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Summer Undergraduate Research Programme 
      www.unil.ch/ecoledebiologie/sur 

 
The seventh 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 4 to August 26, 2016.  
 
This year’s SUR Programme hosted 15 outstanding undergraduate students 
(selected from nearly 160 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, this was a life-changing 
experience.  
 
For the Faculty of Biology and Medicine, the SUR programme brings highly 
intelligent and 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, eleven students came back to Lausanne. Five of them (class of 
2011, 2012 and 2014, from Australia, Canada, China and USA) are currently 
pursuing further Masters or Doctoral studies at UNIL or EPFL. 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: Silas Goodman 
 

2016 EPFL (red) and UNIL (white) 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. The UNIL SUR Programme was 
launched in 2010 to provide that experience. 
 
 
Programme description 
 
During 8 weeks in July and August, the SUR Programme hosts about 15-20 
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 hike in the mountains 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

©Rzoog
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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. 

© eyetronic – Fotolia 

 

 
 
 
 
 
 
 
 
 
 
 
 
        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 of their kind in Switzerland. Biology and Medicine; 
Geosciences and Environment; Law and Criminal Justice. New innovations 
encourage new synergies. 

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

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

• A philosophy and work ethic expressed in a University Charter. 
• An exceptionally green and spacious lakeside setting. An excellent public 

transport network that links the university campus to Lausanne, noted for its 
varied cultural and social activities. 

• A wide range of sporting and cultural activities including 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. 
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Housing 

The programme provides housing for all participants for its eight-
week duration, within a building of the FMEL association. This year 
students were housed in “La Maison de la Bourdonnette”, shown on 
the map of Lausanne on page 10. 

© Alex White – Fotolia.com 

La Maison de la Bourdonnette 

“La Maison de la Bourdonnette” 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 
the lake providing opportunities for BBQs and midnight swims! 
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Faculty of Biology and Medicine Host Laboratories 
 
   UNIL Dorigny Campus 

v Center for Integrative Genomics   
Vincent Dion 
DNA repair, chromatin, genome stability, neurodegenerative diseases, 
nuclear organization 
 
Fisun Hamaratoglu 
scaling, growth control, morphogen, Hippo signaling, genetics, development, 
Drosophila 
 

v Department of Ecology and Evolution   
Alexandre Roulin 
Behavioural and evolutionary biology with main focus on sexual and natural 
selection, host-parasite interactions, parent-offspring conflict, alloparental 
care and recently population dynamics 
 
John Pannell 
Ecology and evolution of plant sexual systems 
	

v Department of Fundamental Microbiology  
Philipp Engel       
Microbial symbiosis, focus gut microbiota-host interactions, honey bees and 
related social bee species 
 

v Department of Plant Molecular Biology  
Pierre Goloubinoff 
Perception of stress and the mechanisms of molecular chaperones 
 
 
EPFL Campus 

v Institute of Biotechnology    
Nicolas Mermod 
Molecular biotechnology 
 
 
Bugnon CHUV Campus 

v Department of Fundamental Neurosciences  
Isabelle Décosterd      
Neurobiological mechanisms of pain 
 

v Laboratory for Investigative Neurophysiology 
Ulrike Toepel       

 Food perception and influence of sugar consumption 
 

v Department of Physiology    
Ana Claudia Marques 
Molecular Mechanisms of lncRNA Function 
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Epalinges UNIL & CHUV Campus 

v Department of Biochemistry    
Margot Thome Miazza 
Antigen receptor, Signaling, NF-κB, Lymphocytes, Lymphoma 
 
Fabio Martinon 
characterization of signaling pathways emerging from the endoplasmic 
reticulum 
 

v Division of Experimental Oncology   
Tatiana Petrova 
Transcriptional control in lymphatic vascular development 
 

v Infectious Diseases Unit     
Thierry Roger 
Modulation of immune response 

 
v Laboratory of Tumor Biology and Genetics 

Monika Hegi       
Glioblastoma, tumor biology, neurosurgery, biostatistics, bioinformatics, and 
imaging 

 
 
 
 
 
 

Map of SUR Programme sites 

UNIL Dorigny  
Campus 

EPFL 
Campus 

Bugnon CHUV  
Campus 

Lausanne train station 

Epalinges UNIL & CHUV 
Campus 

La Maison de la Bourdonnette 
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2016 SUR Programme Scholars 
 

Name Home Institution Country Lab

BART Valentina University of Glasgow UK T. Roger

CABANERO NAVALON Marta Dafne University of Valencia - Faculty of 
Medicine and Odontology Spain T. Petrova

CUELLO ENTRENA Santiago Universidad de Granada Spain N. Mermod

GALLARDO GOMEZ Julia Universidad de Sevilla Spain J. Pannell

GOH Valerie Swee Ting Nanyang Technological University Singapore P. Engel

HARTNETT Davis Brown University USA A. C. Marques

INNS Patrick University of Kent UK P. Goloubinoff

JIN Chen University of British Columbia Canada I. Décostered

LEI Yvonne Columbia University USA M. Hegi

MARTIN Johanna Elizabeth University of Aberdeen UK V. Dion

MORALES FRANCO Marlet National Autonomous University of 
Mexico Mexico M. Thome Miazza

PEKOVIC Sara Medical Faculty of Novi Sad Serbia U. Toepel

PROKHOROVA Evgeniia Lomonosov Moscow State University Russia F. Martinon

SHIRAZ SHAH Osama Lahore University of Management 
Sciences Pakistan F. Hamaratoglu

TIMSINA Shrabya University of Chicago USA A. Roulin
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Valentina Bart 
University of Glasgow 
UK 
 
Host Laboratory: 
Thierry Roger 
Infectious Diseases Service 
Epalinges UNIL & CHUV campus 
 

Background 
Newborns are highly susceptible to infections, which 
represent one of the leading causes of neonatal 
mortality. Early-onset sepsis (EOS) describes a 
dramatic response of the host to infection occurring 
during the first week of life, that is associated with 
high mortality and morbidity rates. Group B 
Streptococcus (GBS) and Escherichia coli (E. coli) 
are the leading pathogens of EOS.  
The transition of an infant from the almost sterile 
intra-uterine environment to the outside world 
requires the immune system to adapt: instead of 
offering protection at the foetal/maternal interface 
and preventing alloimmune responses between 
mother and foetus, it now has to respond to an 
antigen rich external environment and tolerate 
bacterial colonisation. While it is widely known that 
the neonatal adaptive immune system is immature, 
also differences in innate immune responses 
between adults and newborns have been 
recognised. Macrophages are professional 
phagocytic cells that represent an important first 
line of defence against infections. Macrophages 
communicate with other immune and non-immune 
cells via cytokines.  
	
Aim 
An altered response of macrophages to microbial 
challenge might account for the high susceptibility 
to infections in newborns. Thus, the aim of this 
project was to compare the abilities of newborn and 
adult macrophages to phagocytose and kill bacteria 
and to produce TNF, a cytokine that plays a central 
role in host defences. 
	
Methods 
Blood was collected from umbilical cords of healthy 
term infants and from healthy adult volunteers (n = 
4-7). CD14+ monocytes were isolated from 
mononuclear cells via magnetic positive selection 
using microbeads coupled to an anti-CD14 
antibody. Monocytes were cultured with 50 ng/ml 
granulocyte-macrophage colony-stimulating factor 
for 7 days to induce macrophage differentiation. 

Live GBS and E. coli O18:K1:H7 were added to 
macrophages at a multiplicity of infection (MOI) 50. 
Macrophages were lysed after 1h to assess 
phagocytosis, and after 4h (GBS) or 14h (E. coli) to 
asses killing. Serial dilutions of macrophage lysates 
were plated on LB agar plates that were incubated 
over night before counting bacterial colonies. Killing 
was defined as the number of bacteria recovered 
after 4h or 14h reported to the number of bacteria 
phagocytosed after 1h and expressed in 
percentage. TNF concentration in cell culture 
supernatants was measured by ELISA. 
	
Results 
The results showed no obvious differences in the 
phagocytosis and killing of GBS and E. coli by 
newborn macrophages when compared to adult 
macrophages. More strikingly, newborn 
macrophages produced less TNF in response to GBS 
and E. coli than adult macrophages. None of the 
differences reached statistical significance mainly 
due to small sample size and inter-individual 
variability. 
	
Conclusions 
Phagocytosis and killing of GBS and E. coli did not 
reveal reproducible differences between newborn 
and adult macrophages. Increasing sample size will 
overcome inter-individual variability. Newborn 
macrophages seem to secrete less TNF in response 
to GBS and E. coli than adult macrophages. If 
confirmed in a larger cohort of patients, this 
observation would be in line with the hypothesis 
that altered macrophage cytokine response 
underlies susceptibility to infection in neonates. 
 

Phagocytosis and Killing of Bacteria by Newborn vs. Adult Macrophages 
 
Valentina Bart, Anina Schneider, Thierry Roger, Eric Giannoni 
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Cancer is the second cause of death in developed 
countries, mainly due to the failing of medical 
treatment in metastatic conditions. Several 
antiangiogenic drugs are now available to try and 
target the tumor vasculature to: 1) reduce tumor 
supply in oxygen and nutrients, and 2) improve 
drug delivery to the tumor. However, none of these 
treatments are effective, highlighting the need of 
new treatments to target the tumor vasculature.  
	
In Dr. Petrova’s laboratory, Myct1 has recently 
been identified as a possible novel endothelial 
target. A new mouse model has been generated to 
allow inducible deletion of Myct1 in the 
endothelium.  
	
The goal of my study was to analyze the effects of 
Myct1 endothelial deletion in a subcutaneous tumor 
model. We have investigated the tumor 
microenvironment, with particular focus on the 
infiltrated immune cells. 
	

When Myct1 is deleted from the endothelium, 
tumor growth is impaired. This study shows that 
this reduced tumor growth is NOT due to: 1) 
increased necrosis; 2) increased intratumoral 
micro-hemorrhages; 3) decreased number or 
distribution of intratumoral vessels, and 4) altered 
immune cell number within the tumor.  
	
Future studies will now investigate tumor vessel 
integrity and endothelium permeability as well as 
tumor vessel perfusion and functionality. In 
addition, immune response will be further analysed, 
especially regarding pro- or anti-tumor immunity 
and if there are other immune cells involved. 
 

New endothelial regulator of tumor growth 
 
Marta Dafne Cabañero Navalón, Borja Prat-Luri, Amélie Sabine,  
Tatiana Petrova 

	

	

Marta Dafne Cabañero Navalón 
University of Valencia 
Faculty of Medicine and Odontology 
Spain 
 
Host Laboratory: 
Tatiana Petrova 
Department of Fundamental Oncology 
Epalinges UNIL & CHUV campus 
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Santiago Cuello Entrena 
Universidad de Granada 
Spain 
 
Host Laboratory: 
Nicolas Mermod 
Biotechnology Institute 
EPFL campus 
 

Matrix Attachment Regions (MARs) are DNA 
sequences that were predicted using bioinformatic 
analysis (SMARScan). These regions are bounded to 
the nuclear matrix with proteins organizing the 
chromatin in chromosomal loops. More than 50 000 
were predicted and others were discovered before, 
however, their biological function remains unclear. 
Two parts are extremely important, the AT-rich 
core, and the flanking regions. Without any of these 
parts MARs cannot have full activity, nevertheless, 
length variations in the core may not change its 
activity. MARs have been demonstrated to increase 
genetic expression when introduced exogenously in 
mammalian cells. The mechanism has not been 
comprehended fully yet, but the prevention of the 
inserted DNA plasmid forming heterochromatin 
plays an important role, as well as the 
augmentation of the transgene copy number 
integration. It is thought that they also interfere 
with gene transcription as genes are continuously 
swapping between an ON and an OFF form, 
depending on the cycle phase and the surrounding 
regulatory elements. MARs have been proved to 
maintain the ON form, so the gene can be 
expressing for a longer time in a higher rate. 
MAR 1-68 was a predicted MAR that is found in 
chromosome 1.  It has shown the highest increase 
of transgene expression between the known MARs, 
that is the reason it is being used in the 
biotechnology industry. However, this augmentation 
has only been proven in some cell lines. Near this 
element we can find MAR 1-67 and MAR 1-69 which 
have not being studied. 
 
Our aim is to proof that the MAR 1-68 has the same 
effect in three different cell lines. As the MAR 
mechanisms are not fully understood the effects 
may vary between different cell types. The chosen 
cell lines are: HEK 293, CHO-M and CHO DG44 as 
they are commonly used in the biotechnology 
industry.  To be able to do it, first, we had to clone 
the plasmid vectors in E. coli.  

The vectors contained the GFP gene which produces 
a fluorescence protein that can be measured. When 
this vectors were cloned we transfected them into 
the cells with five different conditions: only the GFP 
gene (GFP control), MAR 1-68 with GFP, Spacer 
DNA with GFP (to have a plasmid with the same 
length as MAR 1-68 but without activity), only 
puromycin resistance gene (negative control) and 
transfected cells with a naked plasmid (selection 
control). After the transfection we applied a 
selection media with puromycin to select the cells 
that had taken the plasmids only. Unluckily HEK 
293 cells did not stand the selection and most of 
the cells died so we could not carry any analysis on 
them. After seven days the selection was over for 
CHO DG44, and almost over for CHO M cells, so we 
continued analyzing them. To do it, we carried out 
qPCR and FACS (Fluorescence-activated cell 
sorting) analysis. The qPCR measures the number 
of GFP copies that the cells have while the FACS 
analysis measures the fluorescence of this cells. To 
be more accurate we did three biological replicates, 
that consisted in doing the measurements at three 
different days.  
 
