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Introduction

Motivation: Anatomically and biophysically detailed data-driven neuronal models can be useful tools
in understanding and predicting the behavior and function of neurons. There are now a large number
of different models of many cell types available in the literature, that were developed using different
methods and for different purposes These published models were usually built to capture some
important or interesting properties of the given neuron type, i.e., to reproduce the results of a few
selected experiments. It is often unknown, how these models would behave outside their original
context, or whether they are able to generalize beyond their original scope. It is a hard and complex
task to systematically compare model behaviours.

Solution: Systematic, automatized validation is needed.

We have developed an automated test suite called HippoUnit for the systematic validation and
comparison of models of rat hippocampal CA1 pyramidal cells. Here we present how we applied
HippoUnit to test and compare the behavior of several different CA1 pyramidal cell models available
on ModelDB (McDougal et al. 2017), against electrophysiological data from the literature.

HippoUnit

A Python test suite based on the SciUnit framework (Omar & Gerkin, 2014) which was developed for
the validation of scientific models against experimental data. The tests of HippoUnit automatically
run simulations on CA1 pyramidal cell models built in the NEURON simulator that mimic the
electrophysiological protocol from which the target experimental data were derived. Then the
behavior of the model is evaluated and quantitatively compared to the experimental data using
various feature-based error functions. https://github.com/KaliLab/hippounit

The Somatic Features Test evaluates (using eFEL) and compares to experimental data the features
of the somatic membrane potential response to somatic current injections of varying amplitudes.

Absolute features Mean feature errors
voltage_base.Step0.25 - o voltage_deflection.Step-0.25 1 ® wee- o volta ge_deﬂecti[}n LI L] L L Bianchi
voltage_base.Step0.05 1 e _ el & 4 voltage base - . s e ¢ Golding s fio8B
voltage_base.Step-0.25 1 .o voltage_deflection.Step-0.2 = steady state voltage stimend * es e © .  Goldi g fg aA
voltage_base.Step-0.05 - ®e voltage_deflection.Step-0.15 4 o C X Steady_state_voltage = e e .o 0 !ﬂg w Ig
steady_state_voltage_stimend.Step-0.25 1 ¢ @ o sen—e-o it defiaction:Sien:b.ii G sag_amplitude LA L L e bl GOHﬂIF‘Ig W flggB
steady_state_voltage_stimend.Step-0.2 1 ¢ ® wee-ee e m?aﬂ_frequemy ® - y L GomezG nl23
steady_state_voltage_stimend.Step-0.15 1 ermse-ee voltage_deflection.Step-0.05 1 ° ™ InV__SECOHdJS' a° ...‘- . . GomezG n125
steady_state_voltage_stimend.Step-0.1 - coew o AliDSbeii b p—— _lnv_l_a St_|5| G G n128
steady_state_voltage_stimend.Step-0.05 - €«o oo b inv_first_ISI " e ¢ omezL n
steady_state_voltage.Step0.25 1 @mre o fast_AHP.Step0.2 1 ® wee S f?(St_AHF:: .0 . L GomezG nl29
) ° IKecoun s el e
steady_state_voltage.Step0.05 es ® fast_AHP.Step0.15 | £ = FL.F‘ width .o .o GomezG nl30
steady_state_voltage.Step-0.25 1 C oxe = Katz
steady_state_voltage.Step-0.05 1 oo e AHP_depth.Step0.25 1 oo wmee AP_”_Se_tlme oo . * o
AP_begin_voltage.Step0.25 1 ®:e o A st s omesia AP_I'ISE_I’_EI:E e ’ Mlgllcre
AP_begin_voltage.Step0.2 1 LR L PR Ap_fa”_tlme vee . Poirazi
AP_begin_vol 1 | AP fall rate . o
_begin_voltage.Step0.15 e e o = AHP_depth.Step0.15 o wee . — —
————— ; ; : : . | AP duration_half width ¢ oo
-90 -80 —;(\)/ -60 -50 -30 =20 —10mv 0 10 20 Al]_begin_voma ge -8 ™
_ AP amplitude * e .
AP_width.Step0.25 » - APlast_amp.Step0.251 ® » o *e-» o AP2 amp e D .
AP_width.Step0.2 - e . eme P T IR T —— . AHP_depth * oo o .
AP_width.Step0.15 1 L B ! ! ! ! ! ! ! !
AP _rise_time.Step0.25 1 - a APlast_amp.Step0.15 1 © R 0 2 4 6 8 10 12 14
AP_rise_time.Step0.2 1 -e AP_amplitude.Step0.25 1 ** ° *—o—e0 »
P fise time.stepo.15 | e o o amginiasinga s § ol -« Mean feature errors (# sd) of the different models. Feature error values
AP_fall_time.Step0.25 — -
AP_fall time.Step0.2 | e e | SeCESWROLS W "+ < are averaged over the different input step amplitudes.
AP_fall_time.Step0.15 1 010~ AP2_amp.Step0.25 | ee ° —e—9 0 0
AP_duration_half_width.Step0.25 1 o e
AP_duration_half width.Step0.2 | oo NLINpeR0.2 | ‘W B8 - mmm experimental features
AP_duration_half_width.Step0.15 - e® e AP2_amp.Step0.151 e —ee- B cvaluated features . e
YT S B G e 6 Experimental data obtained
ms mvV . L)
inv_time_to_first_spike.Step0.25 {7 & ® s —%—9 § e Spikecount.Step0.25 1 LI — e Bianchi from patCh CIa m p reco rd ! ngs In
inv_time_to_first_spike.Step0.2 {» e®e -e-¢ o L] Spikecount.Step0.2 { “ee —e—ose oo G°|ding ] figBB rats by judit Maka ra were used
inv_time_to_first_spike.Step0.15 { ®e eem Spikecount.Step0.151 © ® eee—e G°|ding w figSA
inv_time_to_first_spike.Step0.1 1e® - Spikecount.Step0.1 { e®— i : i Golding w fig9B
o 126 50: 78 doo Tassoins o E e GomezG n123 .
: numberof spikes 1 Number of experimental features
mean_frequency.Step0.25{ ©®ee -ee @ e AP_rise_rate.Step0.25 - ®iees-e G G 128
- : ’ omezG n
o ey empaz) SRS —— o e | COMEZSTZ attempted to be evaluated for
mean_frequency.Step0.15 1 ¢ @»e AP_rise_rate.Step0.15 1 ‘ ® -0 GomezG n130 the mod eIS (red )’ a n d n u m be r of
|hv_last_|S|.Step0.25 | el AP _fall_rate.Step0.25 1 ® = oo Katz
v lastSistepo2 | ¢ sve- e o ol rastepore L8 MBS Migliore successfully evaluated features
inv_last_ISI.Step0.15 { ©e -wme ] .
i fnst 51 Stnp.1 | B AP fall_rate.Step0.15 1 ® '5:) - S Poirazi (gree n ) )
hWjsecontl ISLSMpn25') @8 e ’ vis 0 50 100 150 200 250 300
FV_second S R0 o sag_amplitude.Step-0.25 {¢ & @ ee . Number of features
inv_secon d_ISI.Step0.151 ® -ee o
2 ie ® ce ° )
i_second fs1.5tep0 1 | = sag_amplitude.Step-0.2 1¢ > Absolute feature values extracted from the models’ voltage response to
|ﬁv_f|rst_ISI.Step0.25 1 L] “ w —o— o Ty _— . . L. . f . I' d d . I
inv_first_ISI.Step0.2{ © ¢  ee—<e—o somatic current InJeCthn or varying amp Ituae compare to experlmenta
inv_first_ISI.Step0.15 1 «r o — sag_amplitude.Step-0.1 { vremee o
i firs 1S Stepo.1 | +o— N values (darkest red) that were extracted from the data set. (Not all the
0 50 100 ) ' 0 2 a 6
" o evaluated features are shown here)

