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The advances of molecular genetics have revolutionized the field of modern neurosci-
ence. The availability of novel methods and techniques has allowed to bridge cellular and 
molecular neurophysiology with behavioral and cognitive neurobiology. 

The rapid development of new technologies constantly adds to the toolbox used by 
neuroscientists to unravel the mysteries of the brain. Neurogenetics has provided invalu-
able insights into the mechanisms of neurological disorders and cognitive dysfunctions.  
The primary focus of the school will be on the neurogenetics of behavior and cognition. 

Students will be provided with an overview of the genetic tools available in neu-
roscience research and will discuss the benefits and caveats of using different model  
organisms. Several lectures will also concentrate on the translational aspects of neuro-
genetics research. In addition, issues related to the ethics of scientific research will be  
discussed.

The school is partly supported by the Postgraduate Training Network in Biotechnology 
of Neurosciences (BioN) (supported by the Education, Audiovisual and Culture Agency 
Executive Agency (EACEA) of the European Commission 159313-TEMPUS-I-2009-1- 
FI-TEMPUS-JPCR, www.neurobiotech.ru), BNI (Behavioural Neurogenetics Initiative),  
Russian Foundation for Basic Research (RFBR) Grant number 12-04-06821-mob

CEERC-IBRO sponsored session. 

The working language of school is English

Topics of the school:

•	 Genetic tools to study cellular functional genomics: molecular genetics,  
viral transfections, optogenetics, candidate genes approach.

•	 Model organisms for behavioral genetics: genetic models in behavioral studies – 
mouse genetics, drosophila, zebrafish, nematode as model organisms.

•	 Behavior, emotion and cognition: neurogenetic markers of behavioral plasticity, 
neurogenetic markers of synaptic plasticity regulation, stress biology, genetics and 
emotional behavior.

•	 Mechanisms of neurological diseases and mood disorders: neurogenetics of neuro- 
logical disorders, neuropharmacology, environmental pollutants and neuro- 
degenerative disease.
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Program

Day 1: 20 of August

17:30 – 18:30 Registration, lodging, informal communication

18:30 – 20:00 School opening, welcome remarks

 Prof. Rubtsov A.M., Vice-dean, Lomonosov MSU, Moscow
 Prof. Balaban P.M., Head of the IHNA RAS, Moscow 
 Prof. Anokhin K. V., National research center “Kurchatov institute”,  
 Institute of Normal Physiology RAS, Moscow
 Prof. Byron C. Jones, Pennsylvania State University, PA, USA

20:00 – 22:00 Welcome Dinner

Lecturers form the following organizations are teaching at the School:

•	 Lomonosov	Moscow	State	University
•	 UCL,	London,	UK
•	 National	Institute	of	Agricultural	Research	INRA,	Toulouse,	France
•	 Institute	of	Higher	Nervous	Activity	and	Neurophysiology	RAS
•	 Zurich-Irchel	University,	Switzerland
•	 Helsinki	University,	Finland
•	 Institute	of	Normal	Physiology	RAS,	Moscow,	Russia
•	 Institute	of	Cytology	and	Genetics	RAS,	Siberian	Branch,	Novosibirsk,	Russia
•	 University	of	British	Columbia,	Canada
•	 Pennsylvania	State	University,	USA
•	 National	research	center	“Kurchatov	institute”,	Moscow,	Russia
•	 University	of	Texas	at	Austin,	USA
•	 Institute	of	automatics	and	electorometry	RAS,	Novosibirsk,	Russia

Student activities during the school are designed to provide school participants with 
the training in presentation skills and to develop the skills in critical assessment of experi-
mental design of research work. In addition to participation in the moderated discussions 
following lecture sessions all students are expected to take active part in several individual 
and teamwork activities.

The school is organized in collaboration of Postgraduate Training Network in Biotech-
nology of Neurosciences (BioN), and BNI (Behavioural Neurogenetics Initiative). BioN 
(www.neurobiotech.ru/en) is the first Russian national level network of postgraduate 
schools in natural sciences and, in a larger context, is an intellectual innovation initia-
tive to develop biotechnology applications in Russian life sciences. BioN is designed as a 
network of leading centers in different fields of neuroscience associated with the partner 
universities and research institutes. BioN promotes a number of coordinated activities, 
introduces common standards and practices and improves the quality of postgraduate 
education in the Russian Federation. 

The International Summer School in Behavioural Neurogenetics has been organ-
ized since 1995 in different locations in Western Europe and North America by  
the Behavioural Neurogenetics Initiative, a group of leading neuroscientists whose goal is 
to further appreciation and understanding of the interactions between genes and behav-
iour. Indeed, individual differences in the structure and/or expression of myriad genes 
can influence, although rarely determine absolutely, individual differences in behaviour  
and the vulnerability to various neurological and psychiatric diseases such as mood  
disorders, drug abuse, and deficit in cognitive functions. Conversely, engaging in  
behaviour affects expression in many genetic pathways.
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Day 3: 22 of August

9:00 - 10:00 Breakfast

 Program: Model organisms 

10:00 - 11:30 Genetic models for behavioral studies (inbred lines, congenics, recombi-
nant inbred lines, divergent selection) – Elena Terenina (INRA, Toulouse, France)

11:30 - 12:00 Coffee-break

12:00 - 13:15	Zebrafish	as	a	model	organism	in	behavioral	neurogenetics	–	 
Pertti Panula (University of Helsinki)

13.15 – 14.30 Mouse as a model organism in behavioral neurogenetics – 
Hans-Peter	Lipp	(Zurich-Irchel University)

14:30 - 15:00	Lunch

 Model organisms:

15:00 - 16:30 Drosophila as a model organism in behavioral neurogenetics –  
Elena Savvateeva-Popova (I.P. Pavlov Institute of Physiology, St. Peterbourg)

16:30 – 17:00 Coffee-break

17:00 - 18:30 C. elegans as a model to study genes, nervous systems and behavior –  
Catharine Rankin (University of British Columbia, Canada) 

18:30 – 19:30 Dinner

19:30 – 21:00 Workshop with lecture with demonstration of possibilities.  
New approaches to the automation of registration of animal behavior –  
Victor Kulikov (Institute of Automatics and Electrometric RAS, Novosibirsk)

21:00 - 22:00 Poster presentation. Part II

Day 2: 21 of August

9:00 -  10:00 Breakfast

 Program: Overview of methods and approaches 

 Genetic tools to study cellular neurophysiology

10.00 – 11.00 Functional genomics of the brain – Igor Ponomarev (University of Texas  
at Austin, USA)

