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Extended Data Figure 4: The correlation between two information-geometric quantities before and after the Raf inhibitor
addition. a The scatter plots of the action C, the length L, the mean velocity V , the efficiency η before (pre-addition) and after

(post-addition) the Raf inhibitor addition. b The scatter plots of the duration t1 − t0 versus the action C, the length L, the mean
velocity V , the efficiency η before (pre-addition) and after (post-addition) the Raf inhibitor addition. The Pearson correlation

coefficients and results of statistical tests are listed in Extended Data Table 4.
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Extended Data Table 1: The sample size used in the analysis of each experiment. We listed the sample size for the experiments
under the conditions of different cell densities and the experiments of the periods before and after the Raf inhibitor addition.

Condition Number of cells Number of activation Number of inactivation
Low density (L) 31 507 513

Medium density (M) 306 3,130 3,131
High density (H) 755 4,425 4,029

Before the Raf inhibitor addition (Pre) 209 1,085 978
After the Raf inhibitor addition (Post) 209 2,716 2,628
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Extended Data Table 2: The statistics for the experiment at each cell density (related to Fig. 3 and Extended Data Fig. 1). a The
mean values (Mean) and variances (Variance) of the action C, the length L, the mean velocity V , the efficiency η, and the

duration t1 − t0 in the activation and inactivation processes at the low (L), medium (M) and high (H) cell densities. b The mean
values (Mean) and variances (Variance) of ds2/dt2, d/dt(ds2/dt2), and

∣∣d/dt(ds2/dt2)∣∣ in the activation and inactivation
processes at the low (L), medium (M) and high (H) cell densities. c The p-values comparing between two cases. We used

Brunner-Munzel (BM) method and the Kolmogorov–Smirnov (KS) method. We compare two cell densities and two processes,
where ‘vs’ denotes the comparison of two cases, and L, M and H denotes the low, medium and high cell densities. The p-values

below 0.001 represent as < 0.001.

a

C L V η t1 − t0

Activation Inactivation Activation Inactivation Activation Inactivation Activation Inactivation Activation Inactivation

L 0.00580 0.00339 0.201 0.192 0.0319 0.0221 0.751 0.760 7.17 8.58

Mean M 0.0105 0.00642 0.243 0.236 0.0453 0.0313 0.740 0.770 6.30 8.03

H 0.0156 0.00828 0.327 0.344 0.0493 0.0272 0.690 0.714 7.93 12.6

L 0.0000957 0.0000159 0.0219 0.0216 0.000847 0.0000848 0.00808 0.00694 17.1 26.2

Variance M 0.000224 0.000116 0.0320 0.0328 0.00152 0.000598 0.00869 0.00662 14.0 28.2

H 0.000364 0.0000572 0.0431 0.0461 0.00145 0.000158 0.0129 0.0109 16.8 33.3

b

ds2

dt2
d
dt

ds2

dt2

∣∣∣ d
dt

ds2

dt2

∣∣∣
Activation Inactivation Activation Inactivation Activation Inactivation

L 0.00162 0.000789 -0.000409 -0.00000359 0.00161 0.000671

Mean M 0.00332 0.00160 -0.000791 0.0000228 0.00356 0.00136

H 0.00394 0.00132 -0.000480 -0.00000405 0.00375 0.000807

L 0.0000300 0.00000155 0.0000492 0.00000146 0.0000467 0.00000101

Variance M 0.0000852 0.0000263 0.000139 0.0000356 0.000127 0.0000337

H 0.0000965 0.00000464 0.000109 0.00000293 0.0000952 0.00000228

c

Activation Inactivation Activation vs Inactivation

L vs M L vs H M vs H L vs M L vs H M vs H L M H

C BM < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

L BM < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.261 0.0877 0.00455

KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.253 0.0120 0.00134

V BM < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

η BM 0.0573 < 0.001 < 0.001 0.0463 < 0.001 < 0.001 0.356 < 0.001 < 0.001

KS 0.0573 < 0.001 < 0.001 0.0178 < 0.001 < 0.001 0.356 < 0.001 < 0.001

t1 − t0 BM < 0.001 < 0.001 < 0.001 0.00480 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

