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Abstract 1. Morphology from Imaging Data 4. Biophysical Simulation in Arbor Conclusions

Sound localization in the barn owl (Tyto alba) relies on precisely Meshes of toric spines (left) collected from EM imaging data of a barn owl ICx neuron (right). We use Arbor [6], a fast and quern multi-compartmental neuron siml_JIation sof_tware, t(_J mode_l electr_ical
tuned neurons in the inferior colliculus external nucleus (ICx) Uniquely complex morphologies, very large, and with holes! dynamics. Synapses are modeled using event-based conductance mechanisms, and integration of signals is MORPHOLOGY PROCESSING

that integrate auditory spatial cues to form a map of auditory @® analyzed in the sink. The lack of robust algorithmic processing of complex

space [1-3]. Recent work by Sanculi et al. [4] revealed the 7 \ ® Membrane potential of adjacent compartments ) _ _

presence of complex dendritic microstructures, termed toric O M / : Vi — V. 1 i, depend on electrical diffusion and dynamical morphologies into simulator-usable format has been a

spines, in space-specific neurons, suggesting that fine-scale \ e Ng Y X n CJ‘G — E J + I yn current terms, including phenomenological S|gnlf|cant VQG}d block in th? DQS'[- This project SO|V_€‘S

morphology may play a role in synaptic integration. AT N - - T J passive leak current. (Voltage-gated ion this by providing a clean pipeline that preserves high-
~
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Here, we present a computational pipeline towards building )ritfa. b \& e Ik i—k fr:‘;r;”%'ﬁ Ci?]r}uliﬁréncv'\l/i:rici but will be explored resolution topology.
morphologically-accurate, biophysically detailed models of ICx \ S S ¢ S~ AMPA d ;j ed Usi ical
newons, ncorporatng toric Spines, mplemented in the Ator e e Ln()) = gO)(V = E) - G = —g/m +Gu(t) ot ams i v ook Our Python tools for morphologies are open source
simulation environment [5]. Using high-resolution 3D ;- £y & li,zz\\, - Sy event stream a (o). and we welcome collaboration!
reconstructions, geometric skeletoniz_ation via mean-curvatlire Toric Spine ® . X v ﬁ % ( 76 toric spines O https://github.com/jmrfox/swctools
flow, and custom SWC conversion tools, we generate Toric Spine @ ‘J R identified%n this — '
compartmental models suitable for large-scale simulations of (5 '\,_.& heuron ¥  https://gitlab.com/penalab/mef2swe
synaptic input. These models are used to investigate how spine ‘xk G . . . . .
morphology influences local integration of AMPA-mediated 7 et 5 S I t g S It St I BIOPHYSICAL SIMULATION
synaptic currents. ﬁ - Im u a In Im u aneO US Im u I With this pipeline we can construct high-resolution
Integration is quantified for pairs of active synapses using a Toric Spine ® Barn owl ICX neuron | morphologically accurate biophysical simulations of
blllngar mtegratlo.n rule. We find that integration is gene.rally ‘ S < =50 individual toric spines and study their dynamical
sublinear, and thls_ doe_s not depend on the _ge_nera_llly unique E roperties with realistic svnanse and ion channel
morphology of toric spines, but range and distribution of this < For a pair of synapses (i,)) = (12)on = ~°°7 WMMW\M prop _ ynap _
nonlinearity measure varies significantly with morphology and the spine, we compute the membrane ~ 70+ models._ Arbor provides a fast and_ erX|b_Ie framework
input properties. 2 ] M ean _C u rvatu re F I OW (M C F) S ke Ieto nS potential in the sink for isolated inputs ' ' | ' ' ' for multi-compartmental neuron simulation.
This work demonstrates a scalable approach to integrating , ——— - . . — — V(1) and V(2), then compute the same - 50
detailed morphological data into functional circuit models, . Egch spine skeletonized |nd|V|duaIIy_usmg topology-preserving MCF algorlthm [CGAL]. Similar operations in large with both inputs, V(_1 +2). _This plot £ 0. INTEGRATION STUDIES