We wanted, as well, to study if the  effects that 
neighbouring MAR 1-67 and MAR 1-69 have in cells 
are the same that MAR 1-68 has. To be able to 
study them, we first needed to identify the 
sequence, them we had to find them in the DNA 
and make sure, by sequencing that we had found 
the correct sequence. However, as previously 
mentioned, MAR elements AT-rich DNA is very 
difficult to amplify by PCR, and also to sequence. 
That being so, we will optimize the sequencing by 
cloning the PCR product in vectors.  
 
In conclusion, MAR 1-68 increases both the GFP 
copy number integration and the GFP expression in 
CHO-M cells, whereas in CHO DG44 cells it seems 
to only increase the GFP expression. 
 

Effects of MARs 1-67, 1-68 and 1-69 on transgene expression 
 
Santiago Cuello Entrena, Elena Aritonovska, Nicolas Mermod 
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Effects of MARs 1-67, 1-68 and 1-69 on transgene expression   

Cuello Entrena S., Aritonovska E., Mermod N. 
Laboratory of Molecular Biotechnology, Faculty of Biology and Medicine, University of Lausanne 

University of Granada 

 
 

Objectives 

Results 

9 The GFP copy number integration is slightly increased in CHO-M cells 
when using MAR1-68 as compared to Spacer DNA. 

Conclusion 
1.  Due to the presence of AT rich DNA, the cloning of MARs 1-
67 and 1-69 requires more optimizations and it is still an ongoing 
project. 
2. MAR 1-68 in CHO-M cells increases both the GFP copy number 
integration and the GFP expression, whereas in CHO DG44 cells it 
seems to only increase the GFP expression. 

Effets des MARs 1-67, 1-68 et 1-69 sur l'expression du transgène 
 Effekte von MARs 1-67, 1-68 und 1-69 auf die Transgenexpression 
 

Methods 

� 
 

Introduction 

Girod PA et al., Nat Methods 2007 

• Matrix Attachment Regions (MARs) are DNA sequences comprised of AT-rich 
DNA core and flanking regions that contain transcription factor binding sites. 
They are proposed to bind to the nuclear matrix and organize the chromatin in 
chromosomal loops. 

• When introduced exogenously next to a transgene, they increase its expression 
by augmenting its copy number integration in the host genome, and by 
shielding the transgene from the silencing effects of the neighbouring 
heterochromatin. 

2. Effects of MAR 1-68  on GFP expression in different cell types.  

(2) Electroporation conditions.: 
1. MAR1-68 EGFP. 
2. Spacer DNA EGFP.  

Plasmid 

(4) Analysis of the EGFP expression by 
FACS. 

(3) Puromycin selection.: 
1. CHO DG44: 7 days 
2. CHO-M: 10 days 
3. HEK293: cells suffered too 

much and we could not 
carry out the analysis (5) Analysis of the amount of EGFP 

copies integrated in the genome by 
qPCR. 

(1) Amplification of MAR 1-67 and MAR 1-69 
from the HEK293 genome, using different 
primer pairs and polymerases. 

(6)Sequencing optimization  by cloning PCR 
products in vectors. 

(2) PCR optimizaton: gradient PCRs 

(5) Sequencing of PCR products. 

(3) PCR product optimization: nested 
PCRs. 

1. Cloning of MAR 1-67 and  MAR 1-69. 

1. Investigate if 1-68 neighbouring MARs, 1-67 and 1-69 have similar effects on 
transgene expression when introduced exogenously next to the transgene, in the cell. 
2. Investigate MAR 1-68 effects on a transgene expression in different cell lines, HEK 
293, CHO DG44 and CHO-M. 

• MAR 1-68 is one of the most potent and 
most studied MARs, it was found using a 
SMARScan prediction algorithm, that 
also predicted other MAR elements in 
the human genome, among which MAR 
1-67 and MAR 1-69. 

(1) Introducing MAR1-68 next to a SV40 driven EGFP in 
different cell lines: 
 
 

 
 
 
 

CHO DG44 CHO-M HEK293 
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9 The GFP expression is increased with the MAR1-68 in both cell lines. 
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(4) Verification of PCRproducts using 
restriction enzymes. 
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9 The percent of GFP expressing cells is moderately increased in both cell 
lines containing  MAR1-68 EGFP. 
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9 Cells with MAR1-68 express significantly more GFP even though the 
GFP copy number in the genome is similar. 
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Julia Gallardo Gomez 
Universidad de Sevilla 
Spain 
 
Host Laboratory: 
John Pannell 
Department of Ecology and Evolution 
Dorigny campus 
 

In sexual reproduction, the reproductive success of 
hermaphroditic plants depends on the amount of 
resources it allocates to female or male function.  
Sex allocation is the allocation of resources to male 
versus female reproduction in sexual species. The 
amount of effort and nutrients that is allocated to 
reproduction is limited, and the extent to which 
hermaphroditic plants allocate them to their male or 
female function varies among individuals and 
should be able to evolve if mating opportunities 
change. 
	
We are testing populations of the European plant 
Mercurialis annua L. which are comprised of both 
hermaphrodites and males in their natural habitat. 
In this scenario, where hermaphrodites co-occur 
with males, hermaphrodites allocate more of their 
resources to female function and therefore produce 
more seeds, since they can easily be pollinated by 
the males within the population and would not need 
to allocate their resources to male function. In a 
previous study, it was addressed whether there 
would be an evolutionary response in 
hermaphroditic sex allocation to the absence of 
males in such populations. They could observe a 
significant divergence between the male flower 
biomass between hermaphrodites growing in the 
presence (control) and hermaphrodites growing in 
the absence of males: it was increased in those in 
the absence of males. 
	
The same experiment has been running for 7 
generations. The main questions addressed during 
my project were:  if there were other traits that are 
evolving in response to the absence of males; and 
to which extent experimental hermaphrodites could 
be compared to males in their male sex allocation. 

For the individuals of the 8th generation, we 
measured several traits in order to answer these 
scientific questions, trying to estimate male and 
female allocation, as well as other traits such as 
plant height, since height favors wind pollination, 
and root biomass, since a better root system would 
help get better resources for pollen. The results 
were analyzed with R programming. The 
conclusions were: (1) Experimental hermaphrodites 
are significantly taller than control hermaphrodites. 
(2) There are not significant differences in root 
biomass. (3) Experimental hermaphrodites have 
increased their male sex allocation. (4) There is not 
a trade-off between male and female function as 
predicted: the total biomass for male flower is 
increased but the number of fruits is not 
significantly decreased for the experimental line. 
(5) The increase of male sex allocation is reflected 
in an increase of the number of male flowers, not in 
an increase of the size of male flower. 
	
During the settling of the experimental design, we 
discovered some ambiguous plants which had their 
male flowers in typical male-like inflorescences but 
had some seed production. They could be 
hermaphrodites because they had both male and 
female flowers, but they could also be leaky males 
with some seed production, since the male-like 
inflorescence is a strong male trait. We undertook 
molecular analysis and amplified with PCR a Y 
chromosome marker. The results confirmed they 
were leaky males, with some seed production, since 
they clearly had the Y chromosome. The seeds 
harvested from these individuals will be of great 
interest for further experiments in the group. 
 

Evolution of Sex Allocation in an Annual Plant 
 
Julia Gallardo Gómez, Xinji Li, John R. Pannell 
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Evolution of Sex Allocation in an Annual Plant 
Julia Gallardo Gómez 12, Xinji Li 1, John R. Pannell 1 

1 Department of Ecology and Evolution of the University of Lausanne, 2 University of Sevilla 

1. Background 
A. What is sex allocation? 

 

In sexual reproduction, the reproductive success of an hermaphroditic plant 
depends on the amount of resources it allocates to both its female and male 
functions, i.e., its ‘sex allocation’. 
Sex allocation varies continuously among individuals and should be able to 
evolve if mating opportunities change.  

 

C. Scientific questions: 
 

After 7 generations of evolution by hermaphrodites after the experimental 
removal of males, we are interested in finding out: 
 

(1) Does the male allocation of hermaphrodites continue to increase? To 
what extent can these hermaphrodites be compared to the males in the 
control populations? 
 

(2) Do other hermaphroditic traits evolve along with their sex allocation? 

We found it difficult to asses the gender of some individuals because they 
presented traits from both males and hermaphrodites: the ‘pedunculate’ male-
like inflorescences and seed production.  

PCR amplification of Y chromosome marker 

Amplified Y 
chromosome 

segment 

Results 
 

9 The ambiguous individuals were 
leaky males. The harvesting and 
growth of these newly found leaky 
males seeds will be of great interest for 
further experiments. 

Control M 

Extent of increase of male sex allocation in control hermaphrodites relation to 
males and hermaphrodites in control populations: 

Testing ? Control H 

B. What we knew: 
 

9 A previous study on the European plant Mercurialis annua L. showed that, 
when males are taken away from populations comprised of both 
hermaphroditic and male individuals, the remaining hermaphrodites evolved 
to increase their male sex allocation. 
 

9  . 
 
 
 
 
 
 

9 An experimental selective pressure has been placed on these individuals so 
that we can observe the results of evolution. 

We had two possible explanations 
 

(1) They bear both male and female flowers so we 
could regard them as hermaphrodites. 
(2) Peduncle is a typical male trait so we could 
regard them as leaky males. 
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(1) Dorken M. E. & Pannell J. R. (2009). Hermaphroditic Sex Allocation Evolves 
When Mating Opportunities Change. Current Biology, 19(6):514-7. 

I would like to thank Xinji Li for her guidance and supervision, and everyone else in the DEE, 
especially John Pannell for his inspiring mentorship.  I would also like to thank the SUR 
Programme coordinators at UNIL and Fondation Leenaards for making my research 
experience possible. Finally, thank you all programme participants for sharing your different 
and valuable perspectives about research and such a warm friendship and support! 

Do other traits evolve along with sex allocation? 
9 Experimental hermaphrodites are significantly taller than control 

hermaphrodites. Height may favour pollen dispersal for wind pollination. 
9  We found no differences in root biomass nor the other traits. 

9 Experimental hermaphrodites have increased their male sex allocation. 
9 We did not find a predicted trade-off between male and female 

function: the total biomass for male flowers is increased but the number 
of fruits is not significantly decreased for the experimental line. 

9 The increase of male sex  allocation is reflected in an increase of the 
number of male flowers,  rather than in an increase of the size of male 
flowers. 

Does the male allocation of hermaphrodites continue to increase? 

To assess sex allocation 
 

9 Biomass of single male flower. 
9 Biomass of total male flowers. 

9 Number of male inflorescences  in 
male individuals. 
9 Fruit number. 
9 Seed production. 

To assess correlated evolutionary traits 
 

9 Plant height. 
9 Root biomass. 

To assess the sex of phenotypically ambiguous plants 
 

9 DNA extraction 
9 PCR amplification of Y chromosome marker 

Experimental design Control populations 
 

     Hermaphrodites 
 

                       Males 
 

Experimental populations 

 
        Hermaphrodites 
 

7 generations of selective pressure 
 

Change in mating opportunities  
for experimental hermaphrodites 

Growth of the 8th 
generation seedlings of all 

plants in the same 
conditions to measure 

their phenotype. 

Measurable traits 

Males are experimentally taken away 
Mating opportunities change 

1. Males + strongly female-biased hermaphrodites 
    Hermaphrodites easily mate with males 

2. Experimental 
hermaphrodites left 

Those hermaphrodites 
that allocate more 
resources to male 
function have greater 
reproductive success. 

Male   Hermaphrodite 

2. Methods 

3. Sex allocation results 

7. References 

8. Acknowledgments 

6. Conclusions 

5. Unexpected findings 

4. Evolution of other traits 
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Apis mellifera, or the European honey bee, is an 
important pollinator for many crops worldwide. 
However, bee populations are decreasing annually 
(Klein et al., 2007), which could be attributed to 
pathogens transmitted by bee-associated microbes 
(Klee et al., 2007; Dainat & Neumann, 2013). In an 
effort to understand bee health, analysis of 
symbiotic behavior and functional roles of gut 
microbes were done (Cox-Foster et al., 2007; 
Genersch, E., 2010). 
	
It was recently discovered that Frischella perrara 
(F. perrara) colonization caused scab development 
in the pylorus, a region between ileum and midgut 
(Engel et al., 2015). In order to identify specific 
genes affecting gut colonization and scab formation, 
genetic tools need to be developed. One such 
method is the use of transposon mutagenesis to 
generate single random insertions in F. perrara 
genome, by conjugating Escherichia coli (E. coli) 
JKE201 containing pBT20 plasmid with Himar1 
mariner transposon and gentamicin resistance gene 
(GmR) (#258), with wild-type (WT) F. perrara 
(#34). Preliminary results of selecting F. perrara 
mutants with GmR were less effective than 
expected. To improve on antibiotic selection, 
streptomycin resistance gene (StrepR) from another 
plasmid, pSEVA, was chosen to replace GmR in 
pBT20 plasmid. With a better efficiency in selecting 
for desired mutants, a transposon mutant library 
with various gene knockouts can be easily 
generated. 
	
Conjugation experiments between #258 and #34 
were repeated to identify conditions (1:1 bacteria 
mix, 6 hour incubation) needed for effective 
transfer of pBT20 plasmid into #34 for transposon 
mutagenesis to take place. Conjugation of E. coli 
JKE201 without pBT20 plasmid (#257) with #34 
was used as a negative control. #258 and #257 
were reselected on their respective media (LB 
Amp100 dap; LB dap) to reduce E. coli background 
growth on antibiotic selection plates (BHI, Gm15; 
BHI, Gm15, Oxytetracyline5) after conjugation. 

