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Kl 1: (Color) Spiking M. and quiescent M., slow motion manifolds along with the slow nullcline m’ =

0 in the phase space of model (1) for Vihif* = —0.005 V (lower brown surface) and —0.024 V (upper).
The spiking manifold M. is shown for three effective synaptic currents <I§;‘§ > = 0.03, (Isyn ) = 0, <I;;,‘E> =

0.03, respectively. Increasing Vi£hi®* | or raising the inhibitory synaptic current <I;§,‘;‘> hyperpolarizes the
interneuron. The new stable equilibrium state at the intersection of the nullcline m’ = 0 with the low,
hyperpolarized branch of M., corresponds to the locked-down state of the interneuron. In contrast, decreasing

Vbt or raising <I §;‘§> brings both nullclines m’ = 0 and M closer, thus slowing down the potassium current.
This may further result in the emergence of a stable periodic orbit around M. corresponding to the tonic

spiking activity of the interneuron.
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Kl 2: (Color online) (Vight | (Iy,)) bifurcation plane partitioned into the zones of activity of the interneuron
model (1). Above the boundary SN, the interneuron is locked down at the hyperpolarized state by influx of
the inhibitory synaptic current. Bursting takes place between the bifurcation saddle-node bifurcation of the
periodic orbits, the interneuron gets into tonic spiking. The spiking zone is also bounded by the boundary
labeled AH, below which the neuron is constantly depolarized. The Bautin point is where the corresponding
Andronov-Hopf bifurcation changes from the super- to subcritical type. In the wedge within SNj. and HB),
bursting co-exists with tonic spiking (above AHgyper ) or depolarized quiescence (below it). The model
becomes monoactive to the left of HB)., where the stable manifold of the saddle periodic orbit no longer

separates the basins of the attractors.
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3: (Color online) Temporal characteristics of bursting plotted against the control parameters: the intrinsic
one Vihif and the network coupling strength gsynn - The burst period increases as either the burst duration
or the interburst interval becomes longer through the homoclinic saddle-node or saddle bifurcations near the

boundaries SN;. and SNeq, respectively. Both, though, contribute equally only near their intersection point

in the bifurcation diagram shown in Fig. 2.
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4: (Color) Half-center oscillator: the composing interneurons burst in antiphase at Vit = —0.022, gi3 =
0.8, and ¢gf = 0.9. Shown are phase trajectories of the uncoupled interneurons at gsyn = 0 (gray bursting
orbit) and the HCO (black bursting orbit). A sufficient synaptic current applied to the driven interneu-
ron translates the quiescent manifold M., towards the slow nullcline m’ = 0 far enough to make a stable,
locked-down state around the right knee of M., through the tangency of both manifolds at the saddle-node
bifurcation. The new, "inhibited” manifold M., is represented by the blue dotted curve. While the green
interneuron is “on,” traversing the spiking manifold M., it locks down the inactive (blue) interneuron at
the new stable equilibrium. After the active green interneuron has eventually reached the end of the spiking
manifold and fallen down, the driving inhibition is turned off. This creates the stable equilibrium state, that
holds the inactive interneuron at the right knee of M., , and later disappears through the reverse saddle-node
bifurcation. Released from inhibition, the inactive blue interneuron is free to fire action potentials and begins
passing slowly throughout the "phantom” of the disappeared saddle-node. Having jumped up off the fold of
M, , it traverses throughout the synaptic threshold Oy, thereby turning on the inhibition onto the other
interneuron of the half-center oscillator. The latter will not escape from inhibition while the blue interneuron
is in the active phase. This process of switching between active and inactive states of the two cells becomes

cyclic and leads to anti-phase synchrony.
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(b)

5: (Color) Coexistence of cooperative behaviors in the HCO-based inhibitory motif. The coupling pa-

i

rameters are gi,, = 0.9 and ¢, ,; = 0.62, and Vigi'™ = —0.02. (a) 27/3 resonant rhythm where a single

interneuron is active at a time. The current configuration of the membrane potential phase space of this motif

resembles the 27 /3-resonance, which is not the case as the membrane potential states are truly orthogonal.

(b) Burst synchronization between the blue and green interneurons 1 and 2. The 3D membrane potential

phase space shows an antiphase between the red and the synchronous HCO composed of the blue and green

interneurons. The 3D membrane potential phase space shows an antiphase relationship between the red (3)

and the synchronous HCO composed of the blue and green interneurons 1 and 2.
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K] 6: (Color) Asymmetric inhibitory triangle. The red interneuron is locked down by the HCO composed of the
blue and green interneurons, bursting in antiphase. This regime coexists with the synchronous polyrhythmic
rhythm, depicted in Fig. 5 ( b). The coupling parameters are g% =1, ¢l = 0.8, g% = 0.6, ¢} = 0.4, ¢33 = 0.5,
and gl = 0.3, and Vi = —0.02 in both cases.
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Wl de RSy, BIE M. SRR, 7 BESXT motif (1) 9D AHZEIA]H— A B RN BEAT A, FRATA] LA
ORI FEZ 3 T R /N 1500 7 R AR AU A e IR 22 0 2 BDIRZS A o TR A ARV 2 LR B — N9 28 5
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Kl 7: (Color online) The red interneuron dominating over the synchronous blue and green ones becomes
forcefully inactive by the formed HCO after the hyperpolarizing pulse has been applied to the blue interneuron
thereby breaking the original rhythm in this asymmetric inhibitory motif with the parameters ¢i% = 1.1, ¢} =
1.0,¢i% =0.6,¢i% =0.1,¢gi% = 0.5, and ¢gi3 = 0.1, and V;&hif* = —0.02mV.

