated. Recent studies point to an active role

of the SC in CO regulation. However, due to opposing results from different species, the role of the SC in CO

regulation remains highly disputed. In our work, we aim to answer this question by investigating the organi-

zation of the SC and the CO site during C. elegansmeiosis. To this end, we are working on obtaining a detailed

map of the SC using 3D dual-color ratiometric single molecule localization microscopy. With this method, we

are able to image the 3D structure of the SC and the CO site in fixed C. elegans germline tissue at superb reso-

lution. Imaging different stages during meiosis allows us to gain insight into structural changes within the SC

during meiotic progression and how these changes relate to CO formation. Indeed, we have observed a range

of reorganizations of the SC in close proximity to the CO site. We now aim to utilize a sophisticated analysis

pipeline to generate a time-resolved high-resolution map of the SC during CO maturation. This map will reveal

how structural rearrangements within the SC are linked to the CO formation, and whether they are directly or

indirectly involved in regulating CO formation.
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Novel centrosomal role for TEX12.

Tuesday, 6th April - 16:00: Flash Session 3 (Room 3) - Abstract ID: 202

Ms. Rebecca Price 1, Dr. Sumit Sandhu 2, Prof. Neil Hunter 2, Dr. Urszula McClurg 1

1. University of Liverpool, 2. UC Davis

TEX12 forms part of the meiotic synaptonemal complex (SC). SC structure forms between homologous chromo-

somes to allow genetic recombination which results in four genetically diverse haploid gametes. Consequently,

SC expression is tightly controlled and limited to meiosis as aberrant expression in mitosis could lead to onco-

genic genome rearrangements. However, re-expression of several SC proteins, including TEX12, has been noted

across many cancer types and is associated with poor prognosis. Previous research from our group pinpointed

TEX12 localisation in mitotic cells to centrosomes with aberrant TEX12 expression in mitotic cells leading to

centrosome amplification, suggesting a previously unknown role for TEX12 outside of the SC. Furthermore, we

showed that TEX12 localised to centrosomes in meiosis independently of its role within the SC.

To further investigate the role of TEX12 we established the TEX12 null mouse colony and characterised the

phenotype associated with loss of TEX12 at 5, 9, 12 ,16 and 24 weeks. Phenotypic analysis of individual organs

demonstrated that TEX12 loss, on top of infertility, caused significant impediment to kidney and brain develop-

ment as well as obesity in postpubertal animals. Phenotype associated with TEX12 loss is sex specific to female

mice. Differences observed in kidney and brain development point to a potential defect in centrosome/cilia.
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Characterizing the sexually dimorphic role of Topoisomerase
II during meiosis

Tuesday, 6th April - 16:30: Oral Session 2 (Room 1) - Abstract ID: 184

Ms. Christine Rourke 1, Dr. Aimee Jaramillo-Lambert 1

1. University of Delaware

Introduction: The specialized cell division of meiosis results in the production of haploid gametes from diploid

gamete precursor cells. The success of meiosis I is dependent on the proper pairing of homologous chromo-

somes, synapsis, and recombination. Failure to complete these steps properly results in gamete aneuploidy,

which is the leading cause of in infertility, progeny inviability, and birth defects. DNA topoisomerase II (Topo

II) is a conserved enzyme crucial for chromosome fidelity by alleviating topological stresses in DNA. Topo II also

plays a critical role in maintaining mitotic chromosome structure. Although the role of Topo II has been exten-

sively characterized in mitosis, its role in meiosis has not been well defined. Previously, we identified a tem-

perature sensitive allele of C. elegans Topo II, top-2(it7). At the nonpermissive temperature of 24°C, homologous

chromosomes fail to segregate resulting in aneuploid sperm and embryonic lethality after fertilization. Inter-

estingly, homologous chromosome segregation during oogenesis is unaffected in this mutant. When top-2(it7)

worms are incubated at 24°C, TOP-2 fails to localize to chromosomes in both spermatogenesis and oogenesis.

If TOP-2 localization is disrupted in both sexes, why is chromosome segregation only disrupted during sper-

matogenesis? One major difference between oogenesis and spermatogenesis is the chromosomal morphology

after pachytene. I hypothesize that TOP-2 is involved in chromosome remodeling during late meiotic prophase,

facilitating homologous chromosome segregation during spermatogenesis.

Methods: To test my hypothesis, I am examining if the localization of meiotic chromosome architectural com-

ponents are disrupted during spermatogenesis and oogenesis in top-2(it7) animals using immunostaining and

confocal microscopy.

Results: I found that REC-8, a meiosis-specific sister chromatid cohesin and chromosome axis component, is

prematurely removed from chromosomes in top-2(it7) during spermatogenesis. Furthermore, I discovered that

AIR-2, which phosphorylates REC-8 marking it for removal from the chromosomes, is ectopically localized in

spermatogenesis. Interestingly, during oogenesis AIR-2 spatial localization is wild type, however it’s localization

appears to be delayed. These results are exciting because I have determined a novel sexually dimorphic role of

TOP-2 in meiosis.

Discussion: The sexually dimorphic role of topoisomerase II during meiosis presents a unique opportunity to

elucidate a novel role for a ubiquitous enzyme. These data will provide insight into the disassembly of chro-

mosome structural components and chromosome segregation and reveal how these events are regulated by

sex-specific mechanisms of meiosis and their role in aneuploidy and infertility.
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Introduction
In meiosis I, homologous chromosomes are segregated to opposite poles thereby reducing ploidy of the cell by

half. The accuracy of this “reductional” segregation depends on threemechanisms: meiotic recombination, pro-

tection of cohesin at the pericentromere, and kinetochoremonoorientation. In budding yeast, monoorientation

is facilitated by monopolin, a Y-shaped complex consisting of four proteins: Mam1, Csm1, Lrs4 and Hrr25 (ca-

sein kinase I) that is thought to fuse sister kinetochores. Kinetochore association of monopolin requires Spo13.

Spo13 interacts with polo-like kinase, Cdc5, through its Polo-binding domain (PBD) and this interaction is crucial

for monopolin recruitment to the kinetochore and monoorientation. However, artificial recruitment of Cdc5

to kinetochores enables monoorientation in the absence of Spo13, in a manner independent of monopolin. We

hypothesise that Spo13 serves as a platform that brings Cdc5 to kinetochores where it modulates its activity

towards kinetochore-associated proteins, including, but not restricted to monopolin. Spo13 may also influence

the activity of other kinetochore-associated kinases that are important for monoorientation, such as Hrr25 and

DDK.

Methods
We took a proteomics approach to understand how Cdc5 recruitment to kinetochores by Spo13 directsmonoori-

entation. We used a system where Spo13 is absent and Cdc5 is artificially tethered to the outer kinetochore via

GFP-GFP binding protein interaction. Label-free quantitative mass spectrometry (LFQ-MS) was used to analyse

immunoprecipitated kinetochores in the absence of Spo13 to identify amino acid residues that change their

phosphorylation status depending on the presence of Cdc5. We also used MS-LFQ to analyse how Spo13 inter-

actions change when it cannot bind Cdc5.

Results
Weshow that Spo13 associationwith kinetochore proteins is dependent onCdc5. Kinetochore composition is not

greatly changed by the absence of Spo13, however, the levels of the chromosome passenger complex (CPC) and

some of the spindle assessment checkpoint (SAC) proteins are increased at spo13Δkinetochores. Consistently,

we observe increased kinetochore phosphorylation in spo13Δ cells. Contrary to expectations, tethering of Cdc5

kinase to kinetochores results in an overall reduction of phosphorylation in spo13Δ cells.

Discussion
Our findings suggest enhanced activation of the SAC and error correction pathways in spo13Δ cells, which can

be dampened by Cdc5 recruitment to kinetochores. Our ongoing work is addressing whether kinetochore-

associated Cdc5 acts directly to modulate error correction and thereby permit co-segregation of sister chro-

matids.
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Chromosome reorganization is required to execute the complex events that take place during meiotic prophase

I. Several recent Hi-C studies of mammalian spermatogenesis have shown that dramatic changes in genome

structure occur duringmeiotic prophase I [1-3]. However these studieswere limited to the later stages ofmeiotic

prophase I. Here, we performed in-situ Hi-C and MicroC to study genome structure from the beginning to the

end of meiotic prophase I in mice.

Topologically associating domains (TADs) are genomic blocks exhibiting higher interaction frequency demar-

cated by clear boundaries. Conflicting data have shown that TADs are either not detectable or attenuated in

meiotic prophase I. We find that compared to interphase nuclei, TADs are attenuated even in the earliest stage

of meiosis and that TADs are effectively lost by zygonema. Interestingly, cohesin-related stripes and chromatin

loops appear in pachynema at highly expressed loci. Instead of TADs, we identified self-interacting domains

encompassing single gene or multiple genes with the boundaries locating near promoters at all stages. Clus-

ters of long-distance interactions between active gene self-associated domains show up starting at zygonema.

This means that both genome-wide compaction and transcription play an important role in shaping chromatin

structure during meiosis.

In most interphase cells, genome is divided into active and inactive compartments. This compartmentalization

is still seen in pre-leptotene nuclei. About 20% of “B” compartments in spermatogonia flip to the active “A”

compartment in pre-leptonema, thus a higher percentage of genome is “active” in pre-leptotene than in the

cells that immediately precede meiosis. After leptotene, the active and inactive territories appear to be strongly

attenuated, likely because of the linear scaffolding of chromosomes along the synaptonemal complex. Concomi-

tant with this loss is an increase in short range interactions, indicative of the organization of the genome into

chromatin loops. We used 3D modeling to demonstrate that chromatin loop size progressively lengthens from

leptonema to pachynema. This changing loop size is an important consideration for models of meiotic DSB

formation.

Interactions between homologs are essential for meiosis. Our previous work showed a significant level of ho-

mologous pairing preceding DSB formation at select genomic regions in mice [4]. To study inter-homolog inter-

actions genome-wide, we performedHi-C using F1 hybrids ofmicewith substantial genetic diversity. In addition

to extensive interactions at pachynema, we find systematic inter-homolog interactions at pre-leptonema that

are reduced at leptonema. This strongly reinforces past findings that pre-meiotic pairing between homologs is

a feature of meiosis [4][5].

1. K. G. Alavattamet al., Nat Struct Mol Biol (2019).

2. L. Patelet al., Nat Struct Mol Biol (2019).

3. Y. Wanget al.,Mol Cell (2019).

4. K. A. Boateng et al., Dev Cell (2013).

5. R. S. Cha et al., Genes Dev (2000).
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In order for sexually reproducing organisms tomaintain chromosome copy number throughout successive gen-

erations, they must form gametes with half the ploidy of the progenitor cell. Halving of ploidy occurs during

Meiosis I and requires de novoassembly of connections between pairs of homologous chromosomes to facilitate

their bipolar segregation. These connections (known as chiasmata) form at sites of reciprocal exchange of DNA

between the homolog pairs (known as crossovers) and occur at different positions in different nuclei, but with a

tendency to be evenly spaced along any given chromosome. This is due to the classic phenomenon of crossover

interference whereby the presence of a crossover reduces the probability of observing additional crossover(s)

nearby on the same chromosome in amanner that decays in ciswith physical distance. Crossovers are the prod-

uct of amulti-step biochemical reaction known as homologous recombination, which inmeiosis is stimulated by

programmed DNA double-strand breaks. Only a subset of total recombination events develop into crossovers.

Using mouse spermatocytes as a model, we show that total recombination events also display the phenomenon

of interference at the cytological level as evidenced by RAD51 foci. Furthermore, modification of the standard

approach for coefficient of coincidence analysis (the classic measure of ‘interference’) combined with mathe-

matical modeling reveals that this periodic structure of total recombination events can be detected indirectly as

a periodic structure in the patterning of crossover events. Application of this method to published data shows

that this periodic structure of total recombination events is not unique to mice but rather is present in fungi,

plants, nematodes and humans also. Analysis of mutant yeast and mice show that the observed periodicity in

total recombination events is independent of the kinase TEL1/ATM, which has previously been shown to modu-

late the spacing between meiotic DNA double-strand breaks along individual chromatids at the DNA level. The

observed periodicity is also insensitive to changes in global meiotic DNA double-strand break levels resulting

from alterations in Spo11 activity. Mathematical modelling shows that the latter observation can be explained

by the presence of a periodic structure along chromosomes that has the potential to give rise to recombination

and is utilized with higher or lower probability under various conditions.
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Whole genome duplication leads to the formation of polyploid organisms. Polyploids often have novel traits

and strong stress resilience, and occur throughout the eukaryotic tree of life. However, when the genome first

duplicates, neopolyploids face serious challenges to reliable chromosome segregation – and thus fertility - in

meiosis. The main problem is that multiple copies of each chromosome are present, and can form multivalent

associations that can disrupt chromosome segregation. Since there are many fertile polyploids found in nature,

we know it is possible for evolution to overcomemeiotic challenges, but how they do so, has long remainedmys-

terious. To understand how regular chromosome segregation can evolve from such inauspicious beginnings,

we use as our model system Arabidopsis arenosa, an outcrossing relative of A. thalianawith extant diploid and

autotetraploid populations. Autotetraploid A. arenosa has cytologically diploidized meiosis, while newly gener-

ated tetraploids havemany aberrations in meiosis, including problems with chromosome pairing and synapsis.

