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Extended Data Fig. 3 | Single-units waveform classification and characteri
zation. A, Examples of ventral (left panel, purple) and dorsal (right panel, green)  
single units. B, Units were classified into putative pyramidal cells (Pyr)  
or putative interneurons (Int) using k-means clustering with 2 clusters on 
duration at 50% from baseline to peak (distance A) and peak-to-trough time 
(distance B). C, The clustering into putative pyramidal cells (green/purple) and 
putative interneurons (grey) was performed separately in the vHPC (top) and 
dHPC (bottom). D, Percentage of Pyr (green/purple) and Int. (grey) in the  
dHPC (green, Number of Single-Units: Nint = 215, Npyr = 856) and vHPC (purple, 
Number of Single-Units, Nint = 83, Npyr = 461). E, Firing rates of putative Pyr and 
Int. in the vHPC (purple) and dHPC (green) (Two-way ANOVA, pcell_type = 2.31e−34, 

F = 177.73, pstructure = 1.51e−13, F = 57.73, pinteraction=1.68e−8, F = 31.76, Bonferroni 
post-hoc test, Pyr vs Int: pvHPC=0.0002, pdHPC = 3.77e−9, pdHPC-vHPC = 0.007,  
pvHPC-dHPC = 3.76e−9, Int vs Int: pdHPC-vHPC = 3.78e−9, Pyr vs Pyr: pdHPC-vHPC = 0.15; Number 
of Single-Units, dHPC: Nint = 215, Npyr = 856, vHPC: Nint = 83, Npyr = 461; Solid lines: 
mean). F, Burst index for Pyr. and Int. in the vHPC and dHPC (Two-way ANOVA, 
pcell_type = 3.79e−12, F = 49.07, pstructure = 9.24e−48, F = 227.12, pinteraction9 = .16e−15, 
F = 61.36, Bonferroni post-hoc test, Pyr vs Int: pvHPC = 0.95, pdHPC = 3.77e−9,  
pdHPC-vHPC = 3.77e−9, pvHPC-dHPC = 3.96e−9, Int vs Int: pdHPC-vHPC = 0.0004, Pyr vs Pyr: 
pdHPC-vHPC = 3.77e-9; Number of Single-Units, dHPC: Nint = 215, Npyr = 856, vHPC: 
Nint = 83, Npyr = 461; Solid lines: mean).
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Extended Data Fig. 4 | Spatial Properties of dorsal and ventral place cells 
across conditions. A, Proportion of place cells among dorsal and ventral 
pyramidal neurons across emotional conditions. (Chi2, dHPC: ***p = 0.00001, 
vHPC: ***p = 0.00002). B, Spatial Information for dorsal (left) and ventral (right) 
place cells during aversive (red) and reward (blue) sessions (Two-way ANOVA. 
pinteraction=0.71, pcondition=0.48,****pstructure = 2.2 e-16, Number of Place cells: 
NdHPC = 656, NvHPC = 193, Black lines: mean). C, Place cell characteristics across the 
dorsal-ventral hippocampal axis. Upper panel, Percentage of the area of the maze 

covered by the place-field in dHPC (left) and vHPC (right). Solid-bars histogram 
represent place-cells from reward run sessions, while empty-bar histogram 
represent those ones detected during aversive run sessions (One-sided two-
sample Kolmogorov-Smirnov test, pdHPC = 0.06, pvHPC = 0.06, Number of Place 
cells: NdHPC = 656, NvHPC = 193). Lower panel, Peak firing rate for dorsal (right) and 
ventral (left) place-cells detected during the rewarded (blue) or aversive (red) 
condition (One-sided two-sample Kolmogorov-Smirnov test, dHPC: p = 0.11, 
vHPC: p = 0.78, Units Number: NdHPC = 656, NvHPC = 193).
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Extended Data Fig. 5 | Speed, shock and place-modulation of activity in 
aversive run. A, Linear correlation between the firing rate of 2 example putative 
pyramidal neurons and the animal’s speed in the dHPC (green) and in the vHPC 
(purple). B, Cumulative Density Distribution of R-Square Linear Correlations for 
dHPC and vHPCl neurons (Two-sided Kolmogórov-Smirnov test, ****p = 4.61e-15).  
C, Percentage of speed-correlated and uncorrelated activity of shock-responsive 
and non-responsive neurons (non-responsive, Chi2, **p = 0.003; shock-
responsive, Chi2, ****p = 0.00004). D, Linear correlation between the  
R-squared values of Speed-Neuronal activity in shock-responsive neurons  
(Upper panel: dHPC, R2 = 0.052, p = 0.003, NSigle-Units = 170; Lower panel: vHPC, 
R2 = 0.004, p = 0.68, NSingle-Units = 40). To ensure that the observed correlation  
in the dHPC was not due to the larger number of neurons, we subsampled the 
dHPC population 1,000 times to match the size of the vHPC population and 
performed linear regression. The R2 value obtained from the entire population 
was not significantly different from the distribution generated by subsampling 
(Two-sided Kolmogórov-Smirnov test, p = 0.67). E, Activity of dorsal and 