Conjugants were confirmed as F. perrara by 
fulfilling various conditions: colonies must not grow 
on LB agar incubated in air and must be positive for 
colibactin gene (specific to F. perrara) and 
transposon. Transposon mutants and the location of 
transposon insertion on F. perrara genome were 
identified using semi-random polymerase chain 
reaction (PCR) and DNA sequencing. Single 
transposon insertions can be identified with 
Southern Blotting in the future. 
	
The generation of modified pBT20 plasmid with 
StrepR was also simultaneously conducted. Firstly, 
XhoI restriction sites were introduced in the StrepR 
cassette from pSEVA using PCR. Next, XhoI sites 
were introduced in pBT20 plasmid fragment without 
GmR using PCR. However, the long length of the 
pBT20 fragment (~5kb) resulted in low yield of 
desired PCR product after gel extraction. To 
increase the yield, transformation of the fragment 
into competent E. coli was performed.  
Unfortunately, we were unable to identify E. coli 
colonies containing the fragment with colony PCR. 
Ideally, with high concentrations of pBT20 without 
GmR, and StrepR, these fragments can be digested 
with XhoI restriction enzyme and ligated with T4 
ligase to form the modified pBT20 plasmid. High 
yield of this plasmid can be achieved when it is 
transformed into propagating competent E. coli. 
Conjugation experiments with the new plasmid can 
then take place to compare if the new selection 
pressure is more effective in identifying F. perrara 
transposon mutants. 
	
In conclusion, more work needs to be done to 
optimize conditions needed for effective transposon 
mutagenesis of F. perrara. Generation of a 
comprehensive transposon mutant library can help 
to identify genes related to scab formation or gut 
colonization in the bee. 
 

Generation of random transposon mutants in Frischella perrara 
 
Valerie Goh Swee Ting, Konstantin Schmidt, Philipp Engel 
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Long intergenic non-coding RNA (LincRNA) are 
transcripts that are not translated into proteins, 
classified as being longer than 200 nucleotides to 
differentiate between transcripts like tRNA or 
piRNA. Based on the assumption that protein coding 
was essentially required for functionality, lincRNA 
have in the past been considered “junk,” even 
though they occupy a majority of the human 
genome. The lincRNA Xist was discovered to be 
responsible for X chromosome inactivation, 
suggesting a role for non-coding RNA, and the field 
has since been a growing realm of scientific focus. 
There are thousands of known lincRNAs identified 
through bioinformatics analysis, though the vast 
majority are still of unknown function and until very 
recently have received little investigative attention 
from researchers.  
	
Extensive cell cycle data for mouse embryonic stem 
cells staged at G1, S, or G2/M cell cycle phases has 
been mined by the Marques lab to specifically 
analyze differential expression of lincRNAs at 
different stages, while such data was previously 
only considered for protein coding genes. Gene 
clustering based on observed correlations found 
particular genes that were coexpressed, including 
the coexpression of specific lincRNAs with known 
cell cycle regulating genes. Cell cycle associated 
lncRNAs are co-expressed with protein-coding 
genes with established roles in cell cycle 
progression and preliminary experimental evidence 
supports some of these transcripts are able to 
regulate the levels of key cell cycle regulators and 
influence cell cycle progression. Two specific 
lincRNAs have been chosen from this list of 
correlated genes, Linc1283 and Linc1296, for a 
proof-of-concept experiment to test their effect on 
cell cycle progression.  
	
Given this information, we set out to develop a 
CRISPR/Cas9 ON/OFF system to modulate 
endogenous lincRNA expression and observe cell 
cycle changes. The system utilizes the Cas9 enzyme 
to cut the two strands of embryonic stem cell DNA 
at a specific location. This Cas9 is guided by a 
designed guide RNA (gRNA) and associated RNA 
scaffold.  
The gRNA is specifically designed to target the DNA 

sequence exclusively, and is generated by ligating a 
guide vector with site-specific oligonucleotides. 
Recent advances in CRISPR techniques have 
generated the CRISPR ON/OFF system. This 
method utilizes a modified Cas9, converted to a 
transcriptional activator, which targets a specific 
promoter region resulting in endogenous 
upregulation. Similarly, modified Cas9 can be used 
to bind specified promoter regions as an inhibitor, 
leading to the knockdown of the gene.  
 
The ambitious aim of the project was to utilize both 
components of this CRISPR ON/OFF system with 
three different types of genes. First, gRNA was 
developed for nanog, which by using a fluorescent 
nanog-VNP marker would allow for analysis via 
fluorescence activated cell sorting to gauge the 
functionality of the CRISPR system. Guide RNA was 
also developed for two cyclins, CCNA1 and CCNA2, 
of which endogenous modulation is known to 
produce changes in cell cycle progression. Lastly, 
gRNA was developed for the two lincRNAs.  
	
The summer component of the project addressed 
the formation of this CRISPR/Cas9 ON/OFF system, 
with implementation unfortunately beginning just 
as the eight week duration concluded. The gRNAs 
for the system were manually designed and 
ordered, with 3 different pairs of oligonucleotides 
developed for each of nanog, CCNA1, CCNA2, 
linc1283, and linc1296. Each of these gRNAs were 
then cloned, a process consisting of annealing, 
phosphorylation, ligation with the U6 vector, and 
transformation, as well as subsequent plasmid 
purification. This cloning process required multiple 
rounds of troubleshooting, with results being 
testing by gel electrophoresis, qPCR analysis, and 
finally Sanger sequencing. Simultaneously, mouse 
embryonic stem cells were cultured and prepared 
for transfection. At the conclusion of the project, 
mESCs transfected with the nanog CRISPR system 
were being analyzed by FACS to assess the success 
of the CRISPR system. 

Development of a CRISPR/Cas9 System for Testing the contributions of 
LincRNAs to Cell Cycle Progression 
 
Davis Hartnett, Dario Bottinelli, Adam Smith, Adriano Biasini, Jennifer Tan, 
Maria Ferreira da Silva, Ana Caudia Marques 
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Development of a CRISPR/Cas9 System for Testing the 
Contributions of LincRNAs to Cell Cycle Progression
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Department of Physiology, University of Lausanne, Switzerland
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Ideal FACS Image: 
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10/C927/F3.large.jpg

To alter endogenous gene expression, we utilized a 
modified CRISPR/Cas9 gene editing system. The 
original Cas9 enzyme cuts DNA at a specific location, 
guided by a designed guide RNA (gRNA) and 
associated RNA scaffold to target the DNA sequence 
(see below). We utilized the CRISPR ON/OFF 
system, with Cas9 converted to a transcriptional 
activator to target a specific promoter region, inducing 
endogenous upregulation. Similarly, a modified Cas9 
can bind specific promoter regions as an inhibitor, 
leading to the knockdown of the gene. 

BACKGROUND

SPECIFIC AIMS

REFERENCES

METHODS
CRISPR/CAS9 Flow Cytometry

FUTURE 
RESEARCH

RESULTS

Though intergenic long noncoding RNAs 
(lincRNAs) are the largest class of transcripts in 
the human genome (see below), the function of 
most lincRNAs remains unknown. What little is 
known about lincRNAs suggests that these 
transcripts contribute to the regulation of gene 
expression programs, with some able to impact 
normal and disease phenotypes. 

❖ Set up a cloning protocol for the gRNA 
with the U6 vector.

❖ Design a CRISPR ON/OFF screen to 
investigate the effect of changes in 
endogenous expression of candidate 
lincRNAs in cell cycle progression.

Flow Cytometry utilizes laser scanning to 
analyze live single cells, and was used to 
quantify the results of the CRISPR 
transfection in mouse embryonic stem 
cells. We tested the CRISPR system’s 
effect on endogenous Nanog expression 
using a Nanog-VNP reporter. Propidium 
iodide was used to estimate the 
proportion of cells in different cell cycle 
stages (see above) and quantify 
differences in cell cycle progression upon 
changes of endogenous candidate 
expression.

Future research will 
build on my work and 
use the screen I 
helped to design to 
investigate the impact 
of lincRNAs on cell 
cycle progression.

This research could 
suggest a novel role 
for what was once 
considered junk, and 
this investigation 
could be repeated for 
other lincRNAs. 

Creation of CRISPR gRNA
Linc1283
...TTTTAAGGGTCTTCCTGGGACTGTACAAAAACTCTG
TGTGTGGGGGGGGGGGCTAAGCTAGGAGAAAAATGA
CAAATAATAATCAAATCTGACCAACAAAATAGACAAAC
ATGGTCCCGGGGGATGGAGAGGAAGG...

Oligonucleotides
5’ CACCATAGACAAACATGGTCCCGGGT 3’

5’ TAAAACCCGGGACCATGTTTGTCTATGGTG 3’

Linc1283.RNA.1
5’ CACCATAGACAAACATGGTCCCGGGT 3’
3’ GTGGTATCTGTTTGTA CCAGGGCCCAAAT 5’

U6 digested by BbsI
CACCGTCTTCIGAIGAAGACTTA
GTGGCAGAAGICTICTTCTGAAT

CACCATAGACAAACATGGTCCCGGGTTTA
GTGGTATCTGTTTGTA CCAGGGCCCAAAT

Target DNA

Design of 
oligos

Annealing

Ligation

Cloning Transfection 
to stem cells

CRISPR/Cas9 System
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Gene Name Experimental 
Purpose

gRNA Name gRNA forward 
Sequence

Final 
Concentration

Nanog Testing the functionality of the 
CRISPR system via a 

nanog-VNP fluorescence 
analysis

Nanog.gRNA.1 5’ CACCACTTCCCACTAGAGATCGCCGT 374 ng/μL

Nanog.gRNA.2 5’ CACCGGGGGATGTCTTTAGATCAGGT 245 ng/μL

Nanog.gRNA.3 5’ CACCGGGATTAACTGTGAATTCACGT 183 ng/μL

CCNA1 Testing the ability of the 
CRISPR system to induce an 

observable change in cell cycle 
profile

CCNA1.gRNA.1 5’ CACCCAACCAACTTGGGAACGAACGT 410 ng/μL

CCNA1.gRNA.2 5’ CACCTACAGAGAGCTTCCCAGGATGT 137.2 ng/μL

CCNA1.gRNA.3 5’ CACCCTACTGATCAAGGCTGTAGAGT 436 ng/μL

CCNA2 Testing the ability of the 
CRISPR system to induce an 

observable change in cell cycle 
profile

CCNA2.gRNA.1 5’ CACCGCCGCGAGCGAAGGCCCGACGT 416 ng/μL

CCNA2.gRNA.2 5’ CACCGCGGGGCGGGCGGCCGCTTTGT 435 ng/μL

CCNA2.gRNA.3 5’ CACCAAGCGCCTTCTCCTGGTCGCGT 483 ng/μL

Linc1283 Testing the role of lincRNAs on 
cell cycle progression

Linc1283.gRNA.1 5’ CACCATAGACAAACATGGTCCCGGGT 170.2 ng/μL

Linc1283.gRNA.2 5’ CACCTAAATTGGGGACTCGGCCAAGT 165.6 ng/μL

Linc1283.gRNA.3 >5’ CACCCACATTTTTAAGGGTCTTCCGT 138.8 ng/μL

Linc1296 Testing the role of lincRNAs on 
cell cycle progression

Linc1296.gRNA.1 5’ CACCTCCGCCGAGTTGAAATTACCGT 128.5 ng/μL

Linc1296.gRNA.2 5’ CACCCGGGTAAATGGGCGTTGAGAGT 126.3 ng/μL

Linc1296.gRNA.3 5’ CACCTCCGGTGCCGACAGCATCGTGT 97.1 ng/μL

U6-Guide RNA Constructs

FC Analysis

Generation of “gates” (black bars) for differentiating between 
nanog-negative and nanog-positive cells, acquired via flow cytometry 
analysis of control cells. This allows for quantification of fluorescent cells, 
displaying the success of CRISPR-induced nanog expression modulation.

Flow cytometry analysis of nanog mESC cells transfected with the 
CRISPR ON vector. The polygonal region shows where healthy 
cells for analysis would be expected. The large amount of cells 
outside this region suggest massive cell death, an unexpected 
result of the transfection, causing early results to prove unusable.

Single-cell RNA-seq data for mouse embryonic 
stem cells was analyzed to identify genes 
differentially expressed between different cell 
stages. We found that lincRNAs are enriched 
within differentially expressed genes, suggesting 
their expression is tightly regulated. Certain 
lincRNAs were found to be co-expressed with 
known cell cycle-associated genes, and 
preliminary evidence suggests some transcripts 
are able to influence cell cycle progression via 
modulation of cell cycle regulators. 

This project aimed to develop a CRISPR ON/OFF 
screening approach to test the impact of 
differentially expressed lincRNAs on cell cycle.
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 Protein misfolding can cause a significant amount 
of damage to the cell, this is easily observable in 
diseases associated with protein misfolding: 
Alzheimer’s, Parkinson’s and the prion diseases 
such as CJD are examples of the damage that can 
be caused by misfolded proteins. In order to protect 
against protein misfolding and aggregation many 
cells have a highly conserved protein complex 
known as GroEL and GroES (or GroELS).  
	
