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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 vVHPC (top) and
dHPC (bottom). D, Percentage of Pyr (green/purple) and Int. (grey) in the
dHPC (green, Number of Single-Units: N;,. = 215, N,,,, = 856) and VHPC (purple,
Number of Single-Units, N;,. =83, N, =461).E, Firing rates of putative Pyr and
Int. in the vHPC (purple) and dHPC (green) (Two-way ANOVA, Py 1y = 2.31€7%,

F=177.73, Poructure = 1.51€ B, F = 57.73, pinteraction=1.68e %, F = 31.76, Bonferroni
post-hoc test, Pyr vs Int: pyHPC=0.0002, pgpc = 3.77€”°, Paupcviiec = 0.007,
Punrcanee = 3.76€7%, Int vs Int: pyypcviee = 3.78€7°, Pyr vs Pyr: pappc.vire = 0.15; Number
of Single-Units, dHPC: N;, = 215, N,,,, = 856, VHPC: N, = 83, N,,, = 461; Solid lines:
mean).F, Burstindex for Pyr. and Int. in the vHPC and dHPC (Two-way ANOVA,
Pect ype = 3:79€7'2, F = 49.07, Pyypucrure = 9-24€7*%, F = 227.12, Pinceraction? = 16675,

F = 61.36, Bonferroni post-hoc test, Pyr vs Int: p,,pc = 0.95, pauec = 3.77€7%,

Panpcmec = 3-77€7°, Punec.anre = 3.96€7°, Int vs Int: pgupc.yppc = 0.0004, Pyr vs Pyr:
Panpcviec = 3.77€.9; Number of Single-Units, dHPC: N;, = 215,N,,,, = 856, VHPC:

N =83, Ny, =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,****p,.,.ccure = 2-2 €-16, Number of Place cells:
Napc = 656, Nypc =193, Black lines: mean). C, Place cell characteristics across the
dorsal-ventral hippocampal axis. Upper panel, Percentage of the area of the maze

20 40 60 g 0 20 40 60
Peak firing rate (Hz)

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, pgpc = 0.06, pypc = 0.06, Number of Place
cells: Ngype = 656, Ny = 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: Ngpc = 656, Nyjypc =193).
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Extended DataFig. 5| Speed, shock and place-modulation of activity in
aversiverun. 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 Kolmogo6rov-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, R*= 0.052, p = 0.003, Ngigic.units = 170; Lower panel: vHPC,
R’=0.004, p = 0.68, Ngjngie.unics = 40). To ensure that the observed correlation
inthe dHPC was not due to the larger number of neurons, we subsampled the
dHPC population1,000 times to match the size of the vHPC populationand
performed linear regression. The R? value obtained from the entire population
was not significantly different from the distribution generated by subsampling
(Two-sided Kolmogodrov-Smirnov test, p = 0.67). E, Activity of dorsal and

Ml Responsive cells
I non-Responsive cells

(Spatial Bins)
ventral shock-responsive neurons during quiet-to-active transitions. Upper
panel, Average speed across all transitions of aversive sessions(Ngegsions=47,
Niransitions = 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: Ngpc = 285, Nypc = 124). F, Percentage of
shock-responsive (green: dHPC; purple: vVHPC) and non-responsive (gray) cells,
separated into place-cells and non-place-cells (Chi’ test, Place vs. Non-Place:
dHPC, x*=2.16,p=0.14; VHPC, X* = 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, Paupc = 0.34, pyypc = 0.76; Number of Place cells: dHPC, Ngegponsive = 155,
Noon-Responsive = 288, VHPC, N wve=23,N ve = 56). H, Spatial information
of shock-responsive vs. non-responsive place-cells (Two-sided Wilcoxon test,
*Panec = 0.008, pyypc = 0.67; Number of Place cells: dHPC, Ngesponsive = 155,
Noon-responsive = 288, VHPC, N ve=23,N ive =56).
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post-sleep session and progressively went back to pre-sleep levels at later time
bins (One-sided Kolmogoérov-Smirnov test, ****p < 0.0001; Number of Aversive
assemblies: Nyypc =131, Nyyypc = 37; Number of Reward assemblies: Ny pc =146,
Nype =25).

