
Paris Single Cell 2018

Programme

10:00 Accueil

10:15 Ouverture

Pierre Le Ber, France Génomique
Jean-Christophe Simon, GdR Génomique Environnementale
Jian-Sheng Sun, Muséum National d’Histoire Naturelle

10:25 – 11:35 Omiques – I

10:25 Gaël Yvert (invité) Natural DNA variants have probabilistic effects on single-
cell traits

10:55 Jules Gilet Single-cell RNAseq enables reconstructing the thymic 
development of Mucosal-Associated Invariant T cells

11:15 Maximilian Haeussler UCSC Single Cell Browser

11:35 – 12:00 Pause Café

12:00 – 13:00 Omiques – II

12:00 Olivier Gandrillon (invité) Toward a dynamical network view on a differentiation 
process

rt12:30 Ramiro Logares (invité) Ecogenomics of marine microbes from a single-cell 
perspective

13:00 – 14:30 Repas – cantine du MNHN

14:30 – 15:40 Imagerie

14:30 Luis Pedro Coelho (invité) High-throughput fluorescence microscopy of 
environmental samples obtains single-cell phenotypic 
measurements

15:00 François Delavat Characterizing Individual Donor Cell Fates During 
Horizontal Gene Transfer of an Integrative and 
Conjugative Element

15:20 Clement Cuello ATR-FTIR imaging: phenotyping at the cell wall level in 
poplar wood

15:40 – 16:10 Pause Café

16:10 – 17:30 Fluidique

16:10 Jérôme Bibette (invité) Phenotypic diversification and adaptation of yeast on a 
physiological time scale

16:40 Gilles Charvin (invité) Single cell analysis of the mechanism of entry into 
replicative senescence in budding yeast

17:10 Andrew Clark A tuneable microfluidic system for long duration 
chemotaxis experiments in a 3D collagen matrix

17:30 – 17-45 Clôture



Paris Single Cell 2018

Schedule

10:00 Opening

10:15 Welcome

Pierre Le Ber, France Génomique
Jean-Christophe Simon, GdR Génomique Environnementale
Jian-Sheng Sun, Muséum National d’Histoire Naturelle

10:25 – 11:35 Omics – I

10:25 Gaël Yvert (guest) Natural DNA variants have probabilistic effects on single-
cell traits

10:55 Jules Gilet Single-cell RNAseq enables reconstructing the thymic 
development of Mucosal-Associated Invariant T cells

11:15 Maximilian Haeussler UCSC Single Cell Browser

11:35 – 12:00 Coffee break

12:00 – 13:00 Omics – II

12:00 Olivier Gandrillon (guest) Toward a dynamical network view on a differentiation 
process

12:30 Ramiro Logares (guest) Ecogenomics of marine microbes from a single-cell 
perspective

13:00 – 14:30 Lunch – MNHN canteen

14:30 – 15:40 Imaging

14:30 Luis Pedro Coelho (guest) High-throughput fluorescence microscopy of 
environmental samples obtains single-cell phenotypic 
measurements

15:00 François Delavat Characterizing Individual Donor Cell Fates During 
Horizontal Gene Transfer of an Integrative and 
Conjugative Element

15:20 Clement Cuello ATR-FTIR imaging: phenotyping at the cell wall level in 
poplar wood

15:40 – 16:10 Coffee break

16:10 – 17:30 Fluidics

16:10 Jérôme Bibette (guest) Phenotypic diversification and adaptation of yeast on a 
physiological time scale

16:40 Gilles Charvin (guest) Single cell analysis of the mechanism of entry into 
replicative senescence in budding yeast

17:10 Andrew Clark A tuneable microfluidic system for long duration 
chemotaxis experiments in a 3D collagen matrix

17:30 – 17-45 Concluding remarks



Characterizing Individual Donor Cell Fates During

Horizontal Gene Transfer of an Integrative and

Conjugative Element

François Delavat∗1, Christine Paillard2, and Jan Roelof Van Der Meer3

1Laboratoire des Sciences de lÉnvironnement Marin (LEMAR) (LEMAR) – Institut de Recherche pour

le Développement : UMR195, Institut français de Recherche pour l’Exploitation de la Mer, Université

de Bretagne occidentale : UMR6539, Centre National de la Recherche Scientifique : UMR6539 – IUEM

Technopôle Brest-Iroise - rue Dumont dÚrville - 29280 Plouzané - FRANCE, France
2Laboratoire des Sciences de l’Environnement Marin – CNRS : UMR6539, Université de Bretagne

