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Initially focused on a system and circvit

Welc Ome ZENITH to t he | approach to brain function and behaviovr, the

Centre expanded to incorporate molecv/ar and

ChampalimaUd Center cell biological expertise.
for the Unkwon (CCU)!
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The CCU is a state-of-the-art T —— -
centre with Nevroscience as one of *Teaching assistant '
the core research areas. ** Principal Investigator
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Welcome everyone to the ZENITH Genetics,
Anatomy ¢ Behaviour Workshop! This froining
will provide advanced, hands-on froining in

~ Zebrafish, genetics and anatomy followed by
hands-on behaviovural experiments and data
analysis.

{ The couvrse will be split into two moduvles.
Modvle | inclvdes an introdvction to the
Zebrafish model, geneﬁcs and anatomy.
Modvle 2 focuses on inve.sfigafing methods
for recording specific aspects of behaviovr.

Joana Guedes,
Zenith Project
Monager

| The one-week workshop will be tavght
by the ZENITH faculty and will include
theotetical bockground and practical
froining svupported by several TAs from
the different ZENITH labs.

We wil| start discussing

Genetics and Anatomy.

But first, an introdvction to
the Zebrafish model history
by David Lyons.




MODULE 1 - GENETICS & ANATOMY - SCHEDULE

DAY 1

Moxning

Lecture: Zebrafish neurodevelopment, genetics & behaviour.

Historical perspective on origins of the model.
Dave Lyons

Lecture: Transcriptomic analyses
Manuel Itimia

Intxo to demo stations: Learning objectives of the demos

Mike Otget/Isaac Bianco
Aftexrnoon
Transgenic and Microscopy Demos:

Zeiss lightsheet: £1i:GFP; gata:RFP

2-photon LSM: gadib:Gal4; UAS:GCAMP6fef05

3i spinning disc confocal: f1i:GFP; gata:RFP
SCAPE & Lightfield: vglut2a:Gal4; UAS:GCAMP6fef05
Lightsheet (homebuild): elavl3:H2B-GCAMP6s

Lecture:Transgenesis & genome editing
Filippo Del Bene

CRISPR design workshop ‘
Victor Otdoriez

DAY 2

Moxning

Injections practice (FISH FACILITY)
Afternoon

Lecture: Brain Atlases and cirxcuit tracing
Isaac Bianco

Circuit Tracing Demos:

1. Photoactivatable GFP demo

2. Reticulospinal backfills

3. Brain Atlas computer set up to demo ZBB,
MAPZEBRAIN and CMTK/ANTs

4. Optogenetics on 3i/Trigeminal optogenetics demo

Short talk: "A Case study: Mapping tectofugal
pathways with paGFP and zbb/mapzebrain atlases”
Patide Antinuccti

Student ""Show and tell”
& discussion

|




PART 1 GENETICS & ANATOMY

~ live from edimburgh

A jovrney fhrOugh the origins of
the Zebrafish model, expansion

of the mode| throuph screening,
righf fhrOugh to “modern” times

“For a preat start, let’s hear
an «Historical perspective
on Zebrafish geneﬁcs and
nevroscience”

“l't all started
in the far west,

back in the |ate PorTiAv
70)3”
FGENE
George
Streisinger,
Hi everyone, today | would like the Fofhfr
to share with you how did we of the field
reach ZENITH? (1927-1984)

David Lyons

University of Edinburgh,‘\\
UK

Zenith project: ‘
Active Myelination

DAVID LYONS Vi




L. Dye labelling by =
bﬂ-ﬁk‘l”

Please take a |ook at
Brain nevrons which
project to the spinal
cord in yovung larval
Zzebrafish.

KIMMEL ET AL.,
J Comp Nevrol, 1981

Youv ate going to be
doing this
(40 years |ater!)

Meanwhile someone in Germany
had caughf wind of all of this!

