











Extended Data Fig. 10 | Contextual fear conditioning activates a sparse
population of PV *interneurons. a, Experimental strategy. b , Quantification
of the percentage of time spent freezing for control (unshocked) and previously
shocked mice during re-exposure to the cFC environment after 24 h (unshocked,
n = 4 mice; shocked, n=5 mice; two-tailed Student’s t-test, p =8 x 1¢°).

¢, Experimental strategy. d , Quantification of the number of Fos * PV
interneurons 2 h after cFC (n = 117 cells). gExperimental strategy. f , Example
images of tdTomato+ cells 1 (6 mice) and 7 (7 mice) days after cFC. Data are
presented as mean + s.e.m. Scale bar, 25 um (f). Schematics in &,e adapted
from ref. 69.



Extended Data Table 1| Genes up- and downregulated following PV+ interneuron activation

Normalised expression (TpM) Differential analysis Ranking analysis
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ENSMUSG00000037428 Vof 60.3 577 656 826 342 440 549 572 069 851E-06 3.19E-03| 0.18 0.77 0.88 1.00 2.83
ENSMUSG00000050711 Scg2 1242 995 1314 1640 583 853 1079 98.7| 0.78 251E-06 1.23E-03( 0.21 0.66 0.87 1.00 2.74
ENSMUSG00000068220 Lgals1 35,8 30.7 405 582 99 249 295 30.6| 1.00 6.15E-07 3.81E-04| 0.27 0.43 1.00 1.00 2.70
ENSMUSG00000022893 Adamts1 8.4 8.1 82 10.0 4.7 5.5 8.2 8.0 0.62 5.07E-04 6.87E-03| 0.16 0.81 0.53 1.00 2.50
ENSMUSG00000021680 Crhbp 958 695 79.8 1002 292 660 642 674 064 4.03E-05 9.91E-03| 0.17 0.61 0.63 1.00 2.41
ENSMUSG00000026193 Fn1 4.7 9.8 120 8.2 4.8 47 110 8.7 0.74 4.12E-06 1.83E-03| 0.20 0.39 0.81 1.00 2.39
ENSMUSG00000028971 Cort 183 111 236 273 50 116 132 9.8| 1.35 1.32E-07 9.42E-05( 0.36 0.43 0.59 1.00 2.38
ENSMUSG00000030111 A2m 0.2 0.8 1.0 23 0.8 0.5 0.7 1.0] 1.26 1.99E-05 5.90E-03| 0.34 0.27 0.74 1.00 2.34
ENSMUSG00000039252 Lgi2 414 290 389 525 143 275 350 349| 0.70 1.93E-05 5.86E-03( 0.18 0.51 0.62 1.00 2.32
ENSMUSG00000062960 Kdr 0.9 35 4.9 4.1 2.4 2.2 3.7 2.6| 087 2.73E-05 7.64E-03| 0.23 0.39 0.65 1.00 2.27
ENSMUSG00000054204 Fam150b 7.0 7.2 70 114 2.4 3.6 3.4 3.4| 161 1.58E-10 2.05E-07| 0.43 0.68 0.00 1.00 2.11
ENSMUSG00000003545 Fosb 1.5 2.7 2.5 3.5 0.6 0.7 0.7 0.9| 2.13 6.65E-15 1.58E-11| 0.57 0.63 0.82 0.00 2.02
ENSMUSG00000021250 Fos 369 727 513 837 181 206 138 15.7| 2.07 249E-41 1.77E-37| 0.55 0.58 0.83 0.00 1.96
ENSMUSG00000024190 Dusp1 109.3 1258 1120 1632 478 613 710 653| 1.28 158E-16 564E-13( 0.34 0.85 0.76 0.00 1.94
ENSMUSG00000029135 Fosl2 3.5 5.3 4.2 6.0 3.2 2.9 3.4 3.2| 0.86 5.29E-06 2.16E-03| 0.23 1.00 0.69 0.00 1.92
ENSMUSG00000029816 Gpnmb 4.1 2.7 4.1 5.3 1.0 23 21 1.7] 1.44 6.01E-10 6.59E-07| 0.38 0.52 0.00 1.00 1.90
ENSMUSG00000000214 Th 7.7 8.1 76 120 23 3.0 3.5 24| 1.89 1.65E-15 4.71E-12| 0.50 0.69 0.70 0.00 1.89
ENSMUSG00000026822 Len2 0.7 4.7 1.5 6.9 0.2 1.5 1.0 12| 220 6.97E-08 5.23E-05( 0.58 0.21 0.00 1.00 1.80
ENSMUSG00000026628 Atf3 1.4 1.0 1.3 23 0.2 0.3 0.7 0.7 2.02 291E-07 1.91E-04| 0.54 0.36 0.68 0.00 1.57
ENSMUSG00000023034 Nr4at 253 630 365 465 293 309 280 232 067 9.91E-06 3.53E-03| 0.18 0.61 0.67 0.00 1.45
ENSMUSG00000074001 Kihl40 1.9 101 106 18.0 8.3 8.7 10.0 7.5| 0.82 267E-05 7.61E-03| 0.22 0.73 0.49 0.00 1.44
