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Optogenetics

Boyden et al (2005)

Photostimulation of microbial opsins

In green: channelrhodopsin (fused to YFP)

• non-specific cation channel, conducts K+, 

H+, Na+, Ca2+


Illumination of opsin molecules generates an 
inwards current, induces action potentials.


Just one example of an opsin — opsin 
engineering is a very active research area!



Optogenetics
Genetic targeting of opsin expression:

• soma rather than neurites

• specific cell-types  


Boyden et al (2005), Ronzitti et al (2017)
Boyden et al (2005)

Photostimulation of microbial opsins



Holographic optogenetics

Ronzitti et al (2017)

Sculpted light for cell-specific targeting

 Adesnik lab



Lerman et al (2019)

Holographic optogenetics

Sculpted light for cell-specific targeting



Optogenetic circuit mapping

Hage et al (2022), eLife

Single-target holographic 
stimulation + whole-cell 	

patch clamp



Will it scale?

Marta Gajowa (UCB)
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Hage et al (2022), eLife simulation
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Compressed sensing-based circuit mapping

Hu and Chklovskii (2009)

Model:  y = Ax

Want to minimise  such that ∥x∥0 ∥y − Ax∥2 ≤ ϵ

Instead minimise  subject to conditions on  and ∥y − Ax∥2 + γ∥x∥1 A x

Naive single-target stimulation 
would need more than 10,000 

measurements

See Donoho (2006), Candes and Tao (2006), Candes et al (2006), etc.



Hu and Chklovskii (2009), NeurIPS

See also Xue et al (2022), eLife for 1p
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Sources of variability

Hu and Chklovskii (2009), NeurIPS
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Triplett, …, Paninski 2022, bioRxiv

Variables to be inferred:

• Synaptic weights

• Presynaptic spikes

• Optogenetic “power curves”

• Electrical noise/PSC variability

• Spontaneous PSCs
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Statistical model

“Model-based” compressed sensing



Inference

Triplett, …, Paninski 2022, bioRxiv

• Many ways to perform inference (e.g., maximum likelihood, MCMC).


• We make a “variational” approximation to the posterior distribution  
 
 
for latent vars Z.


• Assume posterior factorises into a product of simple distributions 
 

• Then perform tractable updates of each factor coordinate-wise to make 
approximation as accurate as possible (e.g., in terms of KL-divergence).

  q(Z ∣ ϕ) ≈ p(Z ∣ y, x)

q(Z ∣ ϕ) = ∏
j

q(zj ∣ ϕj)



Triplett, …, Paninski 2022, bioRxiv
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Block variational 
update
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Coordinate-wise 
ELBO solution

Check biophysical 
plausibility


Isotonic

regression
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CAVIaR

(coordinate-ascent variational inference and isotonic regularisation)
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Hillel Adesnik (UCB)

Pegard et al (2017), Nat Comms

Experimental implementation

680x680x100  volume 

(5 planes)

μm3
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Leave-one-hologram-out cross-validation
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R2=0.90 Fit model to H-1 holograms (out of H total). 


Then predict response to Hth hologram 
(i.e., a combination of neurons never seen 
before).



Future directions

Rapid learning of neural circuitry from holographic ensemble stimulation enabled by model-
based compressed sensing. (2022). Triplett*, Gajowa*, …, Paninski. bioRxiv 2022.09.14.507926

Software: https://github.com/marcustriplett/circuitmap

• Subtraction of direct photocurrents


• Simultaneous calcium imaging of presynaptic activity


• Voltage imaging of pre and/or postsynaptic activity


• Online experimental design/active learning



Summary over experiments
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Optogenetic 
receptive fields

Paired patch experiment 

1. Measurements from both  
presynaptic and postsynaptic  
neurons 

2. Interleave single-target and 
ensemble stimulation 

3. Infer presynaptic spikes from 
postsynaptic measurements

Validating spike inference
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Validating spike inference


