2025 4F 45 46 45 45 3 1) ik K #F = R(BARFR) Vol.46 No.3 2025

GRS 221 D JOURNAL OF NORTH UNIVERSITY OF CHINA (NATURAL SCIENCE EDITION) (Sum No. 221)
XEHS: 1673-3193(2025)03-0396-09 J. North Univ. China, Nat. Sci. Ed., 2025,46(3) :396-404.

BEHZ XY 88 Gierer-Meinhardt 2 451 B &L

& =
B &

LA T S £ SN L
(LRl ABE. N TR, 1008 RIst 210028 2. RRIKSE: JO%%BE, 1L ISt 211189
3. RIS BFEE, IHR HIA 210023)

# E: Gierer-Meinhardt REJE— MR SN BURSE , AR R 093 1 2# R A A B X0 i Sl A
BT . BETE NN TR RS 00 2 WAL 4 R 2 BUR R T A9 8K 3 i AR e e v 5 1/ R B
[, TG T 28 XY WK 3 AR B PERF TR D o A SCR T — 28 A 38 XL 00U Gierer-Meinhardt 24
WASE, M FE 2 A EE T A e P 3, X R G — 1E S s b AT T et fa e e ndr, M T
RYGRAE R RAFE W LBEEA . BB X BR BN o372 280, it — 48R T 28 A o R4 8
RAFEEN LI, HeAh, Bt e, AR SCHRTT T 38 S5O 1 R G R AL i R AL o BF
FERI: M AP IR RGERGERT, 3 X HAT DL T Glerer-Meinhardt & 4t & A B R AT € I HAE AN
BIo 85 REEE 5 25 Y BRI R ST E B, 38 X AV AR 2 55 B Gierer-Meinhardt 5 85 B 4544
IS i ELAT DA B P A R . BAAORE, A8 B R BUTE RE IS 15 5 R G0 R AR R RO TR Y SRl
b, B SRR, RG] FBE R (1 2 [ 254 v SR BE BT 5 Y IR, A R, PRI, 3E P
O Gierer-Meinhardt 2 48 Y BEIE] ™ A | WhiAR K i Akl BE AT 8 CH B MPEH .

KB XY WG Gierer-Meinhardt 2585 K RBEK ; RO HO e

FESES: 0175.29 XEkFRIRED: A doi: 10. 62756/jnuc. issn. 1673-3193. 2024. 03. 0015
SIAMER: &M, Hi, wWHE, % BAA XY B Gierer-Meinhardt RE BRI AL T]. AL K224k
CHARBIARD , 2025, 46(3): 396-404.

LU Yancai, XIAO Min, CAO Jinde, et al. Pattern formation evolution of the gierer-meinhardt system with cross-
diffusion[ J]. Journal of North University of China(Natural Science Edition), 2025, 46(3): 396-404.

Pattern Formation Evolution of the Gierer-Meinhardt System
with Cross-Diffusion

LU Yancai', XIAO Min', CAO Jinde’, WANG Zhengxin’
(1. College of Automation &. College of Artificial Intelligence, Nanjing University of Posts and Telecommunications,
Nanjing 210023, China;
2. School of Mathematics, Southeast University, Nanjing 211189, China;
3. College of Science, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)

Abstract: The Gierer-Meinhardt system is a typical class of reaction-diffusion systems that have been
extensively studied in the field of biological pattern formation due to its excellent dynamical characteris-

tics. Currently, the majority of domestical and international research, on the spatiotemporal evolution of
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this system is limited to the instability and Turing patterns driven by self-diffusion, while there are very
little research on the instability driven by cross-diffusion. This paper proposed a class of Gierer-Meinhardt
reaction-diffusion system with cross-diffusion terms. By utilizing characteristic polynomial eigenvalue
analysis and stability theorems, a linear stability analysis of the unique positive equilibrium point of the
Gierer-Meinhardt system was carried out. The necessary conditions for the occurrence of Turing instabil-
ity of the Gierer-Meinhardt system were identified. The cross-diffusion coefficient was selected as the
bifurcation parameter, which further revealed the influence mechanism of cross-diffusion on Turing instabil-
ity of the Gierer-Meinhardt system. In addition, through the numerical simulations, this paper explored
the response mechanism of cross-diffusion for the evolution of Turing patterns of the Gierer-Meinhardt sys-
tem. It is found that when the system driven by self-diffusion is stable, cross-diffusion can induce Turing
instability in the Gierer-Meinhardt system and generate unevenly structured Turing patterns. When the
system driven by self-diffusion is unstable, cross-diffusion can not only achieve the transformation of
Gierer-Meinhardt system pattern structures but also change the evolution speed of patterns. Specifically,
the further the cross-diffusion coefficient is from the bifurcation threshold necessary to induce Turing insta-
bility, the larger the proportion of point-like patterns in the spatial structure of the system’s Turing pat-
terns, and the faster the rate of evolution. Therefore, cross-diffusion plays a crucial role in the genera-
tion, transformation, and evolution speed of patterns in the Gierer-Meinhardt system.

Key words: cross-diffusion; Gierer-Meinhardt system; Turing patterns; reaction-diffusion equations
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