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apical 15 cells, 6 mice 0.16 ± 0.06, median ± sem

basal 15 cells, 6 mice 0.0382 ± 0.0298, median ± sem

apical 10 cells, 6 mice 0.09 ± 0.02, median ± sem

basal 10 cells, 6 mice 0.03 ± 0.009, median ± sem

dorsal DG

12 cells, 6 mice

0.36 ± 0.06, median ± sem

ventral DG 9 cells, 6 mice 0.10 ± 0.04, median ± sem

inner ml 0.18 ± 0.02, median ± sem in vs mid P=4.59e-05,  Wilcoxon-Mann-Whitney-test

middle ml 0.08 ± 0.01, median ± sem in vs out P=1.18e-12,  Wilcoxon-Mann-Whitney-test

outer ml 0.02 ± 0.003, median ± sem mid vs out P=1.95e-08,  Wilcoxon-Mann-Whitney-test

a 21 spines, 4 mice 

c 313 CFP+ puncta, 1 mouse 100%

d

1410 total contacts (266 onto spines, 1144 onto 

shafts), 25 PVIs, 4 mice

15.4% onto spines, 84.6% onto shafts

e 803 spines, 1410 total contacts, 25 PVIs, 4 mice

b

11 recordings (11 spines, 11 shafts), 9 cells, 8 

mice

paired comparison

c 12 spine-shaft recordings, 9 cells, 7 mice paired comparison

d 7 spine-shaft recordings, 7 cells, 6 mice paired comparison

g

Decline of synaptically 

evoked calcium signals with 

distance

10 spines, 13 shafts, 13 cells, 14 mice

Error to Spine regression: Spine = 0.07; Shaft = 

0.18, median

low spine 5 spines, 15 cells, 14 mice 0.11 ± 0.01, mean ± sem

low shaft 11 shafts, 15 cells, 14 mice 0.05 ± 0.01, mean ± sem

high spine 7 spines, 15 cells, 14 mice 0.12 ± 0.02, mean ± sem

high shaft 12 shafts, 15 cells, 14 mice 0.09 ± 0.01, mean ± sem

low spine 5 spines, 15 cells, 14 mice 0.29 ± 0.01, mean ± sem

low shaft 11 shafts, 15 cells, 14 mice 0.29 ± 0.10, mean ± sem

high spine 7 spines, 15 cells, 14 mice 0.38 ± 0.02, mean ± sem

high shaft 12 shafts, 15 cells, 14 mice 0.66 ± 0.13, mean ± sem

i 11 spines, 9 cells, 8 mice;  b=-0.84, slope regression

324 cells, 18 slices, 4 mice 98.2 ± 1.6%, median ± sem

113 cells, 18 slices, 3 mice 87.5% ± 2.4%, median ± sem

C 12 slices, 185 PVIs, 4 mice 45.2 ± 6.40%, median ± sem

hM3Dq 10 slices, 182 PVIs, 4 mice 82.3 ± 5.34% , median ± sem

C 15 slices, 116 PVIs, 3 mice 31.0 ± 6.9%, median ± sem

hM4Di 12 slices, 114 PVIs, 3 mice 37.1 ± 6.7%, median ± sem

C 15 slices, 1420 GCs, 4 mice 1.0x10-5 ± 0.2x10-5 cells µm^3, median ± sem

hM3Dq 10 slices, 457 GCs, 4 mice 0.7x10-5 ± 0.2x10-5 cells µm^3, median ± sem

C 15 slices, 579 GCs, 3 mice 8.9x10-6 ± 9.9x10-7 µm^3, mean ± sem

hM4Di 12 slices, 596 GCs, 3 mice 1.1x10-5 ± 1.4x10-6 µm^3, mean ± sem

C 9 PVIs, 4 mice 0.21 ± 0.02 µm-1, median ± sem