TN

Christiane Nusslein-Volhard
(Nobel prize winner
Drosophila genetic screens)

WOLFGANG
DRIEVER

(PhD student of “Janni”) who had “fallen in

love” with tech that Janni sent to Evpene to
learn about fish and thus postdoc’d to do the
same




STARTED UmivBASITY

Moving forward, the Tol2kit: a ' — AT THE AGE OF 12|
multisite pateway-based kit for
Tol2 transposon transgenesis

designed by Prof Chi-Bin Chien.

Kwan et al., Dev Dyn, 2007

Pse

LA ] I_ GNE OF THE G-REATEST)
{b UR CLoNASE G'IL L / o

DD D SOCH N W8 TREN )

COMPUTED EXPRESSION ConsTRueT 1145~ 20!

Now widely vsed
hugely expanded
many transgenic lines
diverse reporters...

SO HOwW DID WE
REACH ZENITH?

Natura| featvres of zebrafish
Genetic ¢ cellular tractability
Functional| studies

And now the
ZENITH students
need to bring it
all fogefher!

Data onoly.sis

Sadly,Chi-Bin Chien,
who was a pioneer in
the discipline |left vs
too early.




During fhe
coffee
break..

Evgenes means

good gene.s!

/|
Tahnee Mackensen ~—
Centre for Genomic
Regulation (CRG)

Irimia lab

YEVEOLG

| AKANORIG INY

It is funny as
Genetic derived
from the Greek

word genesis-—
L .

Tanita Tzotzolaki
ZeClinics
Terriente 1lab

PhD student, Spain

Zenith project:
Micrxo Exons

AN

PhD student, Spain

Zenith project: Genetic
Engineexring

DT




TRANSCRIPTOMIC ANALYSES

“Manv wil| pive a brief intro to
transcriptomic analyses and share
sovrces and resovrces for bulk and
single cell RNA-sequencing.”

Hi, my name is Manve| and
today | will talk abouvt
Genome expression.

Manuel Iximia

N

Deregulofion of microexons
is found in patients

with avtism, 3u88e31’in8
that their misrepulation
during brain development
covld resv|t in nevronal
wiring defects that |ead

to impairments in social
behaviour.

ol

CRG, Barcelona Micron exons ate extremely

short conserved exons found
in the transcripts of specific
genes involved in
57nop’rogenesis and

axon gvidonce.

Zenith project:
Micro Exons

AN

We can group genes
into cofegories.

S

Here,

is key!

i

visvalization

Sorry buvt... what are
“transcripts” exact|y?

Shuhong Huang
Technical University of
Munich (TUM) Porxrtugues lab

PhD student, Germany

Zenith project:
Eyes 'n Tail




TRANSGENESIS AND GENOME EDITING CRISPR/Cas9 technology

“Filo will share generolprinciples
on Tronsgenesis and Genome
editing and explain why Zebrafish

is such a powerfu| vertebrate
2. Derived from

mode|!”
- Powerfv| and bacterial immune
Hello everyone, today eFleenf Genome system against viruses
I will wil|] introdvce edlflhg fechno‘ogy

yov what [ like to call
CRISPR for Dummies !

4.Used to make
pathIogicalaniMQl
models in research,
recent|y adapted for
gene therapy

Filippo Del Bene

Institut de 1la (::)

Vision, Paris

Zenith project:
Tectum

Koich Kawakami 3. Used to

—| |- National Institute activate and VvV o T T —
‘ of Genetics inactivate genes L) ' CRISPR
Shizvoka, Japan I design
j - ~ [ workshop g

e

92’@
' |
5. Its optimization is l , (ﬁ ,
the challenge of genefic | ‘ ‘

engineering Victor Ordohnez

In the field, we moved
from forward gene’ric
stuvdies with the work of
scientists |like Kawakami
to reverse genefic studies
with incredibly powerful

tools like CRISPR/Cas9. | eciinics

| Teaching Assistant




BRAIN ATLASES AND CIRCUIT TRACING

r—

“Let me introdvce you to AF?’—\ pMLi/— Brain atlases

methods to label, track the A~ ..__/ 7/-

morphology and register They are vast repositories

neurons in the brain atlas” of information about the
Zebrafish brain.
rf Y k=

Circviffracing

N

we can examine cell
morpholosies and projection
patterns with flvorescent
dye injections ¢ genefic
circvit frocing tools.

// / I

RETn(,UDSPWﬁL v
NEURGNS

__

Registering experimental data to
an standard brain atlas can help
characterize repions of interest,
as well as find vsefuvl fransgenic
Llines and design experiments.

Isaac Bianco
UCL London
Zenith projects:

Command Action
Visuomotor Control




MAPPING TECTAL-PRETECTAL INPUT-OUTPUT PATHWAYS
WITH PA-GFP AND ZBB/MAPZEBRAIN ATLASES

“The Bianco |ab is interested
on brain circvits that process
visval stimvl|i to control
adaptive behaviouvral responses. AN
Paride will talk about visvally

guided contro| of hunfing

manoevvres.”

Tectum and AF7-pretectum
are required for huhfing

behaviouvr. Let me show you
an example of PA-GFP photo-
activation in AF7-pretectum.

COFFEE BREAK WITH STUDENTS

Chung-Yuen (Joe) Chan
Institut de la Vision
Emiliani 1lab

PhD student, France

Zenith project:
All Optical

8

‘I will also tell yov about

the Zebrafish Brain Browser
Atlas — a.k.a. ZBB and

the Max Planck Institute
UCL, Bianco lab Zebrafish Brain.Aflos -
Teaching Assistant Lo-k-d- Mapzebrain.

Paride Antinucci

And me I'm cvurious

to learn abovt all the
different microscopes!

Can’t wait to start the
pracﬁcols!ReoHy want to
try the injecfions.

Elena Putti

Institut de la Vision
Del Bene 1lab
PhD student, France

Zenith project:
Tectum

1






INJECTIONS PRACTICE

Vexity Cook
Charité v ;
“Now everyone, let’s gafher in Judkewitz lab { ov can see the
grovps of 4 for a microinjection small sharp needle
. . . - PhD student, Germany oking throuvugh the
session in the CCU fish facility!” P 8 3 '
Zenith project: center of the epg!

Vocalisation (J

l. 2.
Pick eges Drop eLes in
vsing stroke plate

“There are different

methods to make it work,
but | like to ngnin the
eggsin rows®

C G 3.

Grab the ege with
the stroke, hold your
breath and Inject!

Thomas Mullen

Cccu
Orger 1lab

Phd Student, Portugal

Zenith project:
Avoidance

/o\




TRANSGENIC AND MICROSCOPY DEMOS

“I'n the teachin

labs, also in groups,

students do rotations in stations with
different microscopes and transgenic |ines.”

STATIONS:

2 Photon Laser
Scannin
Microscope

SCAPE
(Swept Confocally
Aﬁgned Planar

Excitation)

Microscope

Lighfsheef
Microscope

3i Spinnin
Disk Confocal
Microscope

=

Lighf Field

Microscope

OMG check the
the nevromast!
It is beavtiful.

Philipp Bxraaker
University of
Edinbuzxgh

Lyons lab

PhD student, UK

Zenith project:
Active Myelination

Yes, | can
see it nowl!

Nevromast

Alizée Kastlex
UCL
Dreosti lab

PhD student, UK

Zenith project:
Deep Imaging

a

]




PART 2 BEHAVIOUR - SCHEDULE

DAY 3 4---—-»-.--

Moxrning

Lecture: Tracking and quantification of larxval behaviour
Michael O%tget

Lecture: Motoxr learning and computational

approaches to behaviour Q a

Ruben Pottugues o
O

Afternoon o a o

Stations to learn from:

1.Stytra set-ups - OKR response (restrained)
+ freely swimming

2.0xgexr’'s setups

- Multi fish trackerx

- rapid group comparison for closed loop behaviour

- Rigs for free swimming closed loop stimulus presentation
- Top-down projection of UV stimuli

3.Analysis of kinematics and rolling during
acoustovestibular escapes and basic exploration