11:00 - 12:00 Manipulating gene expression in neurons – Stephanie Schorge (UCL, UK)

12:00 - 12:30 Coffee-break

12:30 - 14:00 Optogenetic manipulation of neurotransmission and behavior –  
Pavel Balaban (IHNA RAS, Moscow)

14:00 - 15:00	Lunch

 Program: Functional genomics

15:00 - 16:00 Viral transfections in neurons - Sergey Salozhin (IHNA RAS, Moscow)

16:00 – 17:00 Candidate genes in the Post-Genomic Era – Alexander Kulikov  
(Institute of Cytology and Genetics of Siberian Branch of Russian Academy of Sciences,  
Novosibirsk, Russia)

17:00 - 17:30 Coffee-break

17:30 - 18:30 Seminar Dynamic clamp: a powerful tool to explore your electrophysio-
logical phenotype – Ivan Pavlov (UCL, UK)

19:00 – 20:00 Dinner

20:00 - 22:00 Poster presentation. Part I
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Day 5: 24 of August

9:00 - 10:00 Breakfast

 Program: Behavior and cognitive functions (continuation) 

10.00 - 11.00 Genetics, emotional behavior (emotional reactivity, temperament) – Elena 
Terenina (INRA, Toulouse, France)

11.00 - 12.00 From genes to aggressive behavior: the role of the serotonin system – Nina 
Popova (Institute of Cytology and Genetics of Siberian Branch of RAS, Novosibirsk, Russia)

12.00 - 12.30 Coffee-break

 Program: Disease mechanisms 

12.30 - 14.00 Genetic models of human CNS diseases – Inga Poletaeva (Lomonosov 
MSU, Moscow, Russia)

14:00 - 15:00	Lunch

15.00 – 16.00 Genetic approach meets neuropharmacology – Byron C. Jones (Pennsylva-
nia State University, PA, USA)

16.00 – 17.00 Environmental pollutants and neurodegenerative disease, gene-environ-
ment interactions – Byron C. Jones (Pennsylvania State University, PA, USA)

17:00 – 17:30 Coffee-break

17:30 – 19:00 Channelopathy: a broken channel. Gene mutations and disease –  
Stephanie Schorge (UCL)

19.00 - 20.00 Dinner

20.00 - 22.00 Debates. What questions can we answer when we’ll have a cerebroscopy? – 
moderator Konstantin Anokhin (National research center “Kurchatov institute”, Institute 
of Normal Physiology RAS)

Day 4: 23 of August

9:00 - 10:00 Breakfast

 Program: Behavior and cognitive functions 

10.00 - 11.30 Neurogenetic markers of behavioral plasticity – Konstantin Anokhin  
(National research center “Kurchatov institute”, Institute of Normal Physiology RAS)

11.30 - 13.00 Neurogenetics of synaptic plasticity regulation – Pavel Balaban (IHNA 
RAS, Moscow)

13:00 - 14:00	Lunch

14.30 – 17.00 Excursions optional 

 1) the sightseeing tour of Moscow (in English)
 2) Savvino-Storozhevsky monastery (in Russian, translation is possible)
 3) M.M. Prishvin museum – estate Dunino village

17.30 - 19.00 Stress – Pierre Mormede (INRA, Toulouse, France);

19:20 – 20:00 Dinner

20.00 - 21.00 Genetics of stress responses – Pierre Mormede (INRA, Toulouse, France)

21:00 – 22:00 Bioethical Considerations - Byron C. Jones (Pennsylvania State University, 
PA, USA) and Inga Poletaeva (Lomonosov MSU, Moscow, Russia)
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Abstracts of lectures

Overview of methods and approaches

Genetic tools to study cellular neurophysiology

Functional genomics of the brain
Igor Ponomarev

The University of Texas at Austin, Austin, Texas, USA

The brain is arguably one of the most complex biological tissues that enables an organ-
ism to sense, remember and respond to its environment. It constantly adapts to environ-
mental stimuli through regulated changes in gene expression. This lecture will focus on 
the interplay between genetic, epigenetic and environmental causes in controlling brain 
gene expression in health and disease. A systems approach to data analysis to provide an 
integrated view of brain changes associated with neuroplasticity and neuropathology will 
be introduced. Modern methods to measure global gene expression, such as, microarrays 
and next generation sequencing will be described.

Manipulating gene expression in neurons
Stephanie Schorge

UCL Institute of Neurology, London, UK

It is possible to investigate some aspects of gene function in non-neuronal cells,  
for example whether a mutation increases or decreases the current produced by a sodium 
channel.	However,	if	modifying	a	gene	has	an	effect	on	a	neuronal	function,	such	as	an	
action potential, no non-neuronal cell will be able to reveal that consequence. For this 
reason, there is growing interest in manipulating gene function in neurons.

There are several hurdles that make neurons more challenging than dividing cells: neu-
rons are delicate, they are differentiated, they are coated in a thick extracellular matrix, 
they have a tendency to shut down many normally strong promoters. Moreover, neurons 
are	diverse	and	in	culture	it	may	be	difficult	to	identify	different	types.	However	there	are	
a growing number of approaches to successfully changing gene expression in neurons and 
confirming when a neuron has been successfully targeted. 

Possible approaches include lipid, calcium phosphate or ballistic transduction (in vit-
ro); electroporation (in utero); micro-injection or siRNA exposure (in vitro or in vivo),  
and a growing number of viral approaches (in vitro or in vivo). Neurons may be pre-
treated with enzymes to break down the extracellular matrix to increase access of DNA to 
their membranes (in vitro and in vivo), and generally the younger a neuron is, the easier it 
is to manipulate. One advantage to neurons, is that unlike in dividing cells, DNA persists 
in neurons, even if not integrated into the chromosomes. 

Day 6: 25 of August

9:00 - 10:00 Breakfast

10.00 – 11.30 Seminar: Online resources for neurogenomics – Igor Ponomarev  
(University of Texas at Austin, USA)

11:30 – 13:30 Career workshop – Mock interviews

13.30 - 14.00 Ceremony of school closing. Andrey Kitashev, Vice-dean (Lomonosov 
MSU, Moscow)

14:00 - 15:00	Lunch

Departure at 15:00. 