hM3Dq 11 PVIs, 4 mice  0.61 ± 0.06 µm-1, median ± sem

C 13 PVIs, 3 mice 0.13 ± 0.02 µm-1, median ± sem

hM4Di

22 PVIs, 3 mice

0.05 ± 0.01 µm-1, median ± sem

C 211 spines, 4 mice 1.11 ± 0.03 µm, median ± sem

hM3Dq 160 spines, 4 mice 1.32 ± 0.04 µm, median ± sem

C 128 spines, 3 mice 1.02 ± 0.04 µm, median ± sem

hM4Di 119 spines, 3 mice 0.94 ± 0.03 µm, median ± sem

C 211 spines, 4 mice 0.34 ± 0.01 µm, median ± sem

hM3Dq 160 spines, 4 mice 0.29 ± 0.01 µm, median ± sem

C 128 spines, 3 mice 0.32 ± 0.01 µm, mean ± sem

hM4Di 119 spines, 3 mice 0.34 ± 0.01 µm, mean ± sem

C 15 slices, 549 cells, 5 mice 0.7x10-5 ± 0.1x10-5 cells µm^3, median ± sem

hM3Dq 13 slices, 1164 cells, 5 mice 0.9x10-5 ± 0.6x10-5 cells µm^3, median ± sem

C 9 cells, 4 mice  0.21 ± 0.02 µm-1, median ± sem

hM3Dq 11 cells, 3 mice  0.16 ± 0.02 µm-1, median ± sem

C 211 spines, 4 mice 1.11 ± 0.03 µm, median ± sem

hM3Dq 238  spines, 3 mice  1.02 ± 0.02 µm, median ± sem

C 211 spines, 4 mice 0.34 ± 0.007 µm, median ± sem

hM3Dq 238  spines, 3 mice  0.36 ± 0.007 µm, median ± sem

C

8 mice

1

EE 4 mice 6.22 ± 0.60, mean ± sem

SH 8 mice 0.68 ± 0.10, mean ± sem

C 711 cells, 32 slices, 6 mice positives: 50.09 ± 2.08%, median ± sem C vs EE, P=9.70x10-10, Wilcoxon-Mann-Whitney-test 

EE 884 cells, 31 slices, 5 mice positives: 93.35 ± 0.67%, median ± sem EE vs SH, P=0.0006, Wilcoxon-Mann-Whitney-test 

SH 491 cells, 27 slices, 5 mice positives: 64.98 ± 2.47%, median ± sem C vs SH, P=0.04, Wilcoxon-Mann-Whitney-test 

C 10 slices, 1299 large hilar cells, 6 mice

1.7 x 10-5 ± 0.3 x 10-5 cells µm^3, median ± 

sem

EE 10 slices, 2607 large hilar cells, 5 mice

4.0 x 10-5 ± 0. 3 x 10-5 cells µm^3, median ± 

sem

SH 8 slices, 1780 large hilar cells, 5 mice 3.6 x 10-5 ± 0.6x10-5 cells µm^3, median ± sem

C 10 slices, 697 GCs, 6 mice 0.6x10-5 ± 0.009x10-5 cells µm3 

EE 10 slices, 408 cells, 5 mice 1.2x10-5 ± 0.008x10-5 cells µm^3

SH 8 slices, 983 GCs, 5 mice 0.9 x 10-5 ± 0.009x10-5 cells µm^3

C 36 cells, 5 mice 0.07 ± 0.01 µm-1, mean ± sem

EE 40 cells, 7 mice 0.17 ± 0.01 µm-1, mean ± sem C vs EE P=0.0006, unpaired t-test

SH 43 cells, 7 mice 0.18 ± 0.02 µm-1, mean ± sem C vs SH P=0.002, unpaired t-test

C 140 spines, 5 mice 1.06 ± 0.04 µm, median ± sem

EE 281 spines, 7 mice 1.19 ± 0.03 µm, median ± sem C vs EE, P=0.004, Wilcoxon-Mann-Whitney-test

SH 360 spines, 7 mice 1.28 ± 0.03 µm, median ± sem C vs SH, P=0.0004, Wilcoxon-Mann-Whitney-test

