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Table S1. Confinement parameters and their effect on the power of detection. 

Parameter Definition 
Value in 

this study 
Effect on confinement detection 

Lc 

Critical L; 

threshold for confinement 

detection 

α *  

average L 
 

Lcm 

Minimum critical L; 

L below this value will be 

random diffusion 

5.5 

Lower Lcm will increase false posi-

tives, 

higher Lcm will decrease true posi-

tives 

Tc 

Critical time; 

minimal time period L 

should be above Lc 

0.2 s 

Lower Tc will increase false posi-

tives, 

higher Tc will decrease true posi-

tives 

Sm 
Maximum segment length 

for confinement detection 
15 frames 

Larger Sm will increase power of de-

tection, but reduces the temporal 

resolution 

Smin 
Minimum segment length 

for confinement detection 
4 frames 

No large effect on confinement de-

tection 

α 

Average L of a trajectory is 

multiplied by this factor in 

the range of 0-1 resulting 

in Lc 

0.5 

Low value will lead to Lc close to 

Lcm, 

high value could increase power of 

detection when there are highly con-

fined zones but could also merge 

multiple confinement zones 
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Figure S1. Random walk and confinement simulations. (A) Model 1: random walk simulation where 

every consecutive coordinate is drawn from a Gaussian distribution based on diffusion coefficient 

and time step (left). Model 2: random walk simulation where step length is the same for every step, 

but the direction of the step is random (right). MSD versus time lag curves of 100 random walks 

(bottom). (B) Distribution of diffusion coefficients for the different random walk simulation models 

and after applying subsampling: only including the coordinate after every 100 simulation steps. (C) 

Principle of the ‘reflect’ confinement model (left). Principle of the ‘stick’ confinement model (right). 

Example trajectory for both models color-coded for time (bottom). Rconf = 0.05 μm. (D) MSD curves 

for 10 completely confined tracks simulated with the ‘reflect’ model (top) and the ‘stick’ model. 

Comparing a step size of 0.05 μm (left) and 0.2 μm (right). Grey area represents the weighted stand-

ard deviation over all MSD curves. Rconf = 0.1 μm. 
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Figure S2. Improvements in the confinement analysis. (A) Including the last points of a trajectory 

in the confinement index averaging. 100 trajectories were simulated with the last 15 frames of 100 

frames confined. Comparison of the analysis from [1] (old) and our updated analysis (new). Our 

analysis achieves better detection of confinement periods at the end of the trajectory (left). There is 

no large difference in the detection of confinement at the beginning of trajectories (right). 100 simu-

lated trajectories with the first 15 frames of 100 frames confined. Rconf = 0.04 μm. Confinement index 

(L) over time is shown for example trajectories analyzed with the updated method (middle) and the 

method from [1] (bottom). (B) Use D as the middle of the sliding window instead of the beginning. 

Peaks in the diffusion coefficient over time are indicated with the dashed red lines and correspond 

with valleys in the confinement index over time graph, as expected. This correlation of peaks and 

valleys is not as prominent when D is used as the beginning of the sliding window (bottom). 
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Figure S3. Raw simulated transient confined trajectories from Figure 1. (A) Three different simu-

lated trajectories varied in the diffusion coefficient of the simulation. Rconf = 0.04 μm. (B) Three 

different simulated trajectories varied in their confinement radius size. D = 0.05 μm2/s. 
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Figure S4. Effect of timing confinement on power of detection. Effect of the timing of simulated 

confinement periods and Rconf on the correct detection of that confinement. 50 frames confined of 

total 100 frames per simulated track. Five independent simulations of 100 trajectories per condition. 

Dotted line indicates correct confinement detection. Data are represented as means ± SD. 

 

Figure S5. Effect of localization error on confinement detection using Dset. (A) Effect of localization 

error on the percentage of false positives detected in random walks using Dset instead of Dmax. 3 

independent simulations of 1000 trajectories per condition. Data are represented as means ± SD. (B, 

C) Effect of localization error on the percentage of detected confined displacements in tracks simu-

lated to be confined for 15 (B) or 50 (C) of the 100 frames. Rconf = 0.04 μm. 3 independent simulations 

of 1000 trajectories. Data are represented as means ± SD. 
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Figure S6. Confinement analysis on experimental trajectories. (A–C) Effect of user-defined param-

eters on the estimated diffusion coefficient inside confinement zones. (A) Vary critical L, Lcm. Num-

ber of trajectories with confinement: Lcm 3: 381, Lcm 4: 309, Lcm 5.5: 219. (B) Vary critical time, Tc. 

Number of trajectories with confinement: Tc 0.1: 311, Tc 0.2: 219, Tc 0.3: 139. (C) Vary maximum 

segment length, Sm. Number of trajectories with confinement: Sm 5: 181, Sm 15: 219, Sm 30: 177. (D) 

Estimated Dmax for membrane probes: GluA1, GT46, GPI and DOPE. (E) Average estimated Dmax 

for mGluR5 (n = 20) and GluA2 (n = 17; unpaired t-test) (left), and corresponding cumulative fre-

quency distribution (right). Data are represented as means ± SEM. 
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