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Manifold logic. Diagram of the manifold structure with location of the six 3-way valves, and

corresponding control table.



Supplementary Figure 2
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lllumination modes. In transmission mode (bright field) the animal and the dye appear darker than the
background while in scattering mode (dark field) the animal and the dye appear lighter than the
background.



Supplementary Figure 3
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Absence of preference for one side of the setup. Time-based preference index of larval and juvenile
zebrafish computed during the control phase of several experiments (n= 126 and 178, respectively).
During these phases, the fish has not been in contact with the dye or any chemical.



Supplementary Figure 4
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The automated canonical protocols available in the setup. Any combination of these protocols can
be used, leading to great versatility.



Supplementary Figure 5
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Absence of preference for the dye. Time-based preference index displayed for the first (blue) and
second exposure (orange) of the dye (n=25 juvenile zebrafish). No preference bias is observed (mean
preference index: -0.05) and the distributions between exposures are not statistically different (Wilcoxon
signed-rank test, p>5%).
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Zebrafish larvae are repulsed by citric acid. Time-based preference index as a function of CA
concentration.



Supplementary Figure 7
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Distributions of kinematic parameters with and without citric acid. Distributions of times (¢z, top,
seconds), distances (Jr, middle, millimeters) and angular reorientation (06, bottom, radians) between
successive swim bouts. The subtrajectories are pooled by condition: during the first 15 minutes of each
trials (control) there is no dye and no product and the subtrajectories are delimited by the test chamber’s
middle line. During infusion, subtrajectories in the buffer and product side are isolated and pooled
together. No systematic effect of the concentration can be observed, suggesting that the differences
between distributions are due to the finite sample sizes.
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Zebrafish larvae are repulsed by ATP. Time-based preference index as a function of ATP
concentration.
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Difference between explorative and exploitative fish. Average probabilities p_1 b_1 p_2 and b_2 for

explorative and exploitative fish. Error bars: s.e.m.



Supplementary Figure 10
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(D Laser-cut acrylic plate . x . mm (2) Openbuilds V-Slot 20 x 60 x 250mm (1)

@ Power supply (1) @ Roller micro switch (2) @ Openbuilds lock collar 8mm (2)
@ Openbuilds V-Slot 20 x 20 x 250mm (9) 3D printed binding comb holder (3) @ Openbuilds 8mm lead screw (1)
@ Openbuilds 90 hidden tee nut (10) Camera - FLIR Chameleon3 (1) @ Openbuilds anti backlash nut block (1)
® Openbuilds angle corner connector (2) @) High-pass IR filter, D=20mm (2) Shaft coupler 5 x 8mm (1)

(6) 3D printed PCB holder (1) (@) Navitar NMV-2514 lens (1) (35) 40mm spacer (3)

@ PCB / electronics (1) @ 3D printed camera holder (1) Laser-cut custom adapter (1)
Openbuilds quad tee nut (4) @) Openbuilds low profile M5 screw (4) (3) NEMA17 with 26.85:1 gearbox (1)
® Openbuilds V-Slot 20 x 20 x 750mm (2) @) 6mm spacer (8) 3D printed rotating connectors (4)
3D printed manifolds (4) @Openbuilds Xtreme solid V bearing (4) Makerbeam 10 x 10 x 100 mm (2)
@ 3-way microvalves (6) @ Openbuilds Xtreme solid V wheel (4) Makerbeam right angle bracket (8)
@ Luer stub 18ga x 12mm (4) @Openbuilds nylon insert lock nut M5 (4) Makerbeam 10 x 10 x 200 mm (2)
@ Plastipak 60mL centered Luer lock (4) Openbuilds threaded rod plate (2) Raspberry Pi 4 model B (1)

3D printed syringe holder (6) Ball bearing 8 x 16 x 5mm (2) Raspberry Pi display driver kit (1)
(@) Openbuilds V-Slot gantry plate (2) G Openbuilds shim washer 8mm (2) Raspberry Pi LCD screen (1)

