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Initial motivations

Interested in developing an experimental model to monitor the early
development of neural circuits in the brain, both structurally and
functionally in order to understand

General rules Circuit - Behavior Perturbation
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The larval zebrafish
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Monitoring neuronal activity

Transgenic fish line from the Ahrens Lab

»
3
»

.

.
1
” '.‘J. .
-

..:."..‘.' : -,y

o "_".,-"' A
5

elavl3:GCaMP5G elavi3:H2B-GCaMP6s

Ahrens et al. (2013) Nat Methods 10
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Rich behavior

Prey

Example behavior:
Prey detection

Software &
experimental toolkits

Semmelhack et al. (2014). eLife 3
Guilbeault et al. (2021) Sci Rep 11

P L L kL y A ——

- -
- -

-
// Compatible Camera Interfaces \\ ’ Tracking Pipeline

! CameraLink frame grabber Gig-E USB3.0

single or dual tap =)

-

Behavioural Assays

\
Single free-swimming fish \
tracking with open-loop
stimulation

~

“~ 1 IR Filter
1 -

tracking

Multi-animal free-swimming - l S

Multiple head-fixed fish C Ola—
tracking in 1D and 20 X
closed-loop virtual reality Mirror

Muiti-well plate tracking
with optogenetic stimulation IR LED

Single head-fixed fish with Array

e

d-loop visual fi '
and calcium imaging 1 P
’
et e 2 S DLP Projector
P e s
4 Visual Stimulus Library
Optomotor Looming Single -
gratings dot prey e

[ !

Video Sackground .. Blnary Centroid  Tail Points

\
\ ! !
'. 1 footage subtraction  threshold :
1 1
1 I —— R— — —— :
1 | '
1 ! 1
1 : M
!
/ : Free Swimming Head-fixed :
1 Virtual Open-Loop Closed-Loop :
: Behavioural Behavioural 1
| tracking tracking :
: Calculate position & e Calculate 1
') , heading angle v tail curvature :
i i S
Estimate position |
AX 1 heading angle
AY 1
AXAY 1
Ae A8 1
B e’ :
Update stimulus Update stimulus |
Y \ / |
& Stimulation Stimulation /
/
\I ____________________________ B 4
]
/ ” A i Fe e B o R T - \\
(“_/ External Device Communication 1
1
1
3 2 Inputs Outputs 1
+ ~~<_ Arduino 1
II ‘\ Calcium imaging triggers Optogenetic stimuluation :
] “ Electrophysiology triggers Audio stimulation 1
" |‘ Arduino hardware sensors Electrical stimulation :
] \ 1
1 N ™ g
N N ——— —
1
1
1
1
)
’
5



Experimental framework




Experimental setup

2-photon microscope
Excitation A = 940 nm

Agarose

A =860 nm LEDs

Thanks to Ed Ruthazer and Cynthia Solek for helping us getting started

Neurophotonics Summer School at CERVO



Resonant two-photon imaging

A =860 nm

Anatomical stack (~250 planes) Functional imaging (single plane 30 Hz)-



.

Agsonant tWO_Qthoﬁjmagmg : Speed x10 f"

-
»
»

v




Whole-brain multi-plane imaging
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Whole-brain multi-plane imaging

Z axis
interpolation
for display
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Preprocessing pipeline

Raw data

Motion correction
Removing artifacts
Segmentation
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Preprocessing pipeline

Signal extraction for every individual imaging plane
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Dual registration framework

In vivo 2-photon z-stack
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Dual registration framework

In vivo 2-photon z-stack

A= 860 Nnm
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Axonal projections 69 brain regions 294 brain regions

Our data Our data

MPI Atlas (Baier Lab) Z-Brain Atlas (Engert Lab)

[1] Randlett et al. (2015) Nat Methods 12
[2] Kunst et al. (2019) Neuron 103
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Dual registration framework

In vivo 2-photon z-stack

4, A'=860 nm
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Our data Our data

MPI Atlas (Baier Lab) Z-Brain Atlas (Engert Lab)




Dual registration framework

Scale bars: 100 um

In vivo 2-photon z-stack
. A\=860nm
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N neurons

~10%

T frames
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*Neurochemical identity
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Visual Stimulation




Visual stimulation to probe neural circuits

Dark-flash stimulation
paradigm

Screen illumination

On Off On Off

* Triggers locomotion

* Navigational strategy

By turning on and off the light, the fish is constrained to

a virtual circle .

Chen & Engert (2014) Front Syst Neurosci 8



Visual stimulation to probe neural circuits
stim.sequence [ [ N NN BN BN BN BN BN BN BN

Stable response Red: Habituation”



Visual stimulation to probe neural circuits

How to identify stimulus-responsive neurons?
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Different response clusters to darkflash

Stimulus-responsive neurons Visual stim. seeuence {dark flash‘
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Different response clusters to darkflash

Stimulus-responsive neurons
Fish 1 ~_Fish2 Fish 3 ~ Fish4
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Brain Networks




Functional brain networks

Correlation matrix

R
A;; : Pearson correlation
~10%y L _ between region i and region j
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Chen et al. (2018) Neuron 100



Structural vs functional networks

Correlations generated by

4 structural links
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Structural vs functional networks

Mean functional network
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Structural vs functional networks

Mean functional network Structural connectome

r = 0.554 32



Indirect pathways explain functional connectivity

Connectome
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Modular structure of brain networks

Communities/Modules: groups of brain regions with dense internal
connections, and sparser connections between groups.
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Brain States




Finding recurring brain states

Thanks to Alex McGirr for pointing us towards this approach.

Dimensions

Labels Spine Height (Random Projections)
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Finding recurring brain states

g, Regional BOLD Regional Activation Space
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Brain states in zebrafish

Spontaneous calcium dynamics of 104 brain regions

. High activity

Moderate activity

Low activity




Brain states in zebrafish




Brain states emerge from structural modules

Brain state 0
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Brain states have distinct temporal properties
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Brain states network Adjacency matrix
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Brain state transitions to describe the healthy brain
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Outlook




Summary (work in progress)

* Neuronal correlates of trial to trial
sensory response variability

 Strong structure/function relationship in
zebrafish brain networks

e Discrete non-overlapping brain states for
characterizing spontaneous brain activity
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Future outlooks

How brain states are shaped by
* Neuromodulation

 Different conditions (stress, gut
microbiota, sleep deprivation, etc)

* Learning

Optogenetics

* Inhibit or trigger transitions between
global states
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