ventral shock-responsive neurons during quiet-to-active transitions. Upper 
panel, Average speed across all transitions of aversive sessions(NSessions=47, 
NTransitions = 45–108 per session). Lower panel, Normalized firing of dorsal (green) 
and ventral (purple) shock-responsive neurons. Dorsal responses followed 
speed dynamics, whereas ventral responses were not modulated by locomotion 
(Number of Shock-responsive cells: NdHPC = 285, NvHPC = 124). F, Percentage of 
shock-responsive (green: dHPC; purple: vHPC) and non-responsive (gray) cells, 
separated into place-cells and non–place-cells (Chi2 test, Place vs. Non-Place: 
dHPC, χ2 = 2.16, p = 0.14; vHPC, χ2 = 0.44, p = 0.51). G, Cumulative distribution 
of the distance between the place-field position of shock-responsive place-cells 
(green/purple) and pure place-cells (gray) (Two-sided Kolmogorov–Smirnov 
test, pdHPC = 0.34, pvHPC = 0.76; Number of Place cells: dHPC, NResponsive = 155, 
Nnon-Responsive = 288, vHPC, NResponsive = 23, Nnon-Responsive = 56). H, Spatial information 
of shock-responsive vs. non-responsive place-cells (Two-sided Wilcoxon test, 
**pdHPC = 0.008, pvHPC = 0.67; Number of Place cells: dHPC, NResponsive = 155,  
Nnon-Responsive = 288, vHPC, NResponsive = 23, Nnon-Responsive = 56).
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Extended Data Fig. 6 | Reactivation rate of dorsal and ventral assemblies. 
Cumulative distribution of assembly reactivation rate in 60 s bins during pre- 
and post-sleep sessions. The reactivation rate was calculated in 60-second bins 
aversive (A) and rewarded (B) assemblies’ activity. In both: dHPC and vHPC 
assemblies, the reactivation rate was significantly higher at the beginning of the 

post-sleep session and progressively went back to pre-sleep levels at later time 
bins (One-sided Kolmogórov-Smirnov test, ****p < 0.0001; Number of Aversive 
assemblies: NdHPC = 131, NvHPC = 37; Number of Reward assemblies: NdHPC = 146, 
NvHPC = 25).

http://www.nature.com/natureneuroscience
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Extended Data Fig. 7 | Assembly reactivation during REM sleep. A, Cumulative 
distribution of aversive and rewarded assembly reactivation rate in 60 s bins 
during pre and post- NREM sleep for joint (top, dHPC (middle) and vHPC 
(bottom) assemblies (Two-sided Kolmogórov-Smirnov tests; Number of 
Assemblies: Joint: NReward = 53, NAvesive = 54; dHPC: NReward = 146, NAversive = 131; vHPC: 
NReward = 34, NAversive = 37). B, Peak Reactivation Strength for all assembly types 
(Two-sided Mann-Whitney test, pJoint = 0.22, pdHPC = 0.13, pvHPC = 0.75;; Number 

of Assemblies: Joint: NReward = 53, NAvesive = 54; dHPC: NReward = 146, NAversive = 131; 
vHPC: NReward = 34, NAversive = 37). We also compared the Peak Reactivation Strength 
against zero to infer an increase of Reactivation Strength during Post-sleep 
compared to Pre-sleep (One-sided Mann-Whitney test against zero. Joint: 
pReward = 0.86, pAversive = 0.45; dHPC: pReward = 0.47, pAversive = 0.07; vHPC: pReward = 0.21, 
pAversive = 0.50; Number of Assemblies: Joint: NReward = 53, NAvesive = 54; dHPC: 
NReward = 146, NAversive = 131; vHPC: NReward = 34, NAversive = 37; Solid lines: mean).

http://www.nature.com/natureneuroscience
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Extended Data Fig. 8 | Peak Reactivation Strength for aversive and rewarded 
dorsal and ventral assemblies. A, Peak Reactivation Strength for reward (blue) 
and aversive (red) assemblies with members coming only from the dorsal (dHPC) 
or ventral hippocampus (vHPC; One-sided Mann-Whitney test against zero; 
Number of Assemblies: dHPC, NAversive = 131, NReward = 146, NAversive = 37, NReward = 34). 
B, Correlation between the Peak Reactivation Strength and the Activation 

Strength during the task for dHPC (left panel) or vHPC (right panel) aversive 
and reward assemblies (Linear regression, Aversive assemblies, dHPC: R2 = 0.01, 
pslope = 0.21, NAssemblies = 131; vHPC: R2 = 0.002, pslope = 0.80, NAssemblies = 37; Reward 
assemblies, dHPC: R2 = 0.0005, pslope = 0.77, NAssemblies = 146, vHPC: R2 = 0.07, 
pslope = 0.22, NAssemblies = 24).