Blueprints of the general structure. a General view. b-g Exploded views of the backbone (b), syringe
driver (c), camera holder (d), wheel assembly (e), translation stage (f) and computer and display module

(9)-



Supplementary Figure 11

@ MakerBeam 300mm (4)

@ MakerBeam 150mm (9)

@ MakerBeam 100mm (6)

@ MakerBeam 40mm (4)

@ MakerBeam 90° bracket (4)

@ MakerBeam right angle bracket (2)
(1) MakerBeam corner bracket (2)
MakerBeam corner cube (6)

® Black-painted 3mm plywood (9)
High-pass visible filter, 60x80 mm
@) Tubing

@) Millifluidic chip

@ 5mm spacer (4)

Transparent holding plate

@) Diffuser holding plate
lllumination diffuser

(D) Visible LED (white)

Infrared LED (850nm)

Blueprints of the illumination box and millifluidic chip. a General view. b Exploded view with parts

annotation.



Supplementary Movie 1

Multi-species behavioral assay. Compilation of short sequences of zebrafish Danio Rerio (larval and
juvenile) and Danionella translucida (juvenile and adult) in the Dual behavioral assay.



Supplementary table 1: Bill of materials

Category Manufacturer |[Description Link | Qty U.P.
RASPBERRY PI 4 model B / 4GB Link 1 44,84 €
Raspberry Pi  [RPI USB-C POWER SUPPLY BLACK EU Link 1 6,52 €
. RASPBERRY PI 7" TOUCH SCREEN LCD Link 1 48,92 €
Corsair Flash Voyager GTX USB 3.1 128 Go Link 1 4557 €
FLIR Chameleon3 Camera (CM3-U3-13Y3M-CS) Link 1 | 285,00 €
USB 3.1 Locking Cable Link 1 8,00 €
Optics Thor Labs MVL25M23 - 25 mm EFL, /1.4, for 2/3" C-Mount Link 1 | 192,80 €
GoodFellow ME303007 PMMA 0,5mm - IR transp. (80x60cm rect. + @20mm disk) Link 1 12,62 €
Mouser LED infrarouge 897-LZ440R608 Link 1 17,69 €
Coolbox ATX Power supply 500W Basic Link 1 20,35 €
PCBWay Custom PCB Link 1 3,93 €
Arduino Arduino nano 3.1 Link 1 16,52 €
Big easy driver Link 1 16,90 €
Sparkfun ATX Power Supply Connector - Right Angle Link 1 1,65 €
Female header Link 2 1,27 €
New Japan Radio INJM2670D2 Link 4 2,76 €
Eloctronics Lite-on LED through-hole green Link 7 0,09 €
LED through-hole yellow Link 4 0,09€
Bourns Potentiometer 1 kohms Link 2 0,68 €
Phoenix contact 2-wires connector Link 8 1,29 €
4-wires connector Link 1 2,68 €
Knitter 3-way switch Link 1 0,94 €
Resistance through-hole 5600hms Link 10 0,09 €
Yageo Resistance through-hole 2200hms Link 2 0,09€
Resistance through-hole 1kOhms Link 1 0,09 €
V-Slot® 20x20 Linear Rail (1000m) Link 2 9,04 €
V-Slot® 20x20 Linear Rail (250mm) Link 7 2,78 €
Structure Openbuilds Cast Acryllc plate Link 2 710¢€
Black Angle Corner Connector Link 2 2,53€
Quad Tee Nut - MAKERLINK Link 4 0,76 €
90 Hidden Tee Nut - MAKERLINK Link 10 0,85 €
OpenBuilds V-Slot Linear Actuator Link 1 111,88 €
Phidgets 42STH38 NEMA-17 Bipolar Stepper with 26.85:1 Gearbox | Link 1 42,78 €
Syringe pump Sparkfun Microswitch - SPDT (Roller Lever) Link 2 1,06 €
Instech Luer stubs (LS18 - 18ga x 1/2") Link 6 0,42 €
BD plastipak  |50mL syringes with Luer lock Link 6 0,44 €
Manifold The Lee Company |Electrovalve LHDA0531115H ink 6 | 65,16¢€