Excursions to Moscow neurobiology laboratories, to MSU biological station  
in	Zvenigorod	(at	will)
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The candidate gene conception was initially considered as an expansion of physiological 
mode	of	thinking	to	genetics.	However	the	physiological	content	of	the	conception	was	
gradually replaced with a formal genetic and molecular ideology. In behavioral genetics or 
in	the	neurogenetics	the	term	“candidate	gene	is”	is	firstly	attributed	to	the	genes	linked	to	
the behavioral traits, expressed in the brain and involved in the signaling processes regula-
tion (such as enzymes, transporters, receptors of brain neurotransmitters). In medical and 
psychiatric genetics the candidate genes conception was and remains the main and the 
most powerful approach of elucidation of molecular mechanisms of mental diseases and 
resistance to the pharmacological correction. A considerable progress in neurogenetics 
associated with the candidate gene conception gave rise a faith that this approach could 
solve the main fundamental problem of neuroscience  – the pathway from gene to behav-
ior.	However	the	progress	in	molecular	genetics	for	the	last	ten	years,	namely	total	genome	
and transcriptome analysis, broke down this naïve faith in the power of the candidate gene 
conception. The main problem of the candidate gene conception in the Post Genomic Era 
is that the most powerful and modern techniques of molecular genetics in the frame of 
candidate gene conception could reveal only a few percents of genetic background of com-
plex behavioral and physiological traits. The second unresolved problem is the interaction 
between multiple genes involved in the regulation of behavior which frequently masks the 
behavioral effects of functional mutations and gene knockout. There is a contradiction 
between the increased technique power and the decreased understanding of the molecular 
mechanisms of behavior regulation.

The main aim of my lecture is a demonstration of the problems associated with the 
candidate gene conception using numerous examples and an attempt of revision of the 
conception in the light of the latest achievements in molecular neurogenetics. All prob-
lems of the candidate gene conception seem to result from a denial of its physiological 
idea in favor of its formal genetic and molecular content. At the same time, only a return 
to the initial physiological content can resolve this crisis and restore the scientific power of  
the candidate gene conception in the Post-Genomic Era. 

Dynamic clamp:  
a powerful tool to explore your electrophysiological phenotype

Ivan Pavlov
Department of Clinical and Experimental Epilepsy,  

UCL Institute of Neurology, London, UK

The use of molecular genetics tools has revolutionised neuroscience research, and  
the last decade has seen a number of breakthroughs in linking particular genes and spe-
cific brain functions. In many cases, though, the relationship are far from being straight-
forward. Often, gene expression alone cannot explain how altered gene regulation changes 
neuronal behaviour and, conversely, the lack of apparent malfunctions in the absence of 
a specific gene product may be perplexing. Therefore, translating from gene expression  
to neuronal function remains one of the primary challenges in the neurogenetics  
research. Systematically linking specific changes in gene expression to neuronal behaviour  

For different strategies choice of promoter may allow a gene to be turned on or off  
(for example in response to tetracycline in drinking water), or restrict cell type expres-
sion (such as GAD67 promoter which is specific to interneurons). Constructs containing 
shRNA or siRNA can reduce the expression of specific genes, while cDNAs will increase 
the expression of individual gene products (for example a specific splice variant of an ion 
channel). 

Given many methods only target a subset of neurons, it is often important to have  
a strategy to confirm the manipulation has been effective. In the cases where the gene  
of interest encodes an ion channel, it is often easiest to confirm the effective manipulation 
of expression by directly recording the activity of the channel, such as with patch clamp of 
the affected neuron. For neurons expressing fluorescent markers (GFP) in slices it is pos-
sible to visualize the fluorescent signal in the exact neurons which are to be recorded with 
high end cameras, or with image enhancing software. For other cases, gene expression can 
be assessed using single-cell RT-PCR of cytosol harvested from individual cells. 

Many approaches of gene manipulation in neurons are now practical in new labs with 
basic equipment. 

Viral transfections in neurons
Sergey Salozhin

Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia

Mammalian brain is one of the most complex structures in the nature. It consists of 
the several dozens of interconnected structures differ in functions and cell composition. 
To understand function of one of several cell types in the certain structure contempo-
rary neuroscience needs the method that would allow manipulation with desired cell type  
(either neuronal or glial) in the small volume of the brain tissue. Viral-based systems of 
gene delivery provide such opportunity, either in solo use or in combination with research 
on transgenic animals. Genetic material delivered by viral particles can be used for overex-
pression or knocking-down of the genes-of-interest, inducible gene expression etc. 

The lecture will be focused on the development and application of various viral systems 
(lenti-, adeno- or AAV-based) for basic and applied research, their advantages and limita-
tions. Methodological aspects of work with viruses as well as examples of successful use of 
different viruses will be discussed. 

Functional genomics

Candidate genes in the Post-Genomic Era
Alexander Kulikov

Institute of Cytology and Genetics Siberian Branch  
of Russian Academy of Sciences, Novosibirsk, Russia

The	 term	 “candidate	 genes”	 was	 introduced	 in	 behavioral	 genetics	 and	 molecular	 
psychiatry about thirty years ago when the first neurogenes had been sequenced.  
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research in several areas, also in neuroscience (1). The general advantages of zebrafish 
include rapid development of the freely available transparent embryos, and several avail-
able forward and reverse genetic methods for analysis of phenotypes. Easy handling, 
cost-effectiveness and a comprehensive body of developmental literature are additional 
advantages. The CNS of the zebrafish has all the major domains found in mammalian 
brain, and the same neurotransmitters such as glutamate, GABA, dopamine, noradrena-
line, serotonin, histamine, and acetylcholine with their respective receptors are found in 
both interneuron systems and in long pathways (2). Many of the genes involved in human 
neurodegenerative diseases have been identified in zebrafish, and their expression patterns 
are known or easily studied.

The classical mutation screens which utilize random mutagenesis with alkylating agents 
have produced a large number of available mutants. Additional mutants have been pro-
duced with insertional mutagenesis. Production of fish with mutations in selected genes 
has	become	possible	with	the	TILLING	(Targeting	Induced	Lesions	in	Genomes)	method.	
The most recent development of genetic engineering methods such as the zinc finger nu-
clease	method	and	TALEN	method	have	now	made	it	possible	to	obtain	mutations	is	se-
lected genes, for example human disease genes, rather quickly and efficiently.