Occidentale (UBO), Institut Universitaire Européen de la Mer (IUEM), Institut de Recherche pour le

Développement, Institut Français de Recherche pour l’Exploitation de la Mer (IFREMER) –

Technopôle Brest-Iroise, Place Nicolas Copernic, 29280 Plouzané, France
3Université de Lausanne, Département de Microbiologie Fondamentale (Suisse) – Suisse

Résumé

Integrative and Conjugative Elements (ICEs) are widespread mobile DNA. ICE are inte-
grated in the host genome and are maintained through vertical descent. Occasionally, they
excise and form a circular intermediate, which can conjugate to recipient cells and reintegrate
into the genome at one or more specific sites. It is poorly understood what the consequences
of such occasional excision and conjugation are for ”donor” cells that harbor the ICE. We
have previously shown how a subpopulation of 3 to 5% of cells of Pseudomonas knackmussii
B13 in stationary phase conditions becomes ”transfer competent” (tc) for conjugation of an
ICE called ICEclc. In this study, we developed a single-cell tracking tool to study the fate
of individual donor cells during ICEclc transfer. The tool is based on differential activation
of fluorescent proteins coupled to ICEclc promoters and can differentiate initial activation
of tc development in cells, ICEclc excision, transfer and integration. Results of time-lapse
microscopy showed that while ICEclc is activated when cells enter in stationary phase, exci-
sion and transfer predominantly occur when cells obtain new carbon substrate. Although tc
donor cells can still divide a few times, division becomes irregular and half of the individual
tc donors arrest growth altogether or lyse. ICEclc also shows a variety of fates in donor
cells: in some but not all cells ICEclc excises, in some it replicates during or after transfer,
whereas in others it is lost. A probabilistic model was developed to explain the different cell
fates. Interestingly, the model predicts lower ICE-fitness if the proportion of cells activating
tc development increases from 5% to 20%, or if activation occurs already during growth and
not in stationary phase. Our results highlight a new facet of ICE life-style and shed a new
light on bacterial cellular differentiation during horizontal gene transfer.

∗Intervenant

sciencesconf.org:pasic-2018:225429



ATR-FTIR imaging: phenotyping at the cell wall

level in poplar wood

Clement Cuello∗1,2, Paul Marchand1, Françoise Laurans1,3, Camille Grand-Perret1,
Véronique Lainé-Prade1,3, Gilles Pilate1, and Annabelle Déjardin1

1UMR Biologie intégrée pour la valorisation de la diversité des arbres et de la forêt – Institut national

de la recherche agronomique (INRA), Office National des Forêts - ONF (FRANCE) – France
2Ecole Doctorale ”Santé, Sciences Biologiques et Chimie du Vivant” – Université d’Orléans : ED549

SSBCV – France
3Plateforme régionale Génobois – Institut national de la recherche agronomique (INRA) – France

Résumé

Trees are able to grow high and to live old thanks to the remarkable properties of their
wood. As a matter of a fact, wood delivers three major functions: (1) water conduction from
roots to crown, (2) support of the ever-increasing mass of the growing tree and (3) storage of
temporary reserves, important for tree growth over the years. In angiosperm trees, different
wood cell types are affected to each of these functions. Fibers are involved in tree mechanical
support, vessels in water conduction and parenchyma rays in starch and/or lipid storage dur-
ing the resting period. In addition, these cell types have distinct developmental programs.
While fibers and vessels are early-dying cells, parenchyma rays stay alive longer. Therefore
wood is a complex patchwork of cells and its structure results from the three-dimensional as-
sembly of the cell walls of dead fibers and vessels, interconnected with still living parenchyma
rays. This great complexity stands as an obstacle when studying wood formation and the con-
struction of wood properties. However, this can be circumvented thanks to the development
of cell-specific approaches. We developed a non-destructive method based on ATR-FTIR
imaging on poplar wood sections. This technology enables to collect IR-absorbance spectra
from small areas of cross-sections, which makes possible to differentiate between wood cell-
types or even between the different cell wall layers from a single fiber. We first demonstrated
that spectra taken from fiber cell walls on cross-sections differed from spectra obtained from
wood powder. We also showed that ATR-FTIR imaging is able to discriminate the cell walls
of fibers, vessels and rays. These findings are in accordance with other studies, but with an
improved spatial resolution. ATR-FTIR microspectroscopy is thus a promising tool to finely
characterize the cell wall of different wood cell types. This work has been supported by the
OPeNSPeNU project.

