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Fig. 1. Schematic diagram of long-range coupling between
neurons. Dashed and solid lines represent the nearest neigh-
bor and long-range coupling, respectively. Hollow and solid
circles represent the neurons outside and inside the long-

range coupling region, respectively.
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Fig. 2. The firing time point of neurons varies with location [ for different coupling strengths and different widths of the long-range

coupling region. The oblique line corresponds to the network without long-range coupling, and the number of black dots on different

horizontal lines is the width of the corresponding coupling region: (a) € =0.2; (b) e=0.4.
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Fig. 3. Membrane-potential patterns at different time points for € =0.2. The box marked by a white dotted rectangle shows the

long-range coupling region, and its width is equal to 50. The wave propagation directions in the upper and lower row panels are

parallel and perpendicular to the long-range coupling direction, respectively: (a), (d) ¢ = 74 ms; (b), (e) t =228 ms; (¢), (f) t =

556 ms .
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Fig. 4. Spatiotemporal patterns of membrane potential of a row of grid points for €=0.2 and different widths of long-range coup-

ling region. The region between the two white dotted lines is the long-range coupling region: (a) d =6; (b) d=14; (¢) d =21;

(d) d=27.
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Fig. 5. The firing time point of neurons varies with location [ for d=27, £=0.2 and different periods of planar wave. The hollow

circles show the results obtained without long-range coupling, while the solid squares show the results obtained with long-range

coupling: (a) T'=300ms; (b) T'=450ms; (c) T'=480 ms.
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Fig. 6. Patterns of the membrane potential at different time points for = N, d = 14 and A = 13. The region between two white

dotted lines on the left (right) is the long-range coupling region: (a) ¢ = 150ms; (b) ¢t =292 ms; (¢) t =342ms; (d) ¢ = 370 ms;;

(e) t=428ms; (f) t =478 ms; (g) t =528 ms; (h) t =570 ms.
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B 7 TL=35,d=14, A= 1015 T A E B 2009 06 s 47 BE B, P O 8 HE N B KBS X (a) t=150ms;
(b) t=306ms; (c) t=318ms; (d) t =346 ms; (e) t =442ms; (f) t =490 ms; (g) t = 514 ms; (h) ¢t = 816 ms

Fig. 7. Patterns of the membrane potential at different time points for L =35, d = 14 and A = 1. The two boxes marked by white
dotted rectangle show the long-range coupling regions: (a) t=150ms; (b) ¢ =306ms; (¢) t=318ms; (d) ¢=346ms;
(e) t=442ms; (f) t =490ms; (g) t =514 ms; (h) t =816 ms.
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L =61, 101, 161 (a) t = 1308 ms; (b) ¢t =2890 ms; (c¢) t =3718 ms; (d) ¢t =1370 ms; (e) t = 2690 ms; (f) ¢t = 3710 ms;
(g) t =1296 ms; (h) ¢t =2400 ms; (i) t = 3750 ms

Fig. 8. Patterns of the membrane potential at different time points for d = 14, A = 13 and different L. The two boxes marked by
white dotted rectangle show the long-range coupling regions. The lengths of the three long-range coupling regions are equal to 60,
101, 161, respectively: (a) t = 1308 ms; (b) ¢ = 2890 ms; (¢) ¢t = 3718 ms; (d) t = 1370 ms; (e) ¢ = 2690 ms; (f) ¢t = 3710 ms

i(g) t =1296 ms; (h) t =2400 ms; (i) ¢ = 3750 ms.
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Fig. 9. Patterns of the membrane potential at different time points for e =0.2, L = 41 and d = 21. The box marked by white dot-
ted rectangle shows the long-range coupling region: (a) ¢ =292 ms; (b) ¢ =320 ms; (c) t =348 ms; (d) ¢ =640 ms; (e) t =

758 ms; (f) ¢ =854 ms; (g) t =890 ms; (h) t =932 ms.

10 SEm 2B A BRI, 1L AE A ARG X, 5 —HFIRT (55 —HFIR) (AR BIR Sq (S2), Bk Pr i MIBBRAE  (a) t =
760 ms; (b) t =858 ms; (c) t =1082 ms; (d) t = 1992 ms; (e) t = 1862 ms; (f) t = 1390 ms

Fig. 10. Membrane potential patterns at a certain time point. The box marked by white dotted rectangle shows the long-range

coupling region. The first row (second row) panel use the target wave source Si(S2). The arrow indicates the location of the tar-
get wave source: (a) ¢ = 760 ms; (b) t = 858 ms; (c) ¢ = 1082 ms; (d) ¢ = 1992 ms; (e) t = 1862 ms; (f) ¢ = 1390 ms.
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Abstract

In the cerebral cortex, the large-scale synchronous firing of neurons can cause epilepsy, during which spiral
waves can spontaneously occur. The relationship between the synchronous firing of a large number of neurons
and the spontaneous generation of spiral waves is still unclear. In this paper, a two-dimensional neuronal
network with the long-range coupling regions generated by adding long-range horizontal connections is
constructed. The Morris-Lecar neuron model is used to study the propagation of waves in the two-dimensional
neuronal network with the rectangular long-range coupling regions. Numerical simulation results show that the
plan and target waves whose propagation directions are both parallel to that of the long-range coupling can lead
the neurons to be excited synchronously in the long-range coupling region. This synchronous firing is
accompanied by delayed firing of some neurons and premature firing of others. When the width of the long-
range coupling region exceeds the critical width, all the neurons in the long-range coupling region delay firing.
When the width of the long-range coupling region exceeds a maximum conduction width, the waves will not
pass through the long-range coupling region. When the size of the rectangular region of the long-range coupling
is selected appropriately, the synchronous excitation of neurons can cause network to present the backfiring
effect and to have the selectivity of wave propagation direction. Furthermore, the selectivity of wave
propagation direction is very sensitive to whether the neuron is in the stationary state and also to the change of
coupling strength, so that the high frequency plane wave train can partially pass through the long-range
coupling region whose width exceeds the maximum conduction width. So we can control whether the wave can
pass through the long-range coupling region of a certain width by giving the neurons in the long-range coupling
region a tiny perturbation. When one or two long-range coupling regions are constructed in the neural network
and the size of the long-range coupling regions is selected appropriately, the self-sustaining plane wave, spiral
wave and target wave can appear spontaneously in the network when the wave passes through the long-range

coupling regions. The physical mechanisms behind those phenomena are also analyzed.
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