C

140 spines, 5 mice

0.35 ± 0.01 µm, median ± sem

C vs EE, P=0.9, Wilcoxon-Mann-Whitney-test

EE 281 spines, 7 mice 0.34 ± 0.01 µm, median ± sem EE vs SH P=7.82x10-5, Wilcoxon-Mann-Whitney-test

SH 360 spines, 7 mice 0.38 ± 0.01 µm, median ± sem C vs SH, P=0.0004, Wilcoxon-Mann-Whitney-test

amplitude

C 21.95 pA, EE 23.80 pA, SH 22.14 pA, median 

± sem

frequency

C 13.41 ± 2.61 Hz, EE 17.56 ± 0.97 Hz, SH 

12.05 ± 1.83 Hz, mean ± sem

C vs EE P=0.002, C vs SH P=0.27, EE vs SH P=0.001, 

one sampled t-test

P=0.001, one-way ANOVA

amplitude

C 20.58 ± 5.49 pA, EE 15.28 ± 3.90, SH 20.62 ± 

7.86 pA, mean ± sem

frequency

C 6.77 Hz, EE 11.55 Hz, SH 5.59 Hz, mean ± 

sem

amplitude

C 21.83 pA, EE 26.77 pA, SH 20.36 pA, median 

± sem

C vs EE P=0.11, C vs SH P=0.71, EE vs SH P=0.01, 

Wilcoxon-Mann-Whitney-test

P=0.055, Kruskal-Wallis-test

frequency

C 16.84 ± 2.89 Hz, EE 16.34 ± 50. Hz, SH 16.18 

± 6.57 Hz, median ± sem

C 1410 contacts, 25 cells, 4 mice 0.37 ± 0.03 contacts µm^-1, mean ± sem  C vs EE P=0.005, unpaired student’s t-test

EE 1034 contacts, 14 cells, 3 mice 0.59 ± 0.05 contacts µm^-1, mean ± sem EE vs SH P=0.005, unpaired student’s t-test

SH 952 contacts, 18 cells, 3 mice 0.36 ± 0.02 contacts µm^-1, mean ± sem C vs SH P=0.62, unpaired student’s t-test