∗Intervenant

sciencesconf.org:pasic-2018:226170



UCSC Single Cell Browser

Maximilian Haeussler∗1 and William James Kent1

1Jack Baskin School of Engineering – États-Unis

Résumé

We have written an interactive web-based viewer for the 2D plots from single cell ex-
pression analysis pipelines. It can color the plot by meta data and gene expression and
does not require a special server. Helper scripts can import data from Seurat, Scanpy and
CellRanger. If the BAM files are available, a specialized tool can create UCSC Genome
Browser Track Hubs that show exon coverage and splice junctions grouped by cell type. We
have imported the datasets BioHub TabulaMuris and a few brain-related datasets, but are
actively looking for more datasets to show. The current version of the browser is available
from http://cells.ucsc.edu and our open source Github repo is linked from the ”Help” menu
there.

∗Intervenant

sciencesconf.org:pasic-2018:226603



Single-cell RNAseq enables reconstructing the thymic

development of Mucosal-Associated Invariant T cells.

Jules Gilet∗1, François Legoux2, and Olivier Lantz2

1Immunité et cancer – Institut Curie, Institut National de la Santé et de la Recherche Médicale : U932

– INSTITUT CURIE - SECTION DE RECHERCHE - 26 RUE DÚLM75248 PARIS, France
2Immunité et cancer – Institut Curie, Institut National de la Santé et de la Recherche Médicale : U932

– France

Résumé

Mucosal-Associated Invariant T cells have a unique specificity for microbial metabolites
presented by the MHC-1b molecule, MR1. They display antimicrobial activity, and can re-
lease cytotoxic mediators upon activated by TCR signaling and by external cytokines. As a
subset of T lymphocytes, MAIT development occurs in the thymus where they acquire an
effector-memory phenotype under the control of the key transcription factor ZBTB16. This
particular maturation process is in contrast with mainstream T cells that egress from the
thymus with a naive phenotype before populating the secondary lymphoid organs.
We make use of fluorescent labeled MR1 tetramers loaded with a MAIT ligand (5-OP-RU)
to isolate murine thymic MAIT cells. With the use of a droplet-based single cell technology
(10x) we captured the transcriptomic profiles of individual MAIT cells undergoing positive
selection and thymic differentiation.

A graph-based clustering method (louvain) associated to dimension reduction techniques
(tSNE, UMAP) allows to identify different subsets of thymic MAIT cells, from an immature
state (ZBTB16-) to a late/mature MAIT1 (ZBTB16+TBX21+) and MAIT17 (ZBTB16+RORC+)
phenotype. More importantly, as the gene expression profile of the captured cells shows a
continuum in their gene expression pattern, a continuous rather than a discrete representa-
tion better helps to understand how the fate of MAIT subsets is programmed. With the use
of non linear dimension reduction techniques (diffusion map) or semi-unsupervised machine-
learning algorithms (DDRTree), we have been able to represent the MAIT differentiation
process in a pseudo-time scale, and are able to reconstitute the order of the transcriptional
events leading to their development. Finally, by the use of network inference techniques, we
identified genes regulatory relationships, identifying the key transcription factor controlling
this differentiation process.
Altogether, these approaches allow to decipher the molecular mechanisms and the genetic
events occurring during the development of MAIT cells in the thymus.

∗Intervenant

sciencesconf.org:pasic-2018:226615



Natural DNA variants have probabilistic effects on

single-cell traits

Gaël Yvert∗1

1Laboratoire de Biologie Moléculaire de la Cellule (LBMC) – CNRS : UMR5239, Institut national de la

recherche agronomique (INRA) : UR5239, Université Claude Bernard - Lyon I (UCBL), École Normale

Supérieure (ENS) - Lyon – ENS de Lyon 46 allée d’Italie 69364 LYON Cedex 07, France

Résumé

Studying quantitative traits at the level of numerous individual cells can reveal non-
deterministic effects resulting from DNA variants. Using yeast as an experimental model
system, we found that natural genetic backgrounds confer different statistical properties of
single-cell molecular and cellular traits. For example, the extent of cell-to-cell trait variability
differs among wild yeast strains. We have developed a genome-scanning statistical framework
to identify genetic loci involved in such non-deterministic consequences. We also studied
how natural DNA variants affect the response dynamics of a population of cells adapting
to a suddenly new environment. We observed that genetic polymorphisms can transform a
gradual response - all cells adapting progressivelyand simultaneously - into a binary one -
coexistence of adapted and non-adapted cells -, that this transformation can be driven by
a single gene or by combinations of multiple genes, and that systems biology modeling of
the regulatory network can reveal the mechanistic molecular changes resulting from allelic
differences. Our results illustrate how genetic ”control” can sometimes correspond to genetic
”dice loading”, where the associated trait varies non-deterministically.