KS < 0.001 < 0.001 < 0.001 0.00480 < 0.001 < 0.001 0.00480 < 0.001 < 0.001

ds2

dt2
KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

d
dt

ds2

dt2
KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001∣∣∣ d

dt
ds2

dt2

∣∣∣ KS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Extended Data Table 3: The statistics for the experiment of the Raf inhibitor addition (related to Fig. 3 and Extended Data Fig.
1). a The mean values (Mean) and variances (Variance) of the action C, the length L, the mean velocity V , the efficiency η, and
the duration t1 − t0 in the activation and inactivation processes before (Pre) and after (Post) the Raf inhibitor addition. b The

mean values (Mean) and variances (Variance) of ds2/dt2, d/dt(ds2/dt2), and
∣∣d/dt(ds2/dt2)∣∣ in the activation and

inactivation processes before (Pre) and after (Post) the Raf inhibitor addition. c The p-values comparing between two cases,
before (Pre) and after (Post) the Raf inhibitor addition. We used Brunner-Munzel (BM) method and the Kolmogorov–Smirnov

(KS) method. We calculated the p-values for the action C, the length L, the mean velocity V , the efficiency η, the duration
t1 − t0, ds2/dt2, d/dt(ds2/dt2), and

∣∣d/dt(ds2/dt2)∣∣. The p-values below 0.001 represent as < 0.001.

a

C L V η t1 − t0

Activation Inactivation Activation Inactivation Activation Inactivation Activation Inactivation Activation Inactivation

Mean Pre 0.00279 0.00207 0.159 0.169 0.0181 0.0138 0.775 0.792 9.42 11.5

Post 0.000713 0.000345 0.0954 0.0882 0.00494 0.00311 0.756 0.781 20.1 22.7

Variance Pre 0.0000131 0.00000656 0.0147 0.0185 0.000204 0.0000696 0.00394 0.00298 23.6 39.0

Post 0.00000269 0.000000872 0.0129 0.0119 0.0000505 0.0000064 0.00861 0.00439 229 320

b

ds2

dt2
d
dt

ds2

dt2

∣∣∣ d
dt

ds2

dt2

∣∣∣
Activation Inactivation Activation Inactivation Activation Inactivation

Mean Pre 0.000593 0.000362 -0.000143 -3.88×10−8 0.000269 0.000131

Post 0.0000710 0.0000303 -0.0000174 -2.50×10−9 0.0000257 0.00000640

Variances Pre 0.00000166 0.000000300 0.000000321 4.59×10−8 0.000000269 2.88×10−8

post 0.000000133 1.06×10−8 2.37×10−8 4.86×10−10 2.34×10−8 4.45×10−10

c

Activation Inactivation

Pre vs Post Pre vs Post

C BM < 0.001 < 0.001

KS < 0.001 < 0.001

L BM < 0.001 < 0.001

KS < 0.001 < 0.001

V BM < 0.001 < 0.001

KS < 0.001 < 0.001

η BM < 0.001 < 0.001

KS < 0.001 < 0.001

t1 − t0 BM < 0.001 < 0.001

KS < 0.001 < 0.001

ds2

dt2
KS < 0.001 < 0.001

d
dt

ds2

dt2
KS < 0.001 < 0.001∣∣∣ d

dt
ds2

dt2

∣∣∣ KS < 0.001 < 0.001
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Extended Data Table 4: The Pearson correlation coefficients and the p-values (related to Extended Data Figs. 2, 4). a The
Pearson correlation coefficients for the logarithm of information-geometric quantities, the action C, the length L, the mean

velocity V , the logarithm of the duration t1 − t0 and the efficiency η in the activation and inactivation processes at the low (L),
medium (M) and high (H) cell densities. b The Pearson correlation coefficients for the logarithm of information-geometric

quantities, the action C, the length L, the mean velocity V , the logarithm of the duration t1 − t0 and the efficiency η before (Pre)
and after (Post) the Raf inhibitor addition. c The p-values of no correlation test based on the Pearson correlation coefficients for

the conditions, i.e., the low (L), medium (M) and high (H) cell densities, and before (Pre) and after (Post) the Raf inhibitor
addition. We calculated the p-values for the logarithm of information-geometric quantities, the action C, the length L, the mean

velocity V , the logarithm of the duration t1 − t0 and the efficiency η. The p-values below 0.001 represent as < 0.001.

