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SUR Programme: Class of 2019 
 
 
 
 

 
 
         Picture: Laurence Flückiger 
 
 
 
 
Back row (left to right):  
Tasniem Fetian, Viktoria Gavrilova, Eleni Lamprou, Diego Rojas-Gätjens, 
Alžběta Roeselová, Jia-Jun Lee, Iida Vilhelmiina Haavisto, Rebecca Arnold, 
Isidora Lončarević, Mohamed Abdo 
 
Front Row (left to right): Hsin-Yi Lin, Juan Pablo Rueda Ramirez,  
Gabriela Radulova, Mridul Kathed 
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Summer Undergraduate Research Programme 
www.unil.ch/ecoledebiologie/sur 

 
The 10th annual Summer Undergraduate Research (SUR) Programme of the 
School of Biology of the Faculty of Biology and Medicine at the University of 
Lausanne (UNIL) was held from July 8 to August 29, 2019.  
 
This year’s SUR Programme hosted 15 outstanding undergraduate students 
(selected from nearly 280 applicants) from around the world in laboratories of 
the Faculty of Biology and Medicine across the campuses of UNIL. For all 
participants, this was a summer to remember, and for many, it was a life-
changing experience.  
 
For the Faculty of Biology and Medicine, the SUR programme brings highly 
motivated students from very diverse backgrounds to Lausanne, offering the 
possibility to evaluate and encourage the best international students to return 
for future Masters or PhD degrees as well as internship. Since the programme 
started, sixteen students came back in Lausanne. Six SUR alumni (class of 
2012, 2015 and 2017 from Bosnia, China, France, Lebanon, Serbia and UK) 
are currently pursuing further studies at UNIL. The programme also catalyses 
interaction and cohesion between its basic and clinical sciences sections, 
enhances world-wide recognition of UNIL and establishes a cohort of scientists 
with a long-lasting personal attachment to Lausanne. 
 
The UNIL SUR programme is closely coordinated with the sister programme 
at the Faculty of Life Sciences at the Ecole Polytechnique Fédérale de Lausanne 
(EFPL), both during the planning stages and throughout the summer, with 
many joint scientific and social activities. 
 

 
                    Picture: Tasniem Fetian 
 
2019 EPFL (black and white) and UNIL (purple and grey) summer programme 
students during the hike 
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Why a SUR Programme? 
 
Few university students have had significant experience with research into the 
unknown. Most university courses provide descriptions of fundamental 
processes that are “in the textbooks”. The opportunity to do original scientific 
research can be an experience that influences the rest of one's life. Created 
and launched in 2010 by Prof. Winship Herr, former Director of the School of 
Biology, the SUR Programme has so far welcomed 174 participants. 
 
Programme description 
 
During 8 weeks in July and August, the SUR Programme hosts 15 students 
from around the world. Each student is integrated into a separate laboratory 
to ensure that they receive individual mentorship. The majority of a student's 
time is spent in the laboratory, supervised by a research scientist, normally a 
post-doctoral fellow or experienced graduate student. One afternoon a week, 
the students come together for shared academic activities, often with 
participants of the sister programme at the EPFL, including introductory 
student research presentations, lectures from faculty members on research 
topics and their career paths, and career guidance workshops in academia and 
beyond. At the end of the summer, students present the results of their 
research on a poster during a joint EPFL/UNIL Symposium and write a final 
report, which we present in this brochure. During the summer, students also 
participate in social activities, including a mountain hike and a barbecue, 
together with the EPFL programme, and many also take the opportunity to 
explore Switzerland. 
 
Target audience 
 
Student participants are generally at the end of their second or third year of 
an undergraduate university education. Participants are not only students in 
the life sciences; the SUR programme also aims to introduce medical students 
to the world of research. Local undergraduates from the University of 
Lausanne and the EPFL are also encouraged to apply, although they represent 
a minority of participants so as to maintain an international flavour of the 
programme. The SUR scholarships are awarded on a competitive basis taking 
into consideration diverse criteria, including the applicant's academic record, 
personal statement, and letters of recommendation. 
 
 
 
 
 
 
 
 
 
 
 

©Evgeny Malkov 
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Scholarships  
 

A scholarship toward tuition costs is awarded to all 
selected participants. This scholarship includes 3200 
Swiss francs to cover housing, local transportation and 
daily living expenses. Funds are also available to cover 
travel to/from Lausanne, as well as organised excursions 
and social events. 

 
©Ahasoft |Dreamstime 
 
 
 
 
 
 
 
 
 
 
 
 

  Picture: Alain Herzog 
About the University of Lausanne 
 
• An international atmosphere. One fifth of the student population and 

one third of the teaching staff come from abroad. 
• Up-to-date facilities and technology. State-of-the-art laboratories for 

researchers: spacious, well-equipped lecture halls for teaching staff and 
students. 

• Three faculties unique in their kind in Switzerland. Law, Criminal 
Justice and Public Administration; Biology and Medicine (FBM); 
Geosciences and Environment (GSE). New innovations require new 
synergies. 

• Close collaboration with the University Hospital of the Canton of Vaud 
(CHUV) in order to remain at the forefront of advances in medical 
knowledge. 

• The University and Cantonal Library - Lausanne (BCUL), with its two 
million documents, modern research tools and an ideal working 
environment overlooking Lake Geneva. 

• A philosophy and work ethic expressed in a Charter of Values and 
precepts. 

• An exceptionally green and spacious lakeside setting. In just a few 
minutes an excellent public transport network links the university campus 
to Lausanne, the capital of Vaud, noted for its varied cultural activities. 

• A wide range of continuing education and interdisciplinary courses, 
as well as countless sporting and cultural activities in fields as varied 
as: language and IT courses, football (soccer), capoeira, fitness or 
underwater diving at the Sports Centre; societies, cinema, exhibitions or 
theatre at the Grange de Dorigny.  

SUR 2019    6



  

Housing  
 

The programme provides housing for all participants for its 
eight-week duration. This year, students were housed at 
Planète Bleue in Lausanne shown on the map of Lausanne on 
page 9, with the participants of the SRP EPFL Program. 
This has greatly contributed to the cohesion of these two 
groups and allowed students to create strong friendships. 
 

 
 
©Ahasoft |Dreamstime 
 
 
 
Planète Bleue 
 
“Planète Bleue” is near the bus or 
M1-M2 metro system, for easy 
access to the principal sites of the 
SUR programme. It is also a few 
minutes from Lausanne city centre 
and a few metro stops from the 
lake providing opportunities for 
BBQs and midnight swims! 
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Faculty of Biology and Medicine Host Laboratories 
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UNIL Dorigny Campus 
 
v Center for Integrative Genomics 

Richard Benton 
Maria Cristina Gambetta 

 
v Department of Ecology and Evolution  

Michel Chapuisat 
Ian Sanders 

 
v Department of Fundamental Microbiology  

Philipp Engel 
Sara Mitri 
Yolanda Schaerli 

 
 
Epalinges UNIL & Bugnon/CHUV Campus 
 
v Department of Biochemistry 

Fabio Martinon 
 

v Department of Fundamental Neurosciences 
Lukas Neukomm 
Claudia Bagni 
 

v Department of Pharmacology and Toxicologie 
Olivier Bonny 
Marlen Knobloch 

 
v Laboratory for Investigative Neurophysiology 

Micah Murray 
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Epalinges UNIL & Bugnon/CHUV Campus 
 
v Neuroimaging Research Laboratory 

Bogdan Draganski 
 
v Endocrinology, Diabetology and Metabolism Department 

Jardena Puder 
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UNIL Summer Undergraduate Research (SUR) Programme 2019

Date Day Time Activity Participants Location In charge

July 8 Monday 8:30-9:45 am
Welcome student self-

introduction Programme participants
UNIL, Dorigny, 

Amphipôle building 
Room 318

JP/TR/LF

July 8 Monday 9:45-10:15 am
UNIL presentation by 

Mr. Marc Pilloud, 
International Affairs

 Programme participants
UNIL, Dorigny, 

Amphipôle building 
Room 318

MP/LF

July 8 Monday 10:45-11:45 am Safety briefing
UNISEP Sécurité-

Environnement-Prévention, by 
Mrs. Evin Danisman

UNIL, Dorigny, 
Amphipôle building 

Room 318
UNISEP

July 8 Monday 12:00 (noon) Matching
Programme 

participants/mentors/
supervisors

UNIL, Dorigny, 
Amphipôle building 

Room 318
JP/TR/LF

July 12 Friday 2:00-5:00 pm
Introduction of research 

topics Programme participants
UNIL, Dorigny, 

Génopode building, 
Auditoire A 

JP/TR

July 13 Rain 
date 14

Saturday 
Sunday All day Hiking excursion Joint EPFL/UNIL Activity Les Diablerets LF/AEG

July 19 Friday 4:00-6:00 pm
Visit Biocampus 

Geneva Joint EPFL/UNIL Activity Geneva AEG/LF

July 20 Saturday 10:00-
11:30 am

Excursion / visit Joint EPFL/UNIL Activity

Guided Tour, 
Lausanne 

Chocolatiers from 
1830 till today

LF/AEG

July 26 Friday 4:00-6:00 pm Lab’s visit (session 1) UNIL Programme participants UNIL LF/JP

July 27 Saturday All day Excursion / visit Joint EPFL/UNIL Activity Lucerne LF/AEG

July 31 Wednesday 4:00-5:30 pm
Presentation by 

Prof. John Pannell UNIL Programme participants
UNIL, Dorigny

Amphiole building
Room 318

LF/JP

August 3 Saturday All day Excursion /visit Joint EPFL/UNIL Activity
Guided tour at 

CERN LF/AEG

August 9 Friday 4:00-5:30 pm Lab’s visit (session 2) UNIL Programme participants UNIL LF/JP

August 16 Friday 4:00-5:30 pm Lab’s visit (session 3) UNIL Programme participants UNIL LF/JP

August 23 Friday 4:00-5:30 pm Lab’s visit (session 4) UNIL Programme participants UNIL LF/JP

August 26 Monday 6:30-10:00 pm BBQ Joint EPFL/UNIL Activity
Refuge de Laviaux 

St-Sulpice LF/AEG

August 29 Thursday 3:00-4:00 pm Debriefing Programme participants
UNIL, Dorigny 

Amphipôle building 
Room 318

RB/TR/LF

August 29 Thursday 4:00-6:00 pm
Research symposium 

(posters up by 3:30pm) Joint EPFL/UNIL Activity EPFL, SV building AEG/LF

Laurence Flückiger 021 692 40 17
John Pannell 021 692 41 70
Alice Emery Goodmann 021 693 07 94
Carl Petersen 021 693 17 21 

|le savoir vivant|
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Name Home Institution Country Lab

ABDO Mohamed Misr University for Science and Technology Egypt M. Chapuisat

ARNOLD Rebecca University of California, Los Angeles (UCLA) USA M. Murray

BUSE Caroline Florida International University USA B. Draganski

FETIAN Tasniem
University of Science and Technology, Zewail 
City Egypt M.-C. Gambetta

GAVRILOVA Viktoria Lomonosov Moscow State University Russia L. Neukomm

HAAVISTO Iida Vilhelmiina University of Bristol UK P. Engel

KATHED Mridul Vellore Institute of Technology India Y. Schaerli

LAMPROU Eleni 
Alexander Technological Educational Institute 
of Thessaloniki (ATEITH) Greece R. Benton