Molecular chaperones, including GroELS play an 
extremely important role in protecting the cell, so 
important that they often constitute up to 10% of 
the total mass of proteins in a human cell. For this 
reason, molecular chaperones, especially GroELS 
have been the subject of intense research for over 
30 years.  
	
The mechanism of action of GroELS is still under 
debate, three popular theories currently exist:  
	
GroELS is a passive cage that captures misfolded 
proteins to exclude them from the cellular 
environment, inside the cage these misfolded 
proteins can refold without interacting with other 
proteins and hence aggregation is prevented.  
	
GroELS is a cage that captures misfolded proteins 
and promotes accelerated folding due to the 
environment of the GroELS chamber.  
	
GroELS has catalytic activity that unfolds non-
native proteins into an unfolded state, from this 
unfolded state, proteins can refold correctly to form 
active, native protein or can once again misfold to 
form inactive species, in which case GroELS will act 
again to unfold such species.  
	
Over the past 30 years much evidence has been 
revealed that supports the theory that GroELS is a 
protein unfoldase, such as the fact that some 
proteins that are substrates of GroELS are too large 
to fit in the GroELS cavity such as aconitase, hence 
models that predict that GroELS has to act as a 
cage may not be sufficient to explain GroELS 
activity.  

The aim of this project was to gather further 
evidence to either prove or disprove the theory that 
GroELS is a protein unfoldase. The characteristics of 
GroELS activity were investigated using the GroELS 
substrate proteins: Malate Dehydrogenase (MDH) 
and Citrate Synthase (CS). MDH and CS misfold 
over time when subjected to increased 
temperatures, when enzymes misfold they cannot 
function hence the activity of a sample of an 
enzyme can be used to deduce the amount of 
correctly folded enzymes. This technique was used 
to deduce the characteristics of the mechanism of 
action of GroELS.  
	
Experiments conducted with Malate Dehydrogenase 
show that GroELS, in an ATP dependent manner, 
can cause urea denatured, misfolded, MDH to refold 
correctly into its native state in conditions in which 
MDH should normally denature rapidly. 
Furthermore, at reduced temperatures experiments 
have shown that GroELS can cause urea denatured 
MDH to refold to an extent almost 6 times greater 
than without GroELS. These results suggest that 
GroELS is not just a passive cage but is an active 
unfoldase that has the ability to cause the correct 
folding of stably misfolded proteins in an ATP 
dependent manner. Experiments conducted with 
Citrate Synthase show that GroELS is capable of 
temporarily stopping the denaturation of citrate 
synthase at 44oC to such a degree as to cause a 
small amount of renaturation, again, in an ATP 
dependent manner. 

GroELS: Characterising the mechanism of action of a molecular chaperone 
 
Patrick Inns, Pierre Goloubinoff 
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GroELS: 
Characterising the mechanism of
action of a molecular chaperone.

GroELS is a protein unfoldase

Molecular chaperones, specifically the mechanism
of action of chaperonins such as the GroEL-GroES complex 
(GroELS) are still a subject of debate in the scientific field.

Three theories exist:

1. GroELS is a passive cage that captures proteins
preventing them from aggregating.

2. The environment of the GroELS cage promotes 
accelerated folding of misfolded and non native proteins.

3. GroELS has catalytic activity that unfolds non-
native proteins into an unfolded state which can 
then fold to form native or misfolded proteins.

In our laboratory we are working to assess the theory
that GroELS is a protein unfoldase that uses energy 
from ATP hydrolysis to unfold misfolded proteins, giving 
them a chance to refold to form their native state.

Enzymes can tell us about GroELS activity

The most thermodynimcally unfavourable
conformation a protein can exist in is the
unfolded state, hence it is thermodynamically
favourable for proteins to fold. When proteins
fold they do so across an energy 
landscape, on the way to folding into 
their native and hence functional conformation, 
proteins can become trapped in a misfolded 
state, in some cases these proteins can 
aggregate causing great damage to the cell.

The activity of an enzyme can indicate whether it exists in its native conformation. 
If a sample of enzymes are in their native conformation, their activity will be 100%. 
Hence if half of this sample become misfolded the activity will be 50% of the 
original sample.
In our lab we have been using two enzymes to study GroELS activity:

                      
  
Heating these enzymes will cause them to misfold and hence lose activity, by 
investigating how GroELS affects the enzyme kinetics of these two proteins we can 
determine the mechanism of action and charecteristics of GroELS activity.

 

G
ib

bs
 fr

ee
 e

ne
rg

y

Protein conformation

Misfolded

Native

Aggregated

Measuring the activity of MDH and CS

The effect of GroELS on CS and MDH kinetics

Oxaloacetate Malate

NADH + H+ NAD+

Absorbance
at 340 nm

CitrateOxaloacetate

CoASHAcetyl CoA

DTNB TNB2-

Absorbance
at 412 nm

Malate Dehydrogenase

Citrate Synthase

The activity of Malate Dehydrogenase
is straightforward to measure. A reaction
mix containing Oxaloacetate and NADH
is mixed with MDH, which yields a 
reduction in absorbance at 340nm over
time.

Malate Dehydrogenase (MDH) Citrate Synthase (CS)

The activity of Citrate Synthase is more
complex to measure. A reaction mix
containing oxaloacetate and DTNB is
mixed with CS, which yields a gain in
absorbance at 412nm over time.

Patrick Inns, Goloubinoff lab, Department of Plant Molecular Biology, University of Lausanne

Time /min

MDH
1µM GroELS

Apyrase
added

GroELS
added

MDH
No GroELS

After an 8 hour incubation of 
3µM MDH at 37 oC with 
increasing concentrations of
GroELS it can be seen that 
GroELS provides a high level 
of apparent protection 
against MDH  misfolding, 
however, this protection
plateaus above 1.6 µM GroELS. 

CS
1µM GroELS

Apyrase
added

GroELS
added

CS
No GroELS

At a temperature of 37oC the
percentage of active MDH
incubated with GroELS remains
relatively high until the 
addition of apyrase (dotted
line). Apyrase rapidly
hydrolyses ATP, which
GroELS requires to function.
Hence, upon its addition
the percentage of active
MDH rapidly falls. In the
sample incubated without
GroELS, MDH denatures rapidly,
however upon addition of 
GroELS, this denaturation halts.
Again, rate of denaturation increases upon addition 
of apyrase. From this data we can conclude that GroELS can temporarily halt MDH 
misfolding in an ATP dependent manner.
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Active MDH after 8 hour incubation at 37 oC

 

At a temperature of 44oC the
percentage of active CS
incubated with GroELS steadily
decreases when apyrase is 
added (dotted line) the 
percentage of active
CS falls more rapidly. In the
sample incubated without
GroELS, CS denatures at a
greater rate, however upon 
addition of GroELS,
denaturation not only stops
but renaturation can be seen
to occur, however, denaturation
begins again and increases upon 
addition of apyrase. From this data we can conclude 
that GroELS can cause temporary renaturation of CS at a temperature of 44oC in an ATP
dependent manner.
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Without GroELS, the
percentage of active, native 
MDH increases slightly, this is
called spontaneous 
refolding and can occur at
permissive temperatures 
such as 25 oC, if a 
protein is surrounded by 
other correctly folded 
proteins it often promotes 
correct refolding. 
Unsuprisingly, the percentage 
of active MDH increases with
GroELS to a greater extent. 
The percentage of active, urea 
denatured MDH increases slightly without GroELS 
(spontaneous refolding), however, with GroELS the percentage of active MDH increases by
a significant degree displaying that GroELS must have more than just a passive
role in correctly folding proteins.
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Without GroELS, native 
MDH denatures rapidly 
at a temperature of 37
oC. The addition of
GroELS almost halts
denaturation completely.
MDH denatured with
urea (red lines) loses
almost all activity
without GroELS. When 
GroELS is added, 
however, a significant 
proportion of MDH is 
renatured and becomes active,
it is worth noting that GroELS is working
to renature MDH againt the general thermodynamic trend
and to such an extent as to cause a net increase in the percentage of active MDH enzymes.
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These experiments display GroELS’ ability to cause stably misfolded enzymes to become 
active and hence correctly folded, often in thermodynamically unfavourable environments.
These results adds to the pool of evidence suggesting that GroELS is a protein unfoldase 
rather than a passive cage. 
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Neuropathic pain is a disease condition where 
nerves send false signals to pain centres, often 
resulting in hypersensitivity to pain stimuli. In 20% 
of patients suffering from chronic pain, conventional 
methods of pain relief are not effective. It is 
important to study underlying mechanisms to find 
effective therapy to treat these symptoms. The 
model our lab uses to study neuropathic pain is the 
spared nerve injury (SNI) in mice.1 Following SNI 
there is a decrease in NEDD4-2, which is a ubiquitin 
ligase that interacts with ubiquitin proteins to 
facilitate the internalization cell surface proteins. 
This decrease is associated with an increased 
expression of voltage-gated sodium (NaV) 
channels, in particular, the NaV1.7 isoform.2 The 
increased expression of cell surface NaV channels 
leads to an increased neuronal excitability and 
increases pain perception. There yet exists a drug 
in the clinic that specifically targets NaV1.7 in pain 
treatments, thus targeting NEDD4-2, a regulator of 
NaV1.7 expression, may have therapeutic potential.  
 
It has been shown that metformin, an oral 
antidiabetic drug, may have the potential to reduce 
neuropathic pain through its activation of AMPK 
(through phosphorylation).3 Phosphorylated AMPK 
is known to activate NEDD4-2. We hypothesize that 
metformin treatment may lead to a NEDD4-2-
dependent NaV channel internalization and 
decreased neuronal excitability. Previous patch 
clamp experiments from the lab have shown that 
metformin treatment in the presence of NEDD4-2 
decreases NaV1.7 current. Based on these results, 
we would like to examine whether there is an effect 
of metformin on the NaV1.7 surface expression.  
 
For my project, I examined the effect of metformin 
(20mM) treatment for 12 hours on the membrane 
expression of NaV 1.7 channels in human 
embryonic kidney (HEK) cells transfected using 
jetPI with plasmids containing wild type NEDD4-2 
(NEDD4-2 WT), with an isoform of NEDD4-2 with 
catalytic site mutation (NEDD4-2 CS) and with 
empty plasmids.  

EZ-link™ Sulfo-NHS-SS-Biotin was used to separate 
the membrane protein fractions from the cytosolic 
portions and proteins were identified by Western 
Blot and quantified using ImageJ. Statistical 
analysis was performed using two-way ANOVA 
followed by the Holm-Sidaks multiple comparisons 
test. 
 
Metformin treatment increased the expression of 
phosphorylated AMPK in cells transfected with 
NEDD4-2 WT (p<0,01).  The increase observed for 
phosphorylated AMPK in cells transfected with 
empty plasmids and NEDD4-2 CS was not 
statistically significant. In cells transfected with 
empty plasmids, metformin did not induce a 
difference in the expression of total, cytosolic or 
membrane NaV1.7. In cells transfected with 
NEDD4-2 WT, metformin treatment increased 
expression of cytosolic NaV1.7 (41%, p<0.01) and 
had a tendency to decrease membrane NaV1.7, 
suggesting that metformin may reduce the NaV1.7 
expression at the cell surface through NEDD4-2. In 
cells transfected with NEDD4-2 CS, we 
unexpectedly observed an increase in membrane 
NaV1.7 (93%, p<0.01). From these results, we 
conclude that metformin may regulate NaV1.7 
expression partially in a NEDD4-2-dependent 
mechanism.  
 
Additional experiments will be conducted to confirm 
these results. The nociceptor-specific NEDD4-2 
knockout mice model may be of interest to confirm 
this mechanism in vivo.  
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Introduction

Methods
Cell culture and transfection: Human Embryonic Kidney (HEK) cells, cultivated in
DMEM supplemented with 10% Fetal Bovine Serum and 1% streptomycin, were
transfected using jetPEI transfection reagent (according to experimental set up) and
incubated with metformin (20mM) for 12 hours.

NaV1.7 + NEDD4-2 
Wild-type

NaV1.7 + NEDD4-2 with
catalytic site mutation 
(NEDD4-2 CS)

NaV1.7 + empty
plasmid

3 x Metformin
3 x Control 

3 x Metformin
3 x Control 

3 x Metformin
3 x Control 

Biotinylation and protein extraction: HEK cells were then isolated and incubated with
with EZ-link™ Sulfo-NHS-SS-Biotin in cold PBS. Following cell lysis, protein extraction
was performed. Total cellular protein (S0), cytosolic protein (S1), as well as biotinylated
fractions (S2, representing membrane proteins) were collected and analyzed by
Western Blot. Statistical analysis was performed using two-way ANOVA followed by the
Sidak multiple comparisons test.

Results
Conditions used to study the effect of NEDD4-2 and metformin on the expression of NaV1.7 

References

Proteins of interest: We examined NaV1.7, NEDD4-2 and AMPK and phospho-AMPK
expression to analyze the role of metformin on NaV1.7 expression as well as the role
played by NEDD4-2. We also examined expression of Fodrin (for cell toxicity) and
Tubulin and CD71 as control proteins (results not included).

Proposed pathway leading to NaV1.7
internalization with metformin treatment.

Electrophysiology results from the lab shows that
metformin treatment decreased cell current
when transfected with NaV1.7 + NeDD4-2 WT.

Figure 1. NaV 1.7 (250 kDa) expression in HEK cells transfected with NaV1.7 + Empty
plasmid/NEDD4-2WT/NEDD4-2 CS plasmids in different cell fractions (S0: total cellular 
protein, S1: cytosolic protein, S2: membrane protein). 

