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Fig. S1 Additional quantification of Glu-CB1-RS autoradiography. Quantification of CB1 receptor ligand binding intensity of 2 regions from autoradiograms that were published by Ruehle et al in (2013) but not quantified at the time: EP, entopeduncular nucleus (mean of 7 sections/animal); SNR, substantia nigra (mean of 6 sections/animal). Signal intensity was quantified per brain region, relative to that in CB1-RS mice (n=3 brains per group) in autoradiograms of coronal sections of CB1-RS, Glu-CB1-RS, and Stop-CB1 brains. Values of columns labeled with the same letter (a, b, or c) are not significantly different from each other in repeated measures ANOVA followed by Tukey multiple comparison test; data are expressed as mean + SEM; details of statistical analysis in supplementary Table S2
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Fig. S2 Locomotion in the elevated plus-maze test. In the elevated plus-maze (EPM) test, (a) the Stop-CB1 mice covered significantly more distance than GABA-CB1-RS mice, but both did not differ from CB1-RS mice. (b) The total number (#) of entries into all arms (open and closed), another proxy for total locomotion in the EPM test, did not differ between the groups. (c) All groups spent similar proportions of the 5-min test time in the arms and center of the EPM. Data are expressed as mean + SEM; animal numbers are indicated in the graphs; *, P < 0.05 in one-way ANOVA followed by Tukey multiple comparison test; details of statistical analysis in supplementary Table S2
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Fig. S3 Similar pain threshold and fear expression between groups. (a) Pain threshold was determined in a separate batch not subjected to fear conditioning. No significant differences were observed between CB1-RS, Stop-CB1, and GABA-CB1-RS mice. (b) Furthermore, no significant differences were detected between CB1-RS, Stop-CB1, and GABA-CB1-RS mice in the initial fear response upon the first re-exposure to the tone after conditioning when this response was adjusted for the response to the tone of animals of the same genotype that had not received a foot-shock the previous day. Data are expressed as mean + SEM; animal numbers are indicated in the graphs. Data were analyzed by one-way ANOVA; details of statistical analysis in supplementary Table S2
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Fig. S4 Immobility after fear conditioning. Animals were fear conditioned on day 0 (d0) and re-exposed to the tone (CS) for 200 seconds during extinction sessions on d1, 2, 3 and 10 after conditioning. (a) Unadjusted immobility throughout the extinction trials in 20-second time bins. (b) Baseline immobility in the 180 seconds before the onset of the CS was lower in GABA-CB1-RS mice than in their wildtype-like (CB1-RS) and knockout (Stop-CB1) controls. Because of these differences, subsequent measures of fear extinction were adjusted for baseline immobility using the subtraction method. (c) The initial fear response (adjusted for baseline immobility) during the first 20 seconds of the 200-second presentation of the CS was lower in GABA-CB1-RS mice than in CB1-RS mice on the first day of extinction only, with Stop-CB1 mice showing intermediate values (P = 0.066 vs CB1-RS). Since in Fig. 9a there was a significant interaction between day and group, (d) the total immobility to the tone, averaged per day, shows different group effects for the different days, although generally Stop-CB1 mice showed higher immobility during the tone while CB1-RS mice exhibited lower levels and immobility of GABA-CB1-RS mice was mostly intermediate (overall * Stop-CB1 vs CB1-RS for all days together, d10 P = 0.051 for Stop-CB1 vs CB1-RS). (e) Immobility after the tone was elevated in both Stop-CB1 and GABA-CB1-RS mice. Data are presented as mean ± SEM; animal numbers are indicated. Data in b-e were analyzed by repeated measures ANOVA followed by Tukey multiple comparison test, or (if there was a significant interaction between day and group) per day by post-hoc simple effect analysis with Sidak correction and are indicated by * between CB1-RS and Stop-CB1, + between CB1-RS and GABA-CB1-RS, x between Stop-CB1 and GABA-CB1-RS (1, P < 0.05; 2, P < 0.01; 3, P < 0.001; ns, not significant); details of statistical analysis in supplementary Table S2