LEE Jia Jun University of Cambridge UK O. Bonny

LIN Hsin-Yi National Yang-Ming University Taiwan C. Bagni

LONČAREVIĆ Isidora University of Belgrade Serbia J. Puder

RADULOVA Gabriela Sofia University St. Kliment Ohridski Bulgaria M. Knobloch

ROESELOVA Alžběta University of Cambridge UK F. Martinon

ROJAS-GÄTJENS Diego Universidad de Costa Rica Costa Rica S. Mitri

RUEDA RAMIREZ Juan Pablo Universidad Nacional de Colombia Colombia I. Sanders
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Mohamed Abdo 
Misr University for Science and 
Technology 
Egypt 
 
Host Laboratory: 
Michel Chapuisat 
Department of Ecology and Evolution 
Dorigny Campus 

Polymorphisms, i.e. the occurrence of two or more 
morphs or forms in the population of a species, are 
widespread in nature, yet the mechanisms stabilizing 
them remain poorly understood. We here 
investigated this question in the Alpine silver ant 
Formica selysi, a species that exhibits alternative 
forms of social organization within populations. 
Some colonies have only a single queen that breeds 
alone (monogynous colonies), while other colonies 
have multiple queens that breed together and share 
the same colony (polygynous colonies). Colony 
variations in queen number are also associated with 
major phenotypic differences, as polygynous 
colonies are much more populous and are longer 
lived than single-queen ones, whereas queens 
originating from monogynous colonies are bigger 
and are more successful at starting new colonies 
independently. This social polymorphism is 
controlled by a supergene - a large group of linked 
genes - that exists in two non-recombining 
genotypes (Sm and Sp). All females (queens and 
workers) in monogynous colonies are homozygous 
for the Sm allele, while all females in the polygynous 
colonies have at least a single Sp allele (females are 
either SmSp or SpSp). What mechanism stabilizes 
this polymorphism is still presently unknown.  
	
A potential mechanism that may explain the 
coexistence of both forms within populations is 
heterozygote advantage. Heterozygote advantage 
occurs when the heterozygous form has higher 
fitness than both homozygous forms. It is one of the 
mechanisms that can balance polymorphisms in 
nature. Recently, we found evidence for 
heterozygote advantage.  

In field polygynous colonies, the proportion of the 
SmSp genotype was relatively low at the egg stage, 
but increased in newly eclosed workers, and was 
even higher in older (1-2 year old) workers. This 
pattern suggests survival differences between SmSp 
and SpSp workers in the field.  
	
In this study, we aimed to assess in experimentally 
controlled conditions whether heterozygote workers 
have higher survival than homozygote SpSp 
workers. To do so, we collected adult workers from 
12 laboratory colonies (20-30 workers per colony) 
headed by one heterozygous queen (SmSp) mated 
to a Sp male and genotyped them using qPCR. 
 
Result showed a skew towards heterozygote workers 
as 76.92% of the genotyped workers were SmSp. 
This ratio significantly deviated from the expected 
Mendelian ratio of 50% SmSp and 50% SpSp. 
Hence, these results confirm that the heterozygous 
genotype does indeed have better survival rates 
than SpSp genotype, in line with heterozygous 
advantage hypothesis. 
 

The role of heterozygote advantage in the maintenance of social 
polymorphism in the Alpine silver ants. 
 
Mohamed Abdo1,2, Ornela DeGasperin1, Pierre Blacher1, Michel Chapuisat1 
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►Results: The genotyping results showed results showed a skew towards hetero-
zygote workers, which significantly deviated from the expected Mendelian ratio of 
50% SmSp and 50% SpSp.
►Conclusion: These results confirm that the heterozygote genotype does indeed 
have better survival than the SpSp genotype, in line with the heterozygote advan-
tage hypothesis. 
►The figure shows the proption of SmSp genotype (each dot is a single colony)

The role of heterozygote advantage in the maintenance 
of social polymorphism in the Alpine silver ants.
Mohamed Abdo1,2, Ornela DeGasperin1, Pierre Blacher1, Michel Chapuisat1

1Department of Ecology and Evolution, University of of Lausanne, Switzerland;
2College of biotechnology, Misr University for Science and technology, Egypt

Formica selysi

Single queen colonies

Multiple queen colonies

SmSm

SmSp SpSp

Or

I n t r o d u c t i o n

H y p o t h e s i s

R e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e s A c k n o w l e g d e m e n t

A i m & M e t h o d s

R e s u l t s & C o n c l u s i o n

►The alpine silver ants Formica selysi show two different forms 
of social organization.
►Some colonies have only a single queen (monogynous colo-
nies), while, other colonies have multiple queens that breed to-
gether (polygynous colonies).
►The variation in queen number is also associated with major 
phenotypic differences such as queen and colony size.
►The type of colony is determined by a super-gene -a group of 
linked genes- that exists in two non-recombining haplotype Sm 
and Sp.
►The mechanism responsible for the stabilization of this poly-
morphism is still currently unknown.

►A possible explanition of the co-existence of both social forms is heterozygote advantage.
►Heterozygote advantage occurs when the heterozygote genotype has a higher fitness than either 
of the homozygous genotypes.
►Recently, we found evidence for heterozygote advantage. In field polygynous colonies, the propor-
tion of the SmSp genotype was relatively low at the egg stage, but increased over time.
►This pattern suggests survival differences between SmSp and SpSp workers in the field.

►Aim of the study: Assessing in experimentally controlled conditions wheth-
er or not SmSp workers have higher survival rate than SpSp workers.
►Methods: We collected adult workers from 12 laboratory colonies (20-30 
per colony), headed by one heterozygous queen (SmSp) mated to a Sp 
male and genotyped them by qPCR.

DNA extraction qPCR

Chapuisat, M., Bocherens, S., & Rosset, H. (2004). Variable queen 
number in ant colonies: no impact on queen turnover, inbreeding, 
and population genetic differentiation in the ant Formica selysi. Evo-
lution; international journal of organic evolution, 58 5, 1064-72 .

Hedrick, P. W. (2012). What is the evidence for heterozygote advan-
tage selection? Trends in Ecology & Evolution, 27(12), 698–704.

I would like to thank everyone responsible for the SUR program 
for gving everyone here this amazing experience. I would like also 
to thank everyone from my lab espcially Dr. Ornela De Gasperin 
and Dr. Pierre Blacher for their help and mentorship Throughout 
the past two months.
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Rebecca Arnold 
University of California, Los 
Angeles (UCLA) 
USA 
 
Host Laboratory: 
Micah Murray 
Laboratory for Investigative 
Neurophysiology (LINE) 
Bugnon CHUV Campus 

Background and Aim 
In an ever-advancing society, technology has 
become increasingly integrated into all parts of our 
daily lives. Recent technological innovation in 
vehicles has included the implementation of touch 
screen tablets into the dashboard of a car. The use 
of a tablet in a car shifts the visual attention of the 
driver away from the road towards the screen. Visual 
attention is considered an important predictor of 
accident occurrence - a decrease in visual attention 
due to looking away from the road results in an 
increase in accidents. 
	
Canonically perceived of as a unisensory system, 
vision also includes a range of multisensory 
processes, whereby other senses impact visual 
perception and attention. The term multisensory 
refers to the ability of information in certain regions 
of interest to be encoded and received by more than 
one sensory system. Two regions were found to have 
overlapping activation due to both visual and haptic 
(a perceptual system used during tactile exploration) 
stimulation, the lateral occipital complex (LOC) and 
the intraparietal sulcus (IPS). 
	
To minimize visual overload, the haptic system can 
be used to activate the same region of interest in the 
brain. This, in effect, bypasses the visual system and 
allows the individual to receive the same information 
without the use of vision. In the past, experiments 
have shown improved visual attention by the 
administration of haptic signals through a seat belt. 
	
Methods 
We developed a divided attention paradigm through 
the combination of a visual search task (VST) and a 
tablet task to simulate the experience of a tablet-
equipped car. For the VST, participants scanned 30 
randomized layouts of dark-blue T’s and light-blue 
L’s on a computer screen to determine whether or 
not a light-blue T was present. The participants 
responded with their left hand by pressing buttons 
corresponding to their perceived presence or 
absence of the light-blue T. Participants had 5 
seconds to respond before the next randomized 
layout automatically appeared. 

The tablet task was conducted on a Hap2U tablet 
which provides periodic tactile feedback by 
producing vibrations at an ultrasonic frequency. This 
task consisted of three different types of sliders 
(vertical, horizontal, and circular) as well as three 
different modalities in which these sliders were 
presented (visual, haptic, and visual&haptic). 
Overall, a total of nine conditions were tested for 
each participant. During this task, participants were 
asked to slide their right index finger to eight 
different positions on the slider in a randomized 
order. Participants had ten seconds to respond 
before the next slider position was presented. 
	
During the experimental phase, the participants 
simultaneously completed the two aforementioned 
tasks by using their left hand for the visual search 
and their right hand for the tablet task. The order in 
which the conditions were presented was grouped by 
the type of slider, and both the slider order as well 
as the modality order were randomized. Data were 
obtained from 25 university students (18 Female, 
aged 20-27) for all nine conditions. 
	
Results and Conclusions 
The data were pre-processed in MatLab and outliers 
(calculated for each subject, slider, and modality) 
were excluded. The remainder of the analysis took 
place in SPSS.  
	
The results provide the first quantitative support for 
introducing digital haptics into automobile tablets. 
The composite score resulted in a strong main effect 
of modality (haptics) and a strong main effect of 
slider (circular) with no interaction. During the haptic 
conditions, there was a strong bias for focus on the 
VST over the slider task. Similarly, during the use of 
the circular slider, the participant again seemed to 
focus more on the VST. The VST RT was the lowest 
during the tablet haptic condition, however, the VST 
accuracy had no effect of 
modality or slider, which means that the above RT 
effect was not a simple speed-accuracy trade-off. 
Modern cars designed with a touchscreen dashboard 
would seem to benefit from the addition of haptic 
technology to lower the rate of distracted driving, 
and, therefore, the incidence of accidents 

The Effect of Digital Haptics on a Dual-Attention Task 
 
Rebecca Arnold1,2, Ruxandra Tivadar1,3, Cédrick Chappaz4, 
Jean-François Knebel1,5, Micah M. Murray1,3,5,6 
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• To identify ways of reducing the perceptual and/or performance 
burden of dividing visual attention between a central task and a task 
performed on a laterally-located touch screen; i.e. a situation 
emulating contemporary driving.

• To establish whether different digital haptic interfaces are more 
readily controlled by users.

• Digital haptics will allow participants to maintain their visual attention 
on the central visual search task, without negatively affecting their 
performance in simultaneously controlling the tablet.

Objective & Hypothesis

Acknowledgements
MMM receives financial support from the Swiss National Science
Foundation (grant 320030_169206), from a grantor advised by
Carigest SA, and from the Fondation Asile des aveugles. AR
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Digital Haptics Device

• Periodic tactile feedback by 
ultrasonic lubrication

• Surface vibrates at ultrasonic 
frequency

• Friction modulation depends on 
exploration velocity [4] [5] [6]

• Haptic texture: amplitude = 
100%, Roughness = 1280 
micrometers, Shape = right 
triangle

Results

Rebecca Arnold
2010RA2010@gmail.com

Ruxandra Tivadar
ruxandrativadar@yahoo.com

Contact

Conclusions & Outlook
• These results provide the first quantitative 

support for introducing digital haptics into 
automobile tablets.