Hy 5 RO B K I, v R 22 e ) P gt € ml DORME R, AERX = FPIE 00T, ke bfE A+
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P B S A5 L A ATT S B A 38 0 D R i 55 T LA o 2RI, XN RERHLAE B2 R 20 i G A gt (e fei 27, B
(REST xS ANEl SRS P Eilin -a sV VA7 S - R el S STE U 250 i TR Ao i I 00119 @ (0 B s =
WA T HAEPARES, W02 AN S O (A 22 70 0 U 2 ) 05 sCRFERTECR, O DR G 4% TR, 24
HEBE (] 4 22 70 AP TR B SR, R B 2 el A R A AT B . AR 7, XORAEAELL
G a A Tis BRI, (HEER 1 G B 2 s M AE R Bl AAZ G, PR R/ ARG, i
TR R ek g 5, Mgk EZ s —EIE HCO. HESri) HCO ) 1 LARG & 3= T A7 () 2L ¢ ]
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Kl 8: (Color online) From winner to winnerless dynamics in the motif with asymmetrically weighted con-
nection: g% = 1,git = 0.75,¢1% = 0.75,¢%1 = 1.0,¢5 = 1, and ¢ = 0.75, and V5" = —0.02mV. The
driving interneuron loses its superiority after the application of the external hyperpolarizing pulse to the

driven interneuron. The original status can be restored as well.
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(; BT XSRS B, A RMFKIBIES, U 18 @ 3 BRI Zh I AT E € IAKIFR
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9: (Color online) The changing winner in the motif: the red interneuron loses its pacemaker role that goes
to the green one after the depolarizing current is over for ¢gi% = 1.0, gi% = 0.8, ¢ = 0.75, gi% = 1.1, g% = 1.0,
and g = 0.77, and Vit = —0.022mV.
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5.1 Inhibitory-excitatory pair
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ZTCHIANEI R T o 5 HCO MER IS0 — 1, M b ()4 22 70 A cpoRe e R, 72 2218 xR 1
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HIPEE DUAE B, XA i IERE Meq MM ALt (B #h 2 o) A AT AL B B, T 1 b3
CIRZSD o X B0 R A 22 078 B € (1 % w3 P P IR R 2 T T URis 2 JE BOB ERBE 5 3, SRR P A [l 22
TCHUTUE WP FRE AN SR AL, HENATER & 20, A PN RIEEA B IEIR: (¢° > g% = 0.06).
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10: Inhibitory-excitatory pair and the voltage traces at Vst = 0.022, git = 0.4, g¢&¢ = 0.2: The bottom,
reference trace 3 shows the natural frequency of uncoupled bursting, compared to it, the burst duration of the
red interneuron grows due the excitation it gains from the blue interneuron, whose burst duration is in turn
shortened by the reverse inhibition. When the blue interneuron becomes active, it turns the red interneuron
on as well. In turn, the red interneuron shortens the burst duration of the blue interneuron. After the blue
interneuron becomes inactive, the red interneuron restores the natural rate and continues as an uncoupled
interneuron. This sharp change can be seen in its voltage traces aligned with the bursting termination of the

excitatory blue interneuron.
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5.2 Inhibitory-excitatory HCO-based motifs
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5.3 Seven-interneuron network
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11: (Color online) Three-interneuron network with both inhibitory and excitatory synapses. Solid circles
indicate the direction of inhibitory coupling; arrows show the direction of excitatory coupling. Excitatory
synapses increase the burst duration of neuron 3 , making it the pacemaker synchronizing the HCO formed
by neuron 1 and 2. Corresponding voltage traces show the onset of the polyrhythmic synchronous rhythm.
Parameters are gi5 =1 =g5 =1, ¢3° =015, ¢55° =01, g¢if =01, ¢ =01, and VH" =
—0.02mV. One see that once the antiphasic HCO is forced by the red pacemaker, it becomes fully synchronous.
Observe, that the strong reciprocal inhibition within the HCO makes its burst duration much shorter and

extends that of the pacemaker receiving now double excitation from the in-phase interneurons.
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\?/

Kl 12: (Color) Puzzle: What polyrhythmic pattern occurs in the given network? The width of the links

may be thought of as the coupling strength. The choice of the coupling parameters is only constrained to the

threshold values of the inhibitory and excitatory couplings, required to ”"lock-downthen-release” and speed up

and increase the burst duration of the interneurons, respectively.
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13: (Color online) Answer to the puzzle: Burst synchronization among all interneurons. The ex-
citation originated from the red interneuron breaks down the antiphase rhythm of the HCO and trig-
gers burst synchrony through a similar mechanism described for the inhibitory-excitatory pair. Here,

g =0.9,g8 =0.92,¢% =052, =0.5,¢5° =g3°¢ =1.
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K] 14: (Color online) Asymmetric 6 + 1 interneuron network. In the absence of the excitatory connection
(dashed line), the network exhibits asynchronous behavior. The addition of the excitatory designates neuron
7 as the pacemaker leading the burst synchronization of the entire network because of the feedback from its
blue subnet; here the coupling weights are g% = g5} = g53 = g3 = 1, g4, = g3 = gis = 95} = g5 = ggs =
1, g% =02 j=26, g =006,97% =04, and VH" = —0.022.
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