The Oblique Integration Test probes the integration properties of the radial oblique dendrites for
increasing number of synchronous and asynchronous inputs. (Losonczy, Magee 2006)
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Comparison of the models’ responses to experimental results (dark red) according to features of dendritic integration. (left), and the
averaged input — output curves of all the dendritic locations examined .

Integration into the validation framework of the Human Brain Project

As part of the Human Brain Project, we have developed a software framework for quantitative
validation testing that explicitly supports applying a given validation test to different models. The
framework consists of a set of Python modules, building on the SciUnit package, and a web service.
The framework allows validations to be permanently recorded, examined and reproduced.
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CAl pyramidal cell models from literature that have been tested

» Golding et al. (2001) (ModelDB: 64167): Shows the dichotomy of the back-propagation efficacy
at distal trunk regions. Three versions are tested (Fig. 8A, Fig. 8B and Fig. 9B of the paper)

> Katz et al. (2009) (ModelDB: 127351): Based on Golding et al. (2001) model. Investigates the
effect of the distribution of synapses on the apical dendrites on the dendritic integration.

» Migliore et al. (2011) (ModelDB: 138205): Studies schizophrenic behaviour. Based on models
developed to investigate the initiation and propagation of action potentials in oblique dendrites.

» Bianchi et al. (2012) (ModelDB: 143719): Shows the mechanisms behind depolarization block
observed experimentally. Based on Shah et al. (2008) and Poirazi et al. (2003) models .

> Poirazi et al. (2003) (ModelDB: 20212): Was designed to clarify the issues about the integrative
properties of thin apical dendrites.

» Gomez Gonzdlez et al. (2011) (ModelDB: 144450): Based on the Poirazi et al. (2003) model.
Replicates the experimental data of Losonczy and Magee (2006) on the nonlinear signal integration
of radial oblique dendrites. The model was adjusted to five different detailed morphologies.
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The morphologies of the different models and their voltage responses to a 0.6 nA 400 ms current injection.

The Back-propagating AP Test Evaluates the mode and efficacy of back-propagating action
potentials at different locations on the apical trunk. The amplitude of the first and last AP of a
train (frequency around 15 Hz ) is compared to experimental data from Golding et al. (2001).
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The Depolarization Block Test aims to determine whether the model enters depolarization
block in response to prolonged, high intensity somatic current stimuli. (Bianchi et al. 2012)
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Conclusion

» We have developed a validation tool called HippoUnit to make it possible to systematically
test the generalization properties of models of hippocampal CA1 pyramidal cells and make
guantitative comparisons between the models and experimental data.
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Jupyter notebooks on how to use
HippoUnit are available at: https://github.com/KaliLab/HippoUnit demo

» By providing the software tools and examples on how to validate these models, we hope to
encourage the modeling community to use more systematic testing during model
development, in order to create neural models that generalize better, and make the process
of model building more reproducible and transparent.
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