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Figure S1� Correlation, selectivity, decoder performance, and place cell properties in different hippocampal
subregions, neuronal subpopulations, and virtual corridor zones (related to Figures 1 & 2)
(A) Supplement to Fig. 1H (left). Pairs of spatial activity maps of all spatially modulated dentate gyrus neurons
sorted by the position of maximal activity in the left map of each pair (normalized per cell). Left pair, sessions
in F were split into even and odd lap crossings. Middle pair, sessions in N were split into even and odd lap
crossings. Right pair, comparison of lap crossings in F and N (54 sessions from 7 mice).
(B) Population vector (PoV) correlation across mean spatial activity maps for all spatially modulated cells
against the position of the animals in the virtual corridor.
(C) Supplement to Fig. 1H (right). Same as (A) but for CA1 (29 sessions from 7 mice).
(D) Same analysis as in (B), but for CA1.
(E) Supplement to Fig. 1J. Spatial decorrelation, quantified as the difference between spatial correlations
using Pearson's R within the same familiar (F even–odd) and different environments (FN), in the DG and in
CA1 (DG, 0.47 A 0.03B n = 7B CA1, 0.25 A 0.05B n = 6B linear mixed model, P = 0.002). Symbols with error bars
represent mean A sem of individual animals, grey circles represent recording sessions.
(F) Comparison of the place field sizes between dentate gyrus and CA1. LeftC Place field size of place cells
active in the familiar environment (FB DG, 29.66 A 1.08 cm, n = 7 miceB CA1, 32.59 A 1.39 cm, n = 7 miceB
linear mixed model, P = 0.04). RightC Place field size of place cells active in the novel environment (NB DG,
33.24 A 1.94 cm, n = 7 miceB CA1, 30.96 A 1.51 cm, n = 7 miceB linear mixed model, P = 0.89). Same symbols
as in panel E.
(G) Complement to Figure 2B. Absolute selectivity for the two environments F and N in DG and CA1
excluding spatially modulated cells (DG, 0.75 A 0.02B n = 7 miceB CA1, 0.59 A 0.05B n = 6 miceB linear mixed
model, P = 0.002). Same symbols as panel E.
(H) Complement to Figure 2B. Absolute selectivity for the two environments F and N in DG and CA1 only
including spatially modulated cells (DG, 0.65 A 0.08B n = 7 miceB CA1, 0.56 A 0.05B n = 6 miceB linear mixed
model, P = 0.31). Same symbols as in panel E.
(D) Complement to Figure 2C. Absolute selectivity for DG and CA1 neurons plotted against their firing rate,
excluding highly selective cells (absolute selectivity E0.99).
(J) Fuantification of the decoder performance (AUC) in the dentate gyrus and CA1 excluding spatially
modulated cells (DG, 0.55 A 0.02, n = 7 miceB CA1, 0.49 A 0.01, n = 6 miceB linear mixed model, P = 0.007).
Same symbols as in panel E.
(G) Fuantification of the decoder performance (AUC) in the dentate gyrus and CA1 including only the spatially
modulated cells (DG, 0.74 A 0.05, n = 6 miceB CA1, 0.67 A 0.02, n = 6 miceB linear mixed model, P = 0.17).
Same symbols as in panel E.
(L) Fuantification of the decoder performance (AUC) in the dentate gyrus and CA1 excluding the reward zone
in both environments (DG, 0.66 A 0.04, n = 6 miceB CA1, 0.56 A 0.03, n = 6 miceB linear mixed model,
P = 0.03). Same symbols as in panel E.
ns, not statistically significantB *, P H 0.05B **, P H 0.01.
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Figure S2� Neuronal discrimination of highly distinct environments reflects behavioral discrimination in CA1, but
not in the dentate gyrus (related to Figure 3)
(A) Pairs of spatial activity maps of all spatially modulated cells in familiar (F) or novel (N*) environments sorted
by the position of maximal activity in the left map of each pair (normalized for each cell) for familiar laps (left), novel
laps (middle) or familiar vs novel laps (right), recorded from the dentate gyrus (20 sessions from 3 mice).
(B) Left: Population vector correlation (PoV) across mean spatial activity maps for all spatially modulated cells
against the position of the animals in the virtual corridor. Middle: Quantification of the decoder performance in the
dentate gyrus comparing the prediction between environments FN and FN* (FN, 0.65 ± 0.04, n = 7 mice; FN*,
0.56 ± 0.03, n = 3 mice; linear mixed model, P = 0.75). Symbols with error bars represent mean ± s.e.m. of
individual animals, grey circles represent recording sessions. Right: Paired quantification of the decoder
performance (AUC) in the dentate gyrus comparing the prediction between environments FN and FN* (FN, 0.52
± 0.02; FN*, 0.61 ± 0.07; n = 5 sessions; Wilcoxon test, � = 2, P = 0.14). Lines represent paired sessions.
(C) Same as in (A), but for CA1 (20 sessions from 7 mice).
(D) Same analysis as in (B), but for CA1. Left: Population vector correlation (PoV) across mean spatial activity
maps. Middle: Decoder performance (FN, 0.56 ± 0.02, n = 6 mice; FN*, 0.63 ± 0.03, n = 7 mice; linear mixed
model, P = 0.02). Right: Paired decoder performance (FN, 0.57 ± 0.01; FN*, 0.66 ± 0.02; n = 20 sessions;
Wilcoxon test, � = 4, P = 0.0002).
(E) Supplement to Figure 3C. Comparison of behavioral performance (reward rate) in animals implanted for
dentate gyrus or CA1 imaging in novel N (left: DG, 0.32 ± 0.06, n = 7 mice; CA1, 0.24 ± 0.06, n = 7 mice; linear
mixed model, P = 0.43) and novel N* environments (right: DG, 0.40 ± 0.05, n = 3 mice; CA1, 0.37 ± 0.07, n = 7
mice; linear mixed model, P = 0.95). Symbols with error bars represent mean ± s.e.m. of individual animals, grey
circles represent recording sessions.
(F) Quantification of the behavioral performance in the novel (N and N*) environments, measured as d-prime (see
Methods). Blue lines refer to single sessions of DG implanted animals, orange lines refer to single sessions of CA1
implanted animals, and darA grey circles represent mean ± s.e.m. (N, 0.50 ± 0.13; in N*, 0.91 ± 0.15, n = 42
sessions, Wilcoxon test, � = 235, P = 0.007).
(G) Comparison of behavioral performance (d-prime) in animals implanted for dentate gyrus or CA1 imaging in
novel N (left: DG, 0.76 ± 0.02, n = 7 mice; CA1, 0.23 ± 0.14, n = 7 mice; linear mixed model, P = 0.08) and novel
N* environments (right: DG, 0.98 ± 0.27, n = 3 mice; CA1, 0.64 ± 0.18, n = 7 mice; linear mixed model, P = 0.36).
Same symbols as in panel E.
(B) Correlation between behavioral performance (d-prime) and spatial decorrelation in the dentate gyrus (left:
n = 7 mice and 70 sessions; PearsonCs r = 0.19; linear mixed model, P = 0.11) and CA1 (right: n = 7 mice and 69
sessions; PearsonCs r = 0.28; linear mixed model, P = 0.01).
(D) Correlation between behