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Introduction Weakly interconnected neurons Phase equations for six weakly coupled neurons

Phase reduction theory yields a single equation for each bursting

Legged locomotion involves various gaits. It has been
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. : i inhibiti i : neuron. The coupling function is computed by convolving the E N~
observed that fast running animals (cockroaches) employ a  7°f @ network of six mutually inhibiting units, assume |3] . .
. . "Ny ( . ) employ » inhibitory coupling is achieved via synapses that produce phase response curve (PRC) with the synaptic current (/syn). £ |
tripod gait (three legs lifted off the ground simultaneously) negative posteynaptic currents 2.
while slow. walking animals (stic?k iInsects) use tetrapod gaits . contralateral symmetry b1 = ciH(da — 61,8) + csH(d2 — 1, 0) e
(two legs lifted off the ground simultaneously). In this work, . . . P = CgH(gb5 — ¢9,0) + C4H(1 — ¢2,0) + c7H(¢p3 — o, 0) \ \ , , f
. . n » include only nearest neighbor coupling (three -
we study the effect of stepping frequency on gait transition contralateral coupling strengths ¢, ¢, ¢s and four ¢3 = 03H(¢6 — ¢3,0) + CsH(p2 — ¢3, ) - Iw N\
from tetrapod to tripod in a bursting neuron model. ipsilateral coupling strengths ¢4, cs, cs, and o) ¢4 = CiH(¢1 — ¢4,0) + CsH(ps5 — ¢4, 9) g |
. b5 = C2H(¢2 = ©5,0) + CaH(04 = 05,0) + c7H(06 = 95, 9) B TR
CPG bursting neuron model The synapse variable s enters the postsynaptic cell: de = C3H(p3 — ¢6,0) + CeH(s —.¢67 0) | | | | fme
CV = — {lga+ Ik + Iks + I} + loxt + lsyn Contralateral symmetry and phase difference of front-middle and hind-middle gives:
The system of equations for a bursting neuron model is [1]: where 01 = (¢4 — C)H(0.5,6) + csH(—01,6) — caH(b1,6) — c7H(Ho, 6) (1)
. _ _ . o = (€3 — ¢2)H(O. H(— — c4H — o7H
Cv=—{lca+Ix+Iks+ I} + lext ) lsyn = lsyn(V, 8) = —Fsyns(v — EE®"),  Geyn : Synaptic strength U2 = (03 = C2)H(0.5,0) + GsH (=02, 0) — C4H(01,0) — crH (02, 0)
' B Assuming H(0.5,6) # 0, (0.5, 0.5) is a fixed point of Equation (1) if
. € o]
= Tm(v)[moo(v) - m] _ | gaﬁi | The following figures show 3 different solutions of 24 equations (which Ci+Cs=Cx+ C4+ C7=C3+ Cs. balance equation
| 5 -30 "swmgﬁ‘ —— | describe 6 connected legs) with 3 arbitrary initial conditions and a fixed set Also, (0,0) is a fixed point if ¢; = ¢ = ¢s3. Letting a := +C7 (0 < a < 1), and making a change of
W = TW(V)[WOO(V) — W] 0 100 nﬁ%o 300 o 100 20 00 of parameters, except for 5. The first two rows depict left & right tetrapod time scale, Equation (1) becomes

gaits, respectively, for low speed, o = 0.01, and the last row depicts a tripod
gait for high speed, o = 0.04. In these simulations, ¢; = ¢ = ¢3, and
Cs = C4 + C7 = Cpg.
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(92 = H(—Qz, 5) — OzH((91,5) — (1 — Oz)H(@g, 5)
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The currents take the forms D % me T P i - e Phase planes of Equation (2) & bifurcation diagram
Ik(v,m) = gK m (v — Ek) The steady state gating variables are L1 N %L We can show that when ¢ increases, a gait transition from tetrapod to tripod occurs.
Iks(v,w) = gk W (v — Eg) 1 27 - = - - - - = We first study the phase plane and bifurcation diagram of Equation (2) for o = 0.5 (the figures
Ii(v) = gi(v— Ep) Mao(V) = 1 & e 2ke(V—vk) i 300 =000 t_' 1m0 T 200 2500 below) and then we generalize the result to any o, 0 < a < 1.
iIme
loxy = constant B 1 R l . . S .
. WOO(V) - 1 + e—2kc(V—Vc) Ro | - - — — - : - i - r -~ 0.9
The time scales take the forms 3 SR p - 08 -
m(V) = sech(k(v — vk)) Mo(V) = 1 ket —ved) o A R ) ﬁ i o
Tw(V) = sech(ke(v — v¢)) s (v) — a S 7% & %L 05 ] S
Ts = constant ~V) 14 e 2k(v=57) i l . - L. s = . — s / =) :
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(Left) 0 = 0.01, 2 stable tetrapod (the letter R (L) corresponds to the right (left) tetrapod gait), 1
stable “slow” tripod (green dots), 1 unstable tripod (corresponding to point (0.5,0.5)), 1 unstable

0 S0 T 1000 1500 node (corresponding to point (0,0)) (red dots), and 5 saddle points (orange dots) are observed.

» frequency = 1/T (Middle) As ¢ increases, a degenerate bifurcation occurs at approximately 0* = 0.022. Two tetrapod,

| | O R one slow tripod, one unstable tripod, and three saddle points disappear and one stable tripod
» swing = the period of a burst e I bifurcates. (Right) 6 = 0.04, 1 stable tripod, 1 unstable node, and 2 saddle points are observed.
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» [=the period of a cycle
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» Stance S g = I | 1. R Ghighliazza and P. Holmes. Minimal models of bursting neurons: The effects of multiple currents and Generalization to o # 0 5. Calculations show that when o # 0.5, the phase planes of Equatlon (2)
. I timescales. SIAM J. Appl. Dyn. Syst., 3:636—670, 2004. L e . . .
» duty cycle = swing /T , _— . . | are qualitatively similar to those when a = 0.5, except when ¢ is very close to the bifurcation value.
2. C. Mendes, |. Bartos, T. Akay, S. Marka, and R. Mann Quantification of gait parameters in freely walking _ , , . . e
wild type and sensory deprived Drosophila melanogaster eLife, 2:¢00231, 2013, For ¢ is very close to the bifurcation value, one of the stable tetrapod gaits loses its stability (and
3. E. Couzin-Fuchs, T. Kiemel, O. Gal, and A. Ayali, P. Holmes. Intersegmental coupling and recovery from the saddle point near the tetrapod gait becomes a stable node, i.e., a transcritical bifurcation
perturbations in freely-running cockroaches. Journal of Experimental Biology 2(218): 285—297, 2015. OCCUFS) while the other tetrapod gait remains stable.
As 0 Iincreases from 0.01 to 0.04, the frequency increases by decreasing
the stance and swing phases. Increasing /., has a similar effect on Acknowledgment Conclusion
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of ¢ on gait transition [2]. and S. Daun-Gruhn for helpful discussions. 9 TR SRR ! tetrapod gait and when ¢ > §*, there exists a unique stable tripod gait.
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