4 .Postural control behavioural setup

Visit to Oceandrio de Lisboa

<

4 <

DAY 4

Moxning

Lecture: Using idTrackerAI to study behaviour
of large animal groups
Fiancisco Rometo (Paco)

Intrxo talks for afterxnoon projects & Discussion

= Social Behaviour essays
Tom Ryan

= Analysis of posture and sequence generation
Claite Wyatt

= Studying vocalization/schooling in Danionella
Benjamin Judhkewitz

= Vestibular-driven behaviours
Volke®r Bowmuth

Afternoon

Demo & Rotating Stations (TEACHING LAB)
DEMO: Recorxd data from juvenile fish and
apply ID Tracker

STATIONS:
Analysis of bout sequences using BASS during navigation
Social preference assay for juvenile fish
Danionella vocalization/schooling project
Postural contrxol behavioural setup

Data Analysis group session

DAY 5

Moxning

Data collection/analysis, project completion
Breakout sessions for discussion of project progress
Aftexrnoon

Project completion
Student presentations



PART 2 BEHAVIOUR

“We will now start with the second part of ovr
course: Behaviouvr! On this modvle students will
acquire simple behaviour data and run the analysis
to monitor kinematics of the tail ongle for single
animals and grovpsﬁ’

Really excited about the
second modvle of the
covrse!

Giulia Zuccarini

UCL
Bianco 1lab

PhD student, UK
acquisition!

Zenith project:

;—"“‘7

Yes! Can’t wait to |Jearn

more abouvt behaviovral ’-“/f

experiments and data

Command Action

O
o
\

Students will also invesfigofe
methods for recording specific
aspects of behaviour in head-
restrained and freely 3wimmin8
fish at the larval and juvenile

 stages.

N

Xinyu (Cilia) Jia

Institut du Cexveau (ICM)
Wyaxrt lab
PhD student, France

Zenith project:
Innex States

_lo



INTRODUCTION TO ZEBRAFISH BEHAVIOUR TRACKING

Edouaxd Dumon
UCL
“Mi Oroer will intr e us t Bianco lab
Mike ge " ‘nf odvce v ° PhD student, UK
the modvle by faklng vs fhrough
different approaches to the

quantitative study of behaviour.”

Zenith project:
Visuomotor Control

Sorry for osking a basic
question, buvt what do you
define as “behaviovr?

| When tracking the fail
of the zebrafish we are
dealing with formvja |

like speeds
Before fracking a behaviovr
it’s important to think about : : ‘(
what the animal perceives in Which is why we vse
. hiph-speed camera that

can track the fish at
rates 700 frames
per a second.

the experiment.

Michael Oxgex

We ate dealin
with petabytes
of data so we

have to be smart

F P(.?. in ex'l’racfing

CCU, Lisbon

Zenith project:
Avoidance

the relevant

Marques et al., Current L@ information.

We can dis'!’inguish
- between innate and

learnt behaviouvrs.

Biology 2018

M



MOTOR LEARNING AND COMPUTATIONAL APPROACHES TO BEHAVIOUR IDTRACKER AI TO STUDY BEHAVIOUR

“The Portupues lab stuvdies “Paco will introdvce vs to

Zebrafish behaviovr and idtracker.ai and other tools

brain function and circvitry to study collective behaviour qQl
usin8 cuﬁing-edge imaging in juvenile zebrafish.”

techniques.”

T AN A T

Illumination is key
for behaviovral
experiments!

Collective behaviour: __T
“...simple repeated interactions
between individvals can prodvce
complex adaptive patterns at the
level of the grovp.” J

Let me tell yov abovt
“Stytra” , an open-sovrce,
integrated system for
stimvl|ation, tracking and Francisco (Paco) Romero

°'°3e%"°°P behaviovral CCU, Collective
experiments | Behaviour Lab

r—

Fantastic tools to
analyse frajectories!

Teaching Assistant

g'r:'rlulu! ”‘"M Ruben Portugues

i TUM, Munich
gﬂwmﬂ’f Zenith project:

Eyes-n-tail

I T¢

Shaxbatanu Chattexjee
Sorbonne University
(Su)

Boxrmuth lab

PhD student, France

Zenith project:
Motor Leaxning

Id!