ENSMUSG00000016458 wt1 3.0 1.4 23 3.3 0.7 1.5 1.2 1.2] 1.33 1.50E-05 4.75E-03| 0.35 0.47 0.51 0.00 1.34
ENSMUSG00000043091 Tubatc 186 438 1.5 12 288 224 25 16.8(-3.76 1.08E-54 1.55E-50| 1.00 0.16 0.00 0.00 1.16
ENSMUSG00000037771 Slc32a1 325 174 298 409 48 228 277 262 0.72 4.36E-06 1.83E-03| 0.19 0.36 0.61 0.00 1.16
ENSMUSG00000020061 Mybpc1 36.0 288 413 66.0 107 281 317 28.6| 093 163E-09 1.66E-06( 0.25 0.40 0.49 0.00 1.13
ENSMUSG00000078249 Hmga1-rs1 19.8 299 1.1 14 121 121 22 105(-2.95 6.33E-27 3.01E-23| 0.79 0.19 0.00 0.00 0.97
ENSMUSG00000042485 Mustn1 8.7 8.6 99 118 1.3 3.2 4.5 40| 1.68 3.91E-10 4.64E-07| 0.45 052 0.00 0.00 0.97
ENSMUSG00000000730 Dnmt3l 23 2.0 23 4.0 0.4 0.7 0.4 1.3] 2.00 1.32E-05 4.36E-03| 0.53 0.31 0.00 0.00 0.85
ENSMUSG00000024427 Spry4 12.5 98 116 139 4.0 8.7 9.9 7.8| 0.72 1.50E-05 4.75E-03| 0.19 0.63 0.00 0.00 0.82
ENSMUSG00000020268 Lyrm7 195 132 307 341 124 168 201 136 123 1.99E-11 2.83E-08| 0.33 0.49 0.00 0.00 0.81
ENSMUSG00000029177 Cenpa 475 372 409 569 155 364 307 26.8| 0.77 4.31E-06 1.83E-03( 0.20 0.59 0.00 0.00 0.79
ENSMUSG00000044258 Ctla2a 0.8 1.2 2.8 52 1.5 1.2 1.3 1.1] 1.70 1.59E-06 9.05E-04( 0.45 0.33 0.00 0.00 0.78
ENSMUSG00000068859 Sp9 10.0 8.3 7.7 123 3.6 7.5 7.4 5.7 0.74 279E-05 7.66E-03| 0.20 0.58 0.00 0.00 0.77
ENSMUSG00000050505 Pcdh20 86 139 9.7 72 195 123 126 150 -0.70 2.57E-05 7.49E-03| 0.19 0.58 0.00 0.00 0.77
ENSMUSG00000037646 Vps13b 75 108 5.8 47 102 9.1 71 8.9 -0.65 3.41E-05 9.00E-03| 0.17 0.58 0.00 0.00 0.76
ENSMUSG00000097348 Rmst 8.9 9.5 6.6 36 153 11.0 8.6 6.7| -1.18 6.53E-06 2.52E-03| 0.31 0.41 0.00 0.00 0.72
ENSMUSG00000026023 Cdk15 21.3 9.7 9.7 158 3.9 8.3 6.4 6.5| 1.06 1.99E-06 1.05E-03| 0.28 0.44 0.00 0.00 0.72
ENSMUSG00000020599 Rgs9 95 155 13.0 172 414 187 247 27.4|-0.72 3.12E-05 8.40E-03( 0.19 0.51 0.00 0.00 0.70
ENSMUSG00000106993 CH25-194122.2 3.3 3.7 0.9 0.8 2.6 2.8 1.4 2.5| -1.46 2.00E-08 1.79E-05| 0.39 0.30 0.00 0.00 0.69
ENSMUSG00000019303 Psmc3ip 6.0 61 219 219 5.9 7.0 202 49| 1.74 6.80E-13 1.21E-09| 0.46 0.21 0.00 0.00 0.67
ENSMUSG00000035649 Zcche7 447 563 282 244 598 624 291 39.8|-094 1.33E-08 1.26E-05( 0.25 0.42 0.00 0.00 0.67
ENSMUSG00000050075 Gpr171 2.8 2.7 0.4 0.9 2.4 2.8 0.9 1.6] -1.51 3.64E-05 9.28E-03| 0.40 0.25 0.00 0.00 0.66
ENSMUSG00000034889 Cactin 859 1123 703 646 178.0 1457 86.7 77.8|-0.72 3.63E-05 9.28E-03| 0.19 0.46 0.00 0.00 0.66
ENSMUSG00000049252 Lrp1b 148 241 100 96 299 245 169 155(-0.93 2.60E-08 2.18E-05| 0.25 0.39 0.00 0.00 0.64
ENSMUSG00000056673 Kdm&d 154 226 9.0 126 243 102 209 21.3]|-0.74 9.18E-06 3.36E-03( 0.20 0.42 0.00 0.00 0.62
ENSMUSG00000060924 Csmd1 341 462 227 190 605 448 312 30.3|-0.71 1.13E-05 3.87E-03| 0.19 0.40 0.00 0.00 0.59
ENSMUSG00000016624 Phf21b 6.4 4.0 1.7 1.6 8.0 7.4 1.6 22| -1.24 3.56E-06 1.64E-03| 0.33 0.22 0.00 0.00 0.55
ENSMUSG00000037679 Inf2 58 144 4.2 52 8.7 10.0 53 125/ -0.88 2.19E-06 1.12E-03| 0.23 0.31 0.00 0.00 0.55
ENSMUSG00000042369 Rbm45 5.0 3.0 92 142 3.0 4.0 72 1171 111 1.77E-06 9.71E-04| 0.30 0.24 0.00 0.00 0.54
ENSMUSG00000005611 Mrvi1 5.0 3.2 6.8 9.1 0.7 35 5.6 6.6 0.86 1.82E-05 5.63E-03| 0.23 0.28 0.00 0.00 0.51
ENSMUSG00000040811 Emi2 79.2 224 1169 167.8 492 76.8 120.8 100.9| 0.78 1.45E-06 8.63E-04| 0.21 0.30 0.00 0.00 0.51

