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(Figure 9G,H), consistent with the suppression of coiling behaviour upon prolonged illumination of 297 

GtACR-expressing embryos (Figure 6). 298 

Discussion  299 

In this study, we generated a set of stable transgenic lines for GAL4/UAS -mediated opsin 300 

expression in zebrafish and evaluated their efficacy in controlling neural activity in vivo. H igh-301 

throughput behavioural assays  and whole-cell electrophysiological recordings  provided 302 

complementary insights to guide tool selection  (Figure 10). Behavioural assays enabled efficient 303 

evaluation of opsin lines in various sensory and motor cell types and revealed developmental stage-304 

specific effects in intact neural populations . Electrophysiological recordings from single motor 305 

neurons afforded quantification  of photocurrent s and systematic evaluation of the ability of these 306 

optogenetic tools to elicit or silence activity at single action potential  resolution . 307 

An in vivo  platform for opsin  tool  selection 308 

The selection of optogenetic actuators should be based on their  ability to reliably control neural 309 

activity  in vivo. While  previous efforts compared opsin efficacy using transient expression strategies 310 

[e.g. through viral or plasmid -mediated opsin gene delivery , see Mattis  et al. (2011) and 311 

Introduction ], here we calibrated opsin effects in stable transgenic lines, which offer more 312 

reproducible expression across experiments and laboratories (Kikuta and Kawakami, 2009; Yizhar  et 313 

al., 2011). Overall, t here was good qualitative agreement between behavioural and 314 

electrophysiological results, with  efficacy in behavioural assays (even with transient expression) 315 

largely predicting rank order in photocurrent amplitudes . This illustrates the utility of high -316 

throughput behavioural assays for rapid evaluation and selection  of expression constructs prior to 317 

more time-consuming generation and characterisation of stable lines and electrophysiological 318 

calibration. We observed broad variation in efficacy across lines, likely attributable to differences in 319 

both the intrinsic properties of the opsin as well as variation in expression and membrane targeting. 320 

Membrane trafficking can also be influenced by the fluorescent protein fused to the actuator  321 

(Arrenberg  et al., 2009). In our hands, we observed better expression with the tdTomato fusion 322 

reported here than with previous attempts using a tagRFP fusion protein. In the future, expression 323 

might  be further  improved through codon  optimisation (Horstick  et al., 2015), trafficking -enhancing 324 

sequences (Gradinaru  et al., 2010; Mattis et al., 2011), alternative expression targeting  systems (Luo  et 325 

al., 2008; Sjulson et al., 2016) and optimi sation of the fluorescent reporter protein . 326 

Behavioural and electrophysiological readouts complemented one another and enriched the 327 

interpretation  of our results. Electrophysiological recordings in a defined cell type allowed direct 328 

and comparative calibration  of photocurrents. Although several opsin lines did not evoke action 329 

potentials in low -input -resistance pMNs , behavioural  assays showed that all lines induced tail 330 

movements in larvae. This is likely due to  recruitment of  secondary motor neurons labelled by the 331 

Tg(mnx1:GAL4) transgene, which have higher input  resistance (Menelaou and McLean, 2012). 332 

Behavioural assays at multiple ages revealed that anion channelrhodopsins can excite neurons in 333 

1 dpf embryos which was corroborated by making whole -cell recordings using a patch solution 334 
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Materials and methods  413 

Key Resources Table 

Reagent type 
(species) or 
resource 

Designation Source or 
reference 

Identifiers Additional 
information 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:ChrimsonR-
tdTomato)u328Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-2 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:Chronos-
tdTomato)u330Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-3 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:CoChR-
tdTomato)u332Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-4 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:CheRiff-
tdTomato)u334Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-5 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:GtACR1-
tdTomato)u336Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-6 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:GtACR2-
tdTomato)u338Tg 

This study 
ZFIN ID: 

ZDB-ALT-
190226-7 

Available from 
EZRC 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:eArch3.0-
eYFP)mpn120 

This study transgene Available from 
Baier lab 

Genetic 
reagent 
(Danio rerio) 

Tg(UAS:eNpHR3.0-
eYFP)mpn121 

This study transgene Available from 
Baier Lab 





https://www.anaconda.com/
http://www.ni.com/en-gb/shop/labview.html
https://uk.mathworks.com/products/matlab.html
http://www.ni.com/en-gb/shop/labview.html
https://www.graphpad.com/scientific-software/prism/
https://uk.mathworks.com/products/matlab.html
https://www.graphpad.com/scientific-software/prism/
https://www.graphpad.com/scientific-software/prism/
http://www.ni.com/en-gb/shop/labview.html
https://www.anaconda.com/
https://uk.mathworks.com/products/matlab.html
http://www.ni.com/en-gb/shop/labview.html






https://github.com/MouseLand/cellpose
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