∗Intervenant

sciencesconf.org:pasic-2018:228056



High-throughput fluorescence microscopy of

environmental samples obtains single-cell phenotypic

measurements

Luis Pedro Coelho∗1

1Fudan University [Shanghai] – Chine

Résumé

I will present an approach to obtain phenotypic measurements of protists (single-cell eu-
karyotes) in a mixed community. Automated fluorescence microscopy can quickly obtain
measurements from hundreds of thousands of cells, which are subsequently analysed compu-
tationally. We have applied this approach to environmental marine protist samples from the
Tara Oceans project. Using image processing and machine learning, we are able to classify
> 300k objects into 155 taxo-morphological classes with > 82% accuracy.

∗Intervenant

sciencesconf.org:pasic-2018:228057



Toward a dynamical network view on a

differentiation process

Olivier Gandrillon∗1

1Laboratoire de biologie et modélisation de la cellule. LBMC – École Normale Supérieure - Lyon,

Université Claude Bernard Lyon 1, Centre National de la Recherche Scientifique : UMR5239, Institut

National de la Santé et de la Recherche Médicale : U1210 – France

Résumé

Models of cell differentiation have been proposed in which cells switch from one differenti-
ation state to another through stochastic dynamics characterized by a peak in gene expression
variability at the point of fate commitment (Kupiec, 1997; Huang, 2011; Moris et al., 2016).
We have tested this hypothesis at the single-cell level by measuring the expression level of
selected genes by RT-qPCR at six sequential time-points after induction of differentiation of
primary chicken erythroid progenitors (Gandrillon et al., 1999)
Cell-to-cell heterogeneity, hidden behind the averaging effect in populations was clearly re-
vealed at the single-cell level. This cell-to-cell variability, as measured by entropy value,
showed in a significant increase during the first hours of the differentiation process, peaking
at 24h, and decreasing at 72h. Distribution-based gene correlation networks were also com-
puted for each time-point, showing a sudden drop in correlation at 8 hours. Interestingly,
such increase in cell-to-cell variability and gene correlation decrease preceded an increase in
cell size variability and an irreversible commitment to differentiation.
In this work (Richard et al., 2016), we obtained strong evidence to support the idea that
differentiation is not a ”simple” program that all cells execute identically, but results from
the dynamical behavior of the underlying molecular network (Gene Regulatory Network, or
GRN), in agreement with a number of recent work (Mojtahedi et al., 2016; Stumpf et al.,
2017; Semrau et al., 2017).

∗Intervenant

sciencesconf.org:pasic-2018:228059



Phenotypic diversification and adaptation of yeast on

a physiological time scale.

Jérôme Bibette∗1

1Laboratoire Collöıdes et Matériaux Divisés (LCMD) – CNRS : UMR8231, ESPCI ParisTech – 10 rue

Vauquelin 75005 Paris, France

Résumé

How populations of cells adapt to changing environments remains a major open question
in evolutionary biology. In the classical neo-Darwinian evolutionary picture, random genetic
mutations cause phenotypic variations, enabling the proliferation of rare variants that are
better adapted to the new environment. These variants should already exist in the popu-
lation, or cells must survive the environmental challenge long enough to mutate and adapt.
Indeed, subpopulations of bacterial, yeast and cancer ”persister” cells are known to survive
drug treatment (and other challenges) and may be an important factor in the evolution of
drug resistance. However, a detailed, single-cell level, real-time analysis of this adaptation
process has hitherto not been possible. Here we show that simultaneous measurement of
metabolism and division of tens of thousands of individual /Saccharomyces cerevisiae/ cells
using a droplet-based microfluidic system can be used to capture adaptation at the single-
cell level. Stress-responses in yeast are well-known, but here we were able to demonstrate
stress-induced metabolic diversity at the single-cell level prior to adaptation. This process
operates on a physiological time scale in which adapting cells tend to be those with highest
initial metabolic rates. Our results in yeast may provide a novel framework to understand
adaptation more generally.