We have performed cytological analyses of diploids, neotetraploids, and evolved tetraploids to both understand

the actual challenge created by genome duplication, and the evolved solution to that challenge. To begin to

understand the molecular underpinnings of the evolved solutions, we have also shown from whole genome

resequencing and scans for selection that a subset of genes encoding meiosis proteins show strong evidence of

selection in the tetraploid lineage, particularly cohesins and interacting partners, and proteins that build the

axes and synaptonemal complex. We have begun functional follow-up on several genes, focusing initially on

the axis proteins. We show that the derived alleles of the axis proteins affect polyploid meiosis in ways that

promote chromosome segregation in the polyploid context. We hypothesize that these genes together represent

a co-evolved polygenic solution to WGD-associated chromosome segregation challenges, and we show that the

tetraploid solution is also adaptive in a higher ploidy context.
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STRA8-RB interaction coordinates the S phase entry with
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The meiosis starts from DNA replication and subsequently progress through a prolonged G2 phase, meiotic

prophase. In mice, STRA8 and MEIOSIN form a transcriptional complex and direct the switch from mitosis to

meiosis by activating meiotic genes (Ishiguro et al., Dev Cell 2020). However, it remained elusive how meiotic

program is installed on S phase during meiotic initiation to distinguishmeiotic cell cycle from the canonical cell

cycle (Fig.1). Here, we show that STRA8 binds mitotic cell cycle regulator, RB via LXCXE motif, independently

of MEIOSIN. We hypothesized that STRA8-RB interaction may have an essential role in meiotic initiation (Fig.1).

To study the physiological role of STRA8-RB interaction, we generated mutant mice that express STRA8 lack-

ing LXCXE motif (Stra8ΔRB), in which STRA8 cannot bind to RB but the STRA8-MEIOSIN interaction is intact. By

histological and transcriptomic analyses we found that mature oocytes were depleted in adult Stra8ΔRB ovary,

while male mutant mice showed normal fertility, suggesting that STRA8-RB have indispensable function only in

female germ cells. Further analysis revealed that Stra8ΔRB mutant oocytes had been prematurely activated and

exhausted before puberty. For transcriptomic analysis, we collected STRA8-positive germ cells from embryonic

ovaries and conducted the single cell transcriptomic analysis. This analysis revealed that heterogenous tran-

scriptome status exist in STRA8-positive germ cells. In Stra8ΔRB germ cells, G1/S population was reduced and

the expression of meiotic genes were compromised. Accordingly, E2F-responsive genes, which are suppressed

by RB in G1 phase, were overall downregulated in mutant germ cells, suggesting that STRA8-RB interaction

led to derepression of E2F to allow S phase entry. As a result, progression into meiotic prophase was delayed

in Stra8ΔRB ovaries. We assume that STRA8 sequesters the RB from E2F in a similar mechanism of viral onco-

proteins such as SV40LT, Adenovirus E1A and HPV E7 to synchronize S phase and meiotic gene program (Fig.2).

Furthermore, although Stra8ΔRB oocytes apparently progressed through meiotic prophase, they failed to un-

dergo dictyate arrest, a status of the prolonged G2 arrest before meiotic resumption. Another implication from

the present study is that a potential mechanism for oocytes dictyate arrest may exist under STRA8 function that

is mediated by RB. The present study highlights an importance of correct timing of meiotic initiation in oocyte

development.

Reference: K. I. Ishiguro et al., MEIOSIN Directs the Switch from Mitosis to Meiosis in Mammalian Germ Cells.

Dev Cell52, 429-445 e410 (2020).
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A series of timely coordinated events during the extended prophase of meiosis I is required to connect parental

homologs through the formation of crossovers. These include meiotic chromosome axis formation, pro-

grammed induction of DNA double strand breaks, their repair via homologous recombination, meiotic chro-

mosome movement and synaptonemal complex formation.

prom-1 (progression of meiosis), encodes an F-box protein, which is part of an SCF ubiquitin ligase complex

involved in ubiquitin mediated protein degradation, that is required for timely entry into meiotic prophase I

in C. elegans and mutants display aberrant meiotic progression with defects in the above-mentioned processes.

Defective alleles of prom-1 result in a marked reduction of bivalent formation and embryonic lethality (Jantsch

et al., 2007).

We isolated and cloned a prom-1 suppressor mutation encoded in the ppm-1.d gene. PPM-1.D is expressed in the

premeiotic tip of the gonad, which also reflects its conserved function in the response to DNA damage.

prom-1; ppm-1.d double mutants restore timely meiotic entry, coordinated meiotic progression and embryonic

viability. We present evidence that PPM-1.D itself is a direct target of PROM-1 mediated degradation. PPM-1.D

is found in complex with its antagonizing kinase CHK-2, a meiotic master regulatory kinase. More precisely,

the coordinated degradation of PPM-1.D by the SCFPROM-1 schedules CHK-2 activation, controlling in this way

meiotic entry. Surprisingly, this control is exerted independent of its phosphatase activity. We present alleles

with separation of function with regard to the regulation of CHK-2 and a timely coordinatedmeiotic entry. ppm-

1.dmutants represent a powerful model to unravel the consequences of unscheduled meiotic entry.

Jantsch, V., Tang, L., Pasierbek, P., Penkner, A., Nayak, S., Baudrimont, A., Schedl, T., Gartner, A., and Loidl, J.

(2007). Caenorhabditis elegans prom-1 is required for meiotic prophase progression and homologous chromo-

some pairing. Mol Biol Cell18, 4911-4920.
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Meiotic surveillance mechanisms (checkpoints) are well-known processes that prevent infertility and genetic

disorders by ensuring proper meiotic chromosome distribution. The budding yeast Pch2TRIP13AAA+ ATPase

participates in the meiotic recombination checkpoint by supporting high levels of phosphorylation of the

Hop1HORMAD1,2 adaptor at T318, but its complex regulation is not well characterized yet.

Previous studies using chromosome spreads have revealed that Pch2 normally localizes to synapsed chromo-

somes and to the nucleolus, excluding Hop1, but in a zip1mutant (checkpoint active) Pch2 is only restricted

to the nucleolus. However, we previously demonstrated that the nucleolar Pch2 is actually not required for

checkpoint activation, because the checkpoint remains functional in a zip1 orc1-AIDmutant, where Pch2 is not

recruited to the nucleolus. Here, we meticulously examine GFP-tagged Pch2 distribution in whole meiotic cells

to provide further insight into the Pch2 localization requirements for proper checkpoint function. We found

that in zip1 orc1-AID cells, GFP-Pch2 is not present in the nucleus/nucleolus, but a cytoplasmic pool of Pch2 can

be detected, suggesting that it could be functionally relevant.

In order to determine if the cytoplasmic pool of Pch2 is critical for the checkpoint response, we artificially

redirected Pch2 to different subcellular locations and studied the effect on checkpoint function. Addition of a

nuclear export signal (GFP-NES-Pch2) led to a diffuse accumulation in the cytoplasm, whereas the addition of a

nuclear localization signal (GFP-NLS-Pch2) resulted in nuclear/nucleolar enrichment. In addition, we tethered

GFP-Pch2 to the plasmamembrane by tagging the Pil1 eisosome component with the GFP-Binding protein acting

as a trap (Pil1-GBP). We show that cytoplasmic accumulation of GFP-NES-Pch2 or its tethering to the cell periph-

ery by Pil1-GBP supports checkpoint activity. In contrast, GFP-NLS-Pch2 nuclear/nucleolar accumulation leads

to an impaired checkpoint response. Thus, these results indicate that the cytoplasmic pool of Pch2 is relevant

for proper checkpoint function.

In addition, we have also further analyzed the contribution of the H3K79 methyltransferase Dot1, which main-

tains Pch2 nucleolar confinement, and is required for the meiotic recombination checkpoint. We discovered

that, in those conditions where Pch2 is exclusively present in the cytoplasm (i.e., zip1 orc1-AID), Dot1 is dis-

pensable for the checkpoint; that is, in contrast to zip1 dot1, the checkpoint remains active in zip1 orc1-AID

dot1. Thus, the sole checkpoint function of Dot1 is maintaining Pch2 sequestered in the nucleolus to prevent its

unscheduled pathological action on chromosomes.

In summary, our results point to a non-chromatin associated Pch2 population present in the cytoplasm as re-

sponsible for sustaining the meiotic checkpoint response organized upon Hop1-Mek1 activation on the chro-

mosomes. These unexpected discoveries help to understand how Pch2 carries out different meiotic roles from

diverse cellular locations.

35



The Students and Postdocs Meiosis Workshop v3.0

Cdc5-dependent regulation of Swe1 during the meiotic
recombination checkpoint response

Wednesday, 7th April - 15:45: Flash Session 1 (Room 1) - Abstract ID: 209

Ms. SARA GONZÁLEZ ARRANZ 1, Ms. Nahia Hernández Quitián 1, Dr. Jesús A. Carballo 2, Dr. Pedro A.
San-Segundo 3

1. Instituto de Biología Funcional y Genómica. CSIC / University of Salamanca. Spain., 2. Centro de Investigaciones Biológicas

Margarita Salas. CSIC. Spain, 3. Instituto de Biología Funcional y Genómica. CSIC / University of Salamanca. Spain

The meiotic recombination checkpoint is an evolutionarily conserved surveillance mechanism that senses un-

repaired meiotic DSBs and imposes a block or delay in the exit from prophase I providing time to fix the faulty

process to prevent aberrant chromosome segregation. In Saccharomyces cerevisiae, the model organism used

in this work, the meiotic block resulting from the activation of the recombination checkpoint involves the in-

hibition of two crucial proteins, such as Cdc28 (the main cyclin-dependent kinase in budding yeast) and the

Ndt80 transcription factor. Cdc28 is inactivated by the inhibitory phosphorylation at tyrosine 19 carried out by

the Swe1 kinase. In turn, the checkpoint kinase Mek1 inhibits Ndt80, a transcription factor that promotes the

expression of a large set of genes required for exit from pachytene including CDC5and CLB1, which encode the

polo-like kinase and the main cyclin for meiosis I entry, respectively. In this study, we analyze the regulation of

Swe1-dependent Cdc28-Y19 phosphorylation during the meiotic recombination checkpoint response triggered

in the synapsis-defective zip1∆mutant.

Using molecular markers of checkpoint activity, we have found that Swe1 is dispensable for the initial check-

point activation, but it is required for maintenance of the checkpoint response. Furthermore, the increased

levels of Swe1, and the ensuing Cdc28-Y19 phosphorylation, that accumulate in the zip1∆ mutant disappeared

in the checkpoint-defective zip1∆ mek1∆double mutant, but not in ndt80∆ zip1∆ mek1∆. This observation sug-

gests that, upon checkpoint downregulation, an Ndt80-dependent event is required to remove the inhibitory

phosphorylation of Cdc28 exerted by Swe1.We hypothesized that Swe1 levels could be controlled by the polo

kinase Cdc5. To analyze this, we took advantage of the CDC5-IN allele whose expression can be conditionally

induced independently of Ndt80 by the addition of β-estradiol. Our results show that while the ndt80∆ zip1∆

CDC5-IN mutant in the absence of β-estradiol maintained fairly constant levels of Swe1 and Cdc28-Tyr19 phos-

phorylation, activation of CDC5 expression by the addition of β-estradiol led to a rapid and dramatic decrease

in Swe1 protein levels and, as a consequence, a drastic reduction of phopho-Cdc28-Tyr19 levels. Curiously, the

residual band of Swe1 detected in the presence of Cdc5 displayed slower gel mobility, suggesting that a Cdc5-

dependent phosphorylation event may target Swe1 for degradation. We conclude that an additional function of

Cdc5 to promote the prophase I tometaphase I transition is the elimination of Swe1-dependent Cdc28 inhibitory

phosphorylation, thus allowing resumption of meiotic progression at least when the zip1∆-induced checkpoint

signaling is downregulated.
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Several studies, published in prestigious journals, have concluded that all-trans retinoic acid (ATRA), the active

metabolite of the vitamin A, instructs meiosis initiation in female germ cells (GC), notably through inducing

expression of Stra8, an essential gatekeeper ofmeiotic initiation, and Rec8, ameiotic cohesin. ATRA, synthesized

by retinaldehyde dehydrogenases (RALDH1, RALDH2 and RALDH3), acts through binding to and activating its

nuclear receptors (RARA, RARB and RARG). We have generated mutant mice that no longer express any RAR by

tamoxifen-induced, time-restricted, mutagenesis. As anticipated, the mutants generated thereby reproduce the

set of severe congenital abnormalities characteristic of the fetal vitamin A deficiency syndrome, indicating an

efficient loss of RAR in whole tissues. However, the meiotic proteins SYCP3 and REC8 are normally expressed in

mutant female fetuses, while the onset of STRA8 expression is only slightly delayed. Moreover, mutant oocytes

devoid of RARs are able to complete meiosis and undergo fertilization.

Taken together, our results indicate that ablation of RARs does not impair meiosis, questioning the role of ATRA

in instructing meiosis.
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Spermatogenesis is a process culminating in the production ofmaturemale gametes. The chromosomal content

of the diploid germ cells must be halved during meiosis—which consists of two rounds of division, to produce

haploid gametes. Meiotic prophase I (MPI) is a relatively long and complex stage of meiosis I in which the pro-

grams that will lead to faithful segregation of the genome are tightly coordinated and successfully implemented.

Traditionally, cell cycle stages in MPI are described based on the developmental status of the chromosome axes

and the synaptonemal complex. However, the distinct nature and transcriptional states of the meiocytes that

exist in MPI, and how these correlate with the well-established description of this stage is not clear.

We utilized tdTomato labelled testis of wild-type mouse expressing red fluorescence under germ-cell specific

promoter (Stra8) for this study, enabling the isolation of distinct populations of meiotic cells in adult animals

with high purity and viability. The meiocytes were isolated into various fractions using a flow cytometry sorter

and characterized by nuclear spreading and immunofluorescent staining. Single-cell RNA sequencing (ScRNA-

seq) with bioinformatics analysis was carried out on the MPI spermatocytes.