C

1410 contacts, 803 spines, 83 segments, 25 cells, 

4 mice

shaft 0.33 ± 0.03 contacts µm^-1, spine 0.06 ± 

0.01 contacts µm^-1, mean ± sem

shaft input density: C vs EE, P=0.74, C vs SH, P=0.04, EE 

vs SH, P=0.17, unpaired t-tests

EE

1034 contacts, 728 spines, 66 segments, 14 cells, 

3 mice

shaft 0.27 ± 0.05 contacts µm^-1, spine 0.31 ± 

0.06 contacts µm^-1, mean ± sem

spine input density: C vs EE, P=6.00x10

-8

, C vs SH, 

P=0.0004, EE vs SH, P=0.0003, unpaired t-tests

SH

952 contacts, 584 spines, 76 segments, 18 cells, 

3 mice

shaft 0.19 ± 0.03 contacts µm^-1, spine 0.14 ± 

0.02 contacts µm^-1, mean ± sem

shaft vs spine input density: C P=1.29x10

-9

, EE P=0.73, 

SH P=0.03, unpaired t-tests

CFP+ puncta colocalisation with YFP+ axons

NMDAR/AMPAR ratio

Rectification index

Normalized MC-PVI contacts onto shafts and spines

Excitation index

hM3Dq colocalization with PV

P=0.001, one-way ANOVA

P=0.0001, paired t-test

P=0.04, unpaired t-test

P=0.88, Kruskal-Wallis-test

C vs EE P=0.02, C vs SH P=0.50, one-sampled t-test

C vs EE P=0.08, C vs SH P=0.66, one-sampled t-test

P=0.98, Kruskal-Wallis-test

P=0.01, Wilcoxon-Signed-Rank-test

P=0.68, Wilcoxon-Signed-Rank-Test

P=0.01, Wilcoxon-Signed-Rank-Test

P=0.01, Wilcoxon-Signed-Rank-Test

spine low vs shaft low P=0.01, Wilcoxon-Rank-Sum-Test

shaft low vs shaft high P=0.01, Wilcoxon-Rank-Sum-Test

shaft high vs spine high P=0.02, Wilcoxon-Rank-Sum-Test

shaft high vs shaft low P=0.03, Wilcoxon-Rank-Sum-Test

P=7.24x10

-9

, one-way 

ANOVA

P=0.01, Wilcoxon-Mann-Whitney-test

P=1.37x10-7, Wilcoxon-Mann-Whitney-test 

P=0.2, unpaired t-test

P=0.0073, Wilcoxon-Mann-Whitney-test

P=0.25, Wilcoxon-Mann-Whitney-test

P=0.75, Wilcoxon-Mann-Whitney-test

P=0.04, Wilcoxon-Mann-Whitney-test

C vs EE P=4.93x10-6, unpaired t-test

b=-0.844, P=0.001, Pearson’s linear correlation coefficient

P=7.76x10-8, Fisher’s exact tests 

P=0.46, Fisher’s exact tests 

P=0.02, Wilcoxon-Mann-Whitney-test

P=0.20, unpaired t-tests

rho=0.69, P=0.0001, Spearman’s correlation coefficient



7

behavior: MC-PVI synapses b

behavior: MC-PVI synapses c

8

C 13, EE 12, SH 9 cells; 2 mice each group

C 10, EE 7, SH 8 cells; 3 mice each group

C 10, EE 7, SH 8 cells; 3 mice each group

Experience-dependent input 

signalling in GC sIPSCs

Experience-dependent input 

signalling in PVI sEPSCs

Experience-dependent input 