Supplementary Tables

Table S1 Genotyping primers 

	primer
	sequence 5'-3'
	band sizes (bp)

	Stop-CB1 fwd1
	CAAGAAATGAGAACCGTGTC
	wt
	543

	Stop-CB1 fwd2
	TGTGTGAATCGATAGTACTAAC
	Stop
	462

	Stop-CB1 rev
	GTTCTCCTTGAACGATGAGA
	RS
	577

	DLX-Cre fwd
	GGCTCAAGACTCGTCAAAATC
	wt
	…

	DLX-Cre rev
	CGCGCCTGAAGATATAGAAGA
	Cre
	350

	EIIa-Cre fwd
	CGGCATGGTGCAAGTTGAATA
	wt
	…

	EIIa-Cre rev
	GCGATCGCTATTTTCCATGAG
	Cre
	300



bp, base pairs; DLX-Cre, specific primers for DLX-Cre; EIIa-Cre, general Cre primers; fwd, forward primer; RS, rescued; rev, reverse primer; wt, wildtype.
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Table S2 Details of statistical analyses. Animal numbers and cell/animal numbers (n) are given for CB1-RS, Stop-CB1 and GABA-CB1-RS. AON, anterior olfactory nucleus; B, bin; BLA, basolateral amygdala; CA1, cornu ammunis 1 region of hippocampus; CeA, central amygdala; co, covariate; CPu, caudate putamen; D, day; dist, distance; DSE, depolarization-induced suppression of excitation; DSI, depolarization-induced suppression of inhibition; EP, entopeduncular nucleus; EPM, elevated plus-maze; FC, fear conditioning; G, genotype; GP, globus pallidus; Hip, hippocampus; HT, hypothalamus; KA, kainic acid induced seizures; LD, light/dark test; MGN, medial geniculate thalamic nucleus; ns, not significant; OF, open field; R, region; RM, repeated measures; SNR, substantia nigra; T, time
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Table S2, continued 
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Table S2, continued
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Table S2, continued
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figuretest variable n/group factor

F / t / Χ

2

df1 df2 P posthoc test groups P

G 46.293 2 6 <0.001 --- --- ---

R 5.074 8 48 <0.001 --- --- ---

G x R 4.703 16 48 <0.001 simple effects see below ---

simple effects relative binding AON 3 3 3 G 8.861 2 6 0.016 Sidak Stop-CB1 < CB1-RS 0.019

Stop-CB1 < CB1-RS <0.001

GABA-CB1-RS < CB1-RS <0.001

Stop-CB1 < CB1-RS 0.003

GABA-CB1-RS < CB1-RS 0.021

Stop-CB1 < GABA-CB1-RS 0.004

Stop-CB1 < CB1-RS <0.001

Stop-CB1 < GABA-CB1-RS <0.001

Stop-CB1 < CB1-RS <0.001

Stop-CB1 < GABA-CB1-RS 0.009

GABA-CB1-RS < CB1-RS 0.006

Stop-CB1 < CB1-RS <0.001

Stop-CB1 < CB1-RS <0.001

GABA-CB1-RS < CB1-RS 0.002

Stop-CB1 < CB1-RS <0.001

GABA-CB1-RS < CB1-RS 0.002

Stop-CB1 < GABA-CB1-RS <0.001

Stop-CB1 < CB1-RS <0.001

Stop-CB1 < GABA-CB1-RS 0.012

GABA-CB1-RS < CB1-RS 0.003

Stop-CB1 < CB1-RS <0.001

3 3 3 relative binding all regions

3 3 3

simple effects

simple effects

2 49.912

relative binding HT

relative CB1 protein Hip

3 3 3

G

G

G

3 3 3

G

60.750

relative binding BLA

relative binding SNR

Sidak 0.003

<0.001

<0.001

<0.001 Sidak

Sidak

Sidak

<0.001

<0.001

<0.001 Sidak

Sidak

Sidak

2 66.011 relative binding MGN

relative binding Hip 3 3 3

55.869 G 3 3 3

Tukey <0.001 6

2 6 39.139

G

Sidak <0.001

G 3 3 3

3 3 3

3 3 3

3 3 3

49.974

43.137

G

6 2

2

2

RM ANOVA

simple effects

ANOVA

simple effects

simple effects

simple effects

2a

3d

simple effects 6

6

simple effects

G

6 2 18.464

6

6

6

2

2 relative binding GP

relative binding EP

relative binding CPu

37.012
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figuretest variable n/group factor