The decreasing fluorescent intensity of tdTomato along the process of spermatogenesis enabled us to isolate

various populations of germ cells in spermatogenesis, especially the MPI spermatocytes. Early pachytene was

the least represented of all the stages in MPI that we isolated, implying the transient nature of this stage. How-

ever, ScRNA-seq expression profile showed the early pachytene occupying a distinct cluster and transcription-

ally different from mid/late pachytene. We found a high expression level of mitochondrial transcripts in lep-

totene/zygotene and early pachytene. While thismay suggest ametabolic shift in themode of energy production,

the expression pattern of nuclear-encoded oxidative phosphorylation enzyme transcripts was low in these cells.

Our murine model provides a robust approach to studying cells in MP1. In contrast to the cytological analysis

result, early pachytene was well-represented transcriptome-wise suggesting a decoupling between the chromo-

some structure and transcriptome. The elaboration of retinoic acid at the preleptotene to leptotene transition

may be responsible for the high mitochondrial transcripts in leptotene compared with its low Oxphos tran-

scripts. Future experiments with mutants will also help to infer patterning of cell-cycle progression by the

recombination process.
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14-3-3 proteins Bmh1 and Bmh2 regulate meiotic commitment
by activating Ndt80 and Polo kinase

Wednesday, 7th April - 15:45: Flash Session 1 (Room 1) - Abstract ID: 222

Mr. Janardan Gavade 1, Mr. Christopher Puccia 1, Dr. Soni Lacefield 1

1. Indiana University, Department of Biology

Introduction: In budding yeast, commitment to meiosis can be assessed by the response to nutrient-rich

medium. Cells enter meiosis when starved, but if nutrient-rich medium is provided before meiotic commit-

ment in prometaphase I, cells will exit meiosis and undergo mitosis. After prometaphase I, cells are committed

to meiosis and will complete meiosis and form spores even with the addition of nutrients. Maintaining meiotic

commitment is important for maintaining genome stability in many organisms, but the molecular pathways

that establish meiotic commitment are currently unknown.

Methods: We performed a genetic screen to identify genes involved in meiotic commitment. Previous work

from our lab showed that a strain with low expression of the gene encoding the middle meiosis transcription

factor Ndt80 failed to undergo meiotic commitment. We used a genome-scale overexpression screen to identify

genes that could rescue meiotic commitment in the strain with low Ndt80 levels.

Results: In our genetic screen, we identified three genes that we further characterized that are important for

meiotic commitment, BMH1, BMH2, and the CDC5. Bmh1 and Bmh2 are paralogs and budding yeast 14-3-3 pro-

teins that bind other proteins to modulate their activity or localization. We find that overexpression of BMH1

or BMH2 rescues meiotic commitment in the low Ndt80 strain by enhancing Ndt80’s transcriptional activity.

Furthermore, bmh1Δ/bmh1Δ and bmh2Δ/bmh2Δ single mutants fail to maintain meiotic commitment upon nu-

trient addition. Loss of both Bmh1 and Bmh2 in meiosis results in a prophase I arrest due to activation of the

pachytene checkpoint, suggesting a role for these proteins in DNA repair. In addition, both bmh1Δ/bmh1Δ and

bmh2Δ/bmh2Δ single mutants exhibit lower levels of Ndt80 and expression of Ndt80 target genes when com-

pared to wildtype cells. Increasing the Ndt80 levels by abolishing the pachytene checkpoint or over-expressing

NDT80 further rescues meiotic commitment in the single mutants.

CDC5 encodes the sole budding yeast Polo kinase, which is important for many events in meiosis I. The over-

expression of CDC5, which is transcriptionally activated by Ndt80, rescues the uncommitted phenotype of the

low Ndt80 strain. Inactivation of Cdc5, either through a meiotic-null allele or a chemical inhibition, results in a

failure in cells to commit to meiosis. Furthermore, overexpression of CDC5 rescues the loss of commitment in

the bmh1Δ/bmh1Δ and bmh2Δ/bmh2Δ single mutants.

Discussion: Overall, our results demonstrate that Bmh1 and Bmh2 are important for multiple steps in meiosis

including inDNA repair and in activatingNdt80. Wepropose that Bmh1andBmh2 regulatemeiotic commitment

by increasing Ndt80’s transcriptional activity. Full Ndt80 activity is needed for high expression of CDC5.Our

results show that Polo kinase is the effector required for meiotic commitment.
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Meiotic DSBs are required for correct synapsis of homologous
chromosomes in the jellyfish Clytia hemisphaerica

Wednesday, 7th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 224

Dr. Catriona Munro 1, Dr. Evelyn Houliston 2, Dr. Jean-Rene Huynh 1

1. Center for Interdisciplinary Research in Biology, Collège de France, PSL Research University, CNRS UMR 7241 - INSERM

U1050, 11 place Marcelin Berthelot, 75005, Paris, France, 2. Sorbonne Université, CNRS, Laboratoire de Biologie du

Développement de Villefranche-sur-mer (LBDV), 06230 Villefranche-sur-mer, France.

The jellyfishClytia hemisphaerica is an excellent model for the investigation of early and late meiosis. The

gonads are transparent and highly accessible, and individuals continuously produce gametes from a pool of

stem cells throughout their lifespan (4-6 weeks in the lab). Here we present a characterization of the early steps

of C. hemisphaerica oogenesis, using a range of molecular tools to visualize chromosome re-organisation and

pairing, in addition to synaptonemal complex formation. To help understand the role of DNA double strand

breaks in C. hemisphaerica meiosis we have generated mutations in the highly conserved topoisomerase-like

enzyme spo11 using CRISPR-Cas9. Conveniently, we can maintain individual mutant genotypes as vegetatively

propagating polyp colonies fromwhich the sexual, jellyfish stage continuously bud (Figure 1). We are currently

characterising the phenotypes of an allelic series of mutations including different deletions in exon 1 and exon

2 of spo11. All spo11mutants show a clear loss of recombination and pairing in fully grown prophase arrested

oocytes (Figure 2), while the formation of the synaptonemal complex can be fully or partially disrupted. We

will put these results into an evolutionary perspective by comparing with classical model organisms such as

yeast, worms, flies and mice.

Figure 1. Lifecycle of Clytia hemisphaerica, from vegetatively propagating polyp colony (lives for years in the

lab) to sexually reproducing jellyfish stage (lives for 4-6 weeks).

Figure 2. Maximum intensity projections of fully grown prophase I arrested oocytes undergoing chro-

matin compaction. DNA is stained with hoechst. Scale bar is 10 microns. A. Wildtype oocyte with 15 pairs of

homologous chromosomes. B. Spo11 knockout oocyte with 30 unpaired homologous chromosomes.

Fig1 lifecycle.jpg

Fig2 spo11 mutant.jpg
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Elucidating the role of transcription in meiotic DNA
double-strand break patterning using the bi-nucleated

Tetrahymena thermophila

Wednesday, 7th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 233

Dr. Miao TIAN 1, Prof. Josef LOIDL 1

1. Max Perutz Laboratories, Department of Chromosome Biology, Max F. Perutz Laboratories, University of Vienna, Vienna

Biocenter, Austria

Meiosis is a specialized cell division process for producing gametes, and meiotic defects frequently cause infer-

tility. Successful meiosis is ensured by the induction of hundreds of DNA double-strand breaks (DSBs) at the

correct chromatin sites. The pattern of DSBs is suggested to be controlled by some special chromatin features.

Transcription is another process that constitutively takes place in a chromatin environment. Transcription fac-

tors (TFs) and the transcription machinery have to overcome steric hindrance caused by DNA-binding proteins.

Consequently, chromatin undergoes multiple types of alterations upon TF binding, transcription initiation, and

elongation. Thus, ample indirectevidence suggests that transcription and/or its associated events may influence

meiotic DSBs at multiple levels, including chromatin accessibility, histone modification, and higher-order chro-

matin structure (Fig. 1). However, as transcription is essential for life, it is difficult to directly study whether

and how transcription influences DSB patterning during meiosis in common model organisms.

Theunicellular protistTetrahymena thermophilahas twonuclei. The somaticmacronucleus transcribes protein-

coding genes throughout the life cycle. In contrast, the germline micronucleus (MIC) is transcriptionally active

only during meiosis (Fig. 2), and it produces only non-coding RNAs, which have a regulatory role after meiosis.

We recently found that meiotic transcription can be shut off globally by deleting EMIT2 or EMIT3 gene without

affecting the progression of meiosis. Therefore, we designed a project to overcome the intrinsic limitations of

other model systems by investigating the impact of transcription on DSB patterning in Tetrahymena.

Previously, we observed altered γ-H2A.X foci patterns in emit2Δ and emit3Δ mutants, suggesting that transcrip-

tion and/or associated events are required for proper DSB patterning in Tetrahymena. Interestingly, despite no

detectable transcription in both emit2Δ and emit3Δ meiotic nuclei, γ-H2A.X distribution differed in these mu-

tants. Considering that Pol II is present in emit2Δ chromatin but has an altered distribution, whereas Pol II is not

loaded onto the emit3Δ chromatin, it is likely that Pol II loading, rather than active transcription, is an impor-

tant factor in determining DSB sites. These preliminary results prompt us to further characterize and compare

high-resolution DSB patterns and chromatin features in the presence and absence of transcription, and then

study potential correlations between DSB pattern alterations and transcription-induced chromatin alterations.
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Interlock resolution in a physical model of pairing
chromosomes

Wednesday, 7th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 182

Mr. Erik Navarro 1, Dr. Jennifer Fung 2, Dr. Wallace Marshall 2

1. University of California San Francisco, 2. University of California, San Francisco

Introduction:
During Prophase ofMeiosis I, homologous chromosomes become associated from end to end in a process known

as homologous chromosome pairing. This process, driven by the cooperativity of pairing coupled with random

motion, frequently leads to structural interlocks that must be resolved before the first meiotic division. It re-

mains unclear how the cell manages to resolve these interlocks while relying largely on random motion.

Methods
Here we use a coarse-grainedmolecular dynamics model to investigate interlock resolution in a physical model

of pairing chromosomes.

Results:
We show that forces pulling on the telomeres randomly at the nuclear surface tend to make interlocks worse,

with larger forces leading to larger numbers of interlocks. We show that in the absence of enzymatic activity,

interlock resolution proceeds in a two step process: First, the interlock must migrate towards the telomeres

since the polymer endpoints are the only places where an interlock can resolve. Second, the telomeres must

encircle each other, which requires the telomeres to be in close proximity. Wemap this process to a mathemati-

cal first passage time problem in order to generate the probability distributions of interlock creation/resolution.

Discussion:
A recipe for interlock resolution thus emerges in which interlocks, occurring anywhere along the length of the

chromosomes, must first translocate to the ends, where they are held in a quasi-stable state by the large number

of paired sites on one side. To completely resolve an interlock, the telomeres of the involved chromosomesmust

come in close proximity so that the cooperativity of pairing coupled with random motion causes the telomeres

to encircle each other and unwind.
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Meiotic double-strand breaks induce phosphoproteome
changes, but not proteome changes

Wednesday, 7th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 242

Ms. Funda Kar 1, Dr. Christine Vogel 1, Dr. Andreas Hochwagen 1

1. Department of Biology, New York University, New York, USA

Introduction
Double-strandbreak (DSB) formation is a central feature ofmeiosis, but howDSB formation is connected to other

meiotic processes like DNA repair, synapsis and cell cycle progression needs further elucidation. Since DNA

damage kinases play a critical role in the meiotic DSB response, we used proteomics and phosphoproteomics to

determine the DSB-dependent changes in proteome and phosphoproteome.

Methods
We compared protein and phosphopeptide levels in synchronized spo11-Y135F and SPO11meiotic cultures of S.

cerevisiae to study DSB-dependent proteome and phosphoproteome changes using quantitative and qualitative

approaches.

Results
We identified ~300 sites whose phosphorylation was enhanced in response to DSBs. These DSB-dependent sites

include previously-described phosphorylation sites, such as H2A-S129, Zip1-S75, and Rad54-T132, validating

the dataset. In addition, motif analysis revealed that DSB-dependent phosphosites are enriched for S/TQ, the

consensus motif for Mec1/Tel1 kinases, and RxxT, the consensus motif for Mek1. Analysis of changes in protein

levels revealed that observed phosphorylation dynamics are not due to changes in protein levels, as only two

proteins showed significant up- or downregulation in response to DSBs. The lack of regulation at the proteome

level is surprising as canonical the DNA damage response regulates transcription of many genes. Our data

indicate that the initial steps of this signaling cascade remain active duringmeiosis but ultimately donot activate

changes in protein expression.

Discussion
Our study identified numerous novel phosphorylation site candidates that may contribute to the coordination

ofmeiotic prophase in response to DSBs. In addition, the apparent lack of a gene expression response tomeiotic

DSB formation further highlights the unusual wiring of the meiotic DSB response.
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The role of non-coding RNAs in homologous chromosome
pairing in C. elegans meiosis.

Wednesday, 7th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 244

Dr. Cristina Piñeiro López 1, Dr. Simone Koehler 1

1. European Molecular Biology Laboratory, Heidelberg, Heidelberg, Germany

Homologous chromosome pairing is crucial to initiate synapsis and resolve recombination accurately during

meiosis I. Defects in any of these processes disrupt proper chromosome segregation, resulting in infertility or

developmental disorders.

In C. elegans, homologous chromosome pairing is mediated by four Zinc-finger proteins, the pairing center

proteins (PCP). PCPs bind to homolog recognition regions enriched in tandem repeats (Pairing Centers) localized

near each chromosome’s end. Each PCP specifically recognizes one out of four 12nt long consensus sequences

called pairing center motifs (PCM). However, in C. elegans, there are six chromosomes, meaning that two of the

four PCPs have to discriminate between two different chromosomes marked by the same PCM. Thus, how PC

proteins recognize homologous chromosomes is still an open question.