Many human brain disease genes have been knocked out in zebrafish, but relatively few 
studies have been published so far. This is due to the time-consuming process of pheno-
typing	the	mutants.	Among	such	genes	are	PINK1	and	LRRK2,	mutations	of	which	cause	
early-onset Parkinson’s disease. It is possible to inhibit translation of specific mRNAs in 
zebrafish by injecting morpholino-modified oligonucleotides in fertilized eggs. The gen-
eral belief in the field has been that this inhibition lasts only for 24-48 h. In our experi-
ence, however, efficient knockdown of several mRNAs, including histamine-synthesizing 
enzyme histidine decarboxylase (hdc) and neuropeptide galanin, can last for about one 
week. Since the fish develop very rapidly and already after 5 days post fertilization the 
larvae can swim freely and start eating, this time is sufficient to see alterations in major 
behaviors and neural systems. 

Many quantitative behavioral methods have been developed for larval and adult ze-
brafish. These allow analysis of up to 100 fish simultaneously, and automated recording 
and analysis render these methods powerful tools in phenotyping (1,2). The neural basis 
of these behavioral phenotypes can then be analyzed using either live imaging systems or 
3-dimensional high-resolution confocal or 2-photon microscopy to reveal exact numbers 
of neurons in specific nuclei in the brain and changes in their connections.

References
(1) Panula, P., Sallinen, V., Sundvik, M., Kolehmainen, J., Torkko, V., Tiittula, A., 

Moshnyakov, M. and Podlasz, P.: Modulatory neurotransmitter systems and behaviour: 
towards	zebrafish	models	of	neurodegenerative	diseases.	Zebrafish,	3:	235-247,	2006
(2)	 Panula,	P.,	Priyadarshini,	M.,	Chen,	Y.-C.,	Kudo,	H.,	Sundvik,	M.,	and	Sallinen,	

V.: The comparative neuroanatomy and neurochemistry of zebrafish CNS systems of rel-
evance to human neuropsychiatric diseases. Neurobiol. Dis. 40: 46-57, 2010.

is a laborious task but is necessary to underpin cellular mechanisms through which 
genes affect brain function. In this type of research single-cell electrophysiology is the 
primary method to get an insight into the functional consequences of gene manipula-
tions. Amongst available techniques the one is relatively rarely used, but can offer a power-
ful tool to investigate the role of genes that encode various membrane ion channels. The 
method called ‘dynamic clamp’ has been developed in early 90-s, but until recently was 
implemented only in a few laboratories. It allows to mimic electrical effects of a selected 
ion channel by simulating arbitrary conductance in cells recorded in the whole-cell patch-
clamp configuration. The dynamic clamp is a variation of the current-clamp mode with  
a rapid feedback that allows to vary current injection into the cell depending on the read-
ing of its membrane potential. The dynamic clamp could also be used to negate membrane 
conductances already present in recorded cells. In addition, the method allows to simu-
late synaptic conductances in order to probe integration properties of neurons therefore  
informing about the functional outcome of a certain gene manipulation.

The seminar will provide an introduction into the principles of the dynamic clamp and 
will describe available platforms that are used to implement it. We will discuss advantages 
and limitations of this method, and will analyse some examples of its use.

Model organisms

Genetic models for behavioral studies
Elena Terenina

National Institute for Agricultural Research, France

Animal models due to mostly its small size, its short reproduction time, and the possibil-
ity to introduce specific gene mutations, have become the important tool to study function 
of	genes	during	development	and	in	disease.	Human	diseases,	such	as	Alzheimer,	cancer,	
diabetes, alcoholism, it is complex traits and can only be modeled in vivo. Extensive cata-
logue of laboratory resources is available to support research: classical inbred lines, geneti-
cally modified (knockouts, transgenics mice), selectively bred lines, consomics, congenics, 
recombinant inbred panels, outbred and heterogeneous stocks, and an expanding set of 
wild-derived strains. The development and validation of these models is greatly aided by 
recent advances in genome research and an array of post-genomic tools. The sequencing 
of the human genome in 2001, the mouse in 2002 and rat in 2004 will undoubtedly speed 
up the rate of biological research. The challenge will now be to identify all the genes and 
their products, and genetic animal models for behavioral studies play an important part 
in this research.

Zebrafish as a model organism in behavioral neurogenetics
Pertti Panula

University of Helsinki , Finland

The zebrafish are already widely used as an experimental organism within biomedical 
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The mouse as model organism in neurobehavioral research
Hans-Peter Lipp

University of Zurich, Switzerland

During the past twenty years, gene targeting has brought a breathtaking development 
in the use of mice for unraveling the genetics of brain and behavior, both in terms of basic 
research	and	translational	approaches	to	human	medicine.	However,	advances	in	concep-
tual understanding and development of behavioral methods do not match the brilliant 
sophistication in technology. Since the technology is well represented in this meeting, 
this talk shall try to show some of the pitfalls of simplistic thinking about cause and effect,  
illustrated with some examples:

1. What is observed at the behavioral level after gene manipulation is in most cases 
not a function of the targeted gene but the compensatory action of the remain-
ing genes and brain plasticity. Such compensation has, however, a stochastic  
component, because how the mouse brain compensates the induced problem remains  
often unpredictable, or results in different phenotypes.

2. Observations in the laboratory are too easily generalized. The few studies that have 
compared mouse brain and behavior in both the laboratory and the field have found 
similarities but also striking differences. 

3. Behavioral testing of mice is one of the few scientific fields where logical thinking 
is partially missing. Curiously enough, this is often the case in memory research.

4. Many researchers overestimate the intellectual capacities of mice. The brain of this 
species has been evolutionarily tuned for an ecological niche in which intellectual 
abilities are not of prime importance, while ethological behaviors related to activ-
ity, exploration, flight and aggression are far more important. Thus, the psycho-
pathology of mice is limited, and one should always check whether an observed 
cognitive alteration is not caused by changes in the brain systems underlying  
non-learned behavior.

There is no reason for pessimism – just a bit of critical thinking can be very helpful. Our 
conclusion is to treat behavioral changes as kind of a signal that something has changed 
in the brain, and needs further analysis. Thus, we advanced automated behavioral testing 
of mice to check for behaviors associated with changes in a specific task. In doing this, we 
became reluctant in prematurely assigning particular brain mechanisms to an observed 
specific behavioral phenotype. Ideally, such assignement should be complemented by neu-
rophysiological and neurochemical analysis. Obviously, this type of correlated analysis 
requires again technical advances in automation and data analysis in order to cope with 
the enormous number of genetically manipulated mice.

Supported by Swiss National Science Foundation, FP7 project EUROSPIN and Polish-
Swiss Research Programme.

