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Fig. S1. Sex-specific analysis of FOS+ induction in vVHPC D1 and D2 cells following acute cocaine injection.



Density of D1 vs. D2-expressing cells (GFP+) across vHPC layers.
Proportion of D1 (GFP+) cells following cocaine treatment.
Proportion of D2 (GFP+) cells after cocaine.

Average FOS+ expression in vHPC after cocaine injection.

FOS expression across vVHPC layers in D1 mice.

FOS expression across VHPC layers in D2 mice.

FOS+ density in D1 and D2 cells across sex.

Density of D1 or D2 cells (GFP+) across sex.

Density of co-localized FOS and GFP expression across sex.
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Fig. S2. Exit of saline- or cocaine-paired compartments during CPP has no effect on dopaminoceptive cell activity.
A) Area under the curve (AUC) of D1 activity while mice are in saline or cocaine-paired compartment
(P=0.0242; 2-Way ANOVA).
B) Change in D1 signal when mice exit saline or cocaine paired side and resulting AUC.
C) Change in D1 signal when mice exit saline or cocaine paired side during post-test and AUC.
D) AUC of D2 activity while mice are in saline or cocaine-paired compartments.
E) Change in D2 signal when mice exit saline or cocaine paired side and resulting AUC.
F) Change in D1 signal when mice exit saline or cocaine paired side during post-test and AUC.
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. Mice that do not form CPP do not show synaptic changes onto vHPC D1 cells.
Cumulative probability of sSEPSC amplitude from D1-tdtomato cells in the vHPC.
Cumulative probability of sEPSC interevent interval (IEI).
Resting membrane potential.
Threshold potential.
CPP score.
sEPSC amplitude comparing data from Figure 2 with mouse that did not form preference.
sEPSC frequency comparing data from Figure 2 with mouse that did not form preference (P=0.0084; One-
Way ANOVA).
Excitability at 80 pA current step injections comparing data from Figure 2 with mouse that did not form
preference.
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Fig. S4. D1 cells are inhibited by aversive conditioned cues.

A)

B)
0
D)
E)

F)

Schematic of experimental design for fear conditioning experiments and representative D1 and D2 cell
activity.

Average D1 and D2 responses to footshock.

Resulting average AUC following footshock (Pshock=0.0010, 2-Way ANOVA).

Average heatmap of D1 (top) and D2 (bottom) responses to footshock across trial.

Change in D1 activity in response to tone during conditioning and recall (left) and resulting AUC (right)
(PDay x Tone = 0.041 84 2- Way ANOVA)

Change in D2 activity in response to tone during conditioning and recall (left) and resulting AUC (right)
(PDay x Tone = 0. 8057)
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Fig. S5. Optogenetic activation of D2 cells is rewarding.
A) Schematic of optogenetic activation (YFP, n=9; D1-ChR2, n=5, D2-ChR2, n=7).
B) Representative heatmap of time spent in open field box during real time place preference.
C) Quantification of %time spent on side paired with optogenetic stimulation (P=0.0287, One-Way ANOVA).