Previous work in fission yeast has revealed the role of meiosis-specific non-coding RNAs in homolog pairing.

Together with proteins, these meiotic RNAs form RNPs specific for each locus. We now show that PCMs local-

ized in intronic sequences are transcribed in the gonad during meiosis in C. elegans. Moreover, by combining

RNA-FISH with immunofluorescence, we detected that PCM-RNAs colocalize with their respective PCP. These

findings suggested that PCM-RNA may be involved in homolog recognition in C. elegans. We, therefore, ex-

ploited the specificity and efficiency of morpholino antisense oligonucleotides to block the interactions of those

non-coding RNAs. Indeed, we observed defects in pairing and synapsis upon blocking one PCM-RNA. Thus,

our data suggest a crucial role of sequence-specific non-coding RNAs (PCM-RNAs) for homologous chromosome

pairing and synapsis in C. elegansmeiosis.
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Identification of novel BRCA2-binding proteins that are
essential for meiotic homologous recombination

Wednesday, 7th April - 15:45: Flash Session 3 (Room 3) - Abstract ID: 210

Dr. Jingjing Zhang 1

1. University of Gothenburg

Meiotic recombination is a molecular process in which the induction and repair of programmed DNA double-

strand breaks (DSBs) creates genetic exchange between homologous chromosomes and thus increases genetic

diversity and ensures chromosome segregation.

Breast cancer susceptibility gene 2 (BRCA2) is a potent cancer suppressor and is required for DSB repair by

homologous recombination (HR) in mitosis. However, due to the embryonic lethality of the Brca2 knockout

(KO) mice, the role of BRCA2 in meiotic HR is less well defined.

In our work, we have identified two novel meiosis-specific proteins, MEILB2 (meiotic localizer of BRCA2) and

BRME1 (BRCA2 and MEILB2-associating protein 1) that form a ternary complex with BRCA2 and shed light on

BRCA2 and its co-factors’ roles during meiotic HR.

InMeilb2 KO male mice, the localization of the recombinases RAD51 and DMC1, which catalyze the homology-

directed repair of DSBs, is almost totally abolished, leading to errors in meiotic DSB repair and subsequent

sterility. Moreover, MEILB2 binds directly to BRCA2 and is responsible for BRCA2 localization at the meiotic

DSBs.

BRME1 functions as a stabilizer of MEILB2 by binding to the α-helical N-terminus of MEILB2 and preventing

MEILB2 self-association. In Brme1 KO mice, the BRCA2-MEILB2 complex is destabilized, leading to defects in

DSB repair, homolog synapsis, and crossover formation. Persistent DSBs in Brme1 KO spermatocytes reacti-

vate the somatic-like DNA-damage response (DDR), which repairs DSBs but cannot complement the crossover

formation defects. Further, MEILB2-BRME1 is activated in many human cancers, and somatically expressed

MEILB2-BRME1 impairs mitotic HR.

Finally, we solved the crystal structure of the MEILB2-BRCA2 complex and showed that disruption of the

MEILB2-BRCA2 interface compromises the recruitment of both MEILB2 and BRCA2 to recombination sites in

mouse spermatocytes, thus demonstrating their inter-dependent localization mechanism in meiosis.

Taken together, our results show that the meiotic BRCA2 complex plays a central role during meiotic HR, and

its misregulation is implicated in human infertility, miscarriage, and cancer development.
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Large contact domains in spo11 Hi-C maps correlate with
regions of early DNA break formation in meiosis.

Wednesday, 7th April - 15:45: Flash Session 3 (Room 3) - Abstract ID: 238

Ms. Ellie Wright 1, Dr. Matt Neale 1

1. University of Sussex

Meiosis is a specialised cell division that yields haploid recombinants following two consecutive nuclear divi-

sions. Inmost species, homologous chromosomesmust recombine to ensure accurate chromosome segregation.

Genetic recombination arises via repair of DNA double-stranded breaks (DSBs) generated by the evolutionarily

conserved Spo11 protein. During this break-repair process chromosomes undergo dynamic structural changes.

Most prominent is the paired arrangement of pachytene chromosomes into a dense array of chromatin loops

that emanate from a proteinaceous axis. InS. cerevisiae, structural components of the meiotic chromosome axis

include the meiotic cohesin kleisin subunit, Rec8, the axial/lateral elements, Hop1 and Red1, and the pro-DSB

factors Rec114-Mei4-Mer2 (RMM). Yet, the temporal and spatial relationships that link meiotic chromosome

morphogenesis with DSB formation are not fully understood.

Here we use genome wide chromosome conformation capture (Hi-C) to investigate meiotic chromosome struc-

ture in S. cerevisiae. We demonstrate that in both spo11-Y135F and spo11Δ Hi-C maps large domains of inter-

and intra-chromosomal contacts accumulate—most prominent on large chromosomes. The genomic regions

underlying these domains display a visual correspondence with sites of early DSB formation in meiosis, and

correlate with genomic regions that associate with Rec114 and Mer2 early. Importantly, it is not the lack of DSB

formation per se that generates territories of amplified contact frequency in spo11 mutants, because analysis

of mer2Δ Hi-C maps, in which DSB formation is also abolished, showed no evidence of such enhanced contact

domains, therein pointing towards a role for RMM in their formation.

These findings expand upon a model whereby essential, conserved components of the DSB machinery asso-

ciate with chromosomes forming condensates of Rec114-Mei4-Mer2 clusters, upstream of DSB formation, to

“activate” hotspots in a subset of the population. We hypothesise that RMM condensates generate domains of

interactions within (cis) and between (trans) chromosomes that are subsequently resolved by the formation of

DSBs, catalysed by Spo11. Thus, in the absence DNA cleavage, the intimate association of chromatin loops with

axial elements persists, generating accumulations of aberrant inter- and intra-chromosomal contacts.
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Meiotic double-cuts regulation relies on MRX-Tel1 interaction

Wednesday, 7th April - 15:45: Flash Session 3 (Room 3) - Abstract ID: 256

Ms. Marie Dorme 1

1. Centre de Recherche en Cancérologie de Marseille

DNA double-strand breaks (DSBs) formation, catalyzed by the topoII-like protein Spo11, is an essential step to

initiate meiotic homologous recombination (HR). Because DSBs are a threat to genome integrity, their num-

ber, distribution and timing of formation are highly regulated during the meiotic program. DSB formation is

constrained to nucleosome-free regions known as DSB hotspots, mainly overlapping with gene promoter in S.

cerevisiae. DSBs genome-wide distribution is regulated by DSB interference in cis mediated by the checkpoint

kinase Tel1/ATM, where formation of a DSB inhibits DSB formation in adjacent hotspots, up to 100kb away (Fig-

ure A) (1). In the absence of Tel1, simultaneous DSBs (double-cuts, DCs) are formed between adjacent hotspots

(Figure A).

On a smaller scale, hyperlocalized DCs also occur within hotspots in wild-type cells, (Figure B) (2), leading to

double-stranded gaps that can also initiate HR. Interestingly, those hyperlocalized DCs are limited to hotspot

boundaries by Tel1 kinase activity, that prevent their “spreading” into adjacent ORFs (Figure B). In order to de-

cipher how Tel1 regulates DSBs interference and hyperlocalized DCs distributions, we analyze Tel1 recruitment

at meiotic DSBs, via locus specific and genome wide approaches. By site specific and genome-wide chromatin

immunoprecipitation, we detect a significant recruitment of Tel1 at DSB hotspots, that depends upon Spo11-DSB

formation, and is increased in the presence of unprocessed DSBs in a sae2Δ background. Tel1 also localizes at

axis sites in a DSB dependent manner, in agreement with the TLAC model (3). In addition, Tel1 recruitment

at meiotic DSBs is dependent on both Tel1-FATC domain and Xrs2 C-terminal domain, a member of the Mre11-

Rad50-Xrs2 (MRX) complex, known to mediate Tel1-Xrs2 interaction. We demonstrate that DSB interference

is dependent on the C-terminus of Xrs2, indicating that Tel1 recruitment to DSBs is required to mediate DSB

interference. Xrs2 C-terminal domain, and therefore Tel1 recruitment at DSB hotspots, is also required for DCs

spreading in the tel1kd. We have investigated the role of several candidates on Tel1-dependent DCs spatial reg-

ulation, that will be presented, providing mechanistic insights into Tel1 function in spatially regulating DSBs

and DCs formation.

1. Garcia V, Gray S, Allison RM, Cooper TJ, Neale MJ. Tel1ATM-mediated interference suppresses clustered

meiotic double-strand-break formation. Nature. avr 2015;520(7545):114�8.

2. Johnson D, Crawford M, Cooper T, Bouuaert CC, Keeney S, Llorente B, et al. Concerted cutting by Spo11

illuminates DNA break mechanisms and initiates gap repair during meiosis [Internet]. Molecular Biology; 2019

déc [cité 24 janv 2020]. http://biorxiv.org/lookup/doi/10.1101/2019.12.18.881268

3. Blat Y, Protacio RU, Hunter N, Kleckner N. Physical and Functional Interactions among Basic Chromosome

Organizational Features Govern Early Steps of Meiotic Chiasma Formation. Cell. déc 2002;111(6):791�802.
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Revealing distinct configurations of DMC1 and RAD51 using
super-resolution imaging in maize meiocytes

Wednesday, 7th April - 15:45: Flash Session 3 (Room 3) - Abstract ID: 262

Dr. CJ Rachel Wang 1, Ms. Mitylene Smith 1, Ms. Mitylene Smith 1

1. Academia Sinica

DISRUPTED MEIOTIC cDNA1 (DMC1), a meiosis-specific recombinase, is indispensable for homologous recom-

bination. It assembles at the processed ends of DNA double-strand breaks and co-operates with RADIATION

SENSITIVE 51 (RAD51) to facilitate strand invasion and stabilize intermediates, thereby enabling inter-homolog

recombination. However, their spatiotemporal configurations and correspondingmolecular roles of DMC1 and

RAD51 remain unclear. In this study, we identified and investigated threemaizedmc1mutants, including two al-

leles carrying single amino acid substitutions (dmc1-dsy1 and dmc1-chb7) and one null allele (dmc1-9101). These

dmc1mutants all showed most univalents and few abnormal chromosome associations at diakinesis, suggest-

ing defective crossover formation. However, despite both point mutation lesions in the ATPase domain, FISH

experiments using 5S rDNA and chromosome painting probes showed thatdmc1-dsy1meiocytes achieve partial

homologous pairing, whereas dmc1-chb7displayed a complete failure of homologous recognition, similar to the

phenotype in the dmc1-9101mutant. We found that ATP hydrolysis activity of DMC1-dsy1 is partially impaired,

in contrast to the abolished activity of the DMC1-chb7protein. The residual ATP hydrolysis activity and normal

strand exchange activity of DMC1-dsy1 protein detected biochemically may account for homologous pairing

in dmc1-dsy1meiocytes. Immunolocalization captured by super-resolution structured illuminationmicroscopy

showed ~400 dispersed punctate foci of DMC1 in thewild-type earlymeiosis, whichmatured into ~250 filaments

in mid-zygotene. Moreover, RAD51/DMC1 foci were distributed as singletons or as pairs (one each of DMC1 and

RAD51 foci), or rarely as triplets (one DMC1 unit flanked by two RAD51 foci). Thedmc1-dsy1 mutant results in

a reduction of RAD51 foci by 50%. Surprisingly, the number of RAD51 foci remains at comparable levels to WT

in dmc1-chb7 and dmc1-9101. Taken together, our results suggest that DMC1 executes homologous recombina-

tion by forming presynaptic filaments containing both DMC1 and RAD51 in different combinations. Secondly, a

compromised ATP hydrolysis activity of DMC1 is sufficient to initiate homologous strand invasion, whereas the

successful crossover formation requires a higher ATP hydrolysis activity.

Fig1.jpg
Fig2.jpg
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Role of Fignl1- Flip during mouse meiotic recombination

Wednesday, 7th April - 15:45: Flash Session 3 (Room 3) - Abstract ID: 226

Mr. Akbar Zainu 1, Dr. Bernard de Massy 1, Dr. Frédéric Baudat 1

1. Institute of Human Genetics

Recombination between homologous chromosomes during meiotic prophase I ensures their pairing and their

accurate segregation. Meiotic recombination initiates with the formation of programmed double strand breaks

(DSB) by SPO11. The DSB ends are then resected, producing 3’ single stranded DNA (ssDNA) ends that are pro-

tected by RPA. The strand exchange proteins RAD51 (ubiquitous) and DMC1 (meiosis specific) replace RPA on

ssDNA, which requires accessory proteins called mediators (e.g. BRCA2). RAD51/DMC1 bound on ssDNA forms

a nucleofilament that carries out homology search and the strand exchange reactionwith an intact duplex DNA.

The strand exchange step is central to meiotic recombination and is tightly regulated by the balance between

several proteins that promote (BRCA2, SWS1-SWSAP1 complex, etc.) or oppose the loading and stable assembly

of RAD51/DMC1 on ssDNA. Recent studies done in Arabidopsis and human cells (1,2) propose that FIGNL1-FLIP

is a novel conserved negative regulator of strand invasion that can disassemble RAD51/DMC1 from ssDNA. Here

we examine the functional role of FIGNL1 and FLIP during mouse meiotic recombination.

To uncover the role of FIGNL1-FLIP, we undertook generation and characterization of germline-specific con-

ditional Fignl1 and Flip Knock Out mice (Fignl1cKO, FlipcKO). Their characterization is focused on cytological

analysis of spermatocyte nuclei to follow themeiotic DSB repair and the homologous chromosomes pairing and

synapsis.

