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schematic



aim
given only a set ofluorescencéraces collected
simultaneously from a small (eg 100 neurons)
population of neurons, obtain tlsgike traindor each of

the neurons, and theffective connectivity matrifor the
observed population.



-

steps
Image a population of neurons using calcium
segment image into regions-of-interest (ROI)
extract fluorescence traces from each ROI

Infer spike trains from neural populations usin@st
non-negative deconvolution algorithm [1], and refine
Inference usingequential monte carimethods [2]

Infer effective connectivity matrigiven the spike
trains using a specializedockwise
Metropolis-within-Gibbssampler [3]

confirm sign of neurons comparing wilenetically
labeledinhibitory neurons [4]



generative model
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fast filter

ni = argmaxP[n;|Fi; 6] = argmaxP[F;|ni; 6] P[n;j|6i]

nj (t)>0Vvt N (t)>0WVt
we use annterior pointmethod to impose the
non-negativity constraint. since thisasncavewe can
usegradient ascerto find theoptimal solution we take
advantage of th&idiagonal Hessiaand usegaussian
eliminationto evaluate each newton step. parameters are

estimated from the data using a pseadpectation
maximizationalgorithm.



smc filter

nj (t) = argmax P[n; (t)|F; 0]
ni (t)e{0,1)

P[Xi, Fil = P[X;i (O] ] | PIXi ®)1Xi (t — DIP[Fi (t)[X; (t)]
t

because we haveladden markov modake use a
forward-backward algorithrto infer the desired posterior
probabilities. because we don’t know how to solve the
Integrals, we approximate them usisgquential monte
carlo(aka, smc or particle filter). parameters are
estimated (from the data) usingeapectation
maximizationalgorithm.




effective connectivity inference

W = argmaxP[X|F; 4] ~ H P[Xi|Fi; 6]
we{0,1} i

to obtainP[X|F; 8], we develop a specializenlockwise
Metropolis-within-Gibbssampler. for more efficient (but
slightly less accurate) sampling, we approximate the joint
posterior as theroduct of marginalsto estimate the

connectivity, we impose gparse constrainvia standard
L1 penalization methods.



In vitro spike inference



In silico connectivity inference



In silico connectivity inference



In silico connectivity inference



next steps

e applying the connectivity inference teal data

e While already computational time is ondyfew
minutes per celper node on a cluster, we'd like to be
able to run thionline

e incorporatingexternal stimulugndunobserved
neurons



bibliography

[1] JT Vogelstein, B Babadi, AM Packer, T Machado, R Yuste dniaski. In
preparation. Fast spike train inference from calcium imggi
http://jovo.github.com/fast-oopsi/

[2] JT Vogelstein, BO Watson, AM Packer, R Yuste, L Paningki09. Spike
inference from calcium imaging using sequential monteoccaréthods.
Biophysical Journal, 97: 636-654ttp://jovo.github.com/smc-oopsi/

[3] Y Mishchenko, JT Vogelstein, L Paninski. In press. A Bsig® approach
for inferring neuronal connectivity from calcium fluorest@naging data.
Annals of Applied Statisticaattp://jovo.github.com/pop-oopsi/

[4] AA Oliva Jr, M Jiang, T Lam, KL Smith, JW Swann. 200. Novel
hippocampal interneuronal subtypes indentified usingstganic mice that
express green fluorescent protein in GABAergic internesirdriNeurosci,

20:3354:3368.



acknowledgements

The authors thank V. Bonin for helpful discussions and ptiogg some of the
data. Support for JTV was provided by NIDCD DC00109. LP isparped
by an NSF CAREER award and by an Alfred P. Sloan Researchvsdlip
and the McKnight Scholar Award. RY’s laboratory was supgoiby grant
EY11787 from the NEI and by the Kavli Institute for Brain Suoe at
Columbia University. LP and RY are jointly supported by N$&-0904353.