C. elegans as a model to study genes, nervous systems and behavior
Catharine Rankin 

University of British Columbia, Canada

C. elegans is a 1 mm long microscopic organism that was chosen by Sidney Brenner 
in 1970 as a model system for the study of how genes regulate development to produce 
an organism and build a nervous system and produce behavior. Since then a large com-
munity of researchers has worked to understand this small nematode. C. elegans are self-
fertilizing	hermaphrodites;	one	worm	can	produce	several	hundred	clonal	offspring.	How-
ever, there are also males so the genetic crosses can be made and heterozygotes produced.  
The reproductive cycle is rapid with only 3 days required to develop from fertilized egg to 
egg-laying adult. An adult worm has 959 cells, 302 of which are neurons. Brenner, Sulston 
and	Horvitz	won	the	Nobel	Prize	in	2002	for	their	work	determining	the	cell	lineage	for	
every cell in the animal. This work was followed up by John White’s electron microscopic 
serial section reconstruction of the nervous system of C. elegans and generation of a com-
plete wiring diagram for the nervous system. C.elegans was the first multicellular organism  
to have its genome fully mapped and sequenced. The C. elegans genome encodes close  
to 20,000 genes, about 40% of which are homologous to human genes. In the nervous 
system C. elegans uses many of the same neurotransmitters and signaling molecules as 
mammals: for example C. elegans uses classical transmitters such as glutamate, acetylcho-
line, dopamine, serotonin, and GABA and well as a number of neuropeptides. There is  
a high level of homology between many kinases, g-proteins and other signaling molecules. 

Many of the first mutations described by Brenner in 1970 were nervous system mu-
tants	 with	 phenotypes	 such	 as	 “uncoordinated”,	 “egg-lying	 defective”	 and	 “shrinkers”.	 
A number of techniques have been developed or adapted for use in C. elegans in order 
to study neuronal function and behaviour on a variety of different levels. These include: 
laser ablation, a type of microsurgery in which individual cells are killed using a laser 
beam, green fluorescent protein, a fluorescent marker that can be used to show patterns of 
gene expression, channelrhodopsin, a light-gated ion channel that can be used to control 
neuronal excitability, cameleon, a genetically encoded calcium sensor used for detecting 
changes in calcium concentration in neurons (an indicator of neural activity, and worm 
trackers, automated analysis systems that analyze video data and characterizes locomotion 
and behavior.

C.elegans sense the environment, including (but not limited to) tastes, smells, tempera-
ture, and physical interactions through a collection of sensory neurons with specialized 
functions. Studies from many labs have determined neural circuits for a large number of 
behaviors including chemotaxis, thermotaxis and response to mechanosensory stimuli. 
My research focuses on the mechanosensory system, specifically on plasticity in the mech-
anosensory system. My lab was the first to show that C. elegans can learn and can show 
both short- and long-term memory for experience. We have analyzed this plasticity at the 
level of behavior, of the neural circuit and of genes and genetic networks and found many 
similarities to mechanisms of plasticity in mammals. 
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Behavior and cognitive functions

Neurogenetical regulation of synaptic plasticity
Pavel Balaban

Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia

The maintenance mechanism of the late, protein synthesis dependent phase of long-
term	potentiation	(LTP)	of	synaptic	effectivity	is	critical	for	the	storage	of	long-term	mem-
ory.	Although	the	expression	of	the	early	induction	phase	of	LTP	has	been	studied	exten-
sively (Bliss and Collingridge, 1993), the mechanism for synaptic enhancement during 
the	late	phase	of	LTP	when	neurogenetical	mechanisms	play	an	essential	role	is	unknown.	
One approach to identify the expression mechanism of synaptic enhancement during 
late-LTP	is	toexamine	how	the	molecular	mechanism	that	maintains	late-LTP	enhances	
synaptic	 transmission.	A	 prime	 candidate	 for	 a	 core	molecule	maintaining	 late-LTP	 is	
protein	kinaseMZ	(PKMZ),	an	autonomously	active	isozyme	of	protein	kinase	C	(PKC).	
PKMZ	maintains	synaptic	enhancement	during	late-LTP	through	its	second-messenger-
independent	and	thus	persistent	kinase	activity.	PKMZ	consists	of	an	independent	PKCZ	
catalytic	domain	produced	from	a	brain-specific	PKMZ	mRNA,	which,	lacking	an	autoin-
hibitory	PKCZ	regulatory	domain,	is	constitutively	active	(Sacktor	et	al.,	1993;	Hernandez	
et	al.,	2003).	During	LTP	 induction,	afferent	 tetanic	 stimulation	 increases	 the	synthesis	
of	PKM_	 from	 its	mRNA(Hernandez	 et	 al.,	 2003;	Kelly	 et	 al.,	 2007),	 and	 the	 resulting	
persistent increase in the autonomously active kinase is both necessary and sufficient for 
maintaining	LTP	(Ling	et	al.,	2002).	Postsynaptic	perfusion	of	PKMZ	increases	the	efficacy	
of	AMPA	receptor	(AMPAR)-mediated	synaptic	transmission	(Ling	et	al.,	2006),	where-
as	inhibitors	of	the	kinase	activity	of	PKMZ	reverse	LTP	even	when	applied	hours	after	 
the tetanization, without affecting baseline synaptic transmission.

We have investigated involvement of PKMzeta in maintenance of contextual memory in 
the	terrestrial	snail	Helix.	Results	suggest	that	blockade	of	PKMzeta	impairs	memory	with	
latency about 1 hr. Reminding addresses memory and starts the process of reconsolidation 
of	memory	even	if	the	“old”	memory	later	is	impaired	by	ZIP.

Long-term	facilitation	of	excitatory	synaptic	inputs	from	sensory	neurons	to	giant	pre-
motor interneurons triggering tentacle withdrawal is supposed to be a basis of aversion 
learning and memory in terrestrial snails. We investigated whether PKMzeta takes part in 
maintenance of long-term facilitation in neural circuit of tentacle and body withdrawal. 
Long-term	facilitation	of	excitatory	synaptic	inputs	to	premotor	interneurons	was	induced	
by 5 high-frequency stimulations combined with 5 serotonin bath applications and last-
ed	at	 least	 four	hours.	We	 found	 that	bath	application	of	2*10-6M	ZIP	at	90	min	after	
tetanization reduced EPSP amplitude almost to the non-tetanized EPSP values (57±7%, 
n=12	vs	 control	 44±6%,	n=25,	NS).	Application	of	 scrambled	ZIP	peptide	 at	 the	 same	
concentration didn’t affect the amplitude of potentiated EPSPs (135±28%, n=13 vs con-
trol 44±6%, n=12, p<0.01). Results supported the idea of PKMzeta involvement in post-
induction	maintenance	 of	 long-term	plasticity	 in	withdrawal	 circuit	 of	Helix	 lucorum.	 