F / t / Χ

2

df1 df2 P posthoc test groups P

CA1 DSI CB1-RS 8/3 T 6.441 7 --- <0.001 --- --- ---

CA1 DSI Stop-CB1 7/3 T 0.993 6 --- 0.359 --- --- ---

CA1 DSI GABA-CB1-RS 7/3 T 9.887 6 --- <0.001 --- --- ---

CA1 DSE CB1-RS 6/3 T 5.070 5 --- 0.004 --- --- ---

CA1 DSE Stop-CB1 7/3 T 1.477 6 --- 0.190 --- --- ---

CA1 DSE GABA-CB1-RS 9/4 T 1.929 8 --- 0.090 --- --- ---

BLA DSE CB1-RS 11/3 T 4.183 10 --- 0.002 --- --- ---

BLA DSE Stop-CB1 9/4 T 2.105 8 --- 0.068 --- --- ---

BLA DSE GABA-CB1-RS 8/3 T 1.980 7 --- 0.088 --- --- ---

BLA DSI CB1-RS 8/3 T 3.297 7 --- 0.013 --- --- ---

BLA DSI Stop-CB1 10/4 T 0.461 9 --- 0.656 --- --- ---

BLA DSI GABA-CB1-RS 7/3 T 5.387 6 --- 0.002 --- --- ---

CeA DSI CB1-RS 7/3 T 3.833 6 --- 0.009 --- --- ---

CeA DSI Stop-CB1 6/3 T 0.547 5 --- 0.608 --- --- ---

CeA DSI GABA-CB1-RS 10/4 T 6.309 9 --- <0.001 --- --- ---

G 51.241 2 42 <0.001 --- --- ---

T 58.395 2.256 94.757 <0.001 --- --- ---

15 min: CB1-RS < Stop-CB1 0.002

30-120 min: CB1-RS < Stop-CB1 <0.001

30-120 min: CB1-RS < GABA-CB1-RS <0.001

Stop-CB1 < CB1-RS <0.001

GABA-CB1-RS < CB1-RS <0.001

ns: GABA-CB1-RS vs Stop-CB1 0.925

CB1-RS < Stop-CB1 0.013

GABA-CB1-RS < Stop-CB1 0.011

94.757

6f Paired t-test

7b

log rank test (Χ

2

)

KA survival 16 16 13

simple effects 0.034

G

2.617 4.512 G x T

seizure score 16 16 13

6d Paired t-test

7a RM ANOVA

6b Paired t-test

Paired t-test 4b

4d Paired t-test

33.130 2 --- <0.001 pairwise log rank

Fisher's exact test 7c Fisher's exact test spontaneous deaths 66 65 71 G --- --- --- <0.001
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figuretest variable n/group factor

F / t / Χ

2

df1 df2 P posthoc test groups P

8a ANOVA EPM OA entries 43 44 43 G 4.330 2 127 0.015 Tukey Stop-CB1 < CB1-RS 0.011

