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 1 

Supplementary Figure 4. Relationship between unit activity and event related potentials. (A) Example event 2 
related potential (ERP) recorded in the vPAG during early extinction training at CS+ offset. Average of 14 trials. 3 
(B) Example single unit data recorded simultaneously from the same vPAG recording site. Vertical dashed line 4 
and arrowhead indicate CS+ offset at time zero. Raster plot 14 trials, PETH, 10 ms bin width. 5 

 6 
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Supplementary Figure 5. Comparison of single unit results for tetrodes only versus saline control animals. (A) 2 
Group data for tetrodes only control animals (n = 14 units) recorded on day 2, showing average z-scored type 1 3 
onset responses during early extinction (EE, upper panel) and late extinction (LE, lower panel). Time zero, CS+ 4 
tone onset. Solid lines in each plot show mean z-score, shaded regions ± SEM. Horizontal dashed red lines 5 
show significance level (p<0.05). (B) Same as A but grouped data for saline control animals recorded on day 3 6 
(n = 4 units). (C) Bar charts showing average type 1 onset response area (arbitrary units) during EE and LE for 7 
single units recorded in tetrodes only and saline control animals. Pairs of data points connected with dashed 8 
lines show change in mean response area for each single unit over extinction training. Bars show group means 9 
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± SEM.  ns, no significant difference (unpaired t test, EE, p = 0.785; LE, p = 0.635). D and E same as A and B but 1 
for type 1 offset responses. Time zero, CS+ tone offset. (D) Tetrodes only control unit offset responses 2 
recorded on day 2 (n = 16 units). (E) Saline control unit offset responses recorded on day 3 (n = 3 units). (F) 3 
Same as C. ns, no significant difference (unpaired t test, EE, p = 0.224 and LE, p = 0.824).  4 
 5 

 6 

 7 

 8 

Supplementary Figure 6. Trial by trial comparison of conditioned behaviour in muscimol and control 9 

animals (A) Grouped data showing the average percentage of time spent freezing during presentation 10 

of each CS+ tone as a function of extinction training. Five blocks of extinction (Ext1-5) with early 11 

extinction (EE, ext1,2) shaded dark grey, and late extinction (LE, ext4,5), shaded  light grey.  Control 12 

data (blue, n= 10 rats) and muscimol data (orange, n=8 rats). Plots show mean ± SEM. (B) Same as A 13 

but during the inter-tone interval (ITI). (C) Scatterplots for baseline, EE and LE, showing the duration 14 

of the first 5 freezing epochs (left panel) and first 5 movement epochs (right panel) for each block of 15 

extinction training (1-5, see Methods for further details). Each data point represents the freezing or 16 

movement epoch for an individual animal. Control = blue, Muscimol = orange.  17 
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Supplementary Figure 7. Conditioned fear related behaviours. (A) Rate of extinction as measured by the 2 
slope of the line of best fit for change in percentage of time spent freezing during presentation of the CS+ over 3 
the first 21 presentations of the CS+ during extinction training in control (n = 10 rats) versus muscimol (n = 8 4 
rats) experiments. Individual data points show mean rate of change per animal. Bars show group means ±SEM. 5 
(B) Same as A but the change in percentage of time spent freezing during the ITI for the first 21 CS+ presentations 6 
during extinction training in control (n =1 0 rats) versus muscimol (n = 8 rats) experiments. (C) Scatterplot 7 
showing the mean unit response area (arbitrary units) at CS+ onset as a function of percentage time spent 8 
freezing activity in EE and LE during CS+ presentation. Individual data points represent individual animals. Blue, 9 
control; orange, muscimol. Pearson correlation r = -0.19, p >0.05. (D) Same as C but for freezing during the ITI 10 
and unit response area at CS+ offset. Pearson correlation r = -0.23, p >0.05. (E) The total number of rears during 11 
CS+ presentation during extinction training in control (n = 10 rats) versus muscimol (n = 8 rats) experiments. 12 
Individual data points connected with dashed lines show change in mean number of rears per animal over 13 

extinction training. Bars show group median and IQR (EE, p = 0.275; LE, p = 0.444, Mann Whitney test). (F) 14 

Same as E but rearing count for ITI in control (n = 10 rats) versus muscimol (n = 8 rats) experiments (EE, p = 15 

0.490. LE, p = 0.763, Mann Whitney test). (G) Total number of ultrasonic vocalisations (USVs) during 16 
presentation of the CS+ in all extinction training trials for control (n = 10 rats) versus muscimol (n = 8 rats) 17 

experiments. Individual data points show mean count per animal. Bars show group median and IQR (p = 0.321, 18 
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Mann Whitney test). (H) Same as G but USV count in the ITI for control (n = 10 rats) versus muscimol (n = 8 1 

rats) experiments (p = 0.304, Mann-Whitney test).  2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