• RTs on the visual search task, arguably a proxy 
for visual processing during driving, were 
fastest when the tablet task was limited to 
haptics.

• This RT advantage could not be explained by a 
simple speed-accuracy trade-off; accuracy did 
not reliably differ on the visual search task as 
a function of modality of the tablet task. 

• However, haptic performance with the tablet 
was lower than when visual information was 
available, but likely can be trained with a 
longer protocol than used here [3].

• Future directions include:

o Testing the same dual-attention paradigm 
in a driving simulator

o Inclusion of eye-tracking data
o Training on the haptic tablet

Pre-processing
Matlab code was written for:
• Exclusion of missed trials
• RT outlier exclusion (subject-by-subject, 

criterion: mean ± 2*SD)  
• Outliers were calculated for each subject, 

modality and slider
• 763 missed trials (11.37%) excluded
• 218 outlier trials (3.23%) excluded

Methods

Procedure
1. Participants were instructed to complete a central visual 

search task (VST) while also controlling sliders on a laterally-
positioned tablet.

2. Participants were trained to reach a baseline level (two correct 
positions in a row) on the tablet.

3. Participants simultaneously completed both the visual search 
task (VST) and the tablet task with the left and right hands, 
respectively.

4. Participants completed nine total conditions (3 sliders x 3 
modalities.

Tablet Task

vertical visual

&

Visual Search Task 

Target:• 30 layouts
• 15 target 

present ; 15 
target absent

• 43 stimuli
• 25 light blue 

L’s ; 18 T’s 

haptic

multisensory

horizontal

circular

• Technological advances have lead to the introduction 
of touch screen tablets into the core design of cars.

• The use of tablets while driving causes divided visual 
attention, which leads to an increase in distracted 
driving and, therefore, in accidents. [1]

• Haptic signals have been shown to improve visual 
attention while driving when administered to a driver 
through a seatbelt. [2]

• New developments in digital haptic technologies now 
make it possible to actively simulate tactile 
sensations. [3]

Introduction

Goal: Indicate the presence or absence of the target as 
quickly and accurately as possible

Goal: Move to the stated position (#1-8) as quickly and 
accurately as possible

sliders modality

Participants
• Women = 18 ; Men = 7
• Age range = 20-27 years ; mean age = 21.56 ± 1.660
• Video game players: no = 20 ; yes = 5 

(average 8.5 hours per week)
• Right index finger average length = 2.628 cm ; 

average width = 1.732 cm

Tablet Task

Target:• 30 layouts
• 15 target 

present ; 15 
target absent

• 43 stimuli
• 25 light blue 

L’s ; 18 T’s 

Values >0 indicate better performance on the visual search task
Values <0 indicate better performance on the tablet task. 

Composite 
score

(visual search – tablet task)

(visual search + tablet task)=

Co
m
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sit

e 
Sc
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RTs on the Visual Search Task: 
fastest when the tablet task is haptic

3×3 rmANOVA (Modality x Slider): 

• Main effect of Modality: F(2,23) = 53.3 ; p <0.001; η"#=0.82

• Main effect of Slider: F(2,23) = 9.5 ; p =0.001; η"#=0.45

• No interaction: F(4,21) = 2.1 ; p =0.12; η"#=0.29

Se
co

nd
s

3×3 rmANOVA (Modality x Slider): 

• Main effect of Modality: F(2,23) = 8.4 ; p =0.002; η"#=0.42
post-hoc contrasts: haptic vs. visual (p<0.001)
post-hoc contrast: haptic vs. multisensory (p=0.021)

• No Main effect of Slider: F(2,23) < 1

• No interaction: F(4,21) = 1 .6; p =0.21; η"#=0.24

Accuracy on the Visual Search Task: 
no reliable impact of the tablet task

Ar
cs

in
of

 A
cc

ur
ac

y 3×3 rmANOVA (Modality x Slider): 

• No main effect of Modality: F(2,23) < 1

• No Main effect of Slider: F(2,23) < 1

• No interaction: F(4,21) < 1 

Above RT effect is not a simple 
speed-accuracy trade-off

Accuracy on the Tablet Task: 
haptic condition and circular slider are worst

Ar
cs

in
of
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y

1 Digital haptics and circular sliders yield the strongest bias 
to the central Visual Search Task

2

3

4

3×3 non-parametric ANOVA (Modality x Slider): 

• Main effect of Modality: 1000 permutations ; p <0.01

• Main effect of Slider: 1000 permutations ; p <0.01

• Interaction: 1000 permutations ; p <0.01
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According to the social brain hypothesis, the survival 
benefits of successfully engaging with an 
increasingly complex social order explains how the 
human brain and neocortex evolved. In Autism 
Spectrum Disorders (ASD), a developmental 
disability resulting in impaired social cognition, 
studies find regions of the ‘social brain’ to have 
decreased grey matter (GM), alongside other 
morphological differences. Using a combination of 
standardized questionnaires that measure social 
support and social comparison, we investigated the 
neural correlates of social connectedness to grey 
matter volume in an adult general population to see 
if they overlap with those studied in ASD. We 
hypothesized that higher social connectedness 
scores would be reflected in increased relative grey 
matter volume (GMV) in regions of the ‘social brain’ 
network. 

Data was analyzed from a group of 69 healthy 
volunteers (30 men, 39 women) between the ages 
of 46 and 79 (mean age = 59.0 , SD = 8.0) 
participating in a sub-study of BrainLaus, an arm of 
the CoLaus general population cohort study in 
Lausanne, Switzerland. All participants completed 
three Likert scale questionnaires for perceived social 
support (MSPSS), structural social support (network 
size), and social-comparison (social comparison 
scale), which was bifurcated into social rank and 
social group fit scores. They were scanned with a 
3.0-T scanner, yielding high-resolution structural MR 
images of the brain. Using SPM12 in MATLAB, images 
were pre-processed and segmented into grey matter 
(GM), white matter (WM), and cerebrospinal fluid 
(CSF) before registration to a DARTEL template, 
normalization, and modulation. Images were 
smoothed with a 12mm FWHM Gaussian kernel. GM 
regions were defined using a Neuromorphometrics 
atlas. 

Using statistical models implemented in SPM12, the 
association between grey matter volume (GMV) and 
scores across four categories: perceived social 
support, network size, social rank factor, and social 
group fit were tested in whole brain analyses. 
Through multiple linear regression, these scores 
acted as the variables of interest, while age, total 
intracranial volume, trait anxiety, and education-
level were included as covariate controls. Because 
social-connectedness scores varied significantly by 
gender, two-sample t-test models were designed to 
include interaction between gender and variables of 
interest. Absolute threshold masking was set to 0.2 
and a p<.001 underlying peak voxel level threshold 
for statistical significance was applied. 

Results showed that high social-connectedness was 
associated with increased relative GMV in regions of 
the ‘social brain’ in all subjective questionnaires 
(MSPSS, social-comparison: social group fit, and 
social rank). Increased GMV in the medial frontal 
cortex was associated with social comparison scores 
and MSPSS. The amygdala had increased relative 
GMV with higher social-comparison scores, 
replicating the findings of similar previous studies 
between network size and GMV in the amygdala. In 
males, the middle temporal gyrus and fusiform gyrus 
had increased relative GMV with higher perceived 
social support. In females, lower social-group fit was 
associated with increased GMV in the cerebellum, a 
reported morphological phenotype of ASD. Higher 
network size was associated with decreased relative 
GMV in the superior and inferior frontal gyri.  

Linking brain anatomy with social connectedness in a general population 
cohort 

Caroline Buse1,4, Olga Trofimova1, Silvia Stringhini2, Carmen Sandi3, 
Ferath Kherif1, Bogdan Draganski1,5 
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hhigh social-connectedness : increased relative GMV
MSPSS/social-comparison and posterior MFC internal monitoring and response inhibition [5]

Social rank and anterior MFC self-reflective thinking, personal knowledge, theory of mind [5]

Social-comparison (rank and group fit) and amygdala emotional processing hub

Male MSPSS and middle temporal gyrus and fusiform gyrus facial/speech recognition (a a
a emotional recognition)

low social-connectedness : increased relative GMV

female social group fit and cerebellum reported morphological phenotype of ASD [6]

N network size and superior/inferior frontal gyri emotional recognition, empathy [7]

• Network size, an objective measure, was associated with decreased GMV in the social brain

and therefore did not support the hypothesis.

• MSPSS and social-comparison, subjective measures, were associated with increased GMV in

the social brain, supporting our hypothesis.

• GMV associations with self-reported social connectedness can differ by gender.

• The neural coordinates of social-connectedness in this general population cohort overlap

significantly with those studied in ASD.

Analysis Region z score cluster size 
(voxels)

social rank factor positive correlation R anterior medial frontal cortex*

L amygdala

R middle frontal gyrus

3.6

3.6

3.5

112

42

48

social group fit positive correlation R middle frontal gyrus

L amygdala**

3.4

3.4

31

21

female social group fit negative correlation Cerebellum 4.0 945
MSPSS positive correlation R middle frontal gyrus 3.4 22 

(adjacent cluster= 38)

male MSPSS positive correlation R + L middle temporal gyrus***

L fusiform gyrus

3.7

3.7

3.4

303

354

82

network size negative correlation R superior frontal gyrus

L inferior frontal gyrus

4.7

4.0

474

440

• According to the ‘social brain hypothesis’, the survival benefits of
successfully engaging with an increasingly complex social order explains how
the neocortex, and human brain, evolved.

• Social isolation has been found to increase morbidity and mortality risk.
Some studies find this at hazard ratios similar to smoking, and greater than
other clinical risk factors [1].

• The ‘social brain’ network is made up of regions involved with perceptions of
facial expression, emotion processing, theory of mind, and personal identity.
[2]

• In Autism Spectrum Disorders (ASD), a developmental disability resulting in
impaired social cognition, regions of the social brain were found to have
decreased grey matter (GM), alongside other morphological differences. [3]

• To investigate the neural correlates of social connectedness to grey matter
volume in an adult general population.

• To determine if regions associated with social cognitive success in a
neurotypical population can be mapped to those studied in ASD.

• Hypothesis: higher social connectedness scores will be reflected in greater
relative grey matter volume (GMV) in regions of the social brain network

Table 1: Grey matter volume whole brain analysis
A p<.001 underlying peak voxel level threshold for statistical significance was applied.

Linking brain anatomy with social 
connectedness in a general population cohort

Subjects

Demographics of cohort*:
39 females, 30 males
46-79 years old (mean age = 59.0, SD = 8.0)
*65 participants who were administered questionnaires were excluded

from this retrospective analysis because of missing data, MRI artifact, or because
they were under the age of 45 years old and therefore outliers in our dataset.

Questionnaire measures

Network size: Quantitative measure of meaningful relationships a
across different categories (e.g. family, friends, colleagues).

Multidimensional Scale of Perceived Social Support (MSPSS): a a
Qualitative measure of social support.

Social-comparison scale: subjective measure of social status divided into
two categories- social group fit and social rank [4].