bridging microscopy and computation in auditory neuroscience. imaging software were not generally reliable for such complextopology. MCF is robust. Zr;ci\;\]/: tr:ﬁzesahr;es(tir;i?/e(rée)zs,Nistewz;t g M\ P N\ N\ P P f\ ’\M N\ p P “ [V\{\ "\ We observe general sublinear integration in all cases.
(neck) V(1 +2p) <V(D) +V(2) espegia"y A 01— ' ' ' ' ' While the observed sublinearity itself is not due to the
1 —~ | when inputs coincide. This is evidence T —50- unigue morphological structure of the toric spines, the
d I - I 4 [ Yy of sublinear integration in the system. S . characteristics of the sublinearity change with spine
M O e |ng P | pe |ne VAT/{\T/ ~ rfx\_(/ & Inout event Sweans are generated by é-m— morphology, synapse attributes and locations, and
1. Morphology from Imaging Data i | independent Poisson point processes. ‘ ' ' ' ' ' Input rates.
We began with high-resolution 3D meshes of toric spines [:7/’ In reality they are correlated, but our = 50
obtained from confocal reconstructions [4]. These meshes integration results should not depend = FUTURE RESEARCH PLANS
capture the full topology, including closed loops and fine ,A on input correlations. 3 0 = Biophysical parameters derived from [4] have large
processes. Spines and neuron shown in Section 1. ' > -704__ , . . . : uncertainty bands. Perform a systematic
éél\él:uitg\l;\;\(/:aggfpigzvgi?:rlrizr(]jsed in Arbor. NEURON 5 ° 0 0 t (ms) o0 o 1000 uncertainty quantification to measure variability of
etc.) prohibits loops, we applied a mean-curvature flow system behavior and integration results 0r_1
algorithm [CGAL]to compute a medial-axis skeleton from the parameter values (e.g., membrane capacitance).
surface mesh. This preserves local curvature and topological = Explore the effects of voltage-gated ion channels
features while ensuring geometric consistency for later fitting. . o 6 tf " S bl " I t t on membrane excitability in toric spines and
Figures 2.1-5 illustrate this process. _ 1. Original mesh from EM data | . Quan I Y Ing U Inear n eg ra IO n subthreshold integration.
3. Morphology: SWC + Synapses + Sink : _ - i We use a bilinear integration rule to quantify nonlinearity: the coefficient k;; describes scale-free per-mV = Develop a model for the whole ICx space-specific
Using custom Python tools developed forthis project, we fitan ' 2.3, 4. Iterative MCF algorithm flows | nonlinearity for a pair of synapses i, j on the spine. Sublinearity means k < 0, but k varies with input rate and neuron in Arbor with inputs generated from a
il\ll(\)/vf/:irt1rge?o?)tpr)ucclt)usfsrt(;)rtehsiosrl:ifrtlo dnu?irr:g Zr:ggtrasfﬁncusll;l:grrlevsiltzgi} - — surface toward center of volume synapse attributes. (Voltages in this equation are measured relative to resting potential, not membrane potential.) ;ee?\l,ivs(::fi auditory stimulus-driven spiking neural
violating SWC format constraints. To approximate the ! Lo , ! : : : . . . . . . :
downstgream cellular load, such as son?afor dendrite, we append 5F|tp0|ntstoformskeletonln3D ____________ 5 ol Linear It defermines * V(Z =+ .7) o V(Z) o V(J) — kij V(Z)V(j)
an idealized sink cylinder to the spine neck, enabling more
realistic passive properties. Synaptic locations are mapped from =5

Below shows a grid of histograms of k;; for each pair of
synapses (i,j) on toric spine @ for a range of input rates

10 — 130 Hz. We see that the range and distribution of k R efe re n CeS

varies depending on the pair of active synapses.

imaging data onto the reconstructed surface and incorporated

mothe SWCstucte, o 3. Morphology: SWC + Synapses + Sink

We implemented AMPA-like synaptic models and ion channel

V(1+2)-v(1)-V(2)
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observe the integrated signal example shown here | diffusion of _ 5 s0 ~0.063

e : ' . has 6. membrane potentials. 0,064
6. Quantifying Sublinear Integration
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stimulus and fit to the results. Synapse index (j)
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