[ "
a b nuclei count Umfdc':unm aﬂf‘afe"nmum
D1 D2 D1 D2 D1 D2
STNGIOMN sdhs s B s 0B ow
PV baska'lblsuall ] 8 M BN PR 88 i
Dosesenc| U g5 I8 M 4% 9B
SRR H “ggrwl 355 4649 5668 6229 061 068
°°"c€ﬁ"“l‘.:’| do% a5 18 883 88 8%
VIPIS] 1256 40 5253 5319 042 037
CojplRotzius | 5 4938 2349 2353 082 094
Cilimossy| 458 4bg2 3031 112k o061 073
CA3 2316 1477 7378 7244 073 061
GAIEN| %7 adh7r soss s2se 048 048
SubPN| 57 247 10737 9792 034 046
SupIT) 09 6533 669/ 103% 071 0%
z| 5 3 Bl 8 gy w2 gy o
< K SubL6bl 2435 8 11435 12069 080 0.59
= =1
* Reference cel type UMAP 1 * Annotated cell type UMAP 1 As"o"fﬁ: : Z e M 0k 0%
OReference cell type OReference cell type Emlirg("r:e i:l 1:135 . :llggg 1553 8.;; e
BAery . N I GABAergic Non-neuronal whel & 9 mes . 02
@ SST Nos1 Chodl Cajal-Relzius E!SubPN @ Astrocyte @ SST Nos1 Chodl B Cajal-Retzius B Sub PN E!Aslrocyto ’
fSRI  SEERET BRRE SHEL TR SRR ERRL S
2 apy baskallbnstrallﬁeu ) ngbcr = S% i g D:Vbaskmlblsiranﬂod oca3 §u§([3§ Bgnﬁolhelial
| SRty CENRY NI W SRR DENR WAL CWk
8| 5 ek oo T soer | & ECK trlaminar .
o mw'ﬁ S&xFr el o] 5 fiigther aExEr eth b
d e f FANS
®D1mD2 °median
SSTNos1 Cho Chofl | Pe—— SST Nggy%m *
| —————— L —
cCK thwﬂlvy | —— PV uaskawEJau od ——
I — — ————
PV basket/bistratified | IEEI—— x
CCKctrII mna: _'_- %@‘((C%‘Klﬂagmglﬁazri S ———————)
I e
CCK Rel?\ﬂe%x o — Iﬁ/?gﬂ ——t———————
X [m—— Cajal Relzus ——
ST fr—— e —————
&3PN I — Sﬁ% | ———
EX?BN I ——— SubbPIN R —
S  — e ———
Gs%t;gr St
Cajal MZ’NT _ S;gc; e ————
(?KEEN : Cell annotation % bLeb * .
SMC Astrocyte 3
Immune % of - ommmq Oligo. . o
UMAP .
insdo&?lla! a‘\&é’ﬂpz OReference cell type ! Ei Iol’tguup:l . .
vthc ; 28k GABAergic Glutamatergic Non-neuronal VEME .
% D1 50% - 9% D2 o Nos1 Chodl o aam.ms OSubPN O Astrocyt 0 0.25 05 0.75 1
w g§$ ol?;';‘ §G moﬂyu gug 1N géﬁg&me Cell annotation prediction score
Q| 1§\slbad(ellbcstmhﬁsd CATPN D§::§5¥ Qgﬂmagmwal
o Sty GENH TSI W
8l 35hen S&Fr &%
h i FANS
®D1mD2 °median
ST B ———
PV baskelSishanley | ——
);xoaxu’pic e —
SN —_——
CCKMIamInarI R ————
KA —_——
Cajal-Retzius | ~b—r
S| —
B M DGZW ————
: - M1 SME# ———
. . Sub PN e E—
B2 spt]
B g S —
Ee M UMis per cell H Astrocyte ] * s
SM1 - M3 OMAP 1 + QM= 30000 UMAP 1 1 Qligo. R
DOReference cell type OReference cell type Endothelial .%'-
,- — crenerge — Vel
WE ig@cmm D§§al—ke|ﬂus ggugﬁn ugﬁtgr:cyte " Sgg;nzgj‘cmal ogmrzms ngugﬁn geﬁggm 0 10000UMlmm120000 30000;
2| £ By bethaubistratied mossy  DRUBET ~Er'\domallal Q| - BV ba slaibisatied Cmossy  SRUPET 5 Imeneial
PV axoaxonic CASPN © Sub NP “PV ax CCAZEN nguw& SMe.
o NGy seMmy Wl W ccklRfeny oekm
8|5 &CK weer ogu T CERE 8| 5 SCK atar ogI T, CENSE
ayiRigher o8k by Y avisisn S&kFr &

Fig. S6. Clustering vHPC D1 and D2 cells by use of snRNAseq.
A) UMAP of reference data set.
B) UMAP of sorted vHPC D1 and D2 cells using reference data set.
C) Prediction scores for annotated D1 and D2 cells using reference data set.
D) Proportion of D1 verse D2 cells across cell-type.
E) Prediction scores using reference data set to cluster cells.




F) Annotation prediction scores.
G) UMAP of cell distributions across sample.
H) UMAP of UMIs.
I) UMI count across cluster.
This clustering utilized Yao, et al. 20212 as the reference data set.
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Fig. S7. Sex or treatment has no effect on proportion of cells across vHPC clusters.
A) vHPC subclusters and genes.
B) Proportion of D1 (left) and D2 (right) cells in subclusters across sex.
C) Proportion of D1 (left) and D2 (right) cells in subclusters across drug.
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Fig. S8. D1 and D2 vHPC cells represent distinct cell types, yet cocaine-activated gene patterns are conserved across
dopaminoceptive cell identity.

A) Heatmap of DEGs comparing D1 vs. D2.

B) Comparison to previously published DEGs between D1 and D2.

C) Correlations with dataset obtained here to previously published'’.

D) Heatmap of log2foldchange comparing D1 and D2 DEGs.

E) Correlations of changes in gene expression between D1 and D2 subclusters.

F) Correlations of gene changes induced by cocaine CPP in D1 and D2 clusters.

G) Number of DEGs correlated with CPP score.

H) Immediate early gene (IEG) induction following cocaine CPP in D1 and D2 subclusters and correlations

with CPP score.