MRI measures

• MRI was acquired on 3.0-T scanner with 64-ch head coil

• Preprocessing: SPM12 implemented in Matlab. Segmentation into
grey matter (GM), white matter (WM), and cerebrospinal fluid (CSF);
registration to DARTEL template, normalization, and modulation;
smoothing with 12mm Gaussian kernel; GM regions defined using
Neuromorphometrics atlas.

• Statistical Models: Gender differentiated two-sample T-tests adjusted
for age, total intracranial volume (TIV), education, and trait anxiety.

This work was supported by SUR UNIL (Summer Undergraduate Research at University of Lausanne), Swiss
National Science Foundation, the LifePath Project and by the Leenaards and Jeantet Foundations

1| Introduction

3| Methods

• CoLaus: general population study on aging and
health in the city of Lausanne, Switzerland

• Substudies
PsyCoLaus: psychiatric evaluation
BrainLaus: brain MRI

*participants at follow-up 2

4 | Results

5|  Conclusions
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***Figure 3. Male GMV positive correlation 
to MSPSS with contrast at peak voxel in R 
temporal gyrus. Males had a significant (p<.05, 
R=-2.0) lower MSPSS than females.

Male Female

*Figure 1. Male & Female GMV positive 
correlation to social rank factor with contrast at 
peak voxel in R anterior MFC

**Figure 2. Male & Female GMV positive 
correlation to social group fit with contrast at 
peak voxel in L amygdala

Male Female
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Multicellular organisms’ gene expression is regulated 
on many levels including the control of DNA 
transcription into RNA. The temporal and spatial 
transcription regulation is facilitated through 
different players including DNA elements and protein 
regulatory factors. Each gene has a control region 
consisting of a group of DNA Cis-regulatory elements 
(e.g. activators and repressors) that, with 
combination of the proper regulatory factors, 
influence gene‘s transcription. To avoid undesired 
crosstalk between promiscuous regulatory elements, 
the cell utilizes another group of DNA elements called 
“insulators” that are recognized by Insulator Binding 
Proteins (IBP). The insulation mechanism is not 
completely elucidated yet; however, it is believed 
that IBPs bind to insulators causing the looping out 
of certain DNA regions, thus bringing genes and their 
control regions in close proximity, as well as 
preventing undesired regulatory crosstalk. The 
general functions of IBPs are highly conserved 
between vertebrates and Drosophila Melanogaster, 
which highlights the relevance of studying insulators 
in Drosophila.  

This reporter assay serves as a handy tool to allow 
further studying of insulator sequences and IBPs 
through utilizing the UAS/GAL4 system and 
fluorescing proteins. It is designed to quantify the 
insulation activity governed by certain proteins, 
insulator sequences or even certain combinations of 
regulatory proteins, insulators and IBPs. The assay 
utilizes transient-expression in drosophila S2 cells 
and the fact that many IBPs have been characterized 
in drosophila cells. Thus, besides sparing the effort 
and time of integrating the reporter cassette into 
drosophila cells’ genome, transiently expressing the 
reporter vector shuts off many of the unknown 
effects associated with the complexity of the 
eukaryotic chromatin.  

The basic idea is to design a vector that contains 
both eGFP (green) and mCherry (red) florescent 
proteins’ genes under the control of identical minimal 
promoters and an enhancer sequence that acts on 
both promoters symmetrically. With the assistance 
of IBPs that are naturally expressed in drosophila 
cells, eGFP when flanked by insulator sequences on 
both of its sides, its expression levels will be reduced 
in cells that transiently express the vector. On the 
other hand, mCherry expression levels will serve as 
an un-insulated reference. Through utilizing flow 
cytometry, insulation activity is quantified by the 
means of relative red-to-green florescence in 
transfected cells. This dual-florescence behavior 
grants the assay a self-normalizing quality that 
produces meaningful results and eases downstream 
analysis.  

UAS/GAL4 system combined with the 
aforementioned design of the reporter vector allows 
the assay to function as a high throughput screening 
tool. By replacing the insulator(s) or enhancer 
sequence of the reporter with UAS sequence, any 
protein tethered to GAL4 protein will be directly 
recruited to the UAS sequence. This allows testing 
novel proteins or protein domains for insulation 
activity apart from having a specific insulator 
sequence for recruitment. Moreover, the assay could 
be used to test if specific insulators act preferentially 
on different co-regulators that are recruited to the 
UAS sequence replacing the vector’s enhancer. Since 
the vectors’ construction is fast and reliable, many 
combinations could be tested. Far until now, the 
results of the assay’s optimization process show that 
the rationale behind its design is legit and it is a good 
candidate tool allowing deeper investigation of the 
mechanism and specificity of insulators and IBPs. 

Dual-Florescence Reporter Assay of Insulation Activity In Drosophila Cells 

Tasniem Fetian1,2, Maria Cristina Gambetta2 
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The morphological integrity of neurons and their 
axons is essential for sustained nervous system 
function. The vast majority of the volume of a neuron 
is taken by the axon. Axonal and synaptic 
maintenance is therefore a major biological and bio-
energetic challenge for the neuron, yet little is known 
about the underlying molecular mechanisms.  

Wallerian degeneration (WD) is a simple and well-
established system to study how injured axons 
execute their self-destruction. WD consists of two 
molecularly distinct processes: first, severed, from 
the soma separated axons actively execute their own 
destruction within 1 day through an evolutionarily 
conserved axon death signaling cascade, and 
second, surrounding glia clear the resulting debris 
within 3 to 5 days. Several axon death genes have 
been identified in the fruit fly Drosophila, and the 
modification thereof potently attenuates axon death 
signaling: severed, from the soma separated axons 
remain functionally and morphologically preserved 
for weeks to months in vivo. It remains completely 
unknown how they are able to self-preserve in the 
absence of soma-derived support.  

Here, we present our newly established model in 
Drosophila to identify axonal intrinsic maintenance 
mechanism, with the aim to isolate mRNAs locally 
translated solely in axons and synapses. This will 
allow for the identification of candidates required for 
structural maintenance, function or plasticity in 
axons and their synapses.  

We take advantage of Johnston’s organ (JO) 
neurons, where neuronal soma are housed in 
antenna, and their axons project into the central 
nervous system where they form synapses onto 
interneurons. Optogenetic activation of JO neurons 
elicits antennal grooming as a simple behavior, 
which serves as a proxy for preservation of axonal 
and synaptic structures over time. Upon antennal 
ablation (e.g. removal of JO soma), wild-type axons 
and their synapses degenerate within 7 days, 
whereas axons with attenuated axon death signaling 
remain preserved. Likewise, optogenetics fails to 
elicit antennal grooming in wild-type flies, while flies 
with attenuated axon death continue to groom.  

The above preliminary results form the basis for 
subsequent isolation of locally–axonal and synaptic–
translated mRNAs in vivo. Promising candidates will 
then be assessed for their requirement for the 
maintenance of structure or function specifically in 
axons and synapses. mRNA sequences will also be 
analyzed to extract conserved sequences or features 
targeting mRNAs specifically to axons.  

Our newly established model serves as an excellent 
tool to tackle the biology underlying axonal intrinsic 
maintenance mechanisms. It might also provide 
insights into mRNA metabolisms being disturbed in 
axonopathies such as amyotrophic lateral sclerosis 
(ALS) or Charcot-Marie-Tooth (CMT) disease type 1 
and 2. 

Axonal intrinsic mechanisms of survival in Drosophila melanogaster 

Viktoria Gavrilova1,2, Maria Paglione1, Lukas J. Neukomm2 
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 In theory, closely related organisms compete more 
intensely for the same resources if their ecological 
niches overlap. Ultimately, competitive exclusion 
may cause the extinction of one or more populations; 
however, they can also evolve to fulfil distinct niches, 
which reduces competition. Coexistence of several 
closely related strains of single bacterial species has 
been observed in the gut of Apis mellifera, the 
European honeybee. The honeybee is a relatively 
simple model for studying the ecology of gut 
microbes as it harbours just ten core bacterial 
species, some of whose strains appear to coexist. Its 
diet is also simple, consisting of nectar (glucose, 
fructose, and water) and pollen, which contains 
complex and diverse macronutrients. One species 
whose strains coexist in the honeybee gut is 
Bifidobacterium asteroides, which has highly diverse 
carbohydrate metabolism genes that could facilitate 
inter-strain metabolic diversity, and thus reduce 
resource competition with one another. If the strains 
occupy different metabolic niches, they should 
coexist when provided with a complex carbon source 
and exclude each other when competing for a single, 
simple carbon source. The in vitro growth of three B. 
asteroides strains (BM5.11, BM3.20, and Bif170) 
provided with carbon sources of different 
complexities was investigated to understand 
whether closely related strains can coexist via niche 
partitioning, and how each strain’s growth is 
impacted by the presence of others.  

A monoculture experiment was performed to 
measure the effects of the presence of others on a 
single strain, provided with either a simple (glucose, 
fructose) or complex (multifloral pollen) carbon 
source. Coexistence of the three strains with 
different carbon sources was investigated in the co-
culture experiment. Maximum growth, growth rate, 
and community composition were quantified using 
quantitative PCR (qPCR), with strain-specific primers 
targeting SDHA, a conserved single-copy gene. 
Measuring cell (and therefore strain) abundances in 
non-model bacteria is complicated due to factors 
including slow growth rates, clumping, and changes 
in cell shape and metabolism that confound optical 
density (OD) measurements.  

Therefore, we chose qPCR to quantify strain 
abundance. We previously quantified the 
relationships between cell-forming units (CFUs) /mL 
and qPCR cycle threshold (Cq) values for each strain; 
these were all linear and were used to convert Cq 
values to CFUs/mL for data analysis.  

We found that competition is not strong enough to 
cause strain extinction by T50 in simple sugars or 
pollen, as all strains reached the stationary phase in 
both mono- and co-cultures. Maximum growth and 
growth rates were generally greater in simple sugars 
than pollen, possibly because the former are more 
easily metabolised. BM5.11 appears to derive a 
fitness benefit from interaction with others, as its 
maximum growth was higher in the co-culture than 
the monoculture. The other two strains grew better 
in the monoculture. Growth rates decreased after 5 
hours with both carbon sources. This could be due to 
many reasons, including nutrient depletion, 
competition, or niche partitioning. Community 
composition at T50 in the co-culture was very similar 
between simple sugars and pollen. The CFUs/mL-Cq 
relationships also suggest that the same OD value 
does not correspond to the same CFUs/mL for all 
three strains, meaning that there were different 
numbers of cells of each strain at T0. 

Further work could include deeper investigation of 
metabolic differences between strains; for example, 
whether BM5.11 is utilizing the secondary 
metabolites of others. It would also be interesting to 
repeat the experiment in vivo; comparison of in vivo 
results to those presented here could reveal host-
mediated effects on microbiome composition. 

Effects of multi-strain interactions and nutrient complexity on community 
composition 

Iida Vilhelmiina Haavistoa, b, Germán Bonilla-Rossob, Théodora Steinerb, 
Philipp Engelb 

SUR 2019    22
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 Main findings 

• Strains can coexist when provided with either simple or complex 
sugars. 

 

• Growth with simple sugars is faster than with pollen, possibly 
because simple sugars are more quickly metabolised. 

 

• Multi-strain interactions may provide fitness benefits to BM5.11, 
which grew more in the pollen co-culture than the monoculture. 