https://www.digikey.fr/product-detail/en/raspberry-pi/RASPBERRY-PI-4B-4GB/1690-RASPBERRYPI4B-4GB-ND/10258781
https://www.digikey.fr/product-detail/en/raspberry-pi/RPI-USB-C-POWER-SUPPLY-BLACK-EU/1690-RPIUSB-CPOWERSUPPLYBLACKEU-ND/10258762
https://www.digikey.fr/product-detail/en/raspberry-pi/8997466/1690-1007-ND/6152806
https://www.amazon.com/gp/product/B079NVJPKV/ref=as_li_ss_tl?ie=UTF8&psc=1&linkCode=ll1&tag=mmjjg-20&linkId=b00538595d19e1b64dd57f95b5f96464&language=en_US
https://www.flir.eu/products/chameleon3-usb3/?model=CM3-U3-13Y3M-CS
https://www.flir.eu/products/usb-3.1-locking-cable/
https://www.thorlabs.com/thorproduct.cfm?partnumber=MVL25M23
http://www.goodfellow.com/catalogue/GFCat4I.php?ewd_token=ZBWBNWRJK2dRN6uzLIcS7pkgeMfcLs&n=IsIwONif4PGrb5LPpQINeseRKuBfjt
https://www.mouser.fr/ProductDetail/LED-Engin/LZ4-40R608-0000/?qs=%2Fha2pyFaduhDmSY2qnnGrKzXdtYIL1eyG74jTb%2FD%2F3UpDoDHBD9pag%3D%3D
https://www.amazon.fr/CoolBox-Basic-500GR-dalimentation-d%C3%A9nergie/dp/B07Q27K5FG/ref=sr_1_26?__mk_fr_FR=%C3%85M%C3%85%C5%BD%C3%95%C3%91&dchild=1&keywords=ATX&qid=1610487067&sr=8-26
https://www.pcbway.com/
https://www.mouser.fr/ProductDetail/DFRobot/DFR0010/?qs=%2Fha2pyFaduiX3PyRmisFChhoUL%252BVZN9%2F%252BVWrt9mXWdewSByeQjzHxYWSaQU81Mru
https://www.mouser.fr/ProductDetail/SparkFun/ROB-12859?qs=WyAARYrbSnaBJiSMLT5rEA==
https://www.mouser.fr/ProductDetail/SparkFun/PRT-09498/?qs=%2Fha2pyFaduhW%2Fk%2FYYulWfgcGMsVGjnP%2FmtlpusnfoYyIfLNVPPCOXA%3D%3D
https://www.mouser.fr/ProductDetail/SparkFun/PRT-00115?qs=WyAARYrbSnbK8S6xiDKwZg%3D%3D
https://www.mouser.fr/ProductDetail/NJR/NJM2670D2?qs=tYyxAep4siY16iJRJ0mS7g%3D%3D
https://www.mouser.fr/ProductDetail/Lite-On/LTL2R3KGD-EM/?qs=%2Fha2pyFadugXMD47pwrpG29smgGWdP2La%2FaTBxDFWqLRQ7kJEaQjSQ%3D%3D
https://www.mouser.fr/ProductDetail/Lite-On/LTL2R3KYD-EM/?qs=%2Fha2pyFadugXMD47pwrpG5nI0v%2F79MjXvjCtbc3mRIxUSzQHcaojhw%3D%3D
https://www.mouser.fr/ProductDetail/Bourns/PTV09A-4020U-B102/?qs=%2Fha2pyFaduiIxNm77rD%2F7urW5ohXt6T1K3yqRsT2K02xNsJ1TH%2F1Y2k6ZdDboAbC
https://www.mouser.fr/ProductDetail/Phoenix-Contact/1725656/?qs=%2Fha2pyFadug5do2T4X2cVmI%252BEJ6jdPhGQa%252BzqNMd94s%3D
https://www.mouser.fr/ProductDetail/Phoenix-Contact/1725672/?qs=%2Fha2pyFadug5do2T4X2cVsn4pI99S0GOyCBP73LU1c8%3D
https://fr.rs-online.com/web/p/interrupteurs-a-glissiere/7023634/
https://www.mouser.fr/ProductDetail/Yageo/CFR-25JT-52-560R/?qs=KUIzHt%2Fe91mnjLaCZK7hbg%3D%3D
https://www.mouser.fr/ProductDetail/Yageo/CFR-25GB-43R/?qs=GedFDFLaBXEnq5F2N0SwnA%3D%3D
https://www.mouser.fr/ProductDetail/Yageo/CFR-12JR-52-1K/?qs=19cKSROHwrCNx0OyyGmZDA%3D%3D
https://openbuildspartstore.com/v-slot-20x20-linear-rail/
https://openbuildspartstore.com/v-slot-20x20-linear-rail/
https://openbuildspartstore.com/cast-acrylic-black/
https://openbuildspartstore.com/black-angle-corner-connector/
https://openbuildspartstore.com/quad-tee-nut-makerlink-10-pack/
https://openbuildspartstore.com/90-hidden-tee-nut-makerlink-10-pack/
https://openbuildspartstore.com/v-slot-nema-23-linear-actuator-bundle-lead-screw/?setCurrencyId=2
https://www.robotshop.com/be/fr/moteur-bipolaire-engrenages-planetaires-12v-17a-416oz.html
https://www.mouser.fr/ProductDetail/SparkFun/COM-13119/?qs=%2Fha2pyFadugtf3NEYaGMqIQv8hYqR0kPsNzGF7w30hU9Iz6LnX1v6Q%3D%3D
https://www.instechlabs.com/products/tubing-connectors-pinports/connectors/luer-stubs-blunt-needles
https://www.pharma-gdd.com/fr/bd-plastipak-seringues-3-pieces-50-ml
https://www.theleeco.com/products/electro-fluidic-systems/solenoid-valves/control-valves/lhd-series/3-port/ported/