New approaches to the automation of registration of animal behavior
Victor Kulikov

Institute of Automatics and Electrometry,
Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia

The further progress in modern neurobiology and behavioral genetics seems to be  
associated with the development of accurate and objective automated methods of regis-
tration and analysis of behavior. Video tracking is a promising approach to automation 
of behavior registration. During the last 20 years multiple rapid and effective algorithms 
of video tracking of animal behavior have been developed and numerous video tracking 
systems are now available. The aim of the present lecture is to show 1) the advantage that 
automated video tracking systems bring to the study of behavior, 2) the main problems 
associated with video tracking, 3) practical realization of video tracking in the EthoStudio 
and 4) a future of ethological experiments automation. 

Automated video tracking provides more accurate and objective information about 
animal’s locomotor activity and position on the arena compared with any manual  
registration. This information is sufficient for objective evaluation of animal’s locomotor  
and exploratory activities, anxiety-like, depression-like behavior and spatial performance 
in such generally used tests as the open field, dark-light box, elevated plus-maze, forced 
swim, Morris water maze etc. 

There are two crucial problems of video tracking. The first problem is the low contrast 
objects tracking. This problem was recently solved using a transmitted lighting instead of 
 a reflected lighting. The second problem is a search for constructive indices of behavior. 
The probability to find associated with animal pixels in the selected region of the arena 
is an example of constructive index of spatial preference negatively associated with anxi-
ety in the open field, the dark-light box and the elevated plus-maze tests. The dynamics 
of cleaning of a spot of fluorescent dye applied on the animal back is another example  
of constructive index of the expression of fur cleaning (hygienic) behavior. 

At present many of the ideas above were realized in the EthoStudio system developed 
at the Institute of Automatics and Electrometry and Institute of Cytology and Genetics 
SD RAS. The EthoStudio is an original and independent solution of the main problems 
of video registration. It has a flexible structure and can be easily adapted to a wide range  
of existent and future ethological tests. 

A future of ethological experiment automation will include the development of 1) meth-
ods of simultaneous tracking of several animals on the same arena, 2) smart algorithms 
of complex patterns recognition, 3) fine movements detectors and 4) depth detectors. 
These algorithms will provide automation of the registration of such traits as head shakes, 
grooming, rearing, and other hardly automated patterns. 
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Changes	 in	 synaptic	 effectivity	of	 functionally	 identified	neurons	observed	during	LTF	
may underlie behavioral changes during context learning. 
Thus,	late-LTP	persistence	can	be	explained	by	a	plasticity	mechanism,	in	which	the	syn-

thesis of an autonomously active kinase continually drives receptors to postsynaptic sites. 
This persistent but dynamic neurogenetical mechanism may allow for stable yet flexible 
storage of information at synapses to be the physiological substrate of long-term memory.

Genetics of stress responses
Pierre Mormede

National Institute for Agricultural Research, France

The	hypothalamic-pituitary-adrenal	(HPA)	axis	is	central	to	numerous	biological	func-
tions, metabolism, cardiovascular and immune system, brain and behavior, and is also 
central	to	stress	responses.	Large	individual	variation	has	been	described	among	individu-
als with profound physiopathological consequences. In this presentation I will focus on 
the	molecular	bases	of	genetic	variation	of	HPA	axis	activity	and	the	relationships	with	
behavioral reactivity. 
All	 levels	of	 the	HPA	axis	 are	 subject	 to	genetic	variation.	For	 instance	a	QTL	study	

in pigs has revealed the importance of corticosteroid-binding globulin (CBG) in genetic 
variation in cortisol release under stress. Studies in k.o. mice confirmed that CBG levels 
regulate the function of glucocorticoid hormones. We have studied by gene expression the 
sensitivity	of	the	adrenal	cortex	to	ACTH	that	is	the	main	source	of	individual	differences	
in cortisol release during stress. Another important source of genetic variation can be 
found	at	the	level	of	corticosteroid	receptors	and	transduction	mechanisms.	Less	informa-
tion is available about genetic variation of central (brain) regulatory mechanisms. 

One interesting aspect is the relationship between genetic variation in neuroendocrine 
and behavioral stress responses. Although divergent selection on glucocorticoid hormone 
release under stress has been shown to induce parallel changes in behavioral reactivity, 
the	question	is	to	know	whether	behavioral	changes	result	from	the	variation	in	HPA	axis	
activity/reactivity or whether the variation in behavioral response is an integral part of the 
selection trait. Recent data obtained in poultry support the latter hypothesis and suggest 
that	the	contribution	of	the	HPA	axis	to	metabolism	should	be	given	more	consideration,	
within the usual psychobiological framework of interpretation of stress mechanisms. 

Bioethical Considerations
Byron C. Jones (Pennsylvania State University, USA)

Inga I Poletaeva (Lomonosov Moscow State University , Moscow, Russia)

As we move into the new world of genetics, genomics and post-genomics biomedical 
science, has the landscape of bioethics changed?

In this session, Drs. Poletaeva and Jones will bring up for discussion the following topics:

1. What new challenges, if any, does genomic research, broadly defined, bring to bio-
ethics?

2. In animal research, are there new, special considerations concerning the care, use 
and disposal of research animals?

3. What about human research? What are the issues concerning privacy, confidential-
ity and commercial/scientific value?

4. What does genomics bring to the clinical arts and sciences?

It is expected that the students will be active participants in this discussion and will have 
conducted some preliminary literature research in advance.

Genetics and emotional behavior
Elena Terenina, Pierre Mormede

National Institute for Agricultural Research, France

The concept of stress has been the object of a countless number of studies involving  
a wide range of different approaches, each one presenting its own way of interpreting 
and assessing the phenomenon. A number of paradigms have been used to measure  
“emotional”	 behaviors,	 but	 a	 great	 variability	 can	 be	 seen	 in	 experimental	 animals.	 
Differences between inbred strains raised in the same environment, selection experiments, 
and quantitative genetic studies have shown that genetic factors have a major influence 
on these differences, although they interact with environmental influences. Responses  
to environmental challenges involve different types of mechanisms: psychological  
(emotional and cognitive), behavioral (fight and flight), and biological (nervous and 
neuroendocrine). Each of these includes a set of specific changes directly related to the 
stimulus and non specific adaption usually referred to as stress responses. A great degree 
of variability exists among individuals of the same species in terms of physiological and 
behavioral responses that are the experimentally accessible measures of stress in animals. 
Genetics factors play an important role in shaping these differences, even though envi-
ronmental influences interact with those genetic factors throughout development to give 
the actual phenotype. Observed behavior is the result of a complex interaction between  
individual strategies and the actual situation. A major challenge to genetic studies is to sort 
out trans-situational individual characteristics of reactivity, amenable to genetic studies,  
from experimental data obtained in specific environments.