Figure 2: Total cellular AMPK (A) and phosphorylated AMPK (B) expression in HEK cells
transfected with NaV1.7 + Empty plasmid/NEDD4-2 WT/NEDD4-2 CS plasmids. 

Figure 3. Total cellular NEDD4-2 (100 kDa) expression in HEK cells transfected with NaV1.7 + 
empty plasmid/NEDD4-2 WT/NEDD4-2 CS plasmids. The higher expression of NEDD4-2 in 
cells transfected with NEDD4-2 WT/CS confirms success of transfection. 

Empty Plasmid
- Metformin

NEDD4-2	WT
- Metformin

NEDD4-2	CS
- Metformin

Empty Plasmid
- Metformin

Figure 4: Cytosolic NaV1.7 normalized to cytosolic tubulin (A) and membrane NaV1.7 
expression normalized to membrane CD71 (B) of HEK cells transfected with NaV1.7 + NEDD4-
2 WT/NEDD4-2CS/Empty plasmid with metformin (20mM) treatment for 12 hours. Error bars 
represent mean +/- SEM,  (*p<0.05, **p< 0.01).
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Neuropathic pain is a disease condition where nerves send false signals to pain centres often
resulting in hypersensitivity to pain stimuli. In 20% of patients suffering from chronic pain,
conventional methods of pain relief are not effective. In the spared nerve injury (SNI) model of
neuropathic pain1, a decreased expression of the ubiquitin ligase NEDD4-2 is observed,
associated with an increased expression of voltage gated sodium (NaV) channels, in particular,
the NaV1.7 isoform.2 The increased expression of cell surface NaV channels leads to an increased
neuronal excitability and increased pain perception. There yet exists a drug in the clinic that
specifically targets NaV1.7 in pain treatments, thus targeting NEDD4-2, a regulator of NaV1.7
expression, may have therapeutic potential. Metformin, an oral antidiabetic drug, may have the
potential to reduce neuropathic pain via the AMPK pathway.3 Since AMPK is known to activate
NEDD4-2, we hypothesize that Metformin treatment may lead to a NEDD4-2-dependent NaV
channel regulation, leading to a decreased neuronal excitability. Thus the aim of our study was to
determine the effect of metformin on cell surface NaV1.7 expression as well as examine if this
effect is mediated by NEDD4-2.

NEDD4-2	WT
- Metformin

NEDD4-2	CS
- Metformin

Empty Plasmid
- Metformin

NEDD4-2	WT
- Metformin

NEDD4-2	CS
- Metformin

Conclusions

1. Bourquin et al. Pain. 2006
2. Laedermann et al. J of Clinical Invest. 2013
3. Melemedian et al. Molecular Pain. 2011

Western Blot images of NaV1.7

- Metformin increased phosphorylated AMPK in cells transfected with
NEDD4-2 WT (p<0.01). The increase observed in cells transfected with
empty plasmids and NEDD4-2 CS was not statistically significant.
(quantification not shown).

- Endogenous expression of NEDD4-2 was detected in HEK cells.
Metformin treatment led to a slight increase in NEDD4-2 CS levels
(p<0.05). This increase was not statistically significant for NEDD4-2 WT
(quantification not shown).

- In the absence of transfected NEDD4-2, metformin had no effect on
NaV1.7 expression.

- Metformin increased cytosolic NaV1.7 in the presence of NEDD4-2 WT
(p<0.01) and had a tendency to decrease membrane NaV1.7, while the
total NaV1.7 was not affected.

- Metformin unexpectedly increased NaV1.7 at the membrane by 93% in the
presence of NEDD4-2 CS (p<0.01).

- Additional experiments will be conducted to confirm these results.

Western Blot images of NEDD4-2

Western Blot images of total and phosphorylated AMPK

Quantification of cytosolic and membrane NaV1.7
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Glioblastoma (GBM) is the most prevalent and 
aggressive primary malignant brain tumor. Even 
though there have been advances in multimodality 
treatment with surgery and chemoradiotherapy, the 
overall survival of glioblastoma patients has 
remained low with a median survival of 18 months. 
Thus, it is critical to develop a novel therapeutic 
strategy for GBM. Recently, bromodomain and 
extraterminal domain (BET) proteins, which are 
epigenetic readers that bind to acetylated lysine 
residues on histone tails, have emerged as 
important therapeutic targets in NUT-midline 
carcinoma, multiple myeloma, leukemia, and other 
cancers. BET proteins are enriched at enhancer and 
super-enhancer regions, which are believed to 
promote the expression of oncogenes. By inhibiting 
BET proteins, cell cycle arrest can be induced by 
preventing transcription of genes necessary for 
cancer cells. The drug JQ1 has been shown to bind 
to BET proteins, inhibiting them from binding to 
acetylated histones and hence from inducing 
transcription of cancer associated genes. However, 
JQ1 is not a magic bullet, and the aim of the project 
is to predict a combinatory compound to increase 
the efficacy of single drug treatment. 
 
Previously, differential RNAseq analysis showed that 
the expression of interferon alpha (IFN-α) response 
genes goes down significantly in response to JQ1 in 
GBM sphere cell lines (GS-lines). First, we checked 
whether GS-lines actually respond to IFN-α by 
quantifying the expression of two IFN-α response 
genes, MX1 and OAS1, using qRT-PCR. To validate 
whether pharmaceutical BET inhibition really affects 
IFN-α response genes, we treated two GS-lines with 
first IFN-α and then JQ1, and vice versa with first 
JQ1 and then IFN-α. Through this, we were able to 
confirm that pharmaceutical BET inhibition does 
indeed reduce the response of the GS-lines to IFN-α. 
 

Secondly, our differential RNAseq data also showed 
enrichment of gene sets, which are targets of 
histone deacetylases (HDAC) and associated with 
HDAC inhibitor treatments, to be both up and down 
regulated. We decided to perform a combination 
treatment cell viability assay. Our pilot experiment 
showed that TSA and JQ1 tend to synergize. 
However, these results still require validation in 
several GS-lines. 
 
Thirdly, to better understand how JQ1 interacts 
with BET proteins and the chromatin, we also plan 
to perform chromatin immunoprecipitation (ChIP) 
to find the chromatin regions affected by JQ1 and 
the BET proteins. Before performing ChIP, we first 
have to establish the proper conditions for the GS-
lines in order to cross-link and shear the gDNA by 
sonication. Determination of the proper conditions 
is currently ongoing. ChIP is an important part for 
the whole project, since it is expected to provide 
information about the epigenetic landscape of GS-
lines and how JQ1 affects this landscape. 
 
Taken together, the obtained data will hopefully 
pave the path towards finding a better strategy for 
glioblastoma combination therapy. 
 

Effects of the BET inhibitor JQ1 on the biology of glioblastoma cells 
 
Yvonne Lei, Olga Gusyatiner, Monika Hegi 
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Introduction

Objectives

Project Outline

Results

Conclusions

GS-lines & adherent GBM lines
*Sensitivity to BET inhibition
*Phenotype of response

Differential gene expression 
for BET inhibition in GS-lines

Pathways affected by 
pharmacological BET inhibition

LN-2683-GS
ChIP-seq

Candidate Targets = Pathways 
affected by pharmacological 

BET inhibition and associated 
with super-enhancers

Pathway 
Information

Drug 
Databases

Strategies for Combination 
Therapies

in vitro & in vivo 
testing and validation

Biomarkers
To identify molecular profiles 

of potentially sensitive tumors

• Glioblastoma (GBM): most prevalent and 
 aggressive primary brain tumor with median 
 survival of 18 months
• BET proteins: epigenetic readers believed to foster 
 expression of oncogenes in the context of cancer
• JQ1: drug that inhibits BET protein from 
 promoting transcription of cancer-associated   
 genes
•  JQ1-mediated differential gene expression 
 analysis in LN-2683-GS cells detected a 
 down-regulated IFN-α response gene signature

Figure 1. JQ1 reduces IFN-α induced response in GS-lines. A, B Relative MX1 
and OAS1 mRNA expression of GS-lines LN-2683-GS and LN-3704-GS treated first with IFN-α 
(1000 U/ml) for 4 hours and then with drug JQ1 (1µM) for 4 hours. The results represent 3 
independent experiemnts. 2way ANOVA statistical test was performed using 
GraphPadPrsim7. p-values were corrected for multiple comparisons by Tukey test, *p≤ 0.05, 
**p≤ 0.01, ***p≤ 0.001, ****p≤ 0.0001. C, D Relative MX1 and OAS1 mRNA expression of 
GS-lines LN-2683-GS and LN-3704-GS treated first with drug JQ1 (1µM) for 4 hours and 
then with IFN-α for 8 hours(pre-treatment with JQ1). The results represent 1 experiment.

Figure 2. JQ1 tends to synergize with HDAC inhibitor Trichosta-
tin A (TSA). Percentage of cell viability of LN-3708-GS after JQ1 and TSA com-
bination treatment for 72 hours. The viability was quantified by Cell Titer Blue 
fluorescence. Untreated well was set to be 100% and the well treated with lethal con-
centrations of the drugs - 0%. The experiment was performed in 3 techinical replicates.

• Pharmaceutical BET inhibition by JQ1 does indeed 
 reduce the response of the GS-lines to IFN-α.

• Pilot combination treatment cell viability assay   
 showed that TSA and JQ1 tend to synergize. 

• ChIPseq experiments are planned to better 
 understand the epigenetic landscape of GS-lines   
 and how JQ1 affects this landscape.

• The above results along with future ChIPseq 
 analysis will hopefully lead to developing a better  
 strategy for glioblastoma combination therapy.
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Overall Aim: Predict a combinatory compound to increase the efficacy of single drug 
treatment
  Validation of effects of JQ1 on IFN-α pathway previously determined with differential   
  RNAseq analysis
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C D

MX1, IFN-induced GTP-binding protein Mx1; 
OAS, 2’-5’-oligoadenylate synthase;
ISRE, IFN-stimulated response element

The canonical type I interferon signaling pathway

The rationale behind the use of BET 
inhibitors in cancer

Glioma Spheres 
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At least 13 neurological diseases are known to be 
caused by unstable CAG repeats. With increasing 
repeat length, disease phenotype is seen to 
increase in severity and have an earlier onset. 
Therefore a mechanism to shorten CAGs – the 
cause of the disease – would perhaps reverse the 
phenotypes. Previously, our lab has used clustered 
regular interspaced short palindromic repeats 
(CRISPR)-Cas9 nuclease towards this aim. This 
enzyme targets virtually any sequence – guided by 
guide RNA (gRNA) – and induces double-strand 
breaks (DSBs). Both expansions and contractions in 
repeat length was observed. In contrast, the Cas9 
nickase (D10) variant led to a sharp bias towards 
contractions in trinucleotide repeats (TNRs). This 
effect was dependent upon the length of the TNR; 
presenting in tracts of ≥101 CAGs, with little effect 
seen on those of ≤42 CAGs. This suggests that CAG 
tracts of normal length would not be targeted. The 
first aim of this study was to establish the minimal 
CAG repeat length that is a substrate of the Cas9 
nickase. The observation that the Cas9 nuclease did 
not have the same effect on expanded CAGs as the 
Cas9 nickase suggests that the type of DNA 
damage (DSBs versus DNA nicks) influences the 
direction and the amount of CAG instability. This 
model makes a prediction; inducing nicks on 
opposite strands using two different gRNAs at the 
same time would generate a DSB and the outcome 
should be to have both expansions and 
contractions. Testing this prediction was the second 
aim. The currently used spCas9 nickase is too large 
(~4,100bp) for packaging into adeno-associated 
viral particles for gene therapy applications. 
Therefore my third aim was to clone smaller Cas9 
nickase of other species into expression vectors to 
test their effect on the CAG repeat tract, along with 
their specifies-specific gRNAs targeting the CAG 
repeat tract. 
	
HEK293-derived cell lines carried varied lengths of 
TNRs ranging from 56 to 101 repeats within the 
intron of a GFP minigene – GFP(CAG)n. These were 
transfected with Cas9 nickase and gCTGs. The 
expression of the GFP reporter depends on the size 
of the repeat tract and thus the amount of GFP 
produced is a measure of the size of the repeat.  

48 hours following transfection, the medium was 
replaced and flow cytometry carried out 48 hours 
later. GFP expression correlates with changes in 
repeat size. The equivalent procedure was carried 
out using GFP(CAG)101 cells but including both gCTG 
and gCAG to induce DSBs. Cloning of clCas9, 
nmCas9, and plCas9 nickases was done using the 
Gateway system. gRNAs for nmCas9 and saCas9 
were cloned using utilised the NEBuilder cloning kit. 
	
Using cell lines with 101, 94, 77, 68, and 56 CAGs, 
it was found that repeat tracts of ≥94 repeats 
displayed a bias towards contractions. Those of ≤77 
however displayed repeat stability and so are not a 
substrate of nickase. This brought down the size 
gap between the cell lines that are targeted by the 
Cas9 nickase and those that are not, from 59 to 17 
CAGS. Repeating the experiment in cell lines 
carrying repeats lengths between 77 and 94 would 
be the next step in defining the targeted size. When 
GFP(CAG)101 cells were supplied with the Cas9 
nickase, gCTG, and gCAG, a bias towards 
contractions was seen, equivalent to transfection 
with either gCTG or gCAG. This is against our 
expectations that two gRNAs would induce both 
contractions and expansions. Questions to be raised 
include: 1) research into whether there is 
competition between gRNAs and that only one 
gRNA is loaded into the Cas9 nickase preferentially; 
2)the efficiency of transfection, as if too low then it 
would be rare to find both gRNAs plus the Cas9 
nickase in the same cells; 3) and also whether 
DSBs are actually induced when using two gRNAs. 
Therefore further experiments are required to 
address these issues. 
	
gCTG vectors for nmCas9 and saCas9 were cloned 
successfully only when using competent cells 
supplied by the kit, rather than homemade DH5α 
cells. nmCas9, clCas9, and plCas9 nickases were 
also cloned into expression vectors. The next step 
would then be to express these Cas9 variants along 
with their respective gCTGs in GFP(CAG)101 cells. 
Consequently, there is a way forward with this 
project. 
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Aims

Methods & Materials

Conclusions Outlook

At least 13 neurological diseases are known to be caused by unstable CAG repeats. 