∗Intervenant

sciencesconf.org:pasic-2018:228222



Ecogenomics of marine microbes from a single-cell

perspective

Ramiro Logares∗1

1Instituto de Ciencias del Mar (ICM) – CMIMA - Passeig Maŕıtim de la Barceloneta, 37-49. E-08003

Barcelona, Espagne

Résumé

Even though microbes are among the most important players in the Earth’s ecosystem,
our knowledge about them is limited. The impossibility to grow the majority of microbes in
the lab has historically complicated their characterization at the organismal and genomic lev-
els. As a consequence, most microbes still remain in the realm of the unknown. Fortunately,
the advent of new techniques, such as single-cell genomics or single-cell transcriptomics, cou-
pled to other omics (e.g. metagenomics, metatranscriptomics), is helping us to illuminate this
microbial dark matter, by providing new genomes as well as information on cell metabolic
activity and biogeography. Here I will present our work on a specific lineage of uncultur-
able, evolutionarily closely related, marine heterotrophic flagellates that have a central role
in ocean ecosystem function. Single-cell genomics allowed accessing the genomes of these
species which, coupled to amplicon sequencing and metagenomics allowed to determine dis-
tinct biogeographic patterns that point to an adaptive diversification. Our results exemplify
how single-cell approaches coupled to multiomics contribute to increase our understanding
of the microbial world.

∗Intervenant

sciencesconf.org:pasic-2018:228234



Single cell analysis of the mechanism of entry into

replicative senescence in budding yeast

Gilles Charvin∗1

1Institut de Génétique et de Biologie Moléculaire et Cellulaire – université de Strasbourg, Institut

National de la Santé et de la Recherche Médicale : U964, Centre National de la Recherche Scientifique :

UMR7104 – France

Résumé

Budding yeast cells undergo about 25 divisions before entering senescence and even-
tually dying. Strikingly, daughters of aging mother recover a full replicative potential, a
phenomenon known as rejuvenation. Whereas replicative aging in yeast has been described
almost 60 years ago, its underlying mechanism remains obscure. In previous studies, we have
designed a microfluidic chamber to trap individual mother cells and monitor their successive
divisions from birth to death under the microscope and we have identified an abrupt senes-
cence entry point (SEP), beyond which the cell cycle slows down in an irreversible manner. In
this talk, after a long introduction about the diverse models proposed to explain replicative
aging in yeast, I will describe our new results showing that an abnormal nucleolar activity
is responsible for the loss of growth homeostasis observed after the SEP.

∗Intervenant

sciencesconf.org:pasic-2018:228304



A tuneable microfluidic system for long duration

chemotaxis experiments in a 3D collagen matrix

Andrew Clark∗1

1Compartimentation et dynamique cellulaires – Institut Curie, Sorbonne Universite, Centre National de

la Recherche Scientifique : UMR144 – France

Résumé

In many cell types, migration can be oriented towards a chemical stimulus. Embryonic
cells migrate to follow developmental cues, immune cells migrate toward sites of inflamma-
tion, and cancer cells migrate away from the primary tumor and toward blood vessels during
metastasis. Understanding how cells migrate in 3D environments in response to chemical
cues is thus crucial to understanding directed migration in normal and disease states. Chemo-
taxis in mammalian cells has been primarily studied using 2D migration models. However,
it is becoming increasingly clear that the mechanisms by which cells migrate in 2D and 3D
environments dramatically differ; cells in their native environments are confronted with a
complex chemical milieu. To address these issues, we developed a microfluidic device to
monitor the behavior of cells embedded in a 3D collagen matrix in the presence of complex
concentration fields of chemoattractants. This tuneable microsystem enables the generation
of (1) homogeneous, stationary gradients set by a purely diffusive mechanism, or (2) spa-
tially evolving, stationary gradients, set by a convection-diffusion mechanism. The device
allows for stable gradients over at least 40 hours and is large enough to study the behavior
of large cell aggregates. We observe that primary mature dendritic cells respond uniformly
to homogeneous diffusion gradients, while cell behavior is highly position-dependent in spa-
tially variable convection-diffusion gradients. In addition, we observe a directed response of
cancer cells migrating away from tumor-like aggregates in the presence of soluble chemokine
gradients. Together, this microfluidic device is a powerful system to observe the response of
different cells and aggregates to tuneable chemokine gradients.

∗Intervenant

sciencesconf.org:pasic-2018:228593