ANALYSIS OF POSTURE AND SEQUENCE GENERATION

“The Wyart lab has implemented methods to rl. Complex and naturalistic

analyse long term dynamics of zebrafish.

i-«by eye».
Most of ovr

animal behaviour consists
Let’s hear about it!? of sequences of discrete
actions that cannot be only
quantified manvally

behaviours are
 Semi-avtomatic.

Gautam Sxidhax

Without being conscious Institut du Cerveau (ICM)
abovut it, we perform Wyart lab
recurrent sequences of PhD Student, France
behaviour. Zenith project:

e Navigation

Clairxe Wyaxt

Institut du
Cexveau (ICM)

Zenith project:
Inner-states
Navigation

=t

We can observe |arval
Zebrafish to analyze
their behaviovr and |earn
how basic sequences are
implemented to novigofe
in space.

S 4

2.
By applyins a method th
models behaviovr |ike
languoge,\me can detect
these sequences like
finding words from
L:hsfring of characters.

n

J

3.
This can be vsed to find
stereotypical behaviour in
larval Zzebrafish without
applying knowledge of the
stimuvlus, like when the fish

C:pfures prey.

~




VOCALIZATION & SCHOOLING IN DANIONELLA

“Zenith is not only about zebrafish,

we also explore

the power of

Danionella! Let’s |isten to the

Judkewitz |ab.”

Benjamin
Judkewitz

Charité, Berlin

Zenith project:
vocalization

5

Danionella are
social animals and
they can vse souvnd
to communicate with
each other

/

These sounds are
composed of rapid
clicks prodvced at
60 ofr 120 HzZ

%)

The clicks are
very‘oud.

Dve to the small size of

the tank and the long

wavelenpth of the sounds,
the structure of individval

clicks is dominated by

echoes from the tank walls. % |

The impedance mismatch at
the interface between air
and water means boundary
acts like mirror and more
than 99% of the souvund is
reflected but you can hear
the fish if yov stand near
the tank.




VESTIBULAR-DRIVEN BEHAVIOURS

Behaviouvurs are recorded

“The Bormuth lab combines optical developments, with high speed cameras

enetics and nevro-compvtation to obtain insights

into the activity of brain-wide nevral circvits that Brains are recorded

ptocess multisensory information.” with powerful
microscopes
LED watl. AGUARIYM
™
) Hotor(12v)

We |ook at the response
of zebrafish to changin
vestibvlar stimul|i - both in
their brains & in behaviovr

Volkex Boxmuth ™
Very simple DIY

Sorxbonne .

. : xperimental setups
University (SU), expe ¢ I'se ?P
Paris can reveal behaviovral

nvances

Zenith project:
Motoxr Learning

M We can, for example find ' Matteo Dommanget-Kott
out how drunk fish react to SU, Boxmuth lab

1 their world rofofing fast! Teaching Assistant




SOCIAL BEHAVIOUR ESSAYS

“Tom Ryan will talk to vs abouvt:
Social preference in advlt

Zebrafish, Social cves and the
Onfogeny of social behaviouvr”

Simple to more complex
social behaviovrs:

‘// { 1. Social
] preference
—ai \

Zebrafish are
social animals!

1]
j__ﬁ | Lo sehesiing , \[

LESilg |
Tom Ryan I ¥ Age ressm

UCL, Dreosti 1lab \\ %\

Teaching Assistant

A TS - [y |




ROTATING STATIONS FOR PROJECTS ANALYSIS OF BOUT SEQUENCES USING BASS DURING NAVIGATION

Gavtam already talked

about this, but “BASS” is

an vnsupervised algorithm

to efficiently identify

and sepment conserved
behavioural action sequences

Tail angle(9)
o &

transiently occurring in long
behoviourolrecordings. \5}

SOCIAL PREFERENCE ASSAY
FOR JUVENILE FISH

Faustine Ginoux

Institut du Cerveau
(ICM)

Wyart Lab

Teaching Assistant

Favstine and Gavtam

Sadiq Adedayo helped vs dive into BASS
University of Vienna and defecfi"g sequences
Grosse-Wentrup lab of actions in ovr own
PhD student, Austria datasets!