a

ln C vs lnL lnL vs lnV lnV vs η ln(t1 − t0) vs ln C ln C vs lnV lnL vs η lnV vs ln(t1 − t0) η vs ln C lnL vs ln(t1 − t0) ln C vs ln(t1 − t0)

L Activation 0.925 0.612 -0.0618 0.286 0.857 -0.280 -0.240 -0.297 0.621 0.286

Inactivation 0.951 0.561 0.156 0.637 0.776 -0.132 0.0196 -0.141 0.838 0.637

M Activation 0.934 0.679 -0.154 0.195 0.889 -0.403 -0.269 -0.395 0.525 0.195

Inactivation 0.944 0.616 0.0310 0.508 0.833 -0.237 -0.0474 -0.230 0.758 0.508

H Activation 0.921 0.622 -0.0758 0.109 0.865 -0.441 -0.395 -0.407 0.474 0.109

Inactivation 0.962 0.684 -0.0802 0.594 0.841 -0.456 0.0772 -0.445 0.780 0.594

b

ln C vs lnL lnL vs lnV lnV vs η ln(t1 − t0) vs ln C ln C vs lnV lnL vs η lnV vs ln(t1 − t0) η vs ln C lnL vs ln(t1 − t0) ln C vs ln(t1 − t0)

Pre Activation 0.978 0.894 -0.334 0.315 0.966 -0.402 0.0642 -0.422 0.504 0.315

Inactivation 0.987 0.907 -0.0813 0.68 0.961 -0.282 0.454 -0.245 0.787 0.680

Post Activation 0.973 0.851 -0.441 0.570 0.945 -0.455 0.277 -0.516 0.740 0.570

Inactivation 0.986 0.888 -0.158 0.818 0.949 -0.223 0.600 -0.247 0.901 0.818

c

ln C vs lnL lnL vs lnV lnV vs η ln(t1 − t0) vs ln C ln C vs lnV lnL vs η lnV vs ln(t1 − t0) η vs ln C lnL vs ln(t1 − t0) ln C vs ln(t1 − t0)

L Activation < 0.001 < 0.001 0.165 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Inactivation < 0.001 < 0.001 0.00155 < 0.001 < 0.001 0.00558 0.658 0.00420 < 0.001 < 0.001

M Activation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Inactivation < 0.001 < 0.001 0.0831 < 0.001 < 0.001 < 0.001 0.0160 < 0.001 < 0.001 < 0.001

H Activation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Inactivation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Pre Activation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.0346 < 0.001 < 0.001 < 0.001

Inactivation < 0.001 < 0.001 0.0110 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Post Activation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Inactivation < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Supplementary Video 1: The fluorescence imaging of the phosphorylated ERK in NRK-52E cells at different cell densities.
The movies of the low (left), medium (middle), and high (right) densities are arranged in order from the left. The pseudo-color
indicates the FRET/CFP ratio, where the green (red) color indicates that the FRET/CFP ratio is 1.0 (2.0) (see also Fig. 2c). The

timestamps indicate the time from imaging initiation in minutes.

Supplementary Video 2: The fluorescence imaging of the phosphorylated ERK in NRK-52E cells with the Raf inhibitor
addition. The Raf inhibitor was added at time 120 min. The pseudo-color indicates the FRET/CFP ratio, where the green (red)
color indicates that the FRET/CFP ratio is 1.0 (2.0) (see also Fig. 2c). The timestamp indicates the time from imaging initiation

in minutes.
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