We found that Flip is essential for completing meiotic prophase. FlipcKO show defects in homologous chro-

mosome synapsis and in repairing meiotic DSBs. In FlipcKO, DSBs are formed and resected, but they fail to be

repaired, RAD51 and DMC1 foci accumulate on unsynapsed axes. Strikingly, we observed a hyper-accumulation

of DMC1 and RAD51 as continuous stretches along synapsed axes. Fignl1cKO phenotype appears similar, though

its characterization is less advanced. Unexpectedly, the accumulation of foci on unsynapsed axes and the con-

tinuous stretches of DMC1 and RAD51 are independent of meiotic DSBs, as the are observed in the Spo11YF/YF

FlipcKO double mutant, which does not form meiotic DSBs.

Altogether, our work presents a novel regulator of HR that restricts the loading of RAD51 and DMC1. Contrary

to plant meiosis, FIGNL1-FLIP is essential for fertility, being required for completing meiotic recombination

and homologous chromosome synapsis. Moreover, we found that FLIP restricts DMC1/RAD51 loading to DSB-

dependent recombination sites.

1. Fernandes et al. PLoS genetics vol. 14,4 e1007317. (2018)

2. Matsuzaki et al. Nature communications vol. 10,1 1407. 2019, (2019)
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In-depth analysis of Cdc14 meiotic behaviour reveals a novel
pre-anaphase I role for the phosphatase.

Wednesday, 7th April - 16:15: Oral Session 2 (Room 1) - Abstract ID: 204

Ms. Paula Alonso-Ramos 1, Ms. Marta Fernández-Díaz 1, Dr. Pedro A. San-Segundo 2, Dr. Jesús A.
Carballo 1

1. Department of Cellular and Molecular Biology, Centro de Investigaciones Biológicas Margarita Salas. CSIC, 2. Instituto de

Biología Funcional y Genómica. CSIC / University of Salamanca

Homologous recombination is required for correct chromosome segregation during meiosis. In budding yeast,

cell-cycle phosphorylation of the repair machinery at different key steps orchestrate bias and timing of repair

activity. For example, during prophase I, Cyclin-Dependent Kinase (CDK) enhances Sgs1 unwinding activity

whereas it represses the nuclease activity of Yen1. At the resolution stage, Ndt80-dependent activation of the

Polo-like kinase Cdc5 elicits the nuclease activities of MutLγ-ExoI and Mus81-Mms4. Reversal of cell-cycle de-

pendent phosphorylations in meiosis is also key to orchestrate the timing and activity of a number of repair

enzymes, although much less is known about this process. We have previously shown that the conserved dual-

specificity phosphatase Cdc14 is crucial for timely nuclear localization and activation of Yen1 in budding yeast

meiosis (Alonso-Ramos et al. bioRxiv. 2020). Interestingly, we also identified an unexpected function of Cdc14

in controlling meiotic recombination. Thus, we performed a detailed characterization of Cdc14 behaviour

throughout the meiotic cycle. Strikingly, we found that a significant population of Cdc14 was released from

the nucleolus before anaphase I took place at times ranging between 45-30 minutes in ~90% of wild-type cells.

Analysis using fluorescently labelled proteins and inducible/repressible gene-expression systems in multiple

mutant backgrounds, allowed us to pinpoint the precise timing of this Cdc14 nucleolar diffusion and its genetic

requirements. Interestingly, the state of Cdc14 phosphorylation matched the timing of its pre-anaphase-I re-

lease, pointing towards a role of these modifications in promoting Cdc14 activity. Furthermore, we generated

a number of cdc14 phospho-mutants that mirrored the meiotic defects observed for other cdc14-md alleles we

previously described, suggesting a phospho-regulatory circuit that comprises Cdc14. This unexplored function

of Cdc14 emerges as a novel mechanism to control meiotic DNA repair.

Cdc14-mcherry.jpg
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Turning a coldspot into a hotspot: targeted recruitment of
axis protein Hop1 stimulates meiotic recombination
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Dr. Anura Shodhan 1

1. NIH

The Saccharomyces cerevisiaemeiosis-specific chromosome axis consists of cohesinswith ameiosis specific sub-

unit Rec8 and the meiosis-specific protein Red1 that in turn recruits the meiosis-specific protein Hop1. These

axis proteins are non-uniformly distributed in the genome. Hop1 and Red1 are important for meiotic recombi-

nation initiation by Spo11-catalysed DNA double strand breaks (DSBs), local levels of Hop1 and Red1 positively

correlate with local DSB levels, and mutants lacking Hop1 or Red1 show reduced meiotic recombination. How-

ever, the basis of this relationship has not been determined.

To dissect the roles of chromosome axis proteins in normal meiotic recombination, we developed a method to

artificially recruit axis proteins to loci where Hop1 and Red1 levels are naturally low. Recruiting Hop1 to three

different loci increased the local rate of meiotic recombination increased by 5-10 fold, making these loci among

the hottest recombination loci yet identified. Molecular analysis confirmed a corresponding ~4 fold increase in

meiotic DSBs, specifically at the target loci. In contrast to Hop1, artificial recruitment of Red1 showed only a

weak effect on recombination. Additionally, artificial recruitment of Hop1 to a target locus bypassed the need

for Red1 or Rec8 in DSB formation at that locus. This suggests that the role of Red1 in DSB formation may

primarily involve recruiting Hop1 to the axis.

Our results suggest that local Hop1 levels are the ultimate determinant of meiotic DSB frequencies. Moreover,

this systemcanbeused to study andmodifyDSBs and recombination levels at a specific locuswithout interfering

with global meiotic recombination.
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Genomic localization and dynamics of HORMAD1 and MEI4 in
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Meiotic recombination between parental chromosomes is initiated by the formation of programmed DNA dou-

ble strand break (DSB) at specific genomic sequences.

This event takes place in a context where meiotic chromosomes are organized as an array of chromatin loops

attached on aprotein structure called axis, made by cohesins and othermeiosis specific proteins, which provides

a platform where DSB proteins are localized.

In Saccharomyces cerevisiae, it has been proposed that DSB sites initially localize in chromatin loops, which

are then tethered to the axis to be processed by DSB formation-and repair proteins (Sommeyer et al., 2013;

Acquaviva et al., 2013).

In mouse, the genomic localization of DSB sites is known, but it remains to be elucidated where they localize

in the context of meiotic chromosome organization, particularly relative to the chromosome axis. We thus

mapped by ChIP-seq the genomic position of axis protein HORMAD1 and DSB protein MEI4 at the time of DSB

formation in wild type and in several mutant mice where DSB activity is affected. By immunostaining both

proteins localize on the axis. MEI4 forms discrete foci andHORMAD1 has a broader localization, forming almost

continuous stretches along axes (Kumar et al. 2015; Wojtasz et al., 2009).

In wild typemice, we found that both proteins are recruited to DSB sites. Interestingly, their localization pattern

is distinct: both bind at the center of DSB sites but HORMAD1 additionally features a broader pattern spreading

up to +/-2kbp on each side of the DSB site. This pattern is lost in the absence of DSB activity but MEI4 remains

unchanged. Moreover, we found that HORMAD1 binds to other DNA sequences, which mostly correspond to

CTCF sites. As CTCF is an insulator protein known to interact with cohesins, those sites might also correspond

to axes sites.

Our data thus provides direct evidence for interaction between PRDM9 bound sites and DSB proteins. The

exclusive recruitment ofMEI4 to these sites is unexpectedwhen compared to themodel proposed in S. cerevisiae,

where MEI4 strongly associates to axes sites and only weakly to DSB sites.

To analyze further these data, we are exploring the spatial distribution of MEI4 and HORMAD1 relative to the

axis at the single cell level by super-resolution microscopy in wild type and several mutant backgrounds.

Altogether, we hope that those results will allow us to propose a comprehensive model of the dynamics of DSB

site-axis interaction in mouse.
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A theoretical and mechanistic model of PRDM9-dependent
evolutionary dynamics of recombination
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1. University of Lyon 1, 2. University of Lyon 1-CNRS

Intro : Meiosis is an important step in the eukaryotic life cycle, during which recombination and proper chro-

mosome segregation takes place. In most mammals, recombination is regulated by the Prdm9 gene, initialy

discovered for its role in hybrid sterility and speciation. The Prdm9 gene, which possesses a double function

in meiosis (recruitment of the double strand break machinery and facilitation of the pairing of homologous

chromosomes), induces an intra-genomic Red Queen resulting from the opposition of two antagonistic forces

: erosion of the recombination landscape by biased gene conversion and positive selection on Prdm9. This

Red Queen has been previously modeled (Latrille et al, 2017), however, without taking into account the role of

PRDM9 as a pairing facilitator.

Method : Here, a mechanistic simulation model is introduced, taking into account the principles of population

genetics and the dual role of PRDM9 inmammalianmeiosis. Themodelwas implemented and rununder a broad

range of conditions, either in panmictic populations or in two subspecies with migration, so as to study hybrid

sterility. In both cases, several key statistics of interest were monitored, such as the PRDM9 allele frequencies,

erosion levels or fertility rates. Finally, analytical approximations were derived, using a mean-field approach.

Results : Under this theoretical model, an intragenomic Red Queen was observed, in two different regimes, a

succession regime, characterized by only one allele at a time in the population, and a polymorphic regime, in

which many alleles are simultaneously segregating. The transition between the two is essentially determined

by the scaled mutation rate at the Prdm9 locus. Scaling experiments were more generally conducted, to charac-

terize how the mean level of erosion and Prdm9 allelic diversity depend on the parameters of the model. These

scaling were compared with our mean-field analytical approximations. Finally, the multi-population version of

the model led to the observation of moderate levels of hybrid sterility.

Discussion : This simulation and theoretical work gives important insights about the Red Queen mechanism

and, in particular, about what determines the positive selection acting on new PRDM9 alleles, thus completing

previous studies. The fact that hybrid sterility is observed only marginally, on the other hand, suggests that

PRDM9 may not represent a strong speciation force on its own. In brief, this work helps explain two aspects of

the rôle of PRDM9 in the biology of recombination : the intra-population Red Queen and the hybrid sterility, in

one model.

Outline of the simulation procedure.png Result of a typical simulation experiment.png
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New insights into aneuploidy in mammalian embryos
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The Schuh lab studies meiosis in mammalian oocytes. In her presentation, Melina will summarize her lab’s re-

cent research on the spindle in mammalian oocytes. Her lab found that human oocyte spindles are surprisingly

unstable, and identified functions for actin and a liquid-like meiotic spindle domain for spindle assembly in

mammalian oocytes.

In the main part of her talk, she will present recent work from her lab that sheds light on the origin of high

aneuploidy rates in mammalian embryos. The vast majority of human embryos are aneuploid. Aneuploidy

frequently arises during the early mitotic divisions of the embryo, but the origin of this remains elusive. Using

bovine embryos as amodel for human embryos, we identify an error-pronemechanismof parental genomeuni-

fication which often results in aneuploidy. Surprisingly, genome unification initiates hours before breakdown

of the two pronuclei that encapsulate the parental genomes. While still within intact pronuclei, the parental

genomes polarize towards each other, in a process driven by centrosomes, dynein, and microtubules. The ma-

ternal and paternal chromosomes eventually cluster at the pronuclear interface, in direct proximity to each

other. Parental genome clustering often fails however, leading to severe chromosome segregation errors, in-

compatible with healthy embryo development. Nucleoli, which associate with chromatin, also cluster at the

pronuclear interface in human zygotes. Defects in nucleolar clustering correlate with failure in human embryo

development, suggesting a conserved mechanism.
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Introduction

Cohesin is amulti-subunit protein ringwhich encirclesDNAandhas roles in cell cycle, transcriptional regulation

and chromosome architecture. During meiosis, meiosis-specific cohesin subunits are expressed and support

homologous chromosome alignment, cohesion and chromosome segregation. In oocytes, chromosome stability

must bemaintained over a prolonged period and reduced levels of cohesin contribute to age-related aneuploidy.

Cohesin mutants are associated with sub-fertility in humans. Despite the importance of oocyte cohesin, many

questions remain unanswered. It is not known whether distinct pools of cohesin exist and if these potential

pools have unique functional and/or regulatory roles.

Methods

Here we present a conditional knock-out mouse model targeting all known cohesin complexes by removing

the only omnipresent subunit, Smc3, using Cre-lox technology with either a Vasa or Gdf9 promoter-driven Cre

construct.

Results and Discussion

We can distinguish two separate populations of cohesin: one ‘stable’ pool which remains largely bound to chro-

mosomes, and one ‘dynamic’ poolwhich is depleted in ourmousemodel (Figure 1). Previous studies have shown

the existence of a long-lived chromosome-bound cohesin complex in oocytes. We hypothesise that this reflects

our ‘stable’ pool, which is acetylated, tightly bound to DNA and strongly contributes to cohesion persisting over

long periods. In contrast, the ‘dynamic’ pool we observe is loosely associated or unbound to DNA. It is likely

non-acetylated and we hypothesise it may repeatedly associate and dissociate with DNA. It will be of great in-

terest to determine whether a portion of the dynamic pool could be converted into stably bound cohesin during

the prolonged oocyte lifetime. We observed that loss of the dynamic pool of cohesin leads to a loss of oocytes,

which is exacerbated with age. Oocytes which survive without the dynamic pool are largely normal and can

progress to metaphase II, even in aged mice. However, the mice are infertile. We are performing initial in vitro

fertilisation experiments to investigate at which point in early embryonic development the Smc3 conditional

knock-out cells arrest. It is known that cohesin (together with CTCF) regulates transcription by both short- and

long-range interactions. A potential involvement of the dynamic pool of cohesin in transcriptionmay be impor-

tant in cell maintenance during aging, as well as for periodically recruited growing follicles. To investigate this,

we have performed single cell transcriptomics and we will present our preliminary data.
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Dynamic and stable cohesin in mammalian oocytes.jpg
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Investigating chromosome-specific differences during meiosis
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Chromosomal aneuploidy in oocytes is one of the leading causes of infertility and miscarriage in women. In-

terestingly, aneuploidy rates vary between chromosomes, suggesting that each chromosome may have unique

underlying biology and distinct behaviors during meiosis. Aneuploidy is the result of chromosome misseg-

regation during meiosis and can occur at an elevated frequency when wildtype recombination patterns are

altered. However, the direct contribution of the meiotic machinery to chromosome-specific recombination pat-

terns and aneuploidy remains unknown. One of the most important components of the meiotic machinery is

the synaptonemal complex (SC), a conservedmeiotic protein structure that regulates the repair of programmed

double-strand breaks (DSBs) into either crossovers or non-crossover gene conversions.

