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Abstract

• Framework developed for modelling neurons with
dendrites receiving distributed stochastic drive [1].
• Firing rate independent of length constant for a

neuron with identical semi-infinite dendrites but
distinct from that of a point neuron.
•Addition of an axon significantly reduces the firing

in spatial neuron models.
•Non-monotonic relationship found between the

number of dendrites and the fluctuation-driven
firing rate.

Background

•How neurons integrate stochastic
synaptic inputs throughout their
dendritic arbours is an active area
of research.
•Neuronal firing properties are

affected by spatial separation
between the soma and the action
potential (AP) initiation site in the
axon initial segment (AIS), and the
conductance load of the axon.
•These properties include: rapidity

of spike onset, effective threshold
at soma in comparison with AIS,
and back-propagation of APs [2].
•This has led to the simulation

of multi-compartmental models,
with dendrites, soma and axon [3].
•Multi-compartmental models

have provided useful insights and
qualitatively different behaviour
to point-neuron models.
•A theoretical framework for

calculating the firing of neurons
with spatially distributed synaptic
input would provide a basis to
assess the effect of electrotonic
length.
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Modelling Framework

•Passive dendrites (but quasi-active Ih can easily be
added), soma and axon have threshold voltage.
• Synaptic drive uniform across dendritic segments.
•Potential v measured from EL evolves according

to cable equation driven by spatially white but
temporally filtered noise
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• Soma modelled as lumped conductance and
capacitance. For n neurites radiating from soma
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•The dendritic dominance factor ρ is the
conductance ratio between an electrotonic length
constant λ of dendrite and the soma.
•When v at a trigger position xth exceeds threshold
vth, the potential across the structure is reset to vre.
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Morphologies: (1) Two dendrites, (2) Dendrite and axon (red),
(3) Multiple dendrites and axon (4) Dendrites, large soma and
axon. Blue arrows indicate possible locations for the trigger
position xth.

Analysis

•The stochastic cable equation is a linear system so
can be solved using Green’s functions.
• In the fluctuation-driven regime, we can

approximate the firing rate using the upcrossing
method [4]
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• Strategy to obtain the fluctuation-driven firing rate:
calculate the mean 〈v〉, variance σ2v and variance of
the time-derivative σ2v̇.
•Deterministic firing from input current injection

calculable by considering zero-noise limit, setting
v(xth, t) = vth and solving for time.

Model 1: Two Radiating Dendrites

•Represents two dendrites radiating from a small
(negligible conductance) soma.
•Dendrites with identical properties can be

modelled as an infinite cable with the soma located
at x=0.
• Second moments do not depend on length constant
λ but functionally different to point neuron
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The upcrossing approximation works well for firing rates
<5Hz. The region with the firing rate <10Hz in (a) has been
expanded in (b). Here λ1=200µm, τs/τv=0.5, τv=10 ms, vth=10
mV, vre = 0 mV. These values of τs, τv, vth, vre are used for all
future plots.

Model 2: Dendrite and Axon

•Dendrite and axon (α) with different properties
connected at x=0 (nominal soma). Synaptic drive
only placed in dendrite.
•Noise from the dendrite has additional spatial

filtering in the axon.
•Axon reduces the input resistance at x = 0,

significantly reducing the firing rate.
•Trigger position can be placed at any point along

the axon. xth=0 and xth=30µm chosen here.
• For xth = 30µm, the ratio of axonal to dendritic

radius aα/a1 that maximises firing is similar to
physiologically found values in pyramidal cells.
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Sealed Dendrite

Dendrite and Axon

xth

(a) The lower the resistance of the axon (aα/a1 increasing), the
lower the firing rate at xth=0 relative to a sealed dendrite with
the same input drive. (b) For xth> 0, the firing rate varies non-
monotonically with the ratio aα/a1.

Model 3: Multiple Dendrites

•Each dendrite in this model has the same
properties but statistically independent input.

•More synaptic input sources, but a lower input
resistance.

• Surprisingly, the variance falls as more dendrites
are added, while the mean increases towards µ.

• For low mean synaptic drive µ and shorter axonal
length constant λα, more dendrites results in a
lower firing rate.

• For higher µ and λα, increasing the number of
dendrites initially increases the firing rate.
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(a) For λα = 100µm increasing n decreases the firing rate. (b)
With λα = 150µm, increasing n for higher µ increases the firing
rate. xth=30µm.

Model 4: Effect of a Large Soma

•We tested the effect of a non-negligible soma on the
firing rate with the dendrite and axon model.

•As dominance factor ρ→∞, the effect of a soma is
negligible.

• For smaller ρ the firing rate in the axon decreases,
since the somatic conductance is larger.

• In comparison to a model with a dendrite and
soma only, the relative effect of the axonal load is
smaller for lower ρ.
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(a) The upcrossing approximation works well for various soma
sizes. xth= 30µm, λα= 100µm. (b) The axon reduces firing less
significantly for smaller ρ for the same output firing rate. xth=0.

Conclusions

• Fluctuation and mean-driven firing of neurons
with spatially distributed input can be approximated.

• For simple models with identical dendrites, the
firing rate is independent of the length constant.

•The axonal and somatic conductances have a
significant effect on the firing rate.

•Adding more dendrites to the soma can decrease
the fluctuation-driven firing rate, however in
general it has a non-monotonic relationship.
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