From genes to aggressive behavior: 
The role of serotonergic system

Nina K.Popova
Institute of Cytology and Genetics, Siberian Branch 
of Russian Academy of Sciences, Novosibirsk, Russia

Recent investigations in neurogenomics have opened up new lines of research into 
the crucial genetic problem – the pathway from genes to behavior. Aggressive behavior 
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phenotypical traits. Rat and mouse strains differing in emotional reactivity, stress predis-
position, seizure proneness, fear-anxiety intensity, aggression, brain biochemistry changes  
in response to pharmacological load etc. Another group of genetic models includes  
the rodent strains created as the result of spontaneous mutations which affect the CNS 
structure and function. Mouse spontaneous neurological mutation with demyelination 
symptoms were used as models for human demyelination disorders in order to find some 
medication. Brain structure anomalies in reeler, staggerer, tottering and several other 
mutations provided the data on neurogenetics of brain development. Mutations of sev-
eral neurogenes in mouse sometimes reproduce the pattern of pathological traits which 
are characteristic for certain human neurological disorder. The most numerous category  
of genetic models today is represented by artificial mutants which are the result of 
knockout or knock-in genetic manipulations. These mutants are created by targeting the 
genes whose products participate in definite signaling cascade or by manipulating with  
the expression pattern of structural genes. Using these models for the search of phar-
macological alleviation of inherited disorders was a success in certain cases. The study  
of human anxiety and depression using genetic animal models is the difficult issue. Some 
methodological problems arise: what is normal and abnormal anxiety in humans and what 
is the role of this behavioral trait in animal populations. The physiological mechanisms 
of behavioral stress, depression and anxiety in animals demonstrate the differential role  
of certain brain structures in genesis of these states in animals of different genotype. 

In any case the majority of genetic models of human hereditary brain disoeders proved 
to be of high thepretical and practrical significance. 

Genetics Meets Neuropharmacology
Byron C. Jones

The Pennsylvania State University, USA

Pharmacogenetics is the study of individual differences in response to drugs.  
Historically,	there	are	two	traditions,	the	study	of	genetic	differences	in	pharmacokinet-
ics, especially in biotransformation. This work was pioneered in humans and centers on 
isoforms of drug metabolizing enzymes. The second tradition is the study of genetic-based 
individual differences in drug actions, or more broadly, pharmacodynamics. This work 
stems from research in animals on behavioral effects of drugs and genetic-based differ-
ences in neurobiological systems. This work is conducted at multiple levels of investiga-
tion, from gene expression to receptor density to behavior. In this presentation work in 
both areas will be discussed as well as how to discriminate between genetic effects on 
pharmacokinetics vs. pharmacodynamics. There will be continuing discussion of ethical 
issues in human pharmacogenetics.

plays significant role of in human society and in the fitness of animals in the wild-life.  
The lecture attracts attention to evolutionary role of aggressive behavior in the domes-
tication of animals, the role of nature vs nurture and the effect of cross-fostering on 
predisposition to aggressive behavior. The involvement of protein elements in the brain 
neurotransmitter	serotonin	(5-HT)	system	in	genetic	control	of	aggressive	behavior	will	
be discussed. Specifically, the effect of the knockout of MAO A, the principal enzyme 
in	 5-HT	 degradation,	 the	 association	 of	 intermale	 aggression	 with	 the	 polymorphism	
in	the	Tph2	gene	encoding	the	key	enzyme	in	5-HT	synthesis	 in	 the	brain,	 tryptophan	 
hydroxylase-2	(TPH-2),	and	the	effect	of	selective	breeding	for	nonaggressive	behavior	on	
the	5-HT	metabolism,	TPH	activity	and	5-HT1A	receptors	in	the	brain	were	described.	 
The review provides converging lines of evidence favored the idea that: (i) the genotype 
plays	major	 role	 in	predisposition	 to	 aggression;	 (ii)	 brain	5-HT	contributes	 to	 critical	
mechanism underlying genetically defined individual differences in aggressiveness; (iii) 
genes	encoding	pivotal	enzymes	in	5-HT	metabolism	(TPH	and	MAO	A),	5-HT-trans-
porter,	5-HT1A	and	5-HT1B	receptors	belong	to	modulating	aggressive	behavior	genes.

Disease mechanisms

Genetic models of human CNS diseases
Inga Poletaeva

Lomonosov MSU, Moscow, Russia

The large category of human neurological disorders is determined by mild or severe gene 
disfunctions. Some of them develop from the early ontogeny while other are expressed 
in the adult life. The development of modern neurogenetics made it possible to create  
the genetic laboratory models of human brain diseases. The range of respective model  
organisms is rather wide  – from yeasts and nematodes to primates. Although rats and 
mice	of	various	genotypes	have	the	“leading”	positions	in	this	range.	Human	neurologi-
cal and psychical disorders of genetic origin could be subdivided into different groups  
according	to	the	nature	of	genetic	defects.	They	are:	1)	“polygenic”	traits,	i.e.	determined	
by several or numerous genes which are at present difficult to detect and/or to map  
(seizure states, alcoholism, schizophrenia, autism etc.); 2) monogenic cases, which are de-
termined by mutation of single genes (Charcot-Marie-Tooth, Rett, Tourett syndromes, 
fragile X-syndrom as well as trinucleotide repeat expansion diseases: 3) the special group 
of hereditary diseases includes Prader-Willi-Angelman syndromes, Down syndrome and 
other trisomies and probably Alzheimer disease. In these cases the genetic anomalies  
involve not the single genes but more or less definite chromosomal fragment. 