8b ANOVA EPM OA time 43 44 43 G 4.276 2 127 0.016 Tukey Stop-CB1 < CB1-RS 0.011

8c ANOVA OF distance 41 48 46 G 0.371 2 132 0.691 --- --- ---

Stop-CB1 < GABA-CB1-RS <0.001

Stop-CB1 < CB1-RS <0.001

OF dist (co) 15.733 1 131 <0.001 --- --- ---

Stop-CB1 < CB1-RS 0.003

Stop-CB1 < GABA-CB1-RS <0.001

OF dist (co) 7.180 1 131 0.008 --- --- ---

CB1-RS < Stop-CB1 <0.001

GABA-CB1-RS < Stop-CB1 <0.001

OF dist (co) 9.806 1 131 0.002 --- --- ---

G 4.035 2 110 0.020 Tukey CB1-RS < Stop-CB1 0.020

D 41.605 3 330 <0.001 --- --- ---

D x G 3.128 6 330 0.005 RM ANOVA see Figure S4d ---

B 186.755 3.743 411.702 <0.001 --- --- ---

B x G 6.998 7.485 411.702 <0.001 --- --- ---

D x B 5.962 15.819 1740.103<0.001 --- --- ---

D x B x G 0.898 31.638 1740.103 0.632 --- --- ---

GABA-CB1-RS < CB1-RS 0.001

Stop-CB1 < CB1-RS 0.022

D 3.664 2.707 297.800 0.016 --- --- ---

G x D 1.735 5.415 297.800 0.120 --- --- ---

8f

41 48 46

8d ANCOVA

8e ANCOVA

ANCOVA LD light latency

G

G

G

38 36 39

7.103 2 110 0.001 G

<0.001 131 2 18.095

21.226

10.329

41 48 46

41 48 46

LD light time

LD light entries

Tukey

Sidak

Sidak <0.001 131 2

2 131 <0.001

Sidak

9a RM ANOVA FC tone immobility per bin per day 38 36 39

9b RM ANOVA FC extinction
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figuretest variable n/group factor

F / t / Χ

2

df1 df2 P posthoc test groups P

Stop-CB1 < CB1-RS <0.001

Glu-CB1-RS  < CB1-RS <0.001

R 0.013 1 6 0.912 --- --- ---

G x R 0.004 2 6 0.996 --- --- ---

S2a ANOVA with Welch correction EPM distance 43 44 43 G 3.258 2 78.828 0.044 Games-Howell GABA-CB1-RS < Stop-CB1 0.034

S2b ANOVA with Welch correction EPM total arm entries 43 44 43 G 1.201 2 77.958 0.306 --- --- ---

S2c ANOVA with Welch correction EPM total arm time 43 44 43 G 1.313 2 79.058 0.275 --- --- ---

S3a ANOVA Pain threshold 12 15 13 G 0.383 2 37 0.684 --- --- ---

S3b ANOVA FC initial immobility - non-shocked 5 6 7 G 1.962 2 15 0.175 --- --- ---

GABA-CB1-RS < Stop-CB1 <0.001

GABA-CB1-RS < CB1-RS <0.001

D 93.702 2.683 295.094 <0.001 --- --- ---

G x D 0.930 5.365 295.094 0.467 --- --- ---

G 3.392 2 110 0.037 --- --- ---

D 39.331 3 330 <0.001 --- --- ---

d1: GABA-CB1-RS < CB1-RS <0.001

d1, ns: Stop-CB1 vs CB1-RS 0.066

G 4.035 2 110 0.020 Tukey see Figure 9a ---

D 41.605 3 330 <0.001 --- --- ---

d1: GABA-CB1-RS < Stop-CB1 0.017

d3: CB1-RS < Stop-CB1 0.006

d10, ns: CB1-RS vs Stop-CB1 0.051

CB1-RS < Stop-CB1 0.025

CB1-RS < GABA-CB1-RS <0.001

D 1.119 2.795 307.431 0.340 --- --- ---

G x D 1.106 5.590 307.431 0.358 --- --- ---

38 36 39

38 36 39

38 36 39

RM ANOVA 3 3 3 relative binding Glu-CB1-RS EP & SNR

S4d RM ANOVA FC total tone immobility

S4c RM ANOVA

FC baseline immobility S4b RM ANOVA

S4e RM ANOVA

S1

G

38 36 39

FC after tone immobility

Tukey <0.001 110 2 8.844

FC initial tone immobility

3.128

6 2.466

simple effects 6 330 0.005

0.024 330

G x D

simple effects G x D

Tukey

2 6

<0.001 110 2 21.237 G

G 60.448 <0.001 Tukey
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