Therefore shortening these expanded trinucleotide repeat tracts (TNRs) is essential.  

Where Cas9 nuclease introduced double-strand breaks, Cas9 nickase (D10A) introduced 

single-strand breaks. Nickase also induced contractions in these expanded TNRs. Hence 

the possibility of using the CRISPR-Cas9 system against abnormal alleles shows potential 

for future therapies.

Previously established was that Cas9 nickase induced contractions within repeat lengths 

≥101, with little effect seen when repeat lengths were ≤42. This is vital as it suggests that 
the shorter repeat tracts of ‘normal’ alleles would not be targeted, whilst treatment for the 

given neurological diseases using Cas9 nickase would then only be aimed at ‘abnormal’ 

alleles.

However, the currently used spCas9 is a large protein (~4,100bp) and so utilising other 
species of Cas9 that are smaller is a way to move beyond this possible difficulty when 

considering future gene therapies.

Another consideration is the mechanism by which contractions are induced, with the 

suggestion that a DNA gap is an intermediate within the reactions.

►what is the minimum CAG repeat size that is a substrate of Cas9 nickase?

►is the DNA gap model viable?
 

►to clone different species of Cas9 nickases

►to generate guideRNA (gCTG) for nmCas9 and saCas9

Equivalent process of transfection and data collection carried out in cell lines carrying 

varied lengths of TNRs (56-101) with gCTG, and in GFP(CAG)
101

 but with 2 gRNAs to 
generate a double stranded break

Cloning of cjCas9, clCas9, nmCas9 and plCas9 used the Gateway system.

gRNA synthesis for nmCas9 and saCas9 utilised the NEBuilder HiFi DNA assembly 

cloning kit. Digestion carried out by BbsI restriction enzyme.

Results

Given that with increasing repeat length, disease phenotype is seen to increase in severity 

and have an earlier onset, the possibility of using Cas9 nickase to induce contractions 

preferentially was a breakthrough. For example, Huntington disease or myotonic 

dystrophy could be a target for this therapy in the future.

 

I would like to thank the SUR programme for providing this opportunity, as well as the Dion 
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Abstract

►cas9 nickase targets tract lengths of ≥94 repeats but not of ≤77 repeats. Threshold gap   
 reduced from 59 repeats to 17 repeats
►transfection of both gCTG and gCAG together with nickase induced contractions

►clCas9, plCas9 and nmCas9 nickases cloned into destination vector pEZY3. pSCOT1,2, 
 and 3 generated respectively

►gCTG synthesis for nmCas9 and saCas9 using NEBuilder requires the use of NEB    

 competent cells to be successful

Significance

►decrease threshold gap between 77 and 94 repeats
 

►transfect GFP(CAG)
101

 cells with just gCAG to ensure function. Then detect the low    

 frequency of possible double-strand breaks in cells transfected with both gCTG and    

 gCAG

►express the cloned cas9 nickase variants along with specific gCTG in GFP reporter cells

48 hrs 48 hrs flow

cytometry

+dox.

transfection

+dox.

Figure 1. Model indicating that longer repeat tracts act as a substrate for Cas9 nickase, which also displays a bias 

towards inducing contractions. In comparison, shorter repeat tracts are not and so display repeat stability. 

GF P

CMV-TetO

GF P

CMV-TetO

cas9

nickase

contractions

repeat stability

Figure 2. A) Previous results displaying that there is no correlation between repeat tract length and the frequency of GFP- cells. However 

when considering GFP+ cells, frequency increased in repeat tracts of 101 and +270 upon the expression of gCTG and nickase, but did not 
in shorter repeat tracts. B) Tract lengths of ≥94 repats are a substrate of nickase, and so contractions are seen. In comparison, those of ≤77 
are not. 
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Figure 3. A) Suggested mechanism where by using both gCTG and gCAG would imitate a double-strand break. Cas9 nuclease 

introduces a double-strand break and both contractions and expansions are seen. B) Contractions seen in GFP(CAG)
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 in the 

presence of either 1 or 2 gRNAs. 
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Figure 4. A) Size comparison of various Cas9 species.

B) Model of plasmid construction with desired insert. Gateway 

for cas9 insertion, with site specific recombination using att 
sites. NEBuilder used exonuclease, polymerase, and ligase 

enzymes, with a 40bp overlap, to synthesise gCTG.
C)The production of a gCTG plasmid from an empty 

backbone specific to given Cas9. Carries the specific gRNA 

scaffold that is required for function utilising the introduced 

gRNA. D) gCTG synthesis confirmed through Sanger 

sequencing.
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T cells are a part of the adaptive immune system. 
In their membrane, they contain the T Cell Receptor 
(TCR), which is the protein complex mediating 
recognition of the peptide displayed by an Antigen 
Presenting Cell. Upon recognition of the antigen, a 
number of signaling cascades are triggered through 
the TCR, thus leading to the activation of the cell. 
However, we still lack information about all the 
processes happening during T cell activation.  
	
Recently, mutations in General Transcription Factor 
IIi (GTF2I) have been found in patients with T cell 
lymphomas. GTF2I is a multifunctional transcription 
factor that is known to be activated in a variety of 
signaling pathways, including those of cell cycle 
regulation. It is known that GTF2I is involved in the 
transcriptional activation of c-Fos, an essential gene 
for cell cycle entry. GTF2I is expressed in four 
different isoforms: γ isoform contains the exons 10 
and 12, α isoform contains only the 10th, β isoform 
– only the 12th, and δ isoform has neither of them. 
The β isoform functions as a c-Fos repressor, while 
the δ isoform induces its transcription.  
	
Until now, the role of GTF2I in T cells has remained 
elusive. Given the lack of knowledge on the function 
of GTF2I in T cells and the fact that mutations in 
this gene may be involved in lymphomas, we tried 
to address the role of this protein in T cells. Our 
major aims are to analyze the expression of GTF2I 
in different T cell lines and explore its effects on T 
cell activation.  
	
First, we determined the GTF2I isoforms present in 
both primary T cells and T cell-like lymphomas, by 
primers targeting different regions of its mRNA. 
Total RNA was isolated, followed by synthesis of 
cDNA and PCR. Our results show that the 
predominant isoforms in CD4+ T cell lines are 
isoforms β and δ. After that, we analyzed the 
expression levels of GTF2I in different T cell lines by 
Western Blot. We found that GTF2I is expressed in 
all T cell lines analyzed so far, but its expression is 
higher in HuT 78 and HH cells.  
	

For analyzing the effects of GTF2I in gene 
transcription, we carried out a luciferase assay in 
HEK293 T cells. Cells were transfected with 
plasmids bearing the luciferase gene, coupled to 
different promoters. The intensity of the luciferase 
was measured upon GTF2I overexpression and 
compared to mock cells. GTF2I seems to inhibit the 
expression of genes with AP-1 promoter, but 
induces NF-κB promoter expression. It seems to 
have no significant effect on NFAT promoter.  
	
To analyze the effects of GTF2I on T cell activation, 
we compared mock versus GTF2I-silenced HuT 78 
cells upon CD3 stimulation. The levels and the 
phosphorylation status of a variety of proteins 
known to be involved in T cell activation were 
analyzed by Western Blot. Our most striking result 
is the higher protein concentration of c-Fos in 
GTF2I-silenced cells, demonstrating that GTF2I acts 
as a repressor of c-Fos in T cells. 

The possible role of GTF2I in T cells 
 
Marlet Morales Franco, Mikhail Kuravsky, Margot Thome 
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The possible role of GTF2I in T cells
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The objective of our project is to understand the role of GTF2I in T cells. Our major goals are to: 
Analyze the expression of GTF2I in primary T cells and different T cell-like lymphomas.
Explore the effects of GTF2I on T cell activation.
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General Transcription Factor IIi (GTF2I)

Recently, GTF2I mutations have been identified in patients with T cell lymphomas [2]. However, 
the role of GTF2I in T cells remains elusive.

 is a multifunctional transcription factor that is known to 
be activated in a variety of signaling pathways, including those of cell cycle regulation [1]. It is 
known that GTF2I is involved in the transcriptional activation of c-Fos, an essential gene for cell 
cycle entry [1]. GTF2I is expressed in four different isoforms derived from alternative splicing [1].

Fig. 1. GTF2I isoforms expressed in primary T 

cells and T cell-like lymphomas. Total RNA was 
isolated, followed by synthesis of cDNA. PCR 
was carried out with primers targeting different 
regions of GTF2I mRNA.

Fig. 2. GTF2I expression in T cells. GTF2I 
endogenous protein was visualized by Western 
Blot.

Fig. 3. Relative induction of promoters 

upon GTF2I-  overexpression. Luciferase 
assay was carried out in HEK293 T cells. 
Cells were transfected with plasmids bearing 
the luciferase gene, coupled to different 
promoters. The intensity of the luciferase was 
measured upon GTF2I  overexpression 
and compared to mock cells.

ä
-ä

Fig. 4. Levels and phosphorylation status of T cell activation-related proteins. Hut 
78 mock or GTF2I-silenced cells were stimulated with áCD3 + crosslinker for the 
indicated times. Proteins were analyzed by Western Blot. Total S6 was used as a 
loading control.

Conclusions
c-Fos seems to be upregulated in the GTF2I-silenced cells. This suggests a 
repressing role of c-Fos by GTF2I in T cells.
mTORC1 seems to be downregulated in GTF2I-silenced cells.
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Fig. 5. Propossed model for GTF2I role 

in T cells.
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Non-nutritive sweeteners (NNS) have been 
increasingly used in the last 30 years. They are 
molecules eliciting a sweet taste that is 200-300 
times more intense than the sweetness of sucrose, 
but without bringing calories to the diet. Thus, the 
purpose of NNS use is to reduce the caloric intake 
and help body weight management.  They are 
massively consumed in the form of artificially 
sweetened beverages. Recently however, their 
consumption has been associated with an increased 
prevalence of overweight and obesity. This 
paradoxical association might be explained by the 
disruption between the sensory properties of NNS 
(i.e. sweet taste) and their metabolic consequences 
(i.e. absence of calories), thereby “trapping” the 
brain regulation system. Some studies indeed 
suggest that intake of NNS can increase appetite as 
a result of incomplete energy satiation that is 
expected after the feeling of sweet taste NNS 
provide. Thus, the problem would emerge when 
consumers of NNS drinks compensating the lack of 
calories by an increased intake of other caloric 
foods. 
	
Overall, the impact of NNS use on subsequent food 
choices is poorly understood. As food choices rely 
mostly on visual food perception, we conducted a 
study investigating the acute effects of NNS 
ingestion on the subsequent brain responses to 
food viewing of different food types, measured with 
electro-encephalography (EEG). The observed 
results were compared with brain responses to food 
viewing after consumption of water, as a control 
condition. We hypothesized that since NNS 
beverages do not contain calories (i.e. as water), 
any difference in brain activity should be the result 
of the NNS sweet taste, and not the energetic 
value.  

The preliminary results of the study (n=5) shows 
that the type of beverage ingested with an 
isocaloric meal influences the spatio-temporal brain 
dynamics to subsequent food viewing. When 
participants drank NNS, global head-surface neural 
responses were generally stronger. On the other 
hand, estimations of neural source activity show 
that several brain areas yielded stronger neural 
activity when participants were presented with 
images of food post-prandially after drinking water.  
 
Neural responses to food viewing in the brain after 
drinking beverage condition W might be stronger 
since participants experience less oral satiety after 
drinking this non-sweet beverage as compared to 
NNS with their meal. Further analyses of visual 
analog scales measuring hunger and satiety, 
craving for sweet taste, and individual scores of 
food appreciation (liking) will show whether a sweet 
taste accompanying food intake is indeed more 
“satisfying” for people. These findings will provide a 
better understanding on the impact of modulations 
in food perception induced by sweet taste.  
 

Impact of artificially sweetened beverages on brain responses to food 
viewing 
 
Sara Pekovic, Ulrike Toepel, Camille Crézé 
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Visualisation of neural activity over time window 110-160ms

INTRODUCTION

Non-nutritive sweeteners (NNS) have been increasingly used in the last 30 years. They are molecules eliciting
a sweet taste that is 200-300 times more intense than the sweetness of sucrose, but without bringing calories
to the diet. Thus, the purpose of NNS use is to reduce the caloric intake and help body weight management.
They are massively consumed in the form of artificially sweetened beverages.

Recently however, their consumption has been associated with an increased prevalence of overweight and
obesity. This paradoxical association might be explained by the disruption between the sensory properties of
NNS (i.e. sweet taste) and their metabolic consequences (i.e. absence of calories), thereby “trapping” the
brain regulation system. Some studies indeed suggest that intake of NNS can increase appetite as a result of
incomplete energy satiation that is expected after the feeling of sweet taste NNS provide. Thus, the problem
would emerge when consumers of NNS drinks compensating the lack of calories by an increased intake of
other caloric foods.