Supplementary Figure 8. Anatomical mapping of the MCN-PAG pathway. (A) Schematic showing on a sagittal 10 
section of the cerebellum injection into the MCN of an anterograde tracer (AAV-CAG-tdTomato viral vector). To 11 
the left high power photomicrograph showing transfected neurons in MCN. To the right, coronal section shows 12 
representative pattern of terminal labelling in the contralateral PAG in one animal (dlPAG, lPAG, vlPAG; 13 
dorsolateral, lateral and ventrolateral periaqueductal grey).   (B) Coronal sections of the PAG at different 14 
anteroposterior (AP) levels showing the pattern of terminal labelling in all available animals (n = 7 rats). The 15 
darker the red shading the larger the number of animals with terminal labelling in that area. 16 
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Supplementary Figure 9. Effect of DREADDs on general motor and affective behaviour. (A) Histological 2 
reconstruction of cannulae placement in PAG in control (n = 9 rats, tracks colour coded blue to black for different 3 
animals) and DREADD animals (n = 10 rats, tracks colour coded orange to red for different animals). For each 4 
track the tips indicate the extension of the internal cannula for infusions. (B) Percentage of the total time in an 5 
elevated plus maze spent in the open arm (left) and in the closed arm (right) for control (n=9 rats) versus DREADD 6 
(n = 9 rats) experiments. Individual data points show percentage of time per animal. Bars show mean ± SEM 7 

(open arm, p = 0.635; closed arm, p=0.316; unpaired t-test). (C) Time spent in the centre versus the 8 
periphery of the open field arena for control versus DREADD animals. Individual data points show total time per 9 

animal. Bars show mean ± SEM (centre p = 0.887; periphery p = 0.651, unpaired t-test). (D) The total 10 
distance moved in the open field arena in control (n = 8 rats) versus DREADD (n = 6 rats) experiments.  Individual 11 

data points show total distance per animal. Bars show mean ± SEM (p = 0.794, unpaired t-test). (E) Beam 12 
walking traversal times in control (n = 9 rats) and DREADD (n = 9 rats) experiments before (baseline) and after 13 
infusion of CNO into vPAG for the two groups of animals. Pairs of data points connected by dotted lines show 14 

change in mean crossing time per animal between baseline and CNO. Bars show mean ± SEM (time to traverse, 15 

p = 0.618, unpaired t-test; number of foot slips, p = 0.500, Mann-Whitney test). (F) Same as E but beam 16 
traversal times in control (n = 9 rats) and DREADD (n = 9 rats) experiments before (baseline) and intraperitoneal 17 
injection of CNO. Unpaired t-test **, p < 0.001.   18 

 19 

 20 
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Supplementary Figure 10. Anatomical and physiological evaluation of DREADD transfection of MCN-2 

PAG pathway. (A) Schematic showing experimental arrangement for anatomical assessment of 3 

DREADD transfection. In each animal a green fluorescent retrograde tracer (rAAV-CAG-GFP) was 4 

injected into the ventrolateral sector of PAG (shown as false colour blue) and in the same animals 5 

MCN was transfected with inhibitory DREADD virus that expressed red fluorescence (AAV-hSyn-6 

hM4D(Gi)-mCherry). (B) Photomicrograph showing examples of single (red or blue) and double 7 

labelled neurons (purple, arrows) in MCN. (C) Graph plotting double labelled neurons in MCN as a 8 

percentage of the two single labelled populations (n= 4 rats). Individual data points per animal. Mean 9 

± SEM. 10 

 11 
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Supplementary Figure 11. Freezing and USV behaviour across extinction training. (A) Grouped data showing 2 

the average percentage of time spent freezing during presentation of each CS+ tone as a function of 3 

extinction training. Each data point based on average of 7 CS+ presentations per animal ± SEM. Five 4 

blocks of extinction (Ext1-5) with early extinction (EE, ext1,2) shaded dark grey, and late extinction (LE, 5 

ext4,5), shaded light grey.  Control data (blue, n = 9 rats) and DREADD data (red, n = 10 rats). (B) Same 6 

as A but during the inter-tone interval (ITI). (C) Same as A but grouped data showing average count of 7 

USVs emitted during each CS+ presentation as a function of extinction training. Control (blue, n = 9 8 

rats) and DREADD (red, n = 10 rats) (D) Same as C but average USV count during the ITI. Mean ± SEM. 9 

 10 
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