
Optogenetics update
A brief story about the past, present, and future of opsins in 

Neuroscience



Overview

• Historical milestones in Neuroscience Optogenetics

• Optogenetic applications in Neuroscience

• Recent advances in the optogenetic toolbox 



Definition

Optogenetics uses light to control neurons which have
been genetically modified to express light-sensitive
receptors/ion channels.



Opsins and where to find them…

Anatomy and Physiology Connexionx Web site http://cnx.org

Deisseroth, Nature Neuroscience 2015

https//ascabiologist.asu.edu



1310 docs

2005
(1doc)

Optogenetics and their impact on Neuroscience

2002
(1st doc!)

By Aksha Goyal https://www.slideshare.net

https://www.addgene.org

Pubmed NCBI



Drosophila photoreceptor genes encoding
arrestin-2, rhodopsin (formed by liganding opsin with retinal) and 
the subunit of the cognate heterotrimeric G protein - an explosive 

combination we termed
“charge”









Motor cortex stimulation to move whiskers 
(based on electrical stimulation knowledge)

1st in vivo application of optogenetics in mammals



1st biological question addressed by optogenetics

Activation of lateral hypothalamus orexin neurons



Discovery of microbial opsins
Bacterialrhodopsin (1971)
Halorhodopsin (1977,1982)

Channelrhodopsin
(1984,1991,2002)

Adaptaion
for use in 

NEURONS
(2002/2005)

1st in vivo 
application
in mammals

(2007) 

Extension of 
applications, circuit 

dissection, tool 
refinement

A brief history of Optogenetics in Neuroscience



Combination of Optogenetics with other methods



Food zone vs drink zone

Gamma band (60-90Hz)



Conclusion: Identification circuit mPFC LS  LH  food seeking





Transcranial optogenetic activation does not require fiber implants



Transcranial optogenetics in translational settings

PV specific all GABAergic





New tools for optogenetic inhibition of axonal projections 



240 ms latencyPair-pulse facilitation  short term synaptic plasticity Inhibition of IPSCs

eOPN3 inhibition in cultured electroporated hippocampal cultures



eOPN3 induces long-lasting reversible axonal inhibition
Organotypic slice cultures CA1-CA3 pairs ( single cell electroporation) 

Top: CA3 APs

Bottom: CA1 EPSCs

Organotypic slice cultures CA3 axons in CA1  (AAV injection) 



eOPN3 in vivo validation 

Same phenotype in 6-OHDA PD 
mouse model



Outlook
• Potential pitfalls
- Temporal/spatial precision 
- Light penetration depth
- Off target effects (signaling 
cascades, heating, epigenetics)
- In vivo compensation 
- Construct delivery for 
translational use

• Future perspectives
- Tools development 
(compartments, red shifting)
- Integration with other (optical) 
methods 
- Translational use (cell-type 
specific)
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