Genetic models of human diseases are of different origin and thus they could  
differ	 by	 their	 “genetic	 architecture”.	 According	 to	 methods	 of	 classical	 genetics	 the	
strains of laboratory rodents could be selected for the extreme scores of the definite  
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Environmental Pollutants and Neurodegenerative Diseases; 
Gene-Environment Interactions

Byron C. Jones
The Pennsylvania State University, USA

Neurodegenerative diseases, especially those considered not to be familial, are pro-
posed to be the result of gene-environment interactions. Parkinson’s disease, for exam-
ple, has a higher prevalence in rural compared to urban areas and most of the cases are 
considered to be idiopathic or sporadic, in contrast to the early-onset, familial form that 
has been tied to about one dozen genes. Putative risk factors are numerous and include  
herbicides, insecticides, and well water contaminants such as cadmium, arsenic and iron.  
To date, most of the preclinical toxicological research into the role of genetics has  
involved animals whose genes have been artificially manipulated. In this presentation,  
we will discuss host characteristics that place individuals at greater or lesser risk for environ-
mental toxicant-induced neurodegenerative diseases from a forward-genetics perspective.  
This entails characterizing the phenotype in a genetic reference population of animals 
and the proceeding to identify genes and gene networks that influence differential  
susceptibility.

Channelopathy: A broken channel. Gene mutations and disease
Stephanie Schorge

UCL Institute of Neurology, London, UK

Channelopathies allow a unique opportunity to see how changing function of a single 
protein can lead to disease. These ‘experiments of nature’ can highlight how individu-
al proteins, or even single amino acids can be essential to the functioning of a channel. 
Most current studies rely on a combination of human genetics and electrophysiology 
to determine what parameters of ion channel behaviour are responsible for the symp-
toms. For example, mutations which delete a single sodium channel gene, SCN1A, lead  
to epilepsy. Functional analysis of neurons from an SCN1A knockout model of the disease 
revealed that this sodium channel dominates in inhibitory interneurons. Follow on work 
confirmed the proteins were enriched in inhibitory neurons. Thus the human genetics 
were fundamental to revealing the specialised role of this channel, and its cell type specific 
distribution. 

Many current studies of channelopathies have moved to investigating how distinct 
mutations can lead to different phenotypes. Mutations in one gene, CACNA1A, can lead  
to at least three different clinical disorders: migraine, episodic ataxia, or progressive  
spinocerebellar ataxia. Assessing how the mutations that are associated with the dif-
ferent disorders change the behaviour of this one channel, is revealing how different  
aspects of the channel may be necessary for different cells of the nervous system. 

However,	 although	 studying	 channelopathies	 has	 revealed	 insights	 into	 the	 dif-
ferent roles of channels, challenges are emerging. As a greater number of genes  
are deep-sequenced in an increasing number of patients and controls, an ever larger number 
of	novel	sequence	changes	are	revealed.	How	can	a	researcher	distinguish	between	a	benign	
polymorphism, a causative mutation and rare variants, which may contribute to disease? 
Previous studies relied on functional data, but studies of some channels (including CAC-
NA1A) indicate that amino acid changes that are prevalent in normal populations can have 
pronounced functional consequences on the expressed channels. An emerging theme is that  
in sporadic patients novel amino acid changes must be backed with robust statistics as well 
as functional characterisation. 

Finally, in order to continue building the link between dysfunctional ion channels and 
symptoms of different diseases, it is increasingly important to determine how a mutant ion 
channel modifies the neurons which are thought to underlie the disease. Thus there is in-
creasing interest in investigating how mutations that cause cerebellar ataxia alter neurons 
in the cerebellum. These studies promise not only to reveal the distinct functional roles of 
ion channels, but also the mechanisms contributing to human disease.

Online resources for neurogenomics
Igor Ponomarev 

The University of Texas at Austin, Austin, Texas, USA

This hands-on seminar will introduce several web resources for the storage and analysis 
of large gene expression data sets. The goal is to provide students with concrete exam-
ples on how public genomic data can be used to generate and test mechanistic neuro-
biological hypotheses. A live online example on how to integrate genetic, genomic and 
phenotypic data will be provided using a GeneNetwork database (www.genenetwork.org).  
Other neurogenomics databases covered will include the Allen Brain Atlas  
(www.brain-map.org), the Database for Annotation, Visualization and Integrated 
Discovery (DAVID, david.abcc.ncifcrf.gov) and the Genetic Association Database  
(geneticassociationdb.nih.gov). Most published genomic resources are underused because 
they	are	not	oriented	towards	“non-genomic”	scientists.	In	this	class,	students	should	be	
able to develop a simple set of skills that will allow them to work with genomic data and 
use the results in their own research.
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Curriculum

BioN introduces a new curriculum available on a national level  
with optional teaching in English.

Educational activities Description Time

Seminars	“Technologies	 
of	Neuroscience”

Scientific insights of  leading 
international neuroscientists

Each month

Modular courses Shot and intensive courses in  
Russian universities

Each month

Schools Regular schools in cognitive,  
cellular and computational  

neurotechnologies

Each 6 months

Practical placements in 
European universities

up to 3 months placements 
in EU partners of BioN

We invite young Russian neuroscientists to join our activities! 

www.neurobiotech.ru

 
Post-graduate Training Network  
in Biotechnology of Neurosciences

BioN is the first Russian national level network of postgraduate schools in natural  
sciences, an intellectual innovation initiative to develop biotechnology applications  
in Russian life sciences. BioN is designed as a network of leading centers in different 
fields of neuroscience associated with the partner universities and research institutes.  
BioN promotes a number of coordinated activities, introduces common standards and 
practices and improves the quality of postgraduate education in the Russian Federation.

BioN is supported by the Education, Audiovisual and Culture Agency Executive Agency 
(EACEA) of the European Commission (eacea.ec.europa.eu/tempus/index_en.php) 

Partners of BioN Network

Russian partners:
Saint-Petersburg State University 
Lomonosov	Moscow	State	University	
Nizhny Novgorod State University 
Southern Federal University 
Ioffe Physico-Technical Institute of the Russian Academy of Sciences
St. Petersburg Physics and Technology Centre for Research and Education  
of the Russian Academy of Sciences 
Institute	of	Higher	Nervous	Activity	and	Neurophysiology	of	RAS
Moscow State University of Psychology and Education
Association of Classical Universities of Russia

EU partners:
University	of	Helsinki,	Finland	
Medical Research Council, UK 
University of Umeå 
Italian Institute of Technology 
Ecole Normale Superieure de Paris 
Individual Experts:
Vasily Klucharev, Erasmus University (Rotterdam), University of Basel
Ivan	Pavlov,	University	College	London

пользователь
Typewritten Text
This project has been funded with support from the European Commission. This publication reflects the views only of the author, and the Commission cannot be held responsible for any usewhich may be made of the information contained therein.
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