






Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Various analysis strategies of optogenetically 
induced behaviour. (a-i) Adjusted Speed Index (adjSI). (a) For adjusted SI 
calculation, the extrema during the laser triggers were found. Five frames 
around the extremum were used to calculate the elicited behaviour (‘during’). 
Five frames around the preceding maximum/minimum were used to calculate 
the baseline (‘before’). The speed index was calculated as ([speed before] – 
[speed during])/([speed before] + [speed during]). (b) Trials with adjSI > 0 
(i.e., acceleration) in P. maniculatus (blue, n = 7 animals) and P. polionotus  
(gold, n = 8). (c) adjSI distributions for ChR and sham animals of both species. 
(d) Cumulative distributions for adjSI > 0 (acceleration; P. maniculatus 
P = 0.024; P. polionotus P = 0.237) and adjSI <0 (deceleration; P. maniculatus 
P = 2*10−4; P. polionotus P = 7*10−8). (e) Maximum running speed for adjSI > 0 
trials at different laser powers for P. maniculatus and P. polionotus. <4 vs 
<10 mW: P. maniculatus P = 0.085, P. polionotus P = 0.195; <4 vs <25 mW:  
P. maniculatus P = 0.017, P. polionotus P = 0.009; <10 vs <25 mW: P. maniculatus 
P = 0.192, P. polionotus P = 0.277. (f) Minimum running speed for adjSI <0 trials 
at different laser powers. <4 vs <10 mW: P. maniculatus P = 0.164, P. polionotus 
P = 0.953; <4 vs <25 mW: P. maniculatus P = 0.211, P. polionotus P = 1*10−9;  
<10 vs <25 mW: P. maniculatus P = 0.842, P. polionotus P = 4*10−7. (g-i) Similar  
results were found when 1 s was used for baseline (‘before’) measurements.  
(g) Acceleration: P. maniculatus P = 5*10−5; P. polionotus P = 0.367. Deceleration: 
P. maniculatus P = 0.004; P. polionotus P = 1*10−8. (h) <4 vs <10 mW: P. maniculatus 
P = 0.144, P. polionotus P = 0.020; <4 vs <25 mW: P. maniculatus P = 0.094,  
P. polionotus P = 0.004; <10 vs <25 mW: P. maniculatus P = 0.414, P. polionotus 
P = 0.474. (i) <4 vs <10 mW: P. maniculatus P = 0.992, P. polionotus P = 1.000;  
<4 vs <25 mW: P. maniculatus P = 0.945, P. polionotus P = 0.004; <10 vs <25 mW:  
P. maniculatus P = 1.000, P. polionotus P = 0.002. ( j-r) Additional analysis 
considering two different parameters – non-adjusted SI and slope.  
( j) For the SI, the speed during the laser trigger was compared to the speed 

during 0.37 s right before laser onset (solid lines). The speed index was calculated 
as ([speed before] – [speed during])/([speed before] + [speed during]). For 
slope measurements, the slope was calculated in sliding windows and the 
maximum slope was taken (dashed lines). (k-l) Comparison of acceleration 
trials (SI > 0 or slope > 0) for the two species (P. maniculatus: n = 7 animals;  
P. polionotus: n = 8). (m) Cumulative distributions of speed indices <0 and >0. 
Acceleration: P. maniculatus P = 0.747; P. polionotus P = 0.907. Deceleration:  
P. maniculatus P = 4*10−10; P. polionotus P = 5*10−10. (n) Maximum speed for  
SI > 0 trials at different laser powers. <4 vs <10 mW: P. maniculatus P = 0.090,  
P. polionotus P = 0.071; <4 vs <25 mW: P. maniculatus P = 0.070, P. polionotus 
P = 0.035; <10 vs <25 mW: P. maniculatus P = 0.0357, P. polionotus P = 0.373.  
(i) <4 vs <10 mW: P. maniculatus P = 0.992, P. polionotus P = 1.000; <4 vs <25 mW:  
P. maniculatus P = 0.945, P. polionotus P = 0.004; <10 vs <25 mW: P. maniculatus 
P = 1.000, P. polionotus P = 0.002. (o) Minimum speed for SI < 0 trials at 
different laser powers. <4 vs <10 mW: P. maniculatus P = 0.103, P. polionotus 
P = 0.994; <4 vs <25 mW: P. maniculatus P = 0.324, P. polionotus P = 3*10−10;  
<10 vs <25 mW: P. maniculatus P = 0.751, P. polionotus P = 7*10−8. (i) <4 vs <10 mW:  
P. maniculatus P = 0.992, P. polionotus P = 1.000; <4 vs <25 mW: P. maniculatus 
P = 0.945, P. polionotus P = 0.004; <10 vs <25 mW: P. maniculatus P = 1.000,  
P. polionotus P = 0.002. (p-r) Same plots as m-o for slope parameter.  
(p) Acceleration: P. maniculatus P = 0.201; P. polionotus P = 0.989. Deceleration: 
P. maniculatus P = 5*10−5; P. polionotus P = 0.605. (q) <4 vs <10 mW: P. maniculatus 
P = 0.090, P. polionotus P = 0.071; <4 vs <25 mW: P. maniculatus P = 0.070,  
P. polionotus P = 0.035; <10 vs <25 mW: P. maniculatus P = 0.357, P. polionotus 
P = 0.373. (i) <4 vs <10 mW: P. maniculatus P = 0.082, P. polionotus P = 0.476;  
<4 vs <25 mW: P. maniculatus P = 0.278, P. polionotus P = 5*10−11; <10 vs <25 mW: 
P. maniculatus P = 0.820, P. polionotus P = 2*10−7. Statistical significance for all 
comparisons was evaluated with two-sided, two-sample Kolmogorov-Smirnov 
test. * P < 0.05, ** P < 0.01, *** P < 0.005, **** P < 0.0001.



Extended Data Fig. 10 | In vitro patch clamp assessment of intrinsic 
properties of neurons in the dPAG. (a-b) Example current clamp experiments 
in the dPAG of brains slices from P. maniculatus (a) and P. polionotus 
(b). Current was injected in steps of 10 nA from −40 to 350 nA. (c). Average 
current firing rate ( ± SEM) curves of dPAG neurons in P. maniculatus (blue, 
n = 52 neurons) and P. polionotus (gold, n = 47 neurons). (d-i) Distribution of 
intrinsic parameters measured from current clamp experiments of dPAG 
neurons in P. maniculatus (blue, n = 52 neurons) and P. polionotus (gold, n = 47 
neurons). (d) Input resistance (P = 0.60). (e) Membrane capacitance (P = 0.15). 
(f) Membrane potential (P = 0.88). (g) Rheobase (P = 0.42). (h) Firing rate 
sensitivity (P = 0.18). (i) Firing rate threshold (P = 0.38). Statistical significance 
evaluated with two-sided, two-sample Kolmogorov-Smirnov test. All statistical 
comparisons were not significant (P > 0.05).