Background 
• Strong resource competition among closely related 

organisms can lead  to extinction. 
 

• The honeybee gut harbours several bacterial strains of the 
same species , with >99% similarity in 16S rRNA gene 
sequences 1. 

 

• BM5.11, BM3.20, and Bif170 are strains of 
Bifidobacterium asteroides, a core member of the honeybee 
gut microbiota.  

 

• These strains may metabolise different parts of the complex 
pollen polymer, or consume one other’s secondary 
metabolites. 

 

• We used strain-specific qPCR primers to measure bacterial 
growth of three strains with two carbon sources: simple 
sugars and multifloral pollen, in mono- and co-cultures. 
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Methods 
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 Aim 
• If the strains occupy different metabolic niches, they should...

  
...competitively exclude each other when competing for a 
simple carbon source. 
...coexist when provided with a complex carbon source. 

 Results 

 

 

 

 

Strain 

Maximum CFUs ml-1 Growth rate T0 to T5 (CFUs ml-1 h-2) 

Monoculture Co-culture Mono/co-culture Co-culture 

Pollen Sugars Pollen Sugars/Pollen Pollen Sugars Pollen Sugars/Pollen 

BM5.11 5.15E+07 6.36E+07 5.99E+07 1.06 0.87 3.16E+06 2.19E+06 1.44 

BM3.20 5.93E+07 5.16E+07 5.23E+07 0.99 1.13 2.57E+06 1.40E+06 1.84 

Bif170 6.50E+07 5.25E+07 5.06E+07 1.04 1.28 2.86E+06 1.62E+06 1.77 

Fig. 4 | Relative abundances of strains at T50 reveal similar 
community composition regardless of carbon source. 

Fig. 3 | Bacterial abundance (in terms of growth rate in the exponential phase) and maximum growth for 
each strain are affected differently by the three conditions. 

Table 1 | Maximum CFUs/mL are similar between carbon sources in the co-culture, but the growth of 
BM5.11 increased from the mono– to the co-culture. 

Co-culture, sugars Co-culture, pollen Monoculture, pollen 

 Perspectives 
• Further work could include deeper investigation of the strains’ metabolisms, 

and in vivo experiments 
Fig. 2 | Determination of the 
relationship between Cq values 
and CFUs per strain  
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Fig. 1| Experimental design  
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Gene regulatory networks (GRNs) plays a crucial role 
in various biological processes such as embryonic 
development, gene regulation and expression etc. 
and in various biological fields such as tissue 
engineering, regenerative medicine etc.  
Synthetic biology is a great tool to build and 
understand functional properties of GRNs.  

Building of a GRN majorly comprises of three steps: 
designing, building and testing. Step 1 is designing 
and involves developing a genotype–phenotype map 
for networks that can produce the desired behaviour. 
Step 2 is to build synthetically these minimal 
networks for each mechanism, using bacteria. This 
task requires development of a molecular scaffold to 
enable the efficient construction of multiple different 
network designs, and also an extensive set of 
experimental tests to ensure that the stripe pattern 
is formed by the dynamical mechanism predicted by 
the designed model. Step 3 is to test the results of 
these synthetic networks to and thus confirm that 
the distinct dynamics of the designed theoretical 
mechanisms are successfully recapitulated in the 
synthetic circuits. 

Incoherent feed forward loops (IFFLs) so built are a 
common motif in the GRN and possesses important 
properties such as pulse like gene expression, spatial 
patterning, stripe formation in response to a 
signalling gradient etc. IFFLs also aids in the adaptive 
tuning and regulation of the gene expression.  

In the past our lab group and other researchers have 
built simple IFFLs consisting of three node network 
systems. (A node in a GRN can be defined as “an 
interaction unit where input signal(s) are received, 
and subsequent output signal(s) are generated.”). In 
IFFls the morphogen-detecting node directly 
regulates the stripe producing node, but these two 
nodes are also connected indirectly through an 
intermediate node. A feed-forward loop is considered 
to be incoherent when the net signs of the two 
regulation paths (the direct and the indirect paths) 
are opposite, i.e., one is activating and one is 
repressing.  

From modelling we know that more complex 
topologies are shown to produce stripe patterns. 
Also, it is interesting to interface or connect FFLs to 
other networks and this can be done through quorum 
sensing systems.  

For instance, AHL (acyl-homoserine lactone) can 
diffuse across the cellular membrane and can be 
produced by a different strain (LuxI mediates 
synthesis of AHL, which can diffuse across the cell 
wall and can activate LuxR).  
My objectives thus were to (i) build complex GRNs 
with different topologies that are expected to 
produce a stripe pattern and to (ii) check AHL as a 
potential morphogenetic signalling molecule.  
My work majorly involved the building and testing 
the networks that were predesigned molecular 
cloning experiments (involving Gibson assembly). 

To accelerate network construction we adopted a 
modular strategy for cloning as follows: The process 
comprises of two steps:  
i i. The first step involves parallel assembly 
of components (such as promoters, regulators, 
regulator binding sites etc.).  
ii ii. ii. In the second step, the three nodes are 
released by restriction enzyme digestion from the 
plasmids generated from the first step and combined 
into the final network.  

In contrast to the use of transcription factors to 
repress the gene expression we use CRISPRi 
(clustered regularly interspaced short palindromic 
repeats interference) based approach to achieve 
efficient repression in the GRNs. CRISPRi is highly 
programmable and allows for easy design of 
orthogonal regulators. The catalytically dead mutant 
dCas9 can be easily targeted to any sequence  
in the vicinity of a promoter, thus repressing 
transcription. In prokaryotes (bacteria), it represses 
gene expression through a simple steric hindrance 
mechanism.  

After the construction of the required topology using 
molecular techniques the network is checked for the 
presence of stripe by plate reader experiments, 
where we measure fluorescence of the reporters 
present in the three nodes and plotting the results 
using R software.  

Finally, on analysis of data the GRNs that were built 
were shown to produce stripe patterns which 
signifies that regulatory networks with different 
genotypes can give rise to the same phenotype. 

Building and Testing synthetic gene regulatory networks for spatial 
pattern formation 
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INTRODUCTION

• Gene regulatory networks plays a crucial role in various biological processes such as

embryonic development, gene regulation and expression etc.

• Synthetic biology is a great tool to build and understand functional properties of gene
regulatory networks.

• Building of a gene regulatory network majorly comprises of three steps: designing,
building and testing.

• Incoherent feed forward loops (IFFLs) are a common motif in GRN and possesses

important properties such as pulse like gene expression, spatial patterning etc.

• In the past our lab group and other researchers have built simple IFFLS consisting of three

node network systems. A node in a GRN can be defined as “an interaction unit where

input signal(s) are received, and subsequent output signal(s) are generated.”[1]

METHODOLOGY

The building process majorly relies on molecular cloning experiments (involving Gibson

assembly (figure 4 A)).

To accelerate network construction we adopted a modular strategy for cloning. The process

comprises of two steps: (i) parallel assembly of components (promoters, regulators etc.);

(ii) restriction enzyme digestion of the three nodes (from the plasmids generated in the first

step) and assembly into the final network (figure 4 B). [2]
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RESULTS AND DISCUSSION

Figure 6: Plots showing the constructed IFFLs and the corresponding obtained stripe

patterns. A, B: complex regulatory network built with additional regulatory repression

activated by ligand [ ] (theophylline). We inserted theophylline aptamer into the sgRNA
such that ligand binding to the aptamer would activate CRISPR-Cas9 function (objective 1).

[5] C: IFFL topology with AHL as the morphogen and the corresponding stripe pattern

(objective 2).

SUMMARY AND FUTURE OUTLOOK

• A step forward is achieved in building complex gene regulatory networks.

• AHL is potentially used as a morphogen instead of arabinose for the constructed IFFL

and have shown to produce a stripe pattern.

• Complex networks can be improved by altering the strength of interactions or by

modifying the strength of promoters.

• Also, different versions of single guide RNA such as truncated (with less than 20

nucleotides) can be potentially used to decrease or weaken the levels of repression.

• Conclusively, we demonstrated that  regulatory networks with different genotypes can
give rise to the same phenotype. 
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Figure1:An example of the stripe forming simple IFFL topology, where the IFFL is treated by a 

concentration gradient of a morphogenetic signaling molecule(morphogen analogue: 

Arabinose{Ara}) and is “translated” into a stripe pattern.[3]

Figure 4: Schematic of cloning done using Gibson assembly. A: Process flow in a Gibson assembly 

B: Illustration of the cloning scheme followed to construct required GRN. The red, green and blue 

parts are the different transcriptional units. [2]
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Figure5: Schematic showing the 

repression of gene expression 

using CRISPR based approach.[4]
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OBJECTIVES

1. To build complex gene regulatory networks with different topologies,
expected to produce stripe patterns (figure 2).

2.  To check acyl-homoserine lactone (AHL) as a potential morphogenetic signalling
molecule (figure 3).
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After the construction of the required topology using molecular techniques the network is

checked for the presence of stripe by plate reader experiments, where we measure
fluorescence of the reporters present in N1, N2,N3 and plotting the results using R software.

In contrast to the use of transcription factors to repress the gene expression we use CRISPRi
(clustered regularly interspaced short palindromic repeats interference) based approach to

achieve efficient repression in the GRNs.
The catalytically dead mutant dCas9 can be easily targeted to any sequence in the

vicinity of a promoter, thus repressing transcription (figure 5).

Figure 3: Illustration 

depicting expected stripe 

formation with AHL as the 

morphogen.Figure 2: Illustration of some complex GRN.
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Eating is a fundamental necessity for the survival of 
all animal species. Attractive stimuli trigger eating 
behavior while repulsive or toxic compounds lead to 
the rejection of potential food sources. For this 
evaluation process chemical stimuli from the 
environment are sensed via gustatory sensory 
neurons that either activate attractive sweet sensing 
or repulsive bitter sensing pathways. The powerful 
genetic model system Drosophila melanogaster has 
helped to describe basic principles of gustatory 
processing at the cellular level. Some closely-related 
Drosophila species show behavioral adaptations to 
distinct ecological niches and food sources. One 
example is the specialization of Drosophila sechellia, 
an endemic island species from the Seychelles, to a 
single host fruit Morinda citrifolia (noni fruit) that is 
toxic to D. melanogaster. 

In this study, we first compared the feeding behavior 
of the three closely related species D. melanogaster, 
D. simulans and D. sechellia. Second, we started the
anatomical description of bitter sensing neuronal
circuits in D. melanogaster using expansion
microscopy. Third, are preparing tools for the genetic
labeling of these circuits in D. sechellia.

To quantify feeding preferences of D. melanogaster, 
D. simulans and D. sechellia we tested different
combinations of sweet and bitter tastants in two-
choice colorant feeding assays. Starved flies were
presented with two kinds of food per assay and the
number of flies feeding on each food source was
quantified. While all three species show a strong
preference for high sucrose concentrations, addition
of the bitter compound caffeine reverts this
attraction in D. melanogaster and D. simulans. D.
sechellia instead is still stably attracted by high
sucrose even in the presence of the bitter compound.
This result indicates that bitter sensing circuitry in D.
sechellia must have undergone molecular or
neuronal modifications.

