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Central Pattern Generator

Marder and Calabrese: CPGs are neural networks that can produce
endogenously rhythmic outputs without rhythmic sensory, or central
input.

Locomotion: walking, crawling, swimming;
Respiration Pattern Generators: pre-Boetzinger complex;
Swallowing Pattern Generators;

Rhythm Generators: leech heartbeat

Kristan 2006: Multifunctional CPG - leech crawling and swimming
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Motif - building block of network - CPG

a CPG modulates reflexive withdrawal, escape swimming and crawling
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Swimming and Crawling motor
patterns in leech nervous system

WB. Kristan, RL.
Calabrese, WO. Friesen
Neuronal control of leech
behavior

Progress in Neurobiology,
76(5), 2005, 279-327
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SWitChing between
Swimming and Crawling

Briggman and Kristan, J. Neurosci. 2006;26:10925-10933

WB. Kristan, RL. Calabrese, WO. Friesen
Neuronal control of leech behavior
‘ Progress in Neurobiology, 76(5), 2005, 279-
327
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B. Kristan: multifunctional CPG
for crawling and swimming
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Mathematical examples of motifs

® >
Inhibition Excitation
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Reduced model of leech interneuron

epartment of Mathematics & Statistics '!.‘5’
e e - Lp ¢l_1.|'\:,|"--| Lt L;r:.




Shilnikov A. and Cymbalyuk G., PRL, 94, 048101, 2005.
Shilnikov A., Calabrese R. and Cymbalyuk G., Phys Review E 71(5), 056214-046221, 2005.
Cymbalyuk G. and Shilnikov A., J. Computational Neuroscience 18 (3), 269-282, 2005.
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Selecting Bistability: switching between
bursting and tonic spiking by applying a pulse
of external current, positive or negative

B

¥ *‘nr;: artment of Mathematics & Statistics &’
e i Le |r'._1.|'\i,|'-'| ||.|||'||—;r'u

v



® many periodic orbits in a chaotic single cell

Shift dynamics -
Smale horseshoe [Terman, 1991]
for square-wave bursters
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Multistability in individual cells

Tonic spiking and bursting in an elliptic burster
at the transition edge

Bistability helps regulating flexibly
R temporal characteristic of cells by
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Multistability in individual cells

Tonic spiking and bursting in an square-wave burster
at the transition edge

VS

Bistability helps regulating flexibly
e temporal characteristic of cells by
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Regulation of
temporal characteristics of bursting
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Half Center Oscillator

Bursting
is an oscillatory activity consisting of
intervals of repetitive spiking
interrupted by intervals of quiescence.
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Back to Half Center Oscillator or ...
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Bistability in Half Center Oscillator
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Can weak inhibition synchronize a HCO?

Burst duration vs. interburst period
dyn = 0.025 (external driving)

dy, =2 (mutual inhibition)
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Reciprocally inhibitory motif
Multistability type 1
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Reciprocally inhibitory motif
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Controlling multistability switching by
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external pulse
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21/3 off phase 1: Friesen Inhibitory ring

synchronization
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Controlling multistability: switching by
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21/3 off phase 1: Friesen’s Inhibitory ring

synchronization

a

F %I.‘F! artment of Mathematics & Statistics '!.‘5’
L I.|u1¢'__1.|'\:,|"--| ||.n|-|n;r:.

v

w



Reciprocally inhibitory motif
Asymmetric strong coupling
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from symmetric to Asymmetric
strong coupling case
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Reciprocally inhibitory motif
symmetric weak coupling
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Reciprocally inhibitory motif
weak coupling
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Reciprocally inhibitory motif
symmetric weak coupling
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Reciprocally inhibitory motif
symmetric weak coupling
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Reciprocally inhibitory motif
Asymmetric weak coupling
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Reciprocally inhibitory motif
symmetric weak coupling - and burst duration
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For the future

Math

Basin of attractions - effective potentials

Phase relations, intermittency

Control - switching between the attractors - by external current,
inhibitory and/or excitatory

Neuro

- Collaboration with Kristan’s lab
- Applications for modeling
- Modeling for applications
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