http://www.nature.com/natureneuroscience
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Characterization of dorsal-ventral ripple coordination 
across conditions. A, Peri-event density of ventral ripple peak density centered 
on dorsal ripple peaks for individual sessions (grey) and averaged across all 
sessions (black) showing the co-occurrence of dSWRs and vSWRs within a +/− 
100 ms window (dashed lines). B, Percentage of coordinated events across sleep 
sessions (Kruskal-Wallis test, dSWRs: p = 0.29; vSWRs: p = 0.54, whiskers extend 
to minimal and maximal data points, box edges are 25th and 75th percentile, 
line represents median, NSessions = 40). C-D Percentage of ventral- and dorsal-
leading events were segregated across pre- (in gray) and post-sleep (aversive 
in red, reward in light blue) sessions (Two-sided paired Wilcoxon test; aversive, 

p = 0.19; reward, p = 0.27; NSessions = 40). E, Cumulative density function of ripple 
peak amplitude for coordinated (green/purple) and uncoordinated ripples 
(grey). (Two-sided Kolmogórov-Smirnov test, dSWRs, ****p = 5.58e−24; vSWRs, 
****p = 5.58e−24). F, Peri-event activity gain for pyr single units for coordinated 
and uncoordinated dorsal (upper) and ventral (lower) ripples (Two-sided paired 
Wilcoxon test; Solid lines: mean; shaded areas: ±SEM). G, Average fraction of 
single-units recruited during coordinated (in color) and uncoordinated (grey) 
ripples (Two-sided paired Wilcoxon test, pdHPC = 0.18, pvHPC = 0.95, NSessions = 40, 
Solid lines: mean). H, Percentages of modulated vs. non-modulated neurons for 
each ripple type (Chi2 across structures: X2 = 6.35, p = 0.1).

http://www.nature.com/natureneuroscience
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Extended Data Fig. 10 | Reward-responsive Members from joint assemblies  
do not change their response during ripples. Reward-responsive cells  
response locked to coordinated and uncoordinated ripples. A, Average  
gain in firing rate around coordinated ripple onset during NREM sleep preceding 
(grey) and following (green/purple) reward runs (One-sided Mann-Whitney  
test. dHPC, presponsive = 0.53, pnon-responsive = 0.80). (vHPC, pResponsive = 0.44,  

pnon-responsive = 0.92). B, Average gain in firing rate around uncoordinated 
ripple onset during NREM sleep preceding (grey) and following (green/purple) 
reward runs (One-sided Mann-Whitney test; dHPC, pResponsive = 0.72,  
pnon-Responsive = 0.87, NSingle-Units = 62; vHPC, pResponsive = 0.43, pnon-Responsive = 0.14,  
NSingle-Units = 54; Solid lines: mean; shaded areas: ±SEM).

http://www.nature.com/natureneuroscience
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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.

n/a 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 

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) 

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 

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

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 Intan RHD recording system software, 64 and 32-channels RHD headstage, Basler camera (ace Basler 106754)

Data analysis Commercial software: MATLAB (MathWorks) version R2020a 

Open-source code (for MATLAB): Kilosort version 2.5 (https://github.com/MouseLand/Kilosort) 

FMAtoolbox(https://github.com/michael-zugaro/FMAToolbox). 

 

All codes used to generate the figures are available on the Girardeau Lab github repository (https://github.com/GirardeauLab/Morici_2026). 

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 

 

The dataset generated during the current study will be available upon reasonable request to Corresponding and First Author.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 

and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or 

other socially relevant 

groupings

N/A

Population characteristics N/A

Recruitment N/A

Ethics oversight N/A

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 We analyzed a dataset of 1615 units, 1071 from dorsal hippocampus and 544 from the ventral hippocampus of 6 rats. The activity of each unit 

was recorded for ~7 hours. No power analysis was used to pre-determine the sample size. The number of animals and neurons are typical for 

studies in this research field in rodents.

Data exclusions Sessions including less than 3 neurons  in the dorsal or ventral hippocampus were excluded for the detection of assemblies (see methods). We 

excluded the data from the dorsal hippocampal electrode of the rat 126 since electrode did not reach the pyramidal layer.

Replication The experiments were conjointly conducted by 2 experimenters (JMF, ILP). Data analysis were cross-checked by two co-authors (JFM, AS).

Randomization Across days, the Aversive and Reward runs were presented in a pseudo-randomized order, ensuring both Aversive-Reward and Reward-

Aversive combinations occurred roughly equally throughout the experiment.

Blinding The study did not include experimental subject groups, so experimenter blinding was not applicable and was not implemented.

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. 
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Materials & experimental systems

n/a Involved in the study
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Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

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 Long Evan rats, female (300g/3 months-old at the time of the surgery).

Wild animals This study did not involve wild animals.

Reporting on sex Female rats were included in this study. Sex-based analyses were not performed.

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

Ethics oversight Protocols approved by the French Committee of Ethics (APAFIS #35991-2022031810445522 v3)

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

Novel plant genotypes N/A

Seed stocks N/A

Authentication N/A
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