Extended DataFig. 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
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Extended Data Fig. 7| Assembly reactivation during REM sleep. A, Cumulative
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of Assemblies: Joint: Nreyara = 53, Nayesive = 345 AHPC: Niewara = 146, Naversive = 131;
VHPC: Niewara = 34, Npversive = 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: Preyara = 0.47, Paversive = 0.07; VHPC: Ppeyara = 0.21,
Paversive = 0.50; Number of Assemblies: Joint: Npeyara = 53, Navesive = 54; dHPC:

Nreward = 146, Npversive = 131, VHPC: Neyara = 34, Naversive = 37; Solid lines: mean).
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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, Nersive = 131, Npeyara = 146, Naversive = 37, Nrewara = 34)-
B, Correlation between the Peak Reactivation Strength and the Activation
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Extended Data Fig. 9| See next page for caption.

0
dSWR peaks

o

W Pre

F

0.5

Ventral-Dorsal 0.7

: 0.65
I 06
? | 0.55}
> ! = 0571
P T %% o04s}
| 3 &
| # 041
0.35}
-Sleep W Post-Sleep 03!
15 coordinated dSWR

10T

uncoordinated

coordinated
uncoordinated VSWR

0 0.5
SWR peak (sec)

Prruskal-wallis = 0.29

dSWR VSWR

pKruskaI-WaIlis = 054

- Dorsal-Ventral , Ventral-Dorsal
é:’ E
- 1

G

[} Pre-Sleep I Post-Sleep

S s

o) :

W 40 ¥ :

Y= % 1

o 8.0 2

c R 3,
.© 20 PE
B ’ : -y
(9] '

© :

— '

L 0- :

H Coordinated Uncoordinated

dHPC 7.94% 1.27%
0.23% 0.23%
91.83% 88.50%

VHPC 22.18%

18.78%
1.13% 1.58%
76.69% 79.64%

W Up-modulated B Down-modulated ' No-modulated

Nature Neuroscience


http://www.nature.com/natureneuroscience

Article

https://doi.org/10.1038/s41593-026-02252-w

Extended Data Fig. 9 | Characterization of dorsal-ventral ripple coordination
across conditions. A, Peri-event density of ventral ripple peak density centered
ondorsal ripple peaks for individual sessions (grey) and averaged across all
sessions (black) showing the co-occurrence of ASSWRs and vSWRs within a +/-
100 ms window (dashed lines). B, Percentage of coordinated events across sleep
sessions (Kruskal-Wallis test, dSSWRs: 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, Neions = 40). C-D Percentage of ventral- and dorsal-
leading events were segregated across pre- (in gray) and post-sleep (aversive
inred, reward in light blue) sessions (Two-sided paired Wilcoxon test; aversive,

p=0.19; reward, p = 0.27; Ng.iions = 40). E, Cumulative density function of ripple
peak amplitude for coordinated (green/purple) and uncoordinated ripples
(grey). (Two-sided Kolmogorov-Smirnov test, dSWRs, ***p = 5.58e; vSWRs,
“*¥p = 5,58e7*). 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, pgpc = 0.18, Pyipc = 0.95, Nessions = 40,
Solid lines: mean). H, Percentages of modulated vs. non-modulated neurons for
eachripple type (Chi?across structures: X*=6.35,p = 0.1).
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Extended Data Fig. 10 | Reward-responsive Members from joint assemblies pnon-responsive = 0.92). B, Average gain in firing rate around uncoordinated
do not change their response during ripples. Reward-responsive cells ripple onset during NREM sleep preceding (grey) and following (green/purple)
response locked to coordinated and uncoordinated ripples. A, Average reward runs (One-sided Mann-Whitney test; dHPC, Pgesponsive = 0.72,
gaininfiring rate around coordinated ripple onset during NREM sleep preceding Pron-responsive = 0:87, Nsingie.units = 62; VHPC, Presponsive = 0-43, Pron-responsive = 0-14,
(grey) and following (green/purple) reward runs (One-sided Mann-Whitney Nsingie-unics = 54; Solid lines: mean; shaded areas: +SEM).
test.dHPC, p we=0.53,p ive = 0.80). (VHPC, Presponsive = 0-44,
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