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Fundamentals of optogenetics



Retinal mediates light sensitivity

hv



Opsins are photoreceptors

Intracellular effectors
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Development of optogenetics

Stoeckenius
1971

Nagel & Hegemann
2003

Boyden & Deisseroth
2005

Discovery of 
bacteriorhodopsin

Chlamyopsin-4 is 
a cation channel

Channelrhodopsin-2 
first used in neurons
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Nagel et al., 2003. (PNAS)



Precise control of spiking with ChR2

Boyden et al., 2005. (Nature)



A modern optogeneticist’s
toolbox



Bidirectional control using halorhodopsin

Han & Boyden, 2007. (P One)



Flavours of channel opsins

• Red-shifted opsins
• bReaChES

• Faster kinetics
• ChETA

• Inhibitory channel
• iC1C2

• Slower kinetics
• SwiChR

Berndt et al., 2014. (Science)



Complex designs using conditional expression

ChR2



Application

• Activity-dependent expression
• Manipulate populations activated by reward or punishment

Ye et al., 2016. (Cell)

Arc ERT2 Cre

Activity-
dependent
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Case-study: dissecting inputs to 
the serotonin system



Application: understanding inputs to the 
serotonin system



Application: understanding inputs to the 
serotonin system



Focus on mPFC input



Take-home message



Acknowledgements

Supervised by Jean-Claude Béïque

Lab members:
• Ginette Hupé
• Sébastien Maillé
• Michael Lynn
• Philippe Vincent-Lamarée
• Éloise Giraud
• David Lemellin
• Sean Geddes