AIM OF THE STUDY

Overall, the impact of NNS use on subsequent food choices is poorly understood. As food choices rely mostly
on visual food perception, we conducted a study investigating the acute effects of NNS ingestion on the
subsequent brain responses to food viewing of different food types, measured with electro-encephalography
(EEG). The observed results were compared with brain responses to food viewing after consumption of water,
as a control condition. We hypothesized that since NNS beverages do not contain calories (i.e. as water), any
difference in brain activity should be the result of the NNS sweet taste, and not the energetic value.

CONCLUSIONS AND OUTLOOK

The preliminary results of the study (n=5) shows that the type of beverage ingested with an isocaloric meal influences the spatio-
temporal brain dynamics to subsequent food viewing. When participants drank NNS, global head-surface neural responses were
generally stronger. On the other hand, estimations of neural source activity show that several brain areas yielded stronger neural
activity when participants were presented with images of food post-prandially after drinking water.

Neural responses to food viewing in the brain after drinking beverage condition W might be stronger since participants experience less
oral satiety after drinking this non-sweet beverage as compared to NNS with their meal. Further analyses of visual analog scales
measuring hunger and satiety, craving for sweet taste, and individual scores of food appreciation (liking) will show whether a sweet
taste accompanying food intake is indeed more “satisfying” for people.

These findings will provide a better understanding on the impact of modulations in food perception induced by sweet taste. Please note
that a third beverage condition (not shown here) consists of a sweet taste coupled with calories (sucrose).

Group average GFP in response to beverage conditions W and NNS

Impact of artificially sweetened beverages on 
brain responses to food viewing

Department of physiology, UNIL
Laboratory for Investigative Neurophysiology, CHUV

Sara Pekovic, University of Novi Sad, Serbia 
Mentor: Dr. Ulrike Toepel
Supervisor: Camille Crézé

METHODS
Participants
• 5 volunteers (males, mean age 27.4±2.80 yrs, mean BMI 22.56±0.96 
kg/m2) 

Design protocol
Crossover design- Beverage Condition W (Water); Beverage Condition NNS 
(Non-nutritive sweetener)
Run-in period: 2-days of isocaloric diet

Simuli & Behavioral Task
240 color photographs of various food, divided into 4 categories (60 images 
/ category) according to their fat content and taste quality
Categorization of photographs into first time appeared vs. repeated via 
button-press

EEG Acquisition & Analyses
• Pre and post prandial
• 64-channel ActiCAP BrainProduct; 500 Hz digitization
• Visual evoked potentials (VEPs) over -100 to +500 ms epochs
• Repeated-measure ANOVAs with the factors “Condition” (Beverage B vs C)
and “Food category” (LoFat-Sav vs. LoFat-Sw vs. HiFat-Sav vs HiFat-Sw) on
global measures of the electric field and on neural estimates
• Analyses realized with CARTOOL Software (© Denis Brunet) & STEN toolbox (© J-F. Knebel)

HiFat LoFat

Sav

Sw

0.008 
µA/mm3

GFP responses to food viewing were mostly stronger after participants drank
beverage NNS compared to beverage W, but the opposite pattern was observed
when participants viewed HF/SW food pictures.

Condition NNS

LFSW

Condition W

HFSA

HFSW

LFSW

Visualisation of neural activity
shows that the strongest reaction
to food viewing occurs in occipital
(visual) cortex, especially in right
hemisphere of the brain (activity
of the brain is strongest in this
area, but it doesn’t mean the
other brain areas are not active).
It is also visible that the activity in
occipital cortex is stronger after
consumption of beverage W.
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Global Field Power (GFP) represents the standard deviation of all electrodes
from the reference at each data point recorded. It is a global measure of the
strength of the electric field at the head surface; high GFP values indicate a
higher synchrony of neural activity in the brain (more brain areas are working
at the same time).
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Visualisation of significant differences in neural
activity between beverage conditions ingested and
food categories viewed showed that there are
significant modulations of neural activity as a
function of beverage condition and food category ,
as well as an interaction between them.
The type of beverage drunk (NNS vs. W) leads to
significant difference in occipital cortex activity
during food viewing and in parietal cortex (which is
associated with categorizing and memory
functions).
The type of food category viewed induces
differences in the activity of the occipital cortex,
temporal cortex (visual memory, emotions) and
prefrontal cortex (memory, behaviour planning,
reward).
Moreover, some of the neural activity in temporal
and parietal cortex regions is influenced by the
type of beverage drunk and the type of food
viewed.

Effect of Beverage Condition

Interaction of Beverage condition x Food category viewed

Effect of Food category viewed

Visualisation of significant differences in neural  activity over the 110-160ms time window

Over 110-160ms, a first peak in the GFP head-surface response was observed. It is most
likely evoked by the food visual perception, but could nevertheless be influenced by
higher-cognitive brain functions during food viewing (liking, decision-making).

LFSA-Cond NNS
LFSW-Cond W
LFSW-Cond NNS
HFSA-Cond W
HFSA-Cond NNS
HFSW-Cond W
HFSW-Cond NNS
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HIV-protease inhibitors are among the most 
effective anti-retroviral drugs. Apart from inhibiting 
viral replication, they have a range of off-target 
effects and display anti-tumor activity. Improving 
our understanding of how HIV-protease inhibitors, 
in particular Nelfinavir (NFR) that has the broadest 
and the most potent anti-neoplastic action, affect 
cellular metabolism may lead to the development of 
novel cancer, as well as anti-viral, therapies. 
	
Based on the results previously obtained in the 
laboratory, several cellular pathways are affected 
by the treatment with NFR. Yet, the direct targets 
of NFR remain unknown. We hypothesized that 
possible targets of NFR might share structure 
similarities with the HIV-protease. Using 
bioinformatics approaches five potential targets of 
NFR were selected. Assessment of their mRNA 
levels in mouse tissues by Real-Time PCR (RT-PCR) 
and analysis of the corresponding data presented in 
BioGPS showed that these proteins structurally 
similar to the HIV-protease exhibit distinct 
expression profiles, and DDI2 is characterized by 
the most ubiquitous pattern. Generation of DDI2 
knockout mice in the laboratory revealed that DDI2 
is required for the early embryonic development. 
However, the role of DDI2 is still unknown. 
	
Here, we interrogated whether DDI2 is involved in 
stress and inflammation pathways engaged upon 
treatment with NFR. We observed that DDI2 
heterozygosity in mouse bone marrow derived 
macrophages (BMDMs) did not affect NFR-induced 
stress pathways. Thus, using Western blotting we 
showed that eEF2 phosphorylation, eIF2α 
phosphorylation and subsequent activation of ATF4 
were not altered in DDI2+/- BMDMs. At the same 
time, the upregulation of an ATF4 downstream 
target gene, CHOP, and a gene involved in the ER-
stress, ErDJ4, was not altered in DDI2+/- BMDMs 
as measured by RT-PCR. Additionally, the reduction 
of DDI2 levels did not alter the phosphorylation of 
S6R, a hallmark of mTORC1 inhibition upon 
treatment with Rapamycin, and did not change the 
effects of an ER stress inducer Tunicamycin and 
proteasome inhibitors MG132 and Bortezomib on 
the aforementioned stress factor. Similarly, 
reduction of DDI2 levels in mouse BMDMs did not 
impair the activation of inflammatory pathway in 

response to the treatment with NFR or 
inflammatory agonists such as Nigericin or 
polydAdT. In particular, the activation of caspase-1 
detected by Western blotting and the release of 
active IL-1β registered by both Western blotting 
and ELISA were not altered in the supernatants of 
DDI2+/- BMDMs compared to DDI2+/+ mice. Along 
the same lines, similar expression profiles of 
inflammatory mediators IL-1β, IL-6 and IFN-β, and 
of ISG-15, an IFN-responsive gene, were observed 
by RT-PCR. Therefore, decreased expression of 
DDI2 in DDI2+/- BMDMs did not affect the stress 
and inflammatory responses that are characteristic 
of treatment with NFR in primary macrophages. 
Generation of conditional KO mice for DDI2 will 
allow to investigate whether full DDI2 deficiency 
affects these pathways.  
	
Furthermore, we attempted to elucidate possible 
connections between NFR, DDI2 and its potential 
substrate NRF1. It was already shown that upon 
proteasome inhibition, e.g. following treatment with 
MG132 or Bortezomib, Nrf1 is cleaved by an 
unknown protease to become active and translocate 
to the nucleus thereby upregulating proteasome 
gene expression. We used CRISPR/Cas9-generated 
DDI2 KO and control HeLa cells to demonstrate 
using Western blotting that DDI2 deficiency and 
NFR treatment impaired Nrf1 processing and 
increased the full-length form. In line with this, 
DDI2 deletion diminished the upregulation of 
proteasome genes Psma2 and Psma4 observed by 
RT-PCR in response to proteasome inhibition. 
Among the five tested HIV-protease inhibitors, NFR 
had the most pronounced effects, whereas 
treatment with Saquinavir and Lopinavir also 
reduced the Nrf1 processing. In contrast, 
Atazanavir and Ritonavir did not affect Nrf1 
cleavage. 
	
Overall, our results indicate that HIV-protease 
inhibitors, including NFR, might prevent the DDI2-
mediated activation of Nrf1, a regulator of 
proteasome homeostasis. Whether the regulation of 
the DDI2-Nrf1 pathway contributes to NFR-
mediated anti-cancer responses needs further 
investigation. 
 

Characterization of DDI2 as a possible cellular target of HIV-protease 
inhibitors 
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Characterization of DDI2 as a possible cellular target of 
HIV-protease inhibitors

Evgeniia Prokhorova1,2, Aude de Gassart1, Lea Zaffalon1, Fabio Martinon1                         
1 Department of Biochemistry, University of Lausanne, Switzerland;
2 Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University, Russia, eugeniaprokhorova@gmail.com 

Introduction

Assessment of the mRNA levels of the proteins structurally 
similar to the HIV-protease in mouse tissues revealed DDI2 as 
the most ubiquitously expressed protein.

DDI2 is ubiquitously 
expressed in mouse tissues

HIV-protease inhibitors are among the 
most effective antiretroviral drugs. Apart from 
inhibiting viral replication, they have a range 
of off-target effects and display antitumor 
activity. Improving our understanding of how 
the inhibitors of HIV-protease, in particular 
Nelfinavir (NFR) that has the broadest and 
the most potent antineoplastic action, 
affect cellular metabolism may lead to the 
development of novel cancer, as well as 
antiviral, therapies.

Based on the previously obtained results, 
several cellular pathways are affected by the 
treatment with NFR. Yet, the direct targets of 
NFR remain unknown. One possible target of 
NFR might present a protein sharing structure 
similarities with the HIV-protease. Thus, using 
bioinformatics approaches, five proteins 
structurally similar to the HIV protease were 
selected as potential targets of NFR. 

Here we focused on DDI2, a cellular 
protease with unknown function. First, we 
interrogated whether DDI2 is involved in the 
stress and inflammation pathways engaged 
upon NFR treatment. Second, we attempted 
to elucidate possible connections between 
NFR, DDI2 and its potential substrate NRF1. 

DDI2+/- genotype does not impair the activation of cellular stress pathways
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Conclusions

DDI2 deficiency impairs cleavage of Nrf1 and proteasome stress response

Reduction of DDI2 levels in mouse BMDMs did not impair the activation of inflammatory pathway in response to treatment with NFR or inflammatory agonists such 
as Nigericin or polydAdT (a). Caspase-1 activation (b) and the release of active IL-1β (b, c) were unaltered in the supernatants of DDI2+/- BMDMs compared to DDI2+/+ 
mice. Along the same lines, similar expression profiles of inflammatory mediators IL-1β, IL-6 and IFN-β, and of ISG-15, an IFN-responsive gene, were observed (d). 
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 • Proteins structurally similar to the HIV-protease exhibit distinct expression 
patterns in mouse tissues, and DDI2 shows the most ubiquitous profile.

 • The decrease in DDI2 expression does not alter cellular response to 
treatment with NFR, common stress and inflammation inducers and 
proteasome inhibitors.

 • DDI2 deletion impairs the processing of Nrf1 and reduces the 
upregulation of proteasome genes upon treatment with proteasome 
inhibitors.

 • HIV-protease inhibitors, including NFR, might prevent the DDI2-mediated 
activation of Nrf1, a regulator of proteasome homeostasis. However, whether 
the regulation of the DDI2-Nrf1 pathway contributes to NFR-mediated 
anticancer effects needs further investigation.