We used CRISPR/Cas9 to generate two distinct targeted in-frame deletion mutations (ccΔ2 and ccΔ3) within the

same SC protein in Drosophila.These mutations caused premature SC breakdown in different meiotic stages

(early pachytene andmid pachytene), allowing us to directly assess the importance of intact SC throughout early

meiosis. With this temporal resolution, we investigated the requirement for full-length SC throughout meiosis,

including clustering of centromeres, chromosome pairing, and recombination on a chromosome-specific level.

As the SC fragments, we found that the Xchromosome displays a loss of a pairing and a near complete loss of

recombination, retaining only infrequent centromere-proximal crossovers. In contrast, the autosomes main-

tain centromere-proximal pairing and have increased proximal recombination compared to wildtype. We used

next-generation sequencing of progeny from our SC mutants to demonstrate that non-crossover gene conver-

sion events occur at similar rates on the autosomes and still occur on the X chromosome, including in regions

where crossovers are highly suppressed. We are currently using super-resolution microscopy to test the hy-

pothesis that SC breakdown progresses from the distal end of the chromosomes to the centromeres, resulting

in more dramatic loss of distal pairing and crossing over. Our work has generated a fly model that phenocopies

the chromosome-specific meiotic behaviors and defects observed in human female meiosis and could lead to

greater understanding of human infertility.
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DDX-TS as a new component of the Chromatoid Body essential
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Introduction: Spermatogenesis is one of themost complex differentiation programs of the organismand, there-

fore, it needs to be highly regulated. As gene expression is tightly controlled during spermatogenesis, stages of

active transcription are followed by waves of repression. In addition, transcription can be uncoupled from

translation making use of different RNA-based strategies.

The Chromatoid Body (CB) is a ribonucleoprotein complex localized on the cytoplasm of male germ cells

involved in regulating different RNA-processing pathways during spermatogenesis, including the post-

transcriptional mRNA control. The CB is composed of RNA, including piRNAs, miRNAs, mRNAs and lncRNAs,

as well as a variety of RNA-binding proteins and proteins involved in the regulation of the Argonaute/PIWI

pathway.

In this work, we describe a new component of the CB, the ATP-dependent RNA helicase DDX-TS (DDX-Testis
Specific), that belongs to the DEAD-box family of RNA/DNA helicases.

Methods: To gain further knowledge about DDX-TS function duringmouse spermatogenesis, we have generated

mice lacking the geneDDX-TS using CRISPR/Cas9 genome editing technology. In addition to the knock-outmodel,

we also generated two different knock-in point mutations in the highly conserved Motif V of the DEAD-box

RNA/DNA helicases, DDX-TS T546A and DDX-TS D554A, that are predicted to be essential for its activity.

Results: Immuno-labelling of DDX-TS using our own developed antibodies show spotted fluorescence signals

in the cytoplasm of male germ cells. Double immunofluorescence of DDX-TS with the well-known chromatoid

body protein VASA show positive co-localization.

Wenext addressed the interactome of DDX-TS by co-IP-coupledmass spectrometry analysis of testis extracts. We

identified a set of 81 proteins that associate with DDX-TS, 32 of which are already annotated as CB components.

The remaining 49 proteins are novel members of the CB. We also carried out a Yeast Two Hybrid analysis using

mouse testis cDNA library to determine direct interactors. In vivo functional analysis show that DDX-TS null

male, but not females, are infertile and completely lack the expression of the protein. This phenotype was also

obtained in the knock-in mice, validating that its function is dependent on its helicase activity.

The histopathological analysis of mutant testis revealed a normal distribution and number of germ cells up to

step IX spermatids. Then the elongation of spermatids is arrested, and these cells form apoptotic clumps. Lastly,

apoptotic cells are removed leading to an absence of mature spermatozoa. Finally, we also determinedin vitro

the ability of DDX-TS to bind total RNA.

Discussion: In this work we determined a new component of the Chromatoid Body that is essential for male

spermatogenesis in the mouse. Ongoing work will lead us to a more accurate knowledge about the RNA targets

of DDX-TS and how its deficiency leads to infertility.
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Towards a cytological framework of female meiosis in
Arabidopsis by live cell imaging
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Production of female and male gametes differs in many aspects, starting from the early phases of meiosis. This

sexual dimorphism can be found among most, if not all, multicellular eukaryotes, e.g. in mammals and plants.

Clear differences include the number of surviving meiotic products, i.e. four on the male side versus only one

of the female side, and the number of cross-overs, i.e. in Arabidopsis, more cross–overs are formed duringmale

than female meiosis while the opposite holds true for humans. Furthermore, many mutants of Arabidopsis

thaliana including swi1, arp6 and klu differentially affect female versus male meiosis. Understanding the ori-

gin of these differences likely leads to novel insights into the mechanisms controlling meiosis itself. However,

meiosis, and particularly prophase I, is challenging to study in females and information about female meiosis

is often absent, precluding a comparative approach of meiosis in the two sexes. Following a live cell imaging

method formalemeiocytes developed in our lab, wewere able to optimize the technique to observe Arabidopsis

ovules proceeding throughmeiosis, and to describe cytological hallmarks of female meiosis, as previously done

for male meiocytes. This analysis is based on different reporters, allowing us to accurately time the sub-phases

of prophase I aswell asmonitor nuclear envelope dynamics and phragmoplast formation betweenmeiosis I and

II. The cytological framework established for the wildtype is currently applied to analyze previously described

mutants, in which the designated meiocyte undergoes several mitotic divisions before entering meiosis.
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During meiosis, occurrence of at least one crossover (CO) per chromosome pair is essential for proper gamete

formation and is the driver of genetic information shuffling. The state of heterozygosity (presence of DNA

polymorphisms between recombining homologs) influences the probability of CO occurrence and their spatial

distribution. The juxtaposition effect describes the situation, in which polymorphic, heterozygous region (HET),

receives an increased CO number when juxtaposed to a homozygous region (HOM) on the same chromosome

(Ziolkowski et al., eLife, 2015). This is happening at the expense of lower crossover numbers in the adjacent

homozygous region, so the overall CO number is not changed.

We recently proved that the effect is controlled by the mismatch repair system (MMR), which allows to distin-

guish heterozygous fromhomozygous chromosomal regions (Blackwell &Dluzewska et al., 2020). MSH2protein,

a key component of MMR, is directly responsible for polymorphism detection. Our project aims to identify the

role of MMR in the heterozygosity juxtaposition effect and its influence on CO distribution – both in the specific

genomic context and in the genome-wide scale. Furthermore, we are testing the juxtaposition effect in both

interfering and non-interfering CO pathways, with the use of fancm zip4 double mutant, and investigating the

influence of MSH2 inactivation on crossover interference. We will also show unpublished results concerning

juxtaposition effect in the context of HEI10 overexpression, which is a dosage-dependent pro-crossover factor.

For the purpose of our experiments, we have generated A. thaliana lines with different heterozygosity patterns

carrying msh2 null mutations, achieved using CRISPR/Cas9 system. By crossing our mutants of interest with

fluorescent tagged lines (FTLs), which contain seed and/or pollen-expressed linked fluorescent reporters, we

are able to calculate recombination rates within specific intervals by the observation of segregation of fluores-

cent markers in F2 generation. This enabled us to study recombination frequency along the chromosome arm

also in homozygous regions, which is not possible using polymorphism-based technologies. Furthermore, we

will present the genome-scale effects of msh2 mutation on crossover pattern using genotyping-by-sequencing

approach.

Our work reveals a new, pro-recombinational role of MSH2 and provides evidence for the significance of MMR

pathways in the control of chromosomal CO distribution, depending on different patterns of heterozygosity on

the chromosome.

This work is supported by grants: NCN 2020/37/N/NZ2/01226 to JD; NCN 2016/22/E/NZ2/00455 and FNP

POIR.04.04.00-00-5C0F/17-00 to PAZ.
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Introduction
Programmed double strand breaks (DSBs) are induced during the meiotic prophase I to achieve homologous

chromosome pairing and crossover formation. These DSBs are repaired via a meiosis-specific form of homolo-

gous recombination (HR), involving preferred use of the homolog, instead of the sister chromatid as template for

repair. In somatic cells, strand invasion is performed by recombinase RAD51, while in meiosis also its meiosis-

specific paralog DMC1 is active. Currently, the idea is that mainly DMC1 is involved in homology search, while

RAD51 has a more structural role. Nevertheless, how the two recombinases are loaded on the ssDNA at in-

dividual DSBs, and which configurations are functionally involved in achieving homology recognition is still

unclear.

Methods
To unravel this question, we aimed to use super-resolution microscopy in combination with a mouse model

which has defects in meiotic DNA repair: Hormad1-/-.Besides its potential roles in forming DSBs, and inhibiting

meiotic DNA repair, HORMAD1 is also a structural component of the axial elements of the SC. Using three-color

dSTORM microscopy we identified the localization of recombinases RAD51 and DMC1 in combination with the

SC-component SYCP3 or with HORMAD1 at high resolution to compare wild type and Hormad1-/-.

Results
In accordance with previous research, we found that RAD51 and DMC1 form different configurations whereby

the configuration with one RAD51 and one DMC1 nanofocus (D1R1) is most frequent, that RAD51 is closer to

SC than DMC1, and that D2R1 configuration frequency increases, and D1R1 frequency decreases as prophase

progresses. In addition, we found that upon synapsis, recombinase nanofoci become positioned closer to the

SC. In Hormad1-/- spermatocytes, we did not observe changes in nanofoci configurations over time. In addition,

the movement of the nanofoci closer towards the SC upon synapsis were not observed in absence of HORMAD1.

Discussion
Although the overall configuration frequencies of RAD51 and DMC1 nanofoci are unaltered in Hormad1-/-, the

alteration in recombination intermediate frequencies over time is absent. This indicates that, in absence of

HORMAD1, the lifetime of recombination intermediates is different, or that the evolving capacity of recombi-

nation intermediates has declined. These data support our hypothesis that the D1R1 configuration can evolve

into a D2R1 configuration and that the D2R1 configuration is an important functional intermediate with altered

properties in the Hormad1 knockout.
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The axial elements (AEs) are proteinaceous structures assembled between the sister chromatids during the

leptotene stage composed by cohesins (SMC1, SMC3, SYN1/REC8, SCC3) and condensing complexes. In plant

meiosis other proteins such as ASY1, ASY3, and ASY4 are associated with them. The AEs suffer a remodelling

process mainly directed by PCH2 concomitant with the polymerisation of the Synaptonemal Complex (SC). The

meiotic chromosome axis is essential for synapsis and recombination between the homologous chromosomes,

being necessary for the formation of crossovers (COs). These form physical interactions between the homologs

at metaphase I (observed cytologically as chiasmata) which allow their correct segregation in anaphase I. In

this way, asy1/3/4 and pch2mutants showmajor defects in SC polymerisation and CO formation, which leads to

chromosome missegregation and reduced fertility.

This study is focused on the role of the axis-associated protein ASY3, a coiled-coil domain proteinwhich has been

previously described in the plantmodel organismArabidopsis thaliana as a key regulator of the formation of the

AEs, being critical for synapsis and CO formation (Ferdous et al., 2012). We aim to further characterize the role

of ASY3 in meiosis through the cytological analysis of two TILLING populations of the wild relative of the crop

species Brassica rapa (braA.asy3-2andbraA.asy3-3). Similarly to what was found in A. thaliana asy3,our results

show that the braA.asy3mutant plants have defects in the formation of the SC, in the correct association to the

axis of ASY1, and in the establishment of COs, particularly of the interference insensitive Class II. However,

despite having a similar phenotype to the atasy3mutants some differences have been found which we further

discuss.

Thus, our results point out that the coiled coil domain protein BraA.ASY3 is an essential component associated

to the meiotic chromosome axis of B. rapa, concurring with what was observed in atasy3. Moreover, since B.

rapa is a widely cultivated crop, this study can be of great importance as we intend to translate the knowledge

of meiosis obtained in A. thaliana to crops, having potential applications in plant breeding.