The gustatory receptor Gr66a of D. melanogaster is 
broadly expressed in bitter sensing gustatory 
neurons. For the visualization of these cells in the 
brain of D. melanogaster we used a Gr66a-Gal4 
transgenic line combined with a membrane bound 
GFP for labeling neuronal morphologies and a 
synaptic marker to quantify the number of 
presynaptic sites. In parallel, we attempted to apply 
expansion microscopy to image neuronal structures 
with increased spatial resolution after tissue 
expansion. 

To genetically target bitter sensing circuits in D. 
sechellia we aimed to replace the Gr66a gene with 
Gal4 via CRISPR/Cas9 mediated homologous 
recombination. With the cloning of the required 
guide RNA expression vector and donor plasmid, we 
now have all reagents at hands to generate 
transgenic D. sechellia flies for a detailed anatomical 
and functional analysis of bitter sensing circuits in 
this species. 

With our experiments we have established a basis 
for comparative gustatory circuit studies in 
Drosophila species. A more in-depth analysis of 
feeding behaviors and neuronal circuit architecture 
and function will help to increase our understanding 
of behavioral evolution leading to the exploration of 
new ecological food niches. 

Comparative analysis of bitter sensing neuronal circuits in Drosophila 
species 
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9 Within Drosophila species a variety of behavioral adaptations to 
distinct ecological niches can be observed. 

9 One example is the specialization of Drosophila sechellia, an endemic 
island species from the Seychelles, to a single host fruit Morinda 
citrifolia (noni).  

9 Its close cousins D. melanogaster and D. simulans instead feed on a 
variety of different fruits and the high toxin content of noni repels 
them from this fruit.  

9 In this study, we first compare the feeding behavior of all three 
species towards sweet and bitter stimuli. Second, we started the 
anatomical description of bitter sensing neuronal circuits in        
D. melanogaster. Third, we have been preparing tools for the 
genetic labeling of these circuits in D. sechellia.

Introduction 

9 To genetically target bitter sensing circuits in D.sechellia  we want to integrate the Gal4 
gene into the Gr66a locus using a donor vector that serves as a template for 
homologous recombination mediated insertion. The donor vector contains the Gal4 
open reading frame, an RFP transgenesis marker and homology arms targeting the 
Gr66a locus.  

3. Transgenic Reporter Lines

2. Immunostaining and Expansion microscopy

                  Conclusions and future directions 
 

1. Behavioral assays
9 To quantify the feeding behavior of all three species  we used  a 

two-choice colorant feeding assay. 

9 After starvation, we allowed flies to choose  
        between two types of foods per assay.  

9 The GR66a receptor is broadly expressed in bitter sensing gustatory neurons of 
D.melanogaster. We used a Gr66a-Gal4 line to express membrane bound GFP for labeling
neuronal morphologies and a synaptic marker to quantify the number of presynaptic sites
in bitter neurons. 

� In the colorant feeding assay, all three species tested showed a strong preference for 
high concentrations of sucrose. However, adding the bitter tastant caffeine to high 
sucrose changed it to a repulsive stimulus except for D. sechellia. In the future we will 
conduct more behavioral assays with different components and contents. 

� The constructs generated in this study can be used for genetic labeling of bitter sensing
neurons in D. sechellia. This will allow future morphological and functional studies. 

� The expansion microscopy protocol explored here can be used for better visualizing and 
quantification of synapses of bitter sensing neurons in immunostained brains. 
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Research domain of Prof. Olivier Bonny’s lab 
Kidney stones constitute an important health issue, 
in terms of (i) pain (renal colic), felt by about 10% 
of the population at least once during lifetime; (ii) 
complications, with significant number of 
hospitalizations and surgery related to kidney 
stones; (iii) long-term morbidity that may arise from 
severe complications (infection, end stage renal 
disease and dialysis,...) in a few patients; and (iv) as 
an overall financial burden for the health system. 
Moreover, kidney stone can be seen as an early 
marker of cardiovascular diseases and of the 
metabolic syndrome. 

Despite the large and increasing kidney stone 
epidemic, only a paucity of effort is dedicated to 
kidney stone research and to the development of 
new therapeutic approaches. We established a 
translational research program devoted to unravel 
how kidneys are handling calcium and uric acid, two 
of the main constituents of kidney stones. 

Kidneys are key organs in keeping calcium and uric 
acid in balance. In order to achieve this goal, tight 
regulation of several transport mechanisms is 
mandatory.  

Recently, several transporters for calcium or for uric 
acid have been described in the kidney, but their 
precise role in calcium, respectively uric acid 
homeostasis and in kidney stone formation remain 
elusive.  
We are studying the specific role of a calcium 
transporter (the sodium/calcium exchanger, NCX1) 
in renal calcium handling and of a newly discovered 
uric acid transporter (SLC2A9) in renal uric acid 
handling. Mouse models in which these transporters 
are specifically inactivated in the kidney have been 
established. We showed that both transporters are 
key players in calcium and uric acid homeostasis and 
putative drug target. 

Collaborating with Prof. A. Edwards, in Paris, we 
tested a mathematical model predicting that NCX1 is 
instrumental in transcellular calcium reabsorption in 
the distal part of the nephron. And using genome-
wide association studies on calcemia, we were part 
of a huge consortium led by Prof. M. Bochud, which 
identified new genomic loci associated with the 
control of calcemia. 

Figure legend: Genes involved in regulation of 
serum calcium concentration. Genes have been 
identified either previously by studies of monogenic 
diseases or by GWAS performed on serum calcium 
and on vitamin D. Genes represented in green are 
mainly involved in the PTH axis and those in red are 
mainly involved in the vitamin D axis. (From Bonny, 
O. and M. Bochud, Nephrol Dial Transplant. 2014
Sep;29 Suppl 4:iv55-62.)
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We study the roles that local protein homeostasis 
and actin remodeling play in regulating synaptic 
plasticity, brain circuits and behavior, with a focus on 
understanding how dysfunctions in these processes 
lead to neurodevelopmental disorders.

A feature of a large number of brain disorders, 
including developmental and neurodegenerative 
diseases, is malfunctioning synapses and synaptic 
connections and hence the term “synaptopathies” for 
these disorders. Our lab has long been interested in 
understanding how synaptic protein synthesis and 
the associated actin remodeling that reshape 
synapses are regulated, with particular emphasis on 
how this occurs in development. A number of 
neurodevelopmental disorders such as the Autism 
Spectrum Disorders and intellectual disability are 
synaptopathies and there is increasing evidence that 
these disorders show dysregulated protein synthesis.

Unfortunately, we are not able to present this report due to confidentiality 
issues related to unpublished data
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Introduction 
Insulin secretion and sensitivity are the principal 
characteristics of glucose metabolism. Women with 
Gestational Diabetes Mellitus (GDM) have decreased 
insulin sensitivity and decreased insulin secretion. 
Patients with gestational diabetes mellitus (GDM) 
have higher risk of developing diabetes in the future. 
Accurate indices should allow earlier diagnosis and 
management with the aim of early recognition and 
prevention of complications to both the mother and 
fetus. A review of the literature was conducted to 
define which measures of insulin sensitivity and 
secretion are the most appropriate in these women 
and to compare the different indices to determine 
which of them correlates with intravenous glucose 
tolerance test in women with GDM.  

Methods 
An initial limited search was undertaken to identify 
relevant keywords. This was followed by the 
development of a comprehensive search strategy. 
The database searched was PUBMED. The search 
strategy included specified keywords, including 
‘Insulin’, ‘sensitivity’ ‘resistance’ and ‘secretion’ 
combined with ‘diabetes or GDM’. Finally, a hand-
search of the reference lists and bibliographies of 
potential studies was performed. Papers eligible for 
inclusion were articles published in English, which 
reported on methodologies for assessing insulin 
sensitivity and secretion and those that compared 
one or more methodologies with a gold standard.  

Results 
Regarding insulin resistance literature showed that, 
Masuda index reflects both hepatic and peripheral 
insulin sensitivity whereas Homeostatic Model 
Assessment for Insulin Resistance (HOMA-IR) 
reflects only hepatic insulin sensitivity. Regarding 
insulin secretion, insulinogenic index (IGI) is the 
most specific index of first phase insulin secretion 
whereas ratio of total area under the insulin to 
glucose curve (AUCins/gluc) is a better measure for 
insulin secretion. Insulin sensitivity–secretion index 
(ISSI-2) shows better correlation with disposition 
index than IGI/HOMA-IR. ISSI-2 can be used in place 
of disposition index.  

Conclusion 
Based on the findings from literature, the preferred 
indices for insulin sensitivity, secretion and 
disposition index in women with GDM are Masuda 
index, HOMA-IR, IGI, AUC measure and ISSI-2 index 
respectively. 

Methodologies of assessing insulin sensitivity and insulin secretion 
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1. INTRODUCTION

5. CONCLUSION

CONTACT

2. OBJECTIVES

3. METHODS

4. RESULTS

• Masuda index reflects both hepatic and peripheral insulin sensitivity whereas 

HOMA-IR reflects only hepatic insulin sensitivity. 

• Insulinogenic index (IGI) is the most specific index of first phase insulin secretion 

whereas AUC is a better index for insulin secretion. 

• ISSI-2 shows better correlation with disposition index than IGI/HOMA-IR and 

IGI/fasting insulin. ISSI-2 can be used in place of disposition index. 

◆ Insulin secretion and sensitivity are the principal characteristics of glucose metabolism.
◆ Women with Gestational Diabetes Mellitus (GDM) have decreased insulin sensitivity and 

decreased insulin secretion. [1]
◆ Patients with GDM have higher risk of developing Type 2 diabetes (T2D) in the future.
◆ Accurate indices should allow earlier diagnosis and management with the aim of early 

recognition and prevention of complications to both the mother and fetus.

Initial limited search was undertaken to identify relevant keywords, followed by the development 
of a comprehensive search strategy:
◆ The database searched was PUBMED. 
◆ Specified keywords : ‘Insulin’, ‘sensitivity’ ‘resistance’ and ‘secretion’ combined with ‘diabetes 

or GDM’.
◆ A hand-search of the reference lists and bibliographies of potential studies.
◆ Eligible papers: articles published in English, reported on methodologies for assessing insulin 

sensitivity and secretion and compared one or more methodologies with a gold standard. 

◆ To define which measures of insulin sensitivity and secretion are the most appropriate in 
women with GDM.

◆ To compare the different indices to determine which of them correlates with intravenous 
glucose tolerance test.

Based on the findings from literature, the preferred indices for insulin sensitivity,
secretion and disposition index in women with GDM are Masuda index, HOMA-IR, IGI,
AUC measure and ISSI-2 index respectively.

Isidora Lončarević University of Belgrade, Faculty of Biochemistry, Belgrade, Sebia 
Email: loncarevicisidora@gmail.com
Phone: +381-64-9244476

Insulin secretion calculationsInsulin sensititivity indices

Matsuda index [2]

G0 - fasting plasma glucose (mg/dL)
I0 - fasting plasma insulin (mU/L)
Gt - concentration of glucose 
It - concentration of insulin 
t - time (min)

G0 - fasting plasma glucose (mmol/L) 
I0 - fasting plasma insulin (µU/mL)

AUCins – area under the insulin curve (µU/mL per min) calculated by trapezoidal rule
AUCgluc - area under the glucose curve (mg/dL per min) calculated by trapezoidal rule

Area under the curve

G0 - fasting plasma glucose (mmol/L) 
I0 - fasting plasma insulin (µU/mL)

G30 – 30 min plasma glucose (mmol/L) 
I30 – 30 min plasma insulin (µU/mL)

Insulinogenic index

Insulin sensitivity – secretion index (ISSI-2) 

Homeostatic model assessment insulin 
resistance (HOMA-IR) [3]

Disposition index

[1] T. A. Buchanan, A. H. Xiang, T. A. Buchanan, and A. H. Xiang, “Gestational diabetes mellitus Find the latest version : 
Science in medicine Gestational diabetes mellitus,” vol. 115, no. 3, pp. 485–491, 2005.