FDR: False discovery rate. P-values were calculated using a two-sided Wald's test with adjustment for multiple testing.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX [0 O 0000053

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Image acquisition was done using LAS AF software (v3.5.7.23225, Leica). Electrophysiological data was aquired using Clampex 10.7 (Molecular
Devices). Mouse movement was recorded using Video Freeze (v3.1.0.0, Med Associated).

Data analysis Image analysis was done using FlJI (1.52p) or Matlab (R2021b). Electrophysiological data was analysed using MiniAnalyis (v6.0.7, Synaptosoft)
for mEPSCs, mIPSCs and sIPSCs, or Clampfit 10.2 (Molecular Devices) for all other data. RNA-sequencing reads were processed using Nextflow
(v21.03.0.edge), FastQC (v0.11.9), Trim Galore (v0.6.10), STAR (2.7.10), Salmon (v0.11.9) and differential expression was analysed in R (4.2.1)
using the tximport package (1.25.1) and edgeR (3.38). Mouse behavioural data was analysed using Video Freeze (v3.1.0.0). Statistical analysis
was done in SPSS (v29.0.2.0.). Synapse analysis code has been previously described (DOI: 10.1126/science.aau8977). The RNA sequencing
analysis pipeline is available on:

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

RNA-sequencing data will be deposited into the public repository Gene Expression Omnibus (GSE223038) before publication. All other data will be shared upon

reasonable request.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Not applicable

Population characteristics Not applicable

Recruitment

Ethics oversight

Not applicable

Not applicable

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences

|:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

No statistical methods were used to predetermine sample sizes. Sample sizes were chosen to correspond to those reported in previous
publications and generally employed in the field, e.g:

DOI: 10.1126/science.abm7466,
DOI: 10.1126/science.aau8977
DOI: 10.1038/srep34240

Each experimental condition was carried out with a minimum of three biological replicates.