signalling in PVI sIPSCs

c

b

d

behaviour: spine length

behaviour: head width

e

f

P=0.0008, one-Way ANOVA

P=0.002, Kruskal-Wallis test

P=4.6x10-5, Kruskal-Wallis 

test

behavior: cFos+ GCs

P=1.04x10-8, Kruskal-Wallis-

test

4

5

c

behaviour: spine density

6



b

behavior: normalized 

running time

behavior: cFos+ PVIs

behavior: cFos+ hilar cells

C vs SI P=0.04, unpaired t-test

P=0.001, Wilcoxon-Mann-Whitney-test

P=0.006, Wilcoxon-Mann-Whitney-test

MC DREADDs: cFos+ hilar 

cells

MC DREADDs: spine 

density

MC DREADDs: spine length

MC DREADDs: head width

c

d

e

PVI DREADDs: spine length

PVI DREADDs: head width

g

P=4.9x10-7, Wilcoxon-Mann-Whitney-test 

apical density from spiny 

PVIs

PVI DREADDs: spine 

density

c

e

P=0.0009, Wilcoxon-Mann-Whitney-test 

b

PVI DREADDs: cFos+ PVIs

PVI DREADDs: cFos+ GCs 

number normalized to gcl

hM4Di colocalization with PV

Calcium half duration

h

P=3.6x10-4, Wilcoxon-Mann-Whitney-test

pre-eGRASP labelled MC contacts onto 

PVI shafts and spines

2

uncaging-EPSC amplitudes

Calcium amplitude

3

1

head volume vs PSD area

statistics 

P=0.03, Wilcoxon-Mann-Whitney-test

P=0.02, Wilcoxon-Mann-Whitney-test

P=0.004, Wilcoxon-Mann-Whitney-test

rho=0.84, P=2.47x10-6, Spearman’s correlation coefficient

Figure  panel condition numbers (bold = used for statistics) values

c

c, inset 

inner ml vs middle ml vs 

outer ml

57 cells, 4 mice

P=9.82x10-15, Kruskal-

Wallis test

d

dorsal DG

ventral DG


image2.emf
BC 25 cells 0.47 ± 0.07 µm^-1, mean ± sem

AACs 7 cells 0.48 ± 0.15 µm^-1, mean ± sem

c 25 cells

d 62 segments, 29 cells

c 217 spines, 5 mice

length iml 80, mml 60 and oml 77 spines, 5 mice

iml 1.15 ± 0.05, mml 0.98 ± 0.04, oml 0.68 ± 

0.04 µm, median ± sem

iml vs mml, P=0.01, iml vs oml, P=2.17x10-12, mml vs oml 

P=3.55x10-6, Wilcoxon-Mann-Whitney-test

P=2.78x10

-12

, Kruskal-Wallis 

test

head width iml 80, mml 60 and oml 77 spines, 5 mice

iml 0.36 ± 0.02, mml 0.33 ± 0.01, oml 0.32 ± 

0.02 µm, median ± sem

iml vs oml P=0.01, iml vs mml P=0.23, mml vs oml P=0.19, 

Wilcoxon-Mann-Whitney-test

P=0.03, Kruskal-Wallis test

pre-eGRASP virus173 cells, 2 mice 96%

post-eGRASP virus38 PVIs, 2 mice 87%

left 6 spines, 20 shafts from 6 and 5 cells spine 63.8%, shaft 8.4%

right 6 spines, 6 shafts from 6 cells spine stimulation 57.3%, shaft stimulation 51.9%