Decrease in DDI2 levels does not affect the induction of inflammatory response
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The decreased DDI2 expression in DDI2+/- mouse bone marrow derived macrophages (BMDMs) did not affect the appearance of NFR-induced stress markers (a) 
such as eEF2 phosphorylation, eIF2α phosphorylation and subsequent activation of ATF4 (b), its downstream target gene CHOP (c), and as the upregulation of genes 
involved in ER-associated degradation pathway, namely ErDJ4 (c). At the same time, the reduction of DDI2 levels did not alter the phosphorylation of S6R, a hallmark of 
mTORC1 inhibition, e.g. upon treatment with Rapamycin (Rapa) (a, b), and the effects of an ER stress inducer Tunicamycin (TM) or proteasome inhibitors MG132 (MG) 
and Bortezomib (Bort) (b, c).
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Upon proteasome inhibition, e.g. following treatment with MG (MG132) or Bort (Bortezomib), Nrf1 is cleaved by an unknown protease to become active and then 
translocates to the nucleus to upregulate proteasome gene expression (a). Both DDI2 deficiency and NFR treatment reduced the cleaved form of Nrf1 and increased 
the full-length form in HeLa cells (b-d). In line with this, deletion of DDI2 diminished the upregulation of proteasome genes Psma2 and Psma4 in response MG and Bort 
treatment (e). Among the five tested HIV-protease inhibitors, NFR had the most pronounced effects, whereas treatment with Saquinavir and Lopinavir also reduced the 
appearance of the cleaved fragment of Nrf1, and Atazanavir and Ritonavir did not affect Nrf1 processing in HeLa cells (c).
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 Growth control is important for living organisms. It 
is controlled by cell proliferation and cell death. 
Each of these processes make sure that the tissues 
and organs grow to their correct shape and size. 
The dilemma of how organ size is controlled has 
fascinated many generations of scientists. There are 
intrinsic factors (e.g. molecular and genetic 
pathways) and extrinsic factors (e.g. nutrition) that 
control the growth. The cooperation between them 
is still not completely understood. One of the 
pathways which control growth is the Hippo (Hpo) 
pathway.  
	
Hpo pathway was discovered in Drosophila 
melanogaster (commonly known as the fruit fly). 
This pathway is also present in mammals with some 
minor differences in the number of and interactions 
between genetic elements. The final effector in the 
Hpo pathway is a transcriptional coactivator, Yorkie 
(in Drosophila or YAP in mammals). This factor 
promotes cell survival and cell proliferation. Hpo 
pathway works by sensing the changes in physical 
and mechanical properties of the cellular 
microenvironment (Georg Halder, 2012).  
	
To identify the growth relevant targets of the Hpo 
pathway, a set of genes whose expression was 
upregulated upon hippo inactivation were further 
examined by wing-specific knock-down 
experiments. Many genes were found to modulate 
wing growth.  

My task was to perform a modifier genetic screen to 
find out which of these genes can rescue 
overgrowth phenotype in hpo knock-down 
background. 29 genes were studied by setting up 
39 crosses between RNAi stock lines for each of the 
genes and with hippo RNAi Stock. Both hpo-RNAi 
and Gene X-RNAi were under control of Nubbin so 
that knock down only occurred in wings. The 
resulting progeny will have one of the 29 genes 
knocked down together with knock down of Hpo 
pathway activity. The wing phenotype of the 
resulting flies for each of the crosses was observed 
and around 15 male flies from each cross were 
collected in ethanol for later study. Wing dissections 
were performed and around 10 wings were 
mounted on glass slides for taking pictures for each 
cross. These wing pictures were compared with 
control wings (hpo knock-down). Any changes in 
size and appearance of vein defects were noted. 
Out of 39 lines, 51.22 % showed partial 
suppression of the overgrowth phenotype. 3.28 % 
completely rescued the overgrowth phenotype 
resulting in wildtype wings with normal patterning.  
	
References  
Georg Halder, S. D. (2012). Transduction of 
mechanical and cytoskeletal cues by YAP and TAZ. 
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Modifier screen to identify genes that can rescue the overgrowth 
phenotype induced by hippo knock-down in Drosophila wings

Osama Shiraz Shah, Simone Mumbauer
Home University: Lahore University of Management Sciences (LUMS), Lahore, Pakistan

Host Lab: Hamaratoglu Lab, Center of Integrative Genomics (CIG), Université de Lausanne (UNIL), Lausanne, Switzerland

Of the 39 lines, 51.22% induced partial suppression, 3.28% induced complete suppression and 42.3% induced no suppression
of overgrowth phenotype in Hpo knock-down background. Most interesting candidates were Mal-B2 and CG2898 as they
both resulted in two variant phenotypes. The reason for this variation cannot be explained with current results. To be
ascertain about the effects of the studied genes, similar screen needs to be done with multiple stocks for each of the
respective genes. In this screen, CG13893 was the only candidate for which two stocks lines used showed to knock out
this gene showed similar results. Hence, the only candidate that certainly suppressed overgrowth was CG13893.

C o n c l u s i o n s
- Pan, D. "Hippo Signaling in Organ Size
Control." Genes & Development 21.8
(2007): 886-97. Web
- Georg Halder, and Randy L. Johnson.
"Hippo Signaling: Growth Control and
beyond." Development 138 (2011): 9-22.
Web.

R e f e r e n c e s

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

Processes like cell death and cell
division effect amount of growth.
Molecular pathways like Hippo
pathway turn on/off these
processes in response to external
signals so to make sure organs
grow to normal size and shape.

What happens if this pathway is disrupted?Hippo Pathway

It is a conserved pathway which
regulates the extent of tissue growth
and ultimately organ size. It was
discovered in drosophila. It works by
promoting cell death and suppressing
cell proliferation in response to changes
in physical environment of cells and
tissues.

(C) Wild type mouse liver at 2 months of
age
(D) a liver at 2 months of age from a
mouse mutant for both Mst1 and Mst2
(two mammalian Hippo homologs)
(Georg Halder, 2011)

(A) Wildtype eyes.
(B) Overgrowth of
eyes and head
(C) Opposite of B
(Pan D., 2007)

M e t h o d s
Targets of Hippo pathway?

≈100 genes found to be significantly 
upregulated in the wts- Wing Disc

Which of these targets can 
modulate growth?

Can downregulation of any of these genes rescue wing overgrowth phenotype 
in Nub<Gal4..UAS<Hpo-RNAi (NHI) flies?

Wild type 
Wing Disc

RNA extracted

Wts- Wing Disc

RNA extractedvs

Nubbin > 
Gal4

UAS > Gene 
X-RNAi

Observe phenotype of the Progeny

× 39 RNAi stock lines used to 
study 29 genes. Following 

steps were done for each line
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Analyzing results
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wing images (NHI wings)
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Collection of males

Effect of each line on 
wing size categorized

Quantification of 
effect on wing size

R e s u l t s

Effects of 
knocking down 

candidate genes

No effect
21 lines

53.8% of the lines

Smaller wings
18 lines

46.1% of the lines

Effects of knocking down both candidate genes and Hpo
No effect

11 lines
28.20% of 21 lines

Suppression
8 lines

20.51% of 21 lines

Enhancement
1 lines

2.56% of 21 lines

Variable
1 lines

2.56% of 21 lines

No effect
5 lines

12.82% of 18 lines

Variable
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11 lines

28.20% of 18 lines
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CG11249
(18196)

Test Test over NHI

CG6218 
(35069)

Possible molecular 
interactions

Inhibition Activation

No effect to no effect

si
zeHpo

Smaller wings to no effect

A Hpo si
ze

Smaller wings to suppression

B Hpo

size

Pde1C 
(18475)

Mal-B2
(102201)

B) No effect

A) Wildtype
(Complete  

suppression)

CG2898
(20928)

B) Suppression

CG13893
(32077)

CG14608
(106294)

NHI control in 
pink and 

experimental 
wing in blue

Neu2
(105892)

CG13857
(44061)

Crg-1
(46972)

CCG32165
(49306)

A) Wildtype
(Complete  

suppression)

Total: 29 genes, 39 lines

CG6218

SUR 2016    39



	

Shrabya Timsina 
University of Chicago 
USA 
 
Host Laboratory: 
Alexandre Roulin 
Department of Ecology and Evolution 
Dorigny campus 
 

Melanin-based traits in endotherms have been often 
found to be under significant genetic control. In the 
barn owl (Tyto Alba), previous studies have 
provided evidence of the heritability of its 
pheomelanin-based plumage coloration, which 
ranges from white to red, as well as the number 
and size of its eumelanin-based black spots. 
However, it has also been identified the stress-
induced hormone corticosterone affects the 
expression of melanin traits, such that owls with 
higher corticosterone levels produced feathers with 
less pheomelanic coloration. Hence, there certainly 
exists an environmental stress-related component 
that influences melanism in the barn owl.  
	
In order to study the genetic and environmental 
influence of further melanic traits, we analysed 
standardized pictures of cross-fostered fledglings 
and their genetic parents to determine the degree 
of heritability of additional plumage traits such as 
the spots' darkness and their shapes. Our results 
provided evidence of heritability for most traits 
related to spot shape but showed no significant 
heritability of spot darkness. Consequently, we 
additionally explored the potential contribution of 
environmental factors to plumage traits and how 
these traits correlate to each other. 
	
We took pictures of barn owls, from the Vaud and 
Fribourg cantons of Switzerland, inside a closed box 
under uniform distance, lighting conditions and 
camera settings. Pictures were normalized 
according to a reference standard following Stevens 
et al. 2007,  Biol. J. Linn. Soc. 90: 211–237. We 
used ImageJ and homemade macros to accurately 
calculate the intensity of colours and map out spot 
size and shapes of 28 broods and 161 individuals, 
in total. In R, we conducted midparent-offspring 
regressions to estimate heritability for each 
plumage trait and correlation tests for associations 
among plumage traits and between plumage traits 
and factors such as brood size, hatching date, rank 
size, mass and wing growth rates that could explain 
environmentally dependent variation of coloration. 

Spot diameters along its length and width followed 
the trend of heritability of many melanin-based 
traits but the evidence of a non-significant genetic 
control of the spot darkness and circularity was a 
novel result. We observed no prominent trend of 
brood environment contributing to variation in any 
plumage traits, but a study with more data and 
additional influencing factors may yield enlightening 
information about the determinants of variation at 
these traits.  
	
Previously, due to a positive correlation between 
number of spots and red intensity, the allocation of 
melanin precursors to the black eumelanin and the 
red pheomelanin was thought to be independent. 
Our correlation results of spot darkness with 
number of spots, spot area and red intensity 
suggest that allocation to additional plumage traits 
may also similarly independent. The positive 
correlation of spot darkness to these highly 
heritable plumage traits makes it more interesting 
that spot darkness is not so heritable. Spottiness is 
believed to signal parasite resistance and females 
with large number of spots are known to enjoy both 
a decreased parasite count as well as increased 
mating opportunities. It has been also, observed 
that females with larger spots (though it is not 
known what spot size signals) enjoy greater 
reproductive success but it would be interesting to 
see whether this is also true for females with darker 
spots, particularly at the light of the different 
degree of genetic determination of these trait. 
 

Heritiablity and Phenotypic Correlations of Melanin-based Plumage traits 
in the Barn Owl  
 
Shrabya Timsina, Luis San Jose Garcia, Alexandre Roulin 
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Heritiablity and Phenotypic 
Correlations of Melanin-based 
Plumage Traits in the Barn Owl
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Midparent-offspring regression plots for (a) a 
non-heritable trait: spot darkness and (b) a 
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Plot of spot circularity against hatching date (r = 
-0.39, p = 0.857). Each data point represents mean 
trait value of individual siblings. Other environmental 
factors also did not have any significant correlations 
with any plumage traits. 

Heatmap of phenotypic correlations (r, Pearson's 
product moment correlation coefficient) with various 
variables log/square-root transformed in order to 
obtain a normalized distribution.
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Melanin-based traits in endotherms have been often 
found to be under significant genetic control. In the 
barn owl (Tyto Alba), previous studies have provided 
evidence of the heritability of its pheomelanin-based 
plumage coloration, which ranges from white to red, 
as well as the number and size of its eumelanin-based 
black spots1.

Introduction

In this study, we analysed standardized pictures of 
cross-fostered fledglings and their genetic parents to 
determine the degree of heritability of additional 
plumage traits such as the spots' darkness and their 
shapes. Our results provided evidence of heritability 
for most traits related to spot shape but showed no 
significant heritability of spot darkness. 
Consequently, we additionally explored the potential 
contribution of environmental factors to plumage 
traits and how these traits correlate to each other.

Aims and Findings

Pictures of owls were taken inside a closed box under 
uniform distance, lighting conditions and camera 
settings. Pictures were normalized according to a 
reference standard following Stevens et al. 2007.2 We 
used ImageJ and homemade macros to accurately 
calculate the intensity of colours and map out spot 
size and shapes of 28 broods and 161 individuals, in 
total. In R, we conducted midparent-offspring 
regressions to estimate heritability for each colour 
trait and correlation tests for associations among 
plumage traits and between plumage traits and 
factors such as brood size, hatching date, rank size, 
mass and wing growth rates that could explain 
environmentally dependent variation of coloration. 

Methods

Spot diameters along its length and width followed the trend of heritability of 
many melanin-based traits but the evidence of a non-significant genetic 
control of the spot darkness and circularity was a novel result. 
We observed no prominent trend of brood environment contributing to 
variation in any plumage traits, but a study with more data and additional 
influencing factors may yield enlightening information about the determinants 
of variation at these traits.

Previously, due to a positive correlation between number of spots and red 
intensity, the allocation of melanin precursors to the black eumelanin and the 
red pheomelanin was thought to be independent1. Our correlation results spot 
darkness with number of spots, spot area and red intensity suggest that 
allocation to additional plumage traits may also similarly independent. The 
positive correlation of spot darkness to these highly heritable plumage traits 
makes it more interesting that spot darkness is not so heritable.

It has been observed that females with larger spots enjoy greater reproductive 
success3 but it would be interesting to see whether this is also true for females 
with darker spots, particularly at the light of the different degree of genetic 
determination of each trait.

Main Points and Discussion

I am really grateful towards the Roulin 
group for its welcoming and helpful souls, 
especially Luis. I will never forget these two 
months in UNIL.
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learnt a lot, and has deeply increase my passion for science and 
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