[2] R. A. DeFronzo and M. Matsuda, “Reduced time points to calculate the composite index,” Diabetes Care, vol. 33, no. 7, 
p. 2010, 2010.

[3] D. R. Matthews et al., “Diabetologia,” pp. 412–419, 1985.
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Figure 1: Normal vs. GDM glucose uptake. 

NORMAL GDM

insulin sensitivity insulin resistance

Figure 2:  Indices derived  from insulin and glucose levels 
during oral glucose tolerance test (OGTT).
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Research domain of Prof. Marlen Knobloch’s lab 
The main focus of the Laboratory of Stem Cell 
Metabolism are adult neural stem cells (NSPCs), 
which give rise to new neurons throughout 
adulthood. This process is called adult 
neurogenesis and has been shown to be disturbed 
in various cognitive diseases. We are interested in 
the metabolic regulation of neurogenesis in health, 
aging and disease, covering basic aspects of 
metabolic regulation as well as extrinsic influences 
on NSPC metabolism. 
Furthermore, we are exploring whether there are 
common mechanism of metabolic regulation in 
different somatic stem cell compartments 

Schematic representation of the major metabolic 
pathways in NSPCs and their neuronal progeny. 
Shown are the major changes in metabolic 
pathways occurring in quiescent and proliferating 
NSPCs as well as in immature neurons in the adult 
dentate gyrus and the developing forebrain. From 
Knobloch & Jessberger, Current Opinion in 
Neurobiology 2017
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The protein CARD8 is expressed in a broad range of 
human tissues. Its C-terminus contains a FIIND 
domain – able to undergo auto-cleavage, and a 
CARD domain – acting as a protein-protein 
interaction surface. The N-terminus varies in 
different isoforms due to extensive alternative 
splicing and presence of several transcription start 
sites. This as well as the fact that CARD8 does not 
have a direct homolog in traditional mammalian 
model organisms has made investigation of its 
function challenging. CARD8 has been shown to 
interact with inflammasome components. Moreover, 
mutations in CARD8 have been linked to auto-
inflammatory diseases (e.g. IBD, PFAPA) and CARD8 
was shown to be overexpressed in several different 
types of cancer. These observations as well as the 
presence of the CARD domain implicate CARD8 in 
apoptotic and inflammasome-related pathways. 
	
The aim of this project was to investigate the role of 
the cleaved form of CARD8 (CARD8UPA_CARD) in the 
context of inflammasome activity and cell death – 
intrinsic and extrinsic apoptosis as well as pyroptosis 
(inflammation-induced cell death). The U937 
promonocytic human myeloid leukaemia cell line has 
been selected as the main cellular model for studying 
CARD8 as it is both inflammasome competent and 
susceptible to FasL- and Etoposide-induced 
apoptosis. CARD8UPA-CARD was expressed in this cell 
line in a doxycycline-dependent manner from an 
introduced plasmid encoding CARD8UPA-CARD with a C-
terminal HA-tag. 
	
Inflammasome activation was stimulated by first 
priming cells with PMA to activate expression of the 
inflammasome subunits and pro-IL-1β. 
Subsequently, the cells were treated with one of the 
stimuli known to activate NLRP3-inflammasome. The 
extent of inflammasome activation was measured on 
a western blot by following the secretion of IL-1β to 
the supernatant. The percent of cells undergoing 
pyroptosis was followed using flow cytometry of 
propidium iodide (PI) stained cells. PI staining was 
also used to follow apoptosis activation after treating 
cells with apoptotic signals inducing either extrinsic 
(FasL via receptor and CASP8) or intrinsic (Etoposide 
via DNA damage and CASP9) apoptosis.  

The effect of expressing cleaved CARD8 in U937 cells 
was observed by including prior treatment with dox. 
Knockout cell lines of CASP1 and ACS were created 
using CRISPR to uncover components of CARD8 
dependent pathways. WT and LUCI KO cells were 
used as a control.  
	
U937 proved to be an efficient cellular model for 
studying CARD8 function. According to the obtained 
preliminary data, the cleaved form of CARD8 seems 
to enhance the response to ligands triggering 
intrinsic apoptosis and NLRP3 activation. This form 
of CARD8, however, is alone not able to induce either 
of those 2 pathways and hence seems to potentially 
act as an amplifier of the primary signal. The 
observed enhancement of IL-1β secretion and 
pyroptosis in primed cells after CARD8 UPA_CARD 
expression was at least partly independent of ASC 
and CASP1. Pyroptosis detected after Nigericin 
treatment with CARD8 UPA_CARD expression is likely 
ASC and CASP1 dependent. Potential role of CARD8 

UPA_CARD in non-immune cells, specifically HeLa cells, 
has also been investigated. Furthermore. progress 
has been made towards studying the full-length form 
of CARD8 in cellular models. 
	
In the future, it would be interesting to repeat some 
of the conducted experiments in other cell types and 
more importantly with the full-length form of CARD8. 
This would allow investigating the effect of clinically-
important mutations as well as the N-terminus which 
could act as a negative regulator for CARD8 UPA_CARD 
cell death-amplifying function.  
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I would like to thank my wonderful supervisor Dr Lotte Spel for teaching me new 
techniques, always answering any questions and discussing unexpected results.
I would also like to thank Prof Fabio Martinon for giving me the opportunity to 
work on this project and to ISREC for providing the funding. My thanks extend to 
the whole Martinon Lab who made every day enjoyable and were always happy 
to give advice.

INTRODUCTION

ACKNOWLEDGEMENT

METHODS & RESULTS

CONCLUSION FUTURE PLANS

• U937 cell line is an appropriate 
model for studying CARD8 function

• Cleaved CARD8 enhances
• FasL-induced apoptosis (but 

alone does not cause apoptosis)
• IL1β secretion after NLRP3 

inflammasome activation
• Pyroptosis in combination with 

Nigericin or priming by PMA

• Cleaved CARD8 is involved in both 
ASC/CASP1 independent  and 
dependent pathways

• Investigate the function of 
full-length CARD8

• Investigate the function of CARD8 
isoforms at endogenous levels 
and isoform ratios

• Investigate the effect of CARD8 
mutations correlated with cancer 
and auto-inflammatory diseases

• Uncover the mechanism and 
triggers for CARD8 cleavage

Project aimsBackground
� Establish a cellular model to study CARD8

� Investigate the function of cleaved CARD8
� In apoptosis
� In inflammasome regulation
� In non-immune cells

� Determine the components of 
CARD8-dependent pathways

CARD8

? apoptosis (CASP-8,9)
pyroptosis (CASP-1)
inflammasome (NLRP3)

cancer
auto-inflammatory diseasesCARDFIIND

CARD

auto-cleavage

UPA

CARD8 protein is expressed in a broad range of human tissues.
Its C-terminus contains a FIIND domain able to undergo auto-
cleavage, and a CARD domain acting as a protein-protein
interaction surface. The N-terminus varies in different isoforms1.

Not much is known about the function of either the full-length or
cleaved CARD8 (CARD8UPA-CARD). Prior research implicate CARD8
in cell death2 and inflammasome regulation3. Mutations in
CARD8 have been linked to auto-inflammatory diseases3 and its
overexpression was observed in several different cancers2. CARD8UPA-CARD

Induction of CARD8 expression

U937 as a cellular model for studying CARD8

Role of cleaved CARD8 in apoptosis

The U937 promonocytic human myeloid
leukaemia cell line has been selected as
a cellular model for studying CARD8. It
is inflammasome competent4 and
susceptible to Etoposide- and FasL-
induced apoptosis.

Apoptosis was stimulated by challenging
untreated or dox-treated U937-CARD8UPA-CARD

cells with one of two apoptotic signals. FasL
(1a) binds to Fas receptors on the cell surface
and activates the extrinsic apoptotic pathway5.
Etoposide (1b) is taken up by the cells where it
causes DNA damage and hence activates the
intrinsic apoptotic pathway6. Both pathways
lead to cell death which can be followed by
propidium iodide staining – a DNA stain
unable to permeabilize living cells (4).

1a) FasL

Caspase-8

Caspase-9

Cyt c

Caspase-3

Apoptosis

1b) Etoposideor

3) collection

4) staining
apoptotic
cells

Flow cytometry

Method

U937-CARD8UPA-CARD cell line

Role of cleaved CARD8 in inflammasome regulation

Inflammasome activation was stimulated in a two-step process4. Cells were
primed with PMA (1) to activate expression of inflammasome subunits and pro-
IL-1β and later treated with one of the stimuli known to activate the NLRP3-
inflammasome (2). The extent of inflammasome activation with or without
prior dox treatment was measured by IL-1β secretion to the supernatant on a
Western blot (4a). Pyroptosis was followed using propidium iodide staining (4b)

pro-
IL-1β

IL-1β

INFLAMMASOME

NLRP3
l

ASC
l

CASP1

1) PMA (0.1 μM) 2)
MSU crystals (0.1 μM)
DNA (0.1 μM) with Lipofectamine
Nigericin (0.1 μM)

3) collection Supernatant

Western blot

4b) staining
pyroptotic
cells

Flow cytometry

4a) 

Method

Pyroptosis
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gRNA#2

Tubulin (50 kDa)

CARD8 cleaved (28 kDa)28

55

kDa
–
–

Endogenous cleaved CARD8 can be knocked-
out from WT U937 using CRISPR

The cleaved form of CARD8 (CARD8UPA-

CARD) was expressed in a doxycycline
dependent manner from a plasmid
encoding CARD8UPA-CARD with a HA-tag.

doxycycline

CARD8UPA-CARD

HA

CARD8UPA-CARD is expressed up to
48 h after 2 μg/mL dox treatment
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CARD8UPA-CARD

1a) Expression of cleaved CARD8 enhances 
FasL-induced extrinsic apoptosis

1b) Expression of cleaved CARD8 does not 
affect Etoposide-induced intrinsic apoptosis
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4a) Expression of cleaved CARD8 enhances secretion
of IL-1β after NLRP3 inflammasome activation
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Enhancement is partly ASC- and CASP1-independent

ASC and CASP1 can be knocked-out from
U937-CARD8UPA-CARD using CRISPR 
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4b) Expression of cleaved CARD8 
enhances pyroptosis independent 

of PMA priming
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Enhancement without PMA priming is 
ASC- and CASP1- dependent
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Bacteria have evolved to adapt to the lack of 
nutrients in their environment. When nutrient 
concentration is low bacteria undergo a series of 
physiological changes, which are part of the starving 
process. It had been reported that in conditions of 
starvation, bacteria loose their capacity to divide and 
enter into a latent state. It is also known that they 
reduce their cellular size, although the reason of this 
shrinking haven't been elucidated yet.  Here we 
report that Agrobacterium tumefaciens and 
Ochrobactrum anthropi grow in minimal medium 
without any carbon source reaching a consistent 
population size of 107 cells/mL. This replication in 
starvation seems to be associated to a shrinking 
process. To elucidate this observation we tested 3 
different hypothesis: Carbon contamination, Bacteria 
have reservoirs from previous incubation, Bacteria 
shrink to have a higher population with a similar 
biomass. 
 