spine length

saline 211 spines, 11 PVIs, 4 mice; CNO 214 

spines, 9 PVIs, 2 mice

saline 1.11 ± 0.03 µm, CNO 1.19 ± 0.03, median 

± sem

head width

saline 211 spines, 11 PVIs, 4 mice; CNO 214 

spines, 9 PVIs, 2 mice

saline 0.34 ± 0.007 µm, CNO 0.36 ± 0.006, 

median ± sem

C 9 cells, 4 mice; hM3Dq 11 cells, 3 mice

C: iml 0.27 ± 0.02 µm-1, mml 0.27 ± 0.02 µm-1, 

oml 0.07 ± 0.01 µm-1; hM3Dq: 0.67 ± 0.05µm-1, 

0.69 ± 0.08 µm-1, 0.49 ± 0.05 µm-1, mean ± 

sem

C: 211 spines, 4 mice; hM3Dq: 160 spines, 4 

mice

c

C: 128 spines, 3 mice; hM4Di: 119 spines, 3 

mice

 cFos+ GCs normalized to gcl

C: 15 slices, 454 cells, 5 mice; hM3Dq: 10 slices, 

660 cells, 5 mice

C 1.0x10-5 ± 0.2x10-5 cells µm^3, hM3Dq 

0.8x10-5 ± 0.2x10-5 cells µm^3, median ± sem

 cFos+ PVIs

C: 86 cells, 12 slices, 5 mice; hM3Dq: 65 cells, 11 

slices, 5 mice 

C 45.23 ± 6.40% positive PVIs, hM3Dq 33.90 ± 

4.12% positive PVIs, median ± sem

e

C: 211 spines, 4 mice; hM3Dq: 238 spines, 3 

mice

Sup. 7 f

CA1: 100 PVIs, 3 mice; DG: 24 PVIs, 4 mice

CA1 1.2 ± 0.04 Hz, DG 4.02 ± 0.85 Hz

P = 2.42 x 10-13, two-sides Student’s t-test ANOVA 

Sup. 8 d PTP 5 cells, LTP 6 cells

PTP 92.4 ± 11.4%, LTP 41.5 ± 11.9%, mean ± 

sem

C 36 cells, 5 mice

iml 0.14 ± 0.03, mml 0.07 ± 0.01, oml 0.007 ± 

0.003, median ± sem

inner ml: C vs EE P=0.001, C vs SH P=0.0009, Wilcoxon-

Mann-Whitney-test

inner ml: P=0.0007, Kruskal-

Wallis test

EE 40 cells, 7 mice

iml 0.35 ± 0.03, mml 0.17 ± 0.02, oml 0.02 ± 

0.006, median ± sem

middle ml: C vs EE P=4.44x10-5, C vs SH P=0.0007, 

Wilcoxon-Mann-Whitney-test

middle ml: P=0.0001, 

Kruskal-Wallis test

SH 43 cells, 7 mice

iml 0.40 ± 0.03, mml 0.15 ± 0.02, oml 0.03 ± 

0.007, median ± sem

outer ml: C vs EE P=0.0003, C vs SH P=0.0005, Wilcoxon-

Mann-Whitney-test

outer ml: P=0.0002, Kruskal-

Wallis test

C

1410 contacts, 803 spines, 83 segments, 25 cells, 

4 mice

EE

1034 contacts, 728 spines, 66 segments, 14 cells, 

3 mice

SH

952 contacts, 584 spines, 76 segments, 18 cells, 

3 mice

C 61 dendritic segments, 17 cells, 4 mice

shafts 0.32 ± 0.04 µm-1, spines 0.08 ± 0.009 µm-

1, mean ± sem

shaft contacts vs spine contacts: C P=2.90x10-7; EE 

P=0.35 SH P=0.06, unpaired t-test

EE 31 dendritic segments, 7 cells, 3 mice

shafts 0.22 ± 0.04 µm-1, spines 0.18 ± 0.02 µm-

1, mean ± sem

shaft vs shaft contacts: C vs EE, P=0.14; C vs SH, P=0.15; 

EE vs SH, P=0.74, unpaired t-test

SH 66 dendritic segments, 15 cells, 3 mice

shafts 0.24 ± 0.04 µm-1, spines 0.16 ± 0.02 µm-

1, mean ± sem

spine vs spine contacts: C vs EE, P=5.86x10-5; C vs SH, 

P=7.12x10-5 EE vs SH, P=0.52, unpaired t-test



Activity of CA1 and DG PVIs

rho=0.57, P=0.02, Spearman's correlation

rho=0.67, P=0.008, Spearman's correlation

P=3.94x10-07, one-way 

ANOVA, 

d

C: rho=0.32, P=0.0002; hM4Dqi: rho=0.46, P=1.02x10-7, Spearman’s correlation 

P=0.0847, Wilcoxon-Mann-Whitney-test

P=0.15 Fisher’s exact test 

C: rho=0.54, P=2.19x10-17; hM3Dq: rho=0.49, P=6.95x10-16, Spearman’s correlation coefficients

PTP P=0.001; LTP P=0.02, two-tailed t-test; 

rho=0.69, P=1.36x10-4, Spearman’s correlation 

P=1.16x10-4, two tailed unpaired t-test

P=0.52, two-tailed paired t-test

P=0.07, Wilcoxon-Mann-Whitney-test 

P=0.12, Wilcoxon-Mann-Whitney-test 

inner ml P=0.0004, middle ml P=0.001, outer ml P=0.0002, unpaired student’s t-test

C: rho=0.54, P=2.19x10-17; hM3Dq: rho=0.29, P=0.0002, Spearman’s correlation

P=0.997, unpaired 

rho=0.1663, P=0.470, Spearman’s correlation coefficient



rho = 0.30; P = 6.8x10-6, Spearman’s correlation coefficient



Behavior: MC-PVI input into 

spines and shafts

b

Sup. 10

DREADDs MC hM3Dq

Sup. 6

Behavior: spine density 

according to molecular 

sublayer

Sup. 9

Behavior: MC-PVI input 

correlated to spine density

a

Hebbian long-term plasticity at MC-PVI inputs

DREADDs MC hM3Dq: correlation between spine head width and length

DREADDs PVI hM3Dq: spine density in molecular sublayers

Sup. 5

DREADDs: controls a

DREADDs PVI hM3Dq: spine length and head width correlation

b

DREADDs PVI hM4Di: spine length and head width correlation

PVI spine input failure

Calcium attenuation 

spine length and head width 

according to sublayers

Correlation between head width and spine length 

d

Sup. 3

pre- and post-eGRASP 

virus colocalitation

b Sup. 4

Basket cells and axo-axonic 

cells

a Sup. 1

Sup. 2

Apical vs basal spine densities

Distribution index