Ferdous, M., Higgins, J. D., Osman, K., Lambing, C., Roitinger, E., Mechtler, K., Armstrong, S. J.,

Perry, R., Pradillo, M., Cuñado, N., Franklin, F. C. H. (2012). Inter-homolog crossing-over and synap-

sis in Arabidopsis meiosis are dependent on the chromosome axis protein AtASY3. PLoS Genetics, 8(2).

https://doi.org/10.1371/journal.pgen.1002507.
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Selfish centromere DNA sequences bias their transmission to the egg in female meiosis. Evolutionary theory

suggests that centromere proteins evolve to suppress costs of this “centromere drive”. In hybrid mouse models

with genetically different maternal and paternal centromeres, selfish centromere DNA exploits a kinetochore

pathway to recruit microtubule-destabilizing proteins that act as drive effectors. We show that such functional

differences are suppressed by a parallel pathway for effector recruitment by heterochromatin, which is similar

between centromeres in this system. Disrupting heterochromatin by CENP-B deletion amplifies functional dif-

ferences between centromeres, whereas disrupting the kinetochore pathway with a divergent allele of CENP-C

reduces the differences. Molecular evolution analyses using newly sequenced Murinae genomes identify adap-

tive evolution in proteins in both pathways. We propose that centromere proteins have recurrently evolved to

minimize the kinetochore pathway, which is exploited by selfish DNA, relative to the heterochromatin pathway

that equalizes centromeres, while maintaining essential functions.
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Huynh 1, Dr. Nir Gov 2, Dr. Raphael Voituriez 3, Dr. Marie-Emilie Terret 1, Dr. Marie-Hélène Verlhac 1

1. College De France, 2. Wiezmann Institute, 3. UPMC/Sorbonne

Cells remodel their cytoplasm with force-generating cytoskeletal motors. Their activity generates ran-
dom forces that stir the cytoplasm, agitating and displacingmembrane-bound organelles like the nucleus
in somatic and germ cells. These forces are transmitted inside the nucleus, yet their consequences on
liquid-like biomolecular condensates residing in the nucleus remain unexplored. Here, we probe exper-
imentally and computationally diverse nuclear condensates, that include splicing speckles, Cajal bod-
ies, and nucleoli, during cytoplasmic remodeling of female germ cells named oocytes. We discover that
growing mammalian oocytes deploy cytoplasmic forces to timely impose multiscale reorganization of
condensates inside the nucleus. We determine that cytoplasmic forces accelerate nuclear condensate
collision-coalescence and molecular kinetics within condensates. Inversely, disrupting the forces decel-
erates nuclear condensate reorganization on both scales. We link the molecular deceleration found in
mRNA-processing splicing speckles to reduced and altered splicing of mRNA, which in oocytes impedes
fertility. We establish that different sources of cytoplasmic forces can reorganize nuclear condensates
and that this cytoplasmic aptitude for subnuclear reorganization is evolutionary conserved in growing
insect oocytes. Our work implies that cells evolved a mechanism, based on cytoplasmic force tuning, to
functionally regulate a broad range of nuclear condensates across scales. This finding opens new per-
spectives when studying condensate-associated pathologies like cancer, neurodegeneration and viral in-
fections.
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The PP2A inhibitor and histone chaperone SET/I2PP2A is
essential to generate euploid oocytes
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Chromosome segregation in human oogenesis is highly error-prone, often leading to aneuploid oocytes, which

present a wrong number of chromosomes. To achieve correct segregation of chromosomes in meiosis, cohe-

sion between sister chromatids must be removed on chromosome arms during meiosis I, but protected at the

centromere. This protection must be lifted in meiosis II to allow the segregation of sister chromatids. We study

SET, also called I2PP2A, a protein proposed to be necessary for this lift in protection in mouse oocyte meiosis.

SET is amultitasking proteinwhich is implicated in several cellular processes including apoptosis, cell cycle reg-

ulation, DNA repair, and gene transcription. It was also recently shown to influence chromosome segregation

in mitotic cells.

In this project, we developed a conditional knockout of SET in mouse oocytes to fully study the function of

this gene during meiosis. Our preliminary results suggest a novel and unexpected role for SET in regulating

chromosome segregation already in meiosis I. SET appears to have roles both at the kinetochore (regulating

attachments to spindle microtubules) and along chromosome arms (regulating cohesion between chromatids).

We show that in the absence of SET, oocytes present misaligned chromosomes at the metaphase plate and fail

to correctly segregate homologous chromosomes, which leads to aneuploidy. The effects of the conditional

knockout of SET on chromosome segregation in meiosis will be presented.
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Relation between chromosome attachment and tension in
meiosis II.

Thursday, 8th April - 15:45: Flash Session 2 (Room 2) - Abstract ID: 252
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The fusion of male and female haploid gametes leads to the development of a diploid zygote, hence embryoge-

nesis and offspring. Two successive divisions (meiosis I and II) segregate first homologous chromosomes and

then sister chromatids and thus allow the production of haploid gametes. Under rare circumstances, segrega-

tion errors may occur, resulting in an abnormal number of chromosomes in the gamete, and after fertilisation

to the formation of aneuploid embryos. Aneuploidy in the embryo is usually not compatible with life and leads

to miscarriage; when viable, aneuploidy can give rise to trisomies.

During meiosis microtubules form a bipolar spindle, and attach to the chromosomes via kinetochores. Homol-

ogous chromosomes in MI (meiosis I), and sister chromatids in MII (meiosis II) have to attach to microtubules

coming from opposite poles of the spindle to be segregated away from each other. However, the first attach-

ments are often incorrect and must be destabilised to allow the establishment of correct attachments.

Microtubules coming from opposite poles produce symmetric attachments on paired sister kinetochores in MI,

and bioriented sister kinetochores inMII, thereby exerting opposing forces that induce the generation of tension

on kinetochores, essential to distinguish correct from incorrect attachments. Our team has shown previously in

mouse oocytes that attachments that are missing tension induce the activation of a cellular pathway inhibiting

anaphase onset and chromosome segregation, inMI. Nowwe address how chromosome attachment is regulated

in oocyte MII.

Oocyte meiosis II is characterised by an arrest in metaphase II, named CSF arrest, until fertilisation. Interest-

ingly, during this arrest we observed a reduction of inter-kinetochore distance suggesting a reduction of tension,

compared to prometaphase II.

We treated mouse oocytes with an Eg5 kinesin inhibitor, which has been shown to reduce spindle length and

inter-kinetochore distance, and is commonly used to reduce tension. We observed that reducing tension in

prometaphase II blocks anaphase onset, but to our surprise, reducing tension in metaphase II has no effect on

anaphase II onset. This suggests that incorrect attachments can not be detected and corrected duringmetaphase

II arrest and chromosome segregation becomes independent of tension. Failure to recognize attachments that

are missing tension and induce their repair may explain how errors arise in the second meiotic division. Cur-

rently, we address whether the failure of oocytes to recognize missing tension is a characteristic of CSF arrest,

and necessary to maintain this arrest for extended periods of time until fertilization occurs.
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Paternal USP26 Mutations Raise Klinefelter Syndrome Risk in
Their Offspring
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Introduction: Current understanding holds that Klinefelter syndrome (KS) is not inherited, but rather occurs

randomly during meiosis. Whether there is any genetic basis for the origin of KS is unknown.

Methods: We applied whole-exome sequencing in 108 unrelated KS patients to identify potential KS origin

related genes, then generated a ubiquitin-specific peptidase 26 (Usp26) knockout mouse line to study poten-

tial relationships between Usp26and KS. We subsequently performed mutation screening by direct Sanger se-

quencing of the USP26 open reading frame in 1,020 KS patients and 272 controls and used fluorescence in situ

hybridization (FISH) to examine the sex chromosomes in their spermatozoa.

Results: We initially identified USP26as a likely KS-origin-related gene and subsequently demonstrate that it is

a KS causative gene. The knockout of Usp26 in male mice resulted in the production of 41, XXY offspring. The

USP26 protein is localized at the XY body, and we show that disruption of USP26 causes incomplete sex chro-

mosome pairing by destabilizing TEX11. The unpaired sex chromosomes in the Usp26−/Y mice then result in XY

aneuploid spermatozoa. Consistent with our mouse results, a clinical study showed that some USP26 variations

increase the proportion of XY aneuploid sperm in fertilemen, andwe identified two families with a KS offspring

wherein the father of the KS patient harbored aUSP26 clustermutation, further supporting that paternalUSP26

mutation can cause KS offspring production.

Discussion: KS can originate from XY spermatozoa, and paternal USP26mutations greatly increase the risk for

producing KS offspring based on an apparently atypical mode of Mendelian inheritance. As non-disjunction of

sex chromosomes during meiosis may also lead to other types of sex chromosome aneuploidies such as Turner

syndrome (XO), trisomy X (XXX), and XYY, the noncanonical mode of Mendelian inheritance we observed in

KS may be applied in other sex chromosome aneuploidy studies. Future studies should pay attention to those

individuals who are fully fertile but harbor some genetic variants which may increase the production of other

types of sex chromosome aneuploidy. These sex-chromosome-disorder-related variants should potentially be

included in clinical genetic counselling, as their occurrence suggests an increased of risk for producing sex chro-

mosome aneuploidy offspring. In addition, our findings regarding the age-related phenotypes in spermatoge-

nesis are potentially relevant for disease management for KS cases: perhaps individuals could be counseled to

undertake cryopreservation of sperm at younger ages if they harbor such genetic variants.
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Impact of Cdk activity during meiotic divisons on the
generation of healthy oocytes
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Two different forms of cell division exist in eukaryotes: mitosis and meiosis. In mitosis, cells duplicate the

DNA in S phase and segregate their chromosomes in mitotic M phase, creating two genetically identical daugh-

ter cells. Meiosis is a specialized cell cycle composed of two successive M phases, without an intermediate S

phase, giving rise to haploid gametes. Special regulatory mechanisms are necessary to promote homologous

chromosome bi-orientation and segregation but the main challenge in meiosis resides in executing two rounds

of division without resetting the cell cycle. While in the mitotic cell cycle, the coupling of S and M phase is

vital, in meiosis no S phase (meaning no DNA replication) can take place between the two M phases. In fe-

male meiosis, errors in these two divisions can lead to the formation of aneuploid oocytes, harboring the wrong

number of chromosomes. For this reason, precise regulation of the meiotic cell cycle is necessary to obtain eu-

ploid embryos. The master regulator of the cell cycle which ensures proper phase progression is the cyclin-Cdk

complex. Varying Cdk activity levels together with the regulatory subunits known as cyclins coordinate the

transition between different stages of the cell cycle by phosphorylating different key substrates which trigger

specific biological processes. In meiosis, during the MI-MII transition a partial decrease in Cdk activity occurs

which allows another segregation event, but inhibits a second round of DNA replication. To investigate this

further, first we were able to establish optimal conditions for the cultivation of a genetically modified budding

yeast strain, which produces a high level of cell synchronicity in meiosis I. This is the basis which allowed us to

perform a global phosphoproteome analysis during MI-MII transition using mass spectrometry. We developed

the adequate protocol to perform this phosphoproteome analysis using TMT10plex technology to monitor the

phosphorylation dynamics in a time-resolvedmanner. Themain focus of the project at themoment has been the

analyze the obtained datawhichwill give us important insight into substrate behavior duringmeiosis I exit. This

data allows us to follow the phosphorylation dynamics of proteins during the MI-MII transition. Our analysis

will be focused on comparing phosphorylation differences betweenmitosis exit andmeiosis I exit. Phosphosites

will be clustered depending on their phosphorylation profiles over time (phosphorylated, dephosphorylated or

stable), kinase consensus motifs dissected to determine the upstream kinase.

Tmt10plex.png
Cdkactivity.png
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Loss of heterochromatin and retrotransposon silencing
constitute an early phase in oocyte aging
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Introduction:

As we age, shifts in heterochromatin levels change the epigenetic landscape in our cells. One of the conse-

quences of heterochromatin de-regulation may be the de-repression of transposable elements (TE). In this

work we examine the epigenetic changes in aged oocytes, and their impact on oocyte quality and maturation

ability. Importantly, we examined this effect before the onset of significant aneuploidy.

Methods

Epigenetic status was investigated by immunofluorescence (IF) in mouse and human oocytes. Young (2MO)

and older (9 MO) mouse oocytes were stained in situ or by chromosome spread. Retrotransposon activity and

processing was explored using RT-PCR and smRNA sequencing and confirmed by immunofluorescence. IF was

performed to examine RNA processing machinery components, and DNA damage markers. In vitro maturation

assays in the presence of heterochromatin modifying chemicals were used to confirm the casual relationship

between heterochromatin loss, retrotransposon activity and maturation potential.

Results

The loss of heterochromatin in aged oocytes was demonstrated by decreased immuno-staining signal of aged

mouse oocytes for heterochromatin markers H3K9me2, HP1γ and H3K27me3. Staining for H3K9me2 in human

oocytes showed significant negative linear correlation of heterochromatin with age.

The consequences of the de-regulation on TE transcription were observed by increased RNA expression. LINE-1

overexpression was confirmed by high presence of L1-ORF1p in IF staining of old oocytes. In accordance with

increased activity of these TE, older oocytes show increased recruitment of DNA repair proteins indicative of

DNA damage. This was shown by elevated Rad51 nuclear localization in older oocytes, and higher presence

of γH2Ax foci. Inhibiting retrotransposon reverse-transcriptase through Azidothymidine (AZT) treatment in

older oocytes partially rescued maturation rates , and lowered their DNA damage.

TEs were intensively processed by the oocyte. Staining for Dicer and dsRNA showed an increase with age.

Specific TE types such as LTRs and LINES showed higher processing in older oocytes as evident by smRNA-seq

analysis.

In order to show a causal link between epigenetic deterioration and maturation defects, we treated young

mouse oocytes with heterochromatin damaging compounds (e.g. Chaetocin, TSA). Treated oocytes presented

loss of maturation, accompanied with major loss of H3K9me2, and increased L1-ORF1p activity.

Discussion

Our work demonstrates an epigenetic aspect of oocyte aging, which occurs before the onset of aneuploidy.

This aspect is characterized by the loss of heterochromatin associated chromatin marks and activation of

retrotransposons which cause DNA damage and impairs oocyte maturation.
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Inhibition of protein translation is required for meiotic exit
and transition to pollen development in Arabidopsis
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Sexual life cycle of eukaryotic organisms is characterized by alteration of haploid and diploid life forms. Tran-

sition from the diploid to haploid phase is defined by meiosis, a reductional cell division that produces four

haploid cells from a single diploid progenitor. In angiosperm plants meiosis is immediately followed by mitotic

divisions that give rise to pollen in male germline, and embryo sack in female germline. Efficient transition

from meiosis to subsequent mitotic divisions is driven by an unknown mechanism, which requires the plant

specific protein TDM1 and the NMD factor SMG7. Arabidopsis tdm1 and smg7 mutants fail to exit meiosis and

enter aberrant third meiotic division.