For testing if there is a carbon contamination in the 
media we replaced the water use to prepare it, with 
Rotipuran water (Ash content > 0.02%). Also 
bacteria were inoculated in new conic centrifuge 
tubes to evaluate the possibility of a carbon 
contamination in the glass. The results show that 
there is no difference in bacterial growth regarding 
to the water. Bacteria grew less in the conical 
centrifuge tubes, although the same pattern was find 
in rich media, that means that the reduction in 
growth isn’t because the glass tubes are 
contaminated. Also for probing this hypothesis a 
growth curve using spent medium were made. Both 
bacteria grew to 107 CFU/ mL in the spent media. 
Carbon wasn’t quantified in the media so we can 
ensure there isn’t a carbon contamination, 
nevertheless it is proven that is not the main reason 
for bacterial growth to that threshold. 

To understand if bacteria were using their carbon 
reservoirs to grow, we incubated bacteria until 
stationary phase and then apply a bottleneck to 
restart the original population size (104 and 106 

CFU/mL), the bottleneck was applied 3 times for a 
total incubation time of 12 days. Bacteria grew to 107 
CFU/mL in the 3 bottlenecks; these result doesn't 
accept or deny the hypothesis, so further 
experiments needs to be done to understand the 
carbon reservoir in bacteria. 
 
 It is already known that bacteria shrink when they 
enter in starving conditions, although we wanted to 
address if there is correlation between the shrinking 
of bacteria and the growth that is observe. We 
discover that bacteria reduce their size until they 
reach to a population of 107 cells/mL, which is the 
same population when they stop dividing. The 
reason of this phenomenon is not clear yet, more 
experiments need to be done to address this 
observation. 
 
This preliminary data shows that A. tumefaciens and 
O. anthropi are able to grow with limited carbon 
source to a population of 107 cells/ mL and that this 
growth is related to the cell size of the bacteria. This 
open more questions that need to be address by 
identification of the gene expression in these 
processes and analysis of the carbon reservoir in 
bacteria. 
 

Unexpected bacterial growth during starvation is associated to cell size 
reduction 
 
Diego Rojas-Gätjens1,2, Rita Di Martino1, Marc Garcia-Garcera1, Sara Mitri1 
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1. Is there a carbon contamination in 
the media or the tubes?

a)

b)

2. Are bacteria storing carbon from 
previous growth?

Figure 1a evidences that there is no effect if  bacteria are culture in Rotipuran water 
(ash content < 0.002%) or distilled water.
Comparing figure1 a) and b) it is shown that bacteria cultivated in conical centrifuge 
tubes grow less, but this reduction occurs in rich media as well (data not shown).
Figure 1c shows that when grown in their own supernatant A. tumefaciens, grow almost 
10 times more, and O. anthropi reduces its growth with each bottleneck
In figure 1d it is shown that bacteria stop growing at a specific population size 
independently of the starting population size

3. Are bacteria shrinking while dividing?

A. tumefaciens O. anthropi

Figure 3. Comparison of the Forward Size Scatter(FSC-H) in  A. tumefaciens and 
O. anthropi culture in Minimal medium at 28 ° C, 200  rpm for 3 days

Open Questions and Future Work

d)

References and Acknowledgments

Future work
Analysis of gene expression.
Staining of carbon reservoirs.
Identifying this phenomena in 
bacteria of other phylogenetic 
history. 

. 

Unresolved observations
Treshold of 107 CFU/mL.
Different behaviour in spent 
medium.
Size increase after bottlenecks.
Bacterial size is related to the 
population density.

The shrinking speed is related to the density of the population, as 
shown in figure 3. 

I would like to thank everyone who helped directly or indirectly in 
this proyect. I am specially grateful with my supervisors: Rita, Marc 
and Sara, who oriented me in the right direction during the 
intership and nurtured my curiosity actively.
Also I would like to thank Valentina and Mariona who had the 
patience  to introduce me to computational analysis. Finally thanks 
to Esteban Rojas-Gatjens who introduced me into science and my 
supervisors in CENIBiot.

I Bacteria undergo a series of physiological changes when nutrients are lacking, which are part of the starving process. It has 
been reported that in conditions of starvation, bacteria loose their capacity to divide and enter into a latent state. It is also 
known that they reduce their size, although the reason of this shrinking hasn't been elucidated yet.  Here we report that 
Agrobacterium tumefaciens and Ochrobactrum anthropi grow in minimal medium without any carbon source reaching a 
consistent population size of 107 cells/mL. This replication in starvation seems to be associated to a shrinking process. To 
elucidate this observation we tested different hypothesis

Methods

Unexpected bacterial growth during starvation is 
associated to cell size reduction

Figure 1. Growth curve of A. tumefaciens and O. anthropi in Minimal medium at 28 ° C, 200  rpm  using a) 
conical centrifuge tubes, b) conical centrifuge tubes, c) spent medium, downsizing the population to the 
initial inoculum every 3 days and reinoculating in the spent medium d) 4 starting inoculums. CFU in 
logaritmic scale 

Growth curves: For measuring bacterial growth with time using 
CFU/mL
FACS : For measuring the bacterial size in time using the 
scattering of light.       
Changing media parameters: Change in the water used to prepare 
the medium to analyze if there is a carbon contamination in the 
water.  
Spent media assay: Reinoculating bacteria in the same medium 
that they had grown before to evaluate their ability to grow in a 
medium without nutrients.

Figure 2. a) Growth curve of Agrobacterium tumefaciens and Ochrobactrum anthropi in Minimal Medium, 
downsizing the population to the initial inoculum every 3 days. CFU in logaritmic scale  b) Forward Side 
Scatter (FSC) of the population during the growth curve shown in a)

a)

Bacteria are able to grow 
even after 2 bottlenecks in 
Minimal Medium as shown 
in Fig 2a.

After the bottleneck the 
cells size increases again. 
(Figure 2b)

b)

c)
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Arbuscular Mycorrhiza (AM) are one of the most 
successful and widespread mutualistic relationships 
between plant and fungi on earth. AM fungus 
colonizes a plant’s root and serves as a 
supplementary root, finding additional nutrients in 
the soil (mostly phosphorus) and receiving carbon 
from the plant in exchange. In order to establish 
such relationship, both parts have developed 
multiple ways of communicating. Strigolactone, a 
root secreted phytohormone, is known to increase 
AM fungi spore’s germination and hyphal branching 
rates which are crucial in early establishment of the 
symbiosis. 
	
Generally, asexual reproduction means clonal in 
nature. However, this is not true in AM fungi. The 
fungi can have either all of their nuclei with the same 
karyotype (monokaryotic) or from two different 
karyotypes (dikaryotic) depending on isolate, and 
both produce asexual spores containing hundreds of 
nuclei. Due to random nuclei segregation during 
spore formation, dikaryotic fungi will produce spores 
with different proportions of nuclei from two 
karyotypes, resulting in genetically different single-
spore progeny. 
	
Indeed, in a previous study, different offspring 
originated from a single mother isolate have shown 
different effects on the host. We believe that such 
difference came from the communication between 
plant and fungi. However, there is no understanding 
of phytohormone susceptibility of different offspring 
of mother isolate yet. Hence, understanding how 
asexually reproduced single-spore lines behave 
differently under strigolactone treatment is 
important. 

The goal of this study is to test how different 
concentration of strigolactone can affect the 
development of two offspring single-spore isolates 
and their mother isolate of Rhizophagus irregularis, 
the model AM fungus. The development was 
quantified by measuring the germination rate of the 
spores along time. 
We found that each asexually reproduced single-
spore line has a different susceptibility to 
strigolactone which changed germination rate along 
time, with a specific pattern for each line. It was also 
clear that the presence of the strigolactone increased 
spore germination, although for the most cases there 
was no significant difference between the two 
strigolactone concentrations applied. Our findings 
revealed different symbiotic potential of asexually 
reproduced AM fungi in early establishment of 
symbiosis.  
 

Asexual reproduction doesn’t mean clonal: 
Effect of plant hormone on the spore germination of Rhizophagus irregularis 
 
Juan Pablo Rueda Ram1,2, Soon-Jae Lee1, Ian Sanders1 
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Asexual reproduc�on doesn’t mean clonal: 
Effect of plant hormone on the spore germina�on of Rhizophagus irregularis

Contact details:   Juan Pablo Rueda Ramírez   —   jpruedar@unal.edu.co

Juan P. Rueda1,2, Soon-Jae Lee1,  and Ian Sanders1

Department of Ecology and Evolution, Université de Lausanne, Lausanne, Switzerland
Departamento de Biología, Universidad Nacional de Colombia, Bogotá, Colombia

Arbuscular Mycorrhiza (AM) are one of the most successful mutualis�c rela�ons-
hips between plant and fungi on earth. AM fungus acts as supplementary roots, hel-
ping the plant to find addi�onal nutrients, while receiving carbon in exchange.

  Moreover, AM fungi can be either monokaryo�c or dikaryo�c, and produce diffe-
rent spores due to random nuclei segrega�on. Those spores will germinate into diffe-
rent asexually reproduced single-spore lines. 

INTRODUCTION

Fig. 1. Schematic of Symbiotic relationship between fungi and plant

RESULTS

Sc2

Sc2dSc2a

Strigolactone

 Symbiosis

CONCLUSIONS

AIM

METHODS

To iden�fy strigolactone GR24’s effect on growth and 
development of spores of three asexually reproduced 

single-spore lines of R. irregularis.

PERSPECTIVES
Altough it isn’t shown here, a second main aim of this 
study was to test the effect of low temperature on the 
strigolactone reac�on. All data was collected and it will 

be analysed on the following months. In addi�on, a parallel experiment carried on the group will aboard the 
effect of these same lines on different crops, to further understand the effect of random spore segrega�on.
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Here we show that each 
asexually reproduced sin-

gle-spore lines have different suscep�bility to the strigolacto-
ne, which changes along �me. This suscep�bility to the phyto-

hormone implies a difference on the symbio�c potencial for 
each line. In the case of Sc2d, for example, it is clear how the 

presence of the strigolactone would be crucial during the early 
germina�on, to find and establish symbiosis with the host.

 Spore germina�on was measured during image recording.

Here we show how each single-spore line behave 
under strigolactone treatment. 

It is clear that the presence of the hormone has an 
effect on the germina�on of the spores, even 
though for the most part there are no significant   
differences between both concentra�ons used.

I’d like to thank the UNIL, professor John Pannell and Laurence Flückinger for making the 
SUR program 2019 possible;  professor Ian Sanders and all his group for hos�ng me in the 
lab, and specially Soon-Jae Lee for all the kind advice, discussion and supervision.
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The students at work! 
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EPFL/UNIL hiking excursion to Col de la Croix,  
Lac Chavonnes and Lac Bretaye 
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EPFL/UNIL BBQ, refuge du Laviau, St-Sulpice 
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