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S1. Derivation of mechanical model

The pattern is described by the concentration distribution of SCs, which varies with 

time and space and is represented by . The evolution of SCs is determined by  ,n x t

three general equations:
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In addition, our simulation adopts periodic boundary conditions, specifically: 

(S4)   θ 0,   0 0,   0n ,t u    
r

where  is the outer normal at the boundary. These configurations are established to θ
r

guarantee the absence of flux and local displacement of cells at the boundary. More 

information on the expanded form and derivation process of the above equations are 

described as follows.

Equation S1 describes the change rate of SCs concentration, and can be expanded 

into the two-dimensional domain:

, (S5)     2
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where U and V represent the components of displacement u in the x and y directions 

respectively. Similarly, Equation S2 represent the change rate of ECM and can be 

written as:

, (S6)   t x t y tU V        

Equation S3 shows the dynamic mechanical balance between SCs-ECM-cultural 

environment, and the balance system is composed of internal and external forces:



. The internal force  is described via the divergence of a stress tensorint ext+ =0F F intF

, as shown on the left side of Equation S3, where encompasses the active tractions of 

cells and the viscoelastic forces of the ECM. The external force  is modeled as the extF

viscous resistance force anchored on the substrate (culture dish). The expanded form of 

Equation S3 in the x and y directions can be represented as follows:
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S2. Numerical implementations of the model

The domain is discretized into a 300 × 300 matrix, and the time is discretized, where 

 and . d d 0.25x y  d 0.006t 

Using  to describe points in the computational domain and discretize the  ,i j

Equation S6 by the upwind difference method, where  and :U
tJ U  V

tJ V 
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where  represents the value of the x component of the ECM flux between the 1, 2

U
i j
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points  and ,  is defined by:( , )i j ( , )i j +1 1 ,2
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Different from the calculation of local ECM concentration change rate, the local SCs 

concentration change rate (Equation S1) affects the diffusion term by:
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Discretizing Equation S1 by the upwind difference method:
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Taking the x-direction as an example, the SCs-ECM-cultural environment 

mechanical equilibrium (Equation S7) is expanded as Crank-Nicolson scheme:
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; . The equation (Equation S21) is discretized in the  1/ 2W    1( / 2 )Y   

following form to facilitate computational analysis:
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The discretized equation is: 
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Expansion of the above equation leads to:
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The simplified form of the above equation is:
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Similarly, the mechanical balance equation in y-direction is:
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In this form, the local SCs-ECM-cultural environment equilibrium equation can be 

solved by the D03EBF algorithm of NAG toolbox in MATLAB to obtain the next step

,  through the method of circular approximation approximate solution.1NU  1NV 

S3. Direction distribution of experimentally generated patterns in 



Section 3.1 and Figure 1

Fig. S1 Mark the direction of cell aggregates in generating patterns without geometric 
constraints, Scale bars are 200μm.

Fig. S2 Mark the direction of cell aggregates in generating patterns with geometric 

constraints , Scale bars are 200μm.0  o

S4. SCs Pattern under various geometric constraint directions



Fig. S3 SCs Pattern under geometric constraint directions .15  o

Fig. S4 SCs Pattern under geometric constraint directions .45  o

Fig. S5 SCs Pattern under geometric constraint directions .60  o



Fig. S6 SCs Pattern under geometric constraint directions .115  o

Fig. S7 SCs Pattern under geometric constraint directions .135  o

Fig. S8 SCs Pattern under geometric constraint directions .165  o