Electrophysiological recording were excluded if recordings did not meet pre-established criteria: Ra > 25, lhold > -200pA or, for ChR2 evoked
currents, Rs changed more than 20%. For synaptic analysis, individual cells were excluded when their soma could not be well defined and
reconstructed. For RNA-sequencing analysis, genes with less than 10 reads in at least 4 samples were excluded. Outliers were defined as
datapoints > 2 times SEM away from the mean and excluded.

Biological replicates were analysed to assess the biological variability and reproducibility of data. All experiments contain at least 3 biological
replicates. All replicates were included when they passed quality control (see 'data exclusions').

CNO/vehicle treatments were randomly assigned within each litter where applicable. CNO/vehicle treatment was alternated following an
ABAB pattern, and mice were used for electrophysiological recordings or transcardial perfusions in pairs or multiples of pair when possible.
For electrophysiological recordings, when more than 1 mice was recorded on a given day, treatment conditions were alternated. Treatment
condition for the first mouse of each day was also alternated when possible.

Electrophysiological data and tissue for RNA sequencing was not obtained blinded because of the need to inject CNO or vehicle to specific
animals prior to the experiment. Image acquisition and image analysis was performed blind to the treatment condition (CNO/vehicle) of the
sample.
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Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
] Antibodies [ ] chip-seq

Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
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Clinical data

XXX OO S

|:| Dual use research of concern

Antibodies

Antibodies used The following primary antibodies and concentrations were used: Goat anti-mCherry (1:500, Antibodies-Online, ABIN1440057), dsRed
anti-rabbit (1:500, Clontech, 632496), c-Fos anti-rabbit (1:200, Merck, ABE457), Gephyrin anti-Mouse-IgG1 (1:500, Synaptic Systems,
147011), VGaT anti-Guinea pig (1:500, Synaptic Systems, 131004), Parvalbumin anti-Chicken (1:250, Synaptic Systems, 195006),
Parvalbumin anti-Mouse (1:3000, Swant, 235), Synaptotagmin-2 anti-Mouse-1gG2 (1:250, ZFIN, ZDB-ATB-081002-25). The following
secondary antibodies and concentrations were used: Donkey anti-Chicken 405 (1:200, Jackson, 703-475-155), Goat anti-Mouse-1gG1
488 (1:500, Molecular Probes, A21121), Donkey anti-Rabbit 488 (1:400, Thermo Fisher Scientific, A21206), Donkey anti-Rabbit 555
(1:400, Molecular Probes, A31572), Donkey anti-Goat 555 (1:400, Invitrogen, A21432), Goat anti-Mouse-1gG2 647 (1:500, Molecular
Probes, A21241), Donkey anti-Guinea Pig 647 (1:250, Jackson, 706-605-148), Donkey anti-Mouse IgG1 647 (1:400, Thermo Fisher
Scientific, A31571).

Validation Goat anti-mCherry, dsRed anti-rabbit, Gephyrin anti-Mouse-IgG1,Parvalbumin anti-Chicken and Synaptotagmin-2 anti-Mouse-IgG2
have been previously used in DOI: 10.1126/science.abm7466

c-Fos anti-rabbit has previously been used in DOI: 10.1038/s41593-019-0552-7
VGaT anti-Guinea pig has previously been used in DOI: 10.1038/ncomms6066

Parvalbumin anti-Mouse has previously been used in DOI: 10.1038/s41593-018-0162-9

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293FT cells were purchased from Invitrogen
Authentication No additional authentication was done
Mycoplasma contamination HEK293FT cells were routinely tested for mycoplasma. All test were negative.

Commonly misidentified lines  Not applicable
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals All animals used in this study were Mus Musculus (House Mouse), aged P42 to P70. We used the following strains: PV-cre (B6.129P2-
Pvalbtm1(cre)Arbr/J, JAX017320), CD1 (Crl:CD1[ICR], Charles River), PV-flp (B6.Cg-Pvalbtm4.1(flpo)Hze/J, JAX022730), ChR2-flx (Ai32,
B6;129S-Gt(ROSA)265S0rtm32(CAG-COP4*H134R/EYFP)Hze/J, JAX012569), SST-cre (Ssttm2.1(cre)Zjh/J, JAX013044), VIP-cre
(Viptm1(cre)Zjh/J, JAX010908) and Nex-cre (Neurod6tm1(cre)Kan).

Wild animals This study did not involve wild animals

Reporting on sex Similar numbers of male and female mice were used indiscriminately in all experiments.

Field-collected samples  This study did not involve samples collected from the field.




Ethics oversight Animal work was carried out under license from the UK Home Office following the Animals (Scientific Procedures) Act 1986.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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