VWR Tubing (Tygon AAD04133, ID 0.05" - OD 0.09") Link 1 9,43 €
MakerBeam - 10x10mm aluminum profile 300mm Link 4 2,38 €
MakerBeam - 10x10mm aluminum profile 200mm Link 2 1,53 €
MakerBeam - 10x10mm aluminum profile 100mm Link 6 0,77 €
MakerBeam - 10x10mm aluminum profile 60mm Link 6 0,53 €
Box MakerBeam - 10x10mm aluminum profile Corner cubes Link 6 1,25 €
& Makerbeam
Screen holder MakerBeam - 10x10mm aluminum profile Right angle Link 6 058 €
brackets —
MakerBeam - 10x10mm aluminum profile 90 degree Link 6 058 €
brackets
MakerBeam - 10x10mm aluminum profile 45 degree Link 4 058 €
brackets —
- 3D printed parts (Prusa MK3) - 15 9,00 €
Custom parts
- Lasercut parts (Full spectrum laser PS20) - 3 1,25 €
TOTAL|1430,12 €



https://fr.vwr.com/store/product/12566338/medical-tubing-tygon-nd-100-80
https://www.makerbeam.com/makerbeam-300mm-4p-black-makerbeam.html?id=24117367
https://www.makerbeam.com/makerbeam-200mm-8p-black-makerbeam.html?id=24117363
https://www.makerbeam.com/makerbeam-100mm-16p-black-makerbeam.html?id=24117355
https://www.makerbeam.com/makerbeam-60mm-8p-black-makerbeam.html?id=24117255
https://www.makerbeam.com/makerbeam-corner-cubes-12p-black-for-makerbeam.html?id=24117589
https://www.makerbeam.com/makerbeam-right-angle-brackets-12p.html?id=24117665
https://www.makerbeam.com/makerbeam-90-degree-brackets-12p.html?id=24117637
https://www.makerbeam.com/makerbeam-45-degree-brackets-12p-for-makerbeam.html?id=24117615

Protocol implementation

Protocols are contained in text files that the Dual software can interpret to control the setup. Following
standardized commands, one can build a custom experimental protocol by controlling the camera
acquisition, valve manifolds, and infusion speed (i.e. the flow rate).