Herewe dissected themolecularmechanism bywhich TDM1 acts as ameiotic specific inhibitor of protein trans-

lation, a required step in order to exit the meiotic cycle.

We have discovered that TDM1 interacts with the translation initiation factor eIF4G and its isoforms eIFiso4G1

and eIFiso4G2. These proteins form scaffold of the eIF4F complex that mediates initiation of translation of

capped mRNAs. Co-expression in leaf protoplasts revealed that TDM1 forces relocalization of eIF4F from cy-

tosol to p-bodies indicating its role in suppressing translation. We confirmed the inhibitory effect of TDM1 on

translation in an in vitro translation assay. Furthermore, the localization of TDM1 in p-bodies during meiosis is

dependent of SMG7, and it is necessary to capture eIF4G isoforms during telophaseII.

Mimicking the inhibitori role of TDM1, we blocked protein translation applying cycloheximide during telopha-

seII, resulting in meiotic exit and tetrads formation in the tdm1mutant. Moreover, inhibition during telophaseI

results in premature exit at the end of the first meiotic division and dyads formation, resembling the phenotype

observed when TDM1 is ectopically activated in meiosisI.

Together, our data argue that TDM1 is a meiosis specific inhibitor of translation, and that suppression of trans-

lation facilitates remodeling of the cell cycle machinery at the meiosis to mitosis transition.

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic, European Re-

gional Development Fund-Project “REMAP” (No. CZ.02.1.01/0.0/0.0/ 15_003/0000479).
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MAPK signalling stands at the base of female germline aging
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Oogenesis is one of the first processes to fail during aging. Most human oocytes cannot successfully complete

meiotic divisions already during the fourth decade of maternal life. Studies in the nematode Caenorhabditis

eleganshave uncovered conserved genetic pathways that control lifespan, but our knowledge regarding repro-

ductive aging in worms and humans is limited. Specifically, little is known about germline internal signals that

dictate the germline biological clock. Here, we report a thorough characterization of the meiotic changes along

the worm’s lifespan. We found that shortly after ovulation halts, germ-cell proliferation declines, while apopto-

sis continues, leading to a gradual reduction in germ-cell numbers. In late aging stages, we observed thatmeiotic

progression is disturbed and crossover designation and DNA double-strand break repair decrease. In addition,

we detected a decline in the quality of mature oocytes during aging, as reflected by decreasing size and elonga-

tion of interhomolog distance, a phenotype also observed in human oocytes. Many of these altered processes

were previously attributed to changes inMAPK signaling in youngworms. We found that during aging there are

dramatic changes in the activation dynamics of MAPK terminal effector, Erk/MPK-1, in the gonad. We therefore

tested the hypothesis that MAPK controls meiotic aging using both genetic and pharmacological tools. We found

that the decline in meiotic processes can be delayed by depleting the expression of mpk-1.Importantly, in mu-

tants with high levels of activated MPK-1, oocyte quality deteriorates faster than in wild-type worms, whereas

chemical inhibition of MPK-1 enhances oocyte quality. Thus, our data indicate that MAPK signaling controls

germline aging and could potentially be used to attenuate the rate of successful meiotic divisions.
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The role of Mad3 beyond the spindle assembly checkpoint in
meiosis
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Meiosis is a specialised cell division process where one round of DNA replication is followed by two rounds of

division, leading to formation of four gametes from one cell. Unlike in mitosis, where sister chromatids seg-

regate to opposite poles, in meiosis I, homologous chromosomes biorient and sister chromatids travel to the

same pole. A number of mechanisms are in place to orchestrate this segregation. Firstly, centromere pairing

allows homologs to pair up upon entry into meiosis. Secondly, recombination in prophase I leads in chiasmata

formation that physically links homologs together. Thirdly, a meiosis I-specific monopolin complex fuses sister

kinetochores so that each sister kinetochore pair can only bind one microtubule. These events promote biori-

entation of homologs- a situation where homologs are linked by chiasmata while each fused sister chromatid

pair is bound and pulled by a microtubule from opposite pole, thus generating tension between the homologs.

If microtubules from the same pole bind both fused sister kinetochore pairs (homologs mono-orient), then ho-

molog nondisjunction would occur during anaphase I, resulting in aneuploid gametes. To circumvent this, two

surveillance mechanisms- error correction and the spindle assembly checkpoint (SAC) - work together to en-

sure bipolar attachment of all homologs before onset of anaphase I. When homologs are mono-oriented, the

error correction machinery senses lack of tension between homologs and, through Ipl1/AuroraB kinase activ-

ity, detaches incorrectly attached microtubules from the kinetochores. Unattached kinetochores result in Mad

and Bub proteins generating the Mitotic Checkpoint Complex which inhibits the APC/C, preventing anaphase I

entry. My PhD project aims to understand the importance of SAC proteins in meiosis in Saccharomyces cere-

visiae.Through localization studies and analysis of loss of function phenotypes, I have determined that SAC

proteins have both shared and distinct roles in meiosis I. My latest findings on the role of the SAC component,

Mad3, will be presented.
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Building the mammalian synaptonemal complex
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Introduction
Mouse synaptonemal complex (SC) assembly begins with the axial element (AE) localising along chromosome

coreswhilemeiotic recombinationbrings homologous chromosomes together. Synapsis of paired chromosomes

is then thought to involve a lattice of the transverse filament (TF) protein (SYCP1) assembling between paired

homologous chromosomes, and subsequent recruitment of central element (CE) proteins that enable extension

of the SC along the chromosome axis. However, it is not yet clear how/where synapsis is initiated on meiotic

chromosomes in mammals, or whether this is linked to meiotic recombination.

Methods
We have used size exclusion chromatography and multi-angle light scattering to analyse complexes between

SC proteins in vitro, then structure-directed mutagenesis, genome editing in mice and structured illumination

microscopy to trap SC assembly intermediates and investigate their effects in vivo.

Results
We revealed that SYCE3 can interact directly with SYCP1 and other components of the CE in vitro, and identify

interaction interfaces in SYCE3 that allow SYCE3 to melt the SYCP1 lattice and enable SYCE3 to multimerise and

mediate assembly of higher order SYCP1 complexes in vitro. Introducing specific point mutations into SYCE3

preserves its ability to melt the SYCP1 lattice but disrupts its ability to promote higher order SYCP1 complexes in

vitro. To investigate the consequence of this perturbation in vivo we generated Syce3mutant mice, and showed

that these mutations cause asynapsis and interfere with the assembly of SYCP1 into SC-like structures.

Furthermore, although the Syce3-mutant mice failed to recruit other CE proteins to the TF we found that some

weak SYCE2 foci were still recruited to the chromosomes. Interestingly, these SYCE2 foci did not colocalise with

SYCP1, but rather with the recombination protein RAD51. Furthermore, these SYCE2-RAD51 foci are present on

meiotic chromosomes in Sycp1-/- spermatocytes where they are associated with paired chromosome axes being

in close spatial proximity.

Discussion
Our data suggests that SYCE2-RAD51 foci provide a link between meiotic recombination and synaptic SC as-

sembly in mammals. We propose the existence of two pathways for synaptic SC assembly in mammals; 1) A

conventional “outside-in” zipper pathway involving recruitment of patches of SYCP1 to the AE that then recruit

SYCE3which remodels the SYCP1 lattice andmultimerises to promote extension of the SC along the chromosome

axes; 2) A novel “inside-out” model in which recombination-associated SYCE2 is positioned between paired AEs,

initiating SC formation at sites of recombination by recruitment of SYCP1 and other CE complex components

around it.
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The ZMM protein Zip4 directly couples meiotic crossover
formation to synaptonemal complex assembly
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Meiotic crossover recombination is triggered by the formation of a large number of programmed double strand

breaks (DSBs) catalyzed by the conserved topoisomerase-derived Spo11 protein. However, only a subset of

these DSBs are repaired as crossover (CO), suggesting that a precise mechanism channels them toward a CO

fate. A group of eight evolutionarily conserved proteins, collectively named ZMM, specifically promotes the CO

formation pathway (Pyatnitskaya et al. 2019). In budding yeast, CO formation is tightly synchronized to the

formation of the synaptonemal complex (SC), a meiosis-specific structure composed of two axial elements that

are held together by a central region (Pyatnitskaya et al. 2019). In particular, the central region elements Ecm11

and Gmc2 help the transverse filament protein Zip1 to properly polymerize between homologs. However, the

underlying mechanism that coordinates CO formation and SC assembly is still unknown.

Investigating the determinants for the central SC element Ecm11 binding to chromosomes, we found that Ecm11

mainly localizes on axis-attachment and DSB sites, and that the ZMM Zip4 protein is strictly required for Ecm11

binding to chromosomes.

We further show that Zip4 is a direct binding partner of Ecm11. We generated point mutants, zip4N919Q and

ecm11LLDD, that specifically abolish the Zip4-Ecm11 interaction. Both zip4N919Q and ecm11LLDD mutations

exhibited full spore viability, similar to ecm11Δ, but showed a drastic loss of Ecm11 binding on chromosomes

and defects of SC assembly. Interestingly, we were able to restore SC polymerization by artificially tethering

mutated Ecm11LLDD to Zip4, suggesting that the Zip4-Ecm11 interaction is necessary for proper SC formation.

Our results suggest a direct connection that ensures SC assembly from CO sites through the Zip4-Ecm11 interac-

tion. Ensuring SC polymerization from emerging CO sites could be an elegantway of fine-tuning CO distribution,

by participating to CO interference and/or by regulating nearby DSB formation (Mu et al. 2020).

Strikingly, we also observed an interaction between the mammalian ortholog of Zip4, TEX11, and the SC central

element TEX12, raising the possibility that this mechanism synchronizing CO formation and SC polymerization

is conserved.

References
Mu, Xiaojing, HajimeMurakami, NeemanMohibullah, and Scott Keeney. 2020. Chromosome-autonomous feed-

back down-regulates meiotic DNA break competence upon synaptonemal complex formation. Genes & Devel-

opment.
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the ZMM proteins in meiosis. Chromosoma 128: 181–198.
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The synaptonemal complex imposes crossover interference
and heterochiasmy in Arabidopsis
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Meiotic crossovers have intriguing patterning properties, including crossover interference, the tendency of COs

to be well-spaced along chromosomes, and heterochiasmy, themarked difference inmale and female crossover

rates. During meiosis, transverse filaments transiently associate the axes of homologous chromosomes, a pro-

cess called synapsis that is essential for crossover formation in many eukaryotes.

Here we describe the spatial organization of the transverse filaments in Arabidopsis (ZYP1), and showed it to

be evolutionary conserved. We showed that in the absence of ZYP1 (zyp1a zyp1b null mutants), chromosomes

associate in pairs but do not synapse. Unexpectedly, in absence of ZYP1, crossover formation is not prevented,

but increased. Further, genome wide analysis of recombination revealed that crossover interference is abol-

ished, with the frequent observation of close crossovers. In addition, heterochiasmy was erased, with identical

crossover rate in male and female.

This shows that the tripartite synaptonemal complex is dispensable for crossover formation and has a key role

in regulating their number and distribution, imposing crossover interference and heterochiasmy.
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DNA repair is altered during C. elegans germline aging

Thursday, 8th April - 17:15: Oral Session 2 (Room 1) - Abstract ID: 258

Mr. Erik Toraason 1, Ms. Victoria Adler 1, Prof. Diana Libuda 1

1. University of Oregon

Reproductive aging leads to a decline in oocyte quality and female fertility. Many factors are suggested to con-

tribute to reduced oocyte quality with aging, including mitochondrial dysfunction, loss of chromosome cohe-

sion, and altered gene expression. While previous studies in multiple organisms have identified the altered

expression of multiple DNA repair genes during oocyte aging, it is largely unknown whether DNA repair is de-

fective in aged oocytes. To determine whether DNA break formation and repair changes in oocytes upon aging,

we used C. elegansto examineDNA repair in germlines of aged animals and in oocytes thatwere held and aged in

specific stages of meiotic prophase I. Specifically, we used wild-type hermaphrodites, which continuously pro-

duce new oocytes, and fog-2mutant females, which can hold and age their oocytes in specific stages of meiotic

prophase I. Our results found that RAD-51 foci, which mark DNA double-strand breaks (DSBs), were elevated

in both aged wild-type and fog-2germlines, indicating that oocytes accumulate DSBs in old germlines regard-

less of oocyte age. We further determined that these elevated DSBs in aged germlines were SPO-11-dependent,

indicating that age either increases SPO-11 activity or delays DSB repair in the germline. To assess efficiency

of meiotic DSB repair upon aging, we introduced exogenous DSBs via irradiation (IR) to both young and old

germlines and examined the kinetics of DSB repair at defined times following the IR treatment. Our results in-

dicate that individual nuclei respond heterogeneously to exogenous DSBs. While the majority of oocyte nuclei

in both young and aged germlines were able to efficiently repair IR-induced DSBs, a subset of nuclei maintained

a high number of RAD-51 foci. Specifically for this subset of nuclei, we found that aged germlines maintained

a higher number of DSBs following irradiation than young germlines, supporting a model in which DSB repair

is less efficient in aged nuclei. To determine how DSB repair is regulated during oocyte aging, we examined

mutants deficient in the E2 ubiquitin ligase variant UEV-2, which is upregulated in the oocytes of mutants with

an extended reproductive lifespan and is suggested to function in DSB repair. Our analyses indicate that both

young and aged uev-2mutant germlines exhibit elevated but similar levels of RAD-51 foci, implicating UEV-2 as

a key regulator of DSB repair during germline aging. Taken together, our work has revealed defects associated

with germline aging and identified novel players ensuring efficient DSB repair in young oocytes.
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