
Optogenetics 
 
n. genetics  A science that combines optics and genetics to 
probe neural circuits 
(Wiktionary)  
 



Early origins of optogenetics 

Purinoreceptor (must inject caged ATP) 

Expression of fly arrestin in vertebrate neurons 



Really early origins of optogenetics 

Brad Olsen 



Chlamydomonas 
reinhardtii 

Nagel, Szellas, Huhn, Kateriya, Adesshvill, Berthold, Ollig, Hegemann, Bamberg (2003) PNAS 
(ChR2 is directly light-gated, depolarizes cells when expressed in cultured cells) 

 
Boyden, Zhang, Bamberg, Nagel, Dessiroth (2005) Nat. Neuro. 

(ChR2 can be expressed in vertebrate neurons and can control activity on ms time scales) 
 

Nagel G, Brauner M, Liewald JF, Adeishvili N, Bamberg E, Gottschalk A (2005) Curr. Biol.  
(ChR2 can be used to remotely activate neurons in freely behaving nematodes) 

Suddenly, neuroscientists are interested in algae 

Thank you, green C. reinhardtii 



What do you need to do basic optogenetic  
experiments in flies? 

Transgenic flies (freely available) Inexpensive blue light source 

Pulver et al., 2011, Adv. Physiol. Edu.  
Hornstein et al., 2009, J. Vis. Exp. 
 

***Expensive 

*** 



Implementation in teaching labs 

Prepare LEDs, larvae with ChR2 in defined  
populations of neurons 

Students activate neuronal 
populations with blue light 

Students activate neuronal 
populations with blue light 
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Measure neural basis of 
ChR2 behavior responses 
(synaptic potentials at the 
neuromuscular junction) 

Observe, quantify 
behavioral responses, 
compare to controls 

Students activate neuronal 
populations with blue light 

Observe, quantify 
responses in semi-
intact preparations 



What will students see when all motor neurons are 
stimulated at once? 



Light-evoked synaptic potentials at the larval 
neuromuscular junction 

***Nuts and bolts: before poking anything, check 
for visible contractions in response to light 



Pickpocket-GAL4 expresses in larval nociceptive neurons 



Movies in  
 

Hwang et al., 2007, Curr. Biol.  
 
 

PPK neurons are necessary and sufficient for evoking a 
larval ‘nocifensive’ behavior 



Stimulation of sensory neurons in teaching labs  

ChR2 expressed in ‘nociceptive’ 
neurons 



Student-initiated analysis of behavior 



Student-initiated analysis of behavior 



Activation of sensory neurons triggers EJPs at NMJ 

***Specific mission: compare delay to first EJP in 
motor neuron vs sensory 



Rhythmic bursts of EJPs with constant stimulation 



Students: Are these exercises actually effective? 



Educators: Are these exercises actually effective? 



DISCUSSION POINTS 

• What is it about this technology that is so helpful? 

• When isn’t it helpful? What are the limitations? 

• Who made this discovery? 

• Why do we have this new technology? 


