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1. Mathematical modeling and computer simulations
A previous cell gradient sensing model was adapted to describe receptor-ligand binding, receptor desensitization and recycling 
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[1]
. As illustrated in Fig. 8A, receptors are initially expressed on the cell surface. Upon binding to the ligand molecules, the receptors are activated and the activated receptors trigger chemotactic signaling. Two ligands L1 and L2 share a common cell receptor R with equal binding affinity. However, only L1 but not L2 desensitizes R. Desensitized receptors are subsequently internalized and eventually re-expressed back to the cell surface. Consistent with previous models, the dissociation of ligand from desensitized receptors on the cell surface is assumed negligible [2]. The model cell is simplified to consist of four receptor expressing units symmetrically located along the x and y axis with equal distance to the center of mass of the cell (r=5μm assuming the typical 10μm diameter of cells [3]. 
A set of ordinary differential equations (ODEs) are used to describe the evolution of ligand-induced receptors modulations. The symbols for variables and kinetic rates in the model are defined in Table S1 and the values of kinetic rates and other parameters are adapted from the literature based on human neutrophil formyl peptide receptors [1,2,4,5]. Because of the similarity of neutrophils and T cells in their size, the mechanisms and characteristics for gradient sensing and migration and that the specific kinetic parameters for T cells are not available in existing literature, here we setup the model and simulations based on neutrophil parameters. 
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The ODEs are subject to restraint conditions assuming total receptor conservation and that all receptors are initially expressed on the cell surface in the free & nondesensitized receptor state.   
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Fixed nonlinear ligand gradients in a 2-D polar coordinate system are set up in the model. The parameters are defined in Table S1 and the selection of this gradient has been justified previously 
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In a single ligand field, the active receptor-ligand complex LR* is evaluated for all four receptor expressing units of the cell, and the difference of LR* along the x and y axis is calculated to determine the orientation strength in the two directions. The net orientation of the cell is determined by the orientation vector  eq \o(\s\up5(→),\s\do2 (ΔLR*))  in the 2-D plane. 
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In superimposed ligand fields of L1 and L2, The net orientation vector of the cell is determined by the addition of the orientation vectors to L1 and L2. 
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The differential equations are integrated by the 4th order Runge-Kutta algorithm. Consistent with the previous models [1,6,7], the threshold magnitude of the orientation vector for chemotactic orientation is set at 10, i.e. |ΔLR*| ≥ 10. Below the threshold, i.e. |ΔLR*| <10, the cell orients and migrates randomly in the 2-D plane. The random orientation in the 2-D plane (0, 2π) is determined by a random number generator. The cell orientation at long time is determined by evaluating  eq \o(\s\up5(→),\s\do2 (ΔLR*))  at the equilibrium state (i.e. d eq \o(\s\up5(→),\s\do2 (ΔLR*)) /dt=0).  
Based on the gradient sensing model, the model cell is allowed to move along the direction set by the net orientation vector. Initially, cells are located at different positions in the gradient fields to start migrating. The gradient sensing model as described above is applied to cells to determine their net orientation vector. The migration step is set at 2.5 minutes at 10 m/min similar to the previously reported characteristic time of persistent cell migration [7] and migration speed [8].  The orientation vector is continuously evaluated at time step of 10 seconds and determines the direction of cell migration at each migration step.

2. Cell migration in same side CCL19 and CCL21 gradients

We tested the condition of superimposed gradients of 5nM CCL19 and 100nM CCL21 along the same side, and analyzed cell migration in different regions of the gradient fields (Fig. S1). Our results show that in the high concentration region of the CCL19 and CCL21 gradients cells exhibit repulsive migration away from the gradients; In contrast, in the low concentration region of the CCL19 and CCL21 gradients cells chemotax to the gradients; in the middle region of the gradient fields, cells migrate randomly. This experiment demonstrates the differential cell migratory behaviours in different combinations of CCL19 and CCL21 fields in a single experimental setup. 
Figure S1. 
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T cell migration in same side gradient fields of 5nM CCL19 and 100nM CCL21. (A) Angular histogram shows that T cells in the top region orient towards the CCL19/CCL21gradients. (B) Angular histogram shows that T cells in the middle region orient randomly. (C) Angular histogram shows that T cells in the bottom region orient away from the CCL19/CCL21 gradients. (D) 
Schematic illustration of the same side gradient configuration and the sub-regions for analysis. (E) Comparison of chemotactic index (C.I.) and the speed of cells in different sub-regions of the same side gradient fields. The error bars represent the standard error of the mean (s.e.m.). Positive C.I. indicates cells migrate toward the gradients and negative C.I. indicates cells migrate away from the gradients.

Table S1.

Variables and parameters in the model

	Symbols
	Implications
	Values

	L1, L2
	ligand concentration
	Variable (in nM)

	R
	number of free surface receptors
	Variable

	Ri
	number of intracellular free receptors
	Variable

	L1R*, L2R*
	number of active receptor-ligand complex
	Variable

	LRd
	number of desensitized receptor-ligand complex
	Variable

	LRi
	number of internalized receptor-ligand complex
	Variable

	Rtot  
	total number of receptors 
	25,000 
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	kf1 , kf2 
	ligand receptor association rate for L1R* and L2R*
	8.4 ( 107 M-1 s-1 [2,9]

	kr1, kr2 
	low-affinity ligand receptor dissociation rate for L1R* and L2R*
	0.37 s-1 [2,5]

	kdes1, kdes2
	desensitization rate for L1R* and L2R*
	kdes1 = 0.065 s-1 for L1R*  [2,5] 

  kdes2 = 0 for L2R*

	ki 
	internalization rate
	0.0033 s-1 [2,10]

	kup
	up-regulation rate
	0.004 s-1 [2,4]

	Lmax
	highest concentration at the gradient center
	0.88 nM unless stated otherwise

	L0 
	basal ligand concentration
	0 nM 
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	A 
	radius of the gradient region
	1000 μm 
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	ρ  

n 
	distance from the gradient center

power of the gradient function
	Variable (in μm) 
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