Zenith project:
Modelling Behaviour



ZEBRAZOOM TRACKING SOFTWARE

ZebraZoom can be vsed to track I

the head and tail of freely

Sswimmin

and of head-embedded
larval and advlt zebrafish.

We track the head and
tail of larval zebrafish
in order to analyze the
fine kinematics of |larval

Zebrafish.

Id

Oliviex Mirat
Institut du
Cexrveau (ICM)
Wyart lab

Teaching
Assistant

Zebrafish |larvae are small
and we can therefore

look at hundreds of
animals, doing hundreds
of thousands of |locomotor
episodes.

T

fP:arvoIZebraFish perform
extremely fast escape in
response to acousto-vestibular
stimuli that we frigger with
large microphones.

- J

kf_‘ —
In order to Jearn the

role of penes involved
in pcfhologies in humans
{ svuch as Parkinson’s
Disease in

hvumans.

Mahalakshmi
Dhanasekax
Institut du
Cexveau (ICM)
. Wyart lab
_ \ Teaching

Assistant

We analyze the kinematic
defects in mutants of
important genes whose
function is vnknown in

humans.




ALL PARTICIPANTS

ZENITH Students ZENITH PIs CCU Scientific Platform Coordinators
Pedro Garxcia Da Silva

Alizée Kastler Mike Orger Ana Catarina Certal

Chung Yuen (Joe) Chan Claire Wyart

Tanita Tzotzolaki Dave Lyons (xemote) CCU Fish Platform

Tahnee Mackensen Filippo Del Bene Joana Monteiro

Verity Cook Manuel Irimia Inés Oliveira

Elena Putti Isaac Bianco Olivia Knight

Giulia Zuccarini Ruben Portugues

Philipp Braaker Benjamin Judkewitz CCU Teaching Lab and Classroom support

Xinyu (Cilia) Jia Volker Bormuth Teresa Dias

Thomas Soares Mullen Joao Frazao

Sharxbatanu Chatterjee Rita Vozone

Shuhong Huang

Sadiq Adedayo CCU Head of Imaging and Microscopy Platform

Gautam Sridharx Davide Accardi

Edouaxrd Dumon
CCU Multimedia and AV support
Alexandre Azinheira
TAs, Guests & Support Staff CCU Events and General support
Joao Cruz
Ana Casaca
Anténio José Monteiro

Faustine Ginoux (Wyaxt lab)
Mahalakshmi Dhanasekaxr (Wyaxt lab)
Olivier Mirat (Wyaxt lab)

Paride Antinucci (Bianco lab)
Matteo Dommanget-Kott (Boxmuth lab)
Virginia Paliexi (Poxtugues lab)
Emanuele Paoli (Poxrtugues lab)

Tom Ryan (Dreosti lab)

Victor Ordonez (ZeClinics)
Francisco Romero (Paco) (CCU)
Adxien Jouaxy (CCU)

Sabine Renningexr (CCU)

Alexandre Laborde (CCU)

Elena Hindingexr (CCU)

Lucas Martins (CCU)

Pedro Tomas Silva (CCU)

Aaxon Ostrovsky (CCU)

Caroline Austermeier (3i) .
Olivier Wyart (Headquarxter) Z e n lt h

Joana Guedes (Wyaxt lab)
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THE ZENITH PHD PROGRAM TRAINS A NEW GENARATION OF
NEUROSCIENTISTS IN CUTTING-EDGE APPROACHES

THAT BRIDGE BIOLOGY, PHYSICS, AND MATHEMATICS

TO UNCOVER THE MYSTERIES OF BRAIN FORMATION

AND FUNCTION.

FOR MORE INFORMATION VISIT
WWW.ZENITH-ETN.COM
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DESIGN GRAPHIC & ILLUSTRATIONS: WWW.HEADQUARTER.PARIS