Here is a typical preference protocol file with alternated exposures to buffer on both sides and product on
one side, followed by a quick cleaning of the setup:

#

# PROTOCOL: BUFFER - LEFT - BUFFER - RIGHT

#

# -—— Header -—-———--————————————————————————————

print:Starting protocol BRBL
data:create directory
camera:start

# ——— BUFFER CYCLE ————————————mmmmmm oo

# -—— Fill

camera:comment:Filling (buffer cycle)
switch:L:Buffer

switch:R:Buffer

switch:T:Trash

wait:5000

run:down:1500

# —-—-- Infuse

wait:5000

camera:comment:Infusing (buffer cycle)
switch:L:Circuit

switch:R:Circuit

switch:T:Circuit

wait:5000

run:up:10000

# ——— LEFT CYCLE ———-———————mm oo
# -—— Fill
wait:5000

camera:comment:Filling (left cycle)
switch:L:Stimulus

switch:R:Buffer

switch:T:Trash

wait:5000

run:down:1500

# --- Infuse

wait:5000

camera:comment:Infusing (left cycle)
switch:L:Circuit

switch:R:Circuit

switch:T:Circuit

wait:5000



run:up:10000

# ——- BUFFER CYCLE —-——-———————————— o=
# -—— Fill
wait:5000

camera:comment:Filling (buffer cycle)
switch:L:Buffer

switch:R:Buffer

switch:T:Trash

wait:5000

run:down:1500

# --- Infuse

wait:5000

camera:comment:Infusing (buffer cycle)
switch:L:Circuit

switch:R:Circuit

switch:T:Circuit

wait:5000

run:up:10000

# ——= RIGHT CYCLE —————-———————————m——m
# --——- Fill
wait:5000

camera:comment:Filling (right cycle)
switch:L:Buffer

switch:R:Stimulus

switch:T:Trash

wait:5000

run:down:1500

# -—- Infuse

wait:5000

camera:comment:Infusing (right cycle)
switch:L:Circuit

switch:R:Circuit

switch:T:Circuit

wait:5000

run:up:10000

# -—- Footer --—-———--————————————— -

wait:5000
camera:stop

# —--— Clean
switch:L:Buffer
switch:R:Buffer
switch:T:Trash
wait:5000

run:down:1500:for:10000
switch:L:Circuit
switch:R:Circuit
switch:T:Circuit



wait:5000

run:up:10000

# —--- Reset valves in default state

wait:5000

switch:L:Buffer
switch:R:Buffer
switch:T:Trash

print:Protocol ended

Here is a list of the available commands:

Category |Command Values Description
Display ([print:msg string Print the message msg in the user interface
Create a directory for storing the data of the
, current run. The path is automatically set
Data data:create directory ]
with the data rooth path, the date and run
number.
camera:state state={start,stop} Define the recording state
Insert a message msg inside the current
Camera , image and append the Milestone.txt file with
camera:comment:msg snmg . « . i
a line “Frame number \t TimeStamp in
nanoseconds \t msg”
lllumination|light: type: status type={VIS,IR}, status={ON,OFF}|Set the illumination LEDs status
switch:L:mode mode={Buffer,Stimulus,Circuit} |Switch the top left syringe's mode
Valves |switch:R:mode mode={Buffer,Stimulus,Circuit} [Switch the top right syringe's mode
switch:T:mode mode={Trash,Circuit} Switch the two bottom syringes' mode
Run the motor in a given direction with a
run:dir:period dir={up,down}, integer velocity defined by the step period, in
milliseconds
Motor |run:stop - Stop the motor
Run the motor in a given direction with a
run:dir:period: for: time |dir={up,down}, integer, integer |velocity defined by the step period for a
given duration time, in milliseconds
. . . Delay the execution of the next command by
wait:time integer . . . -
a given time, in millisecond
Debugging

blink:status

status={ON,OFF}

Set the LED status on the PCB to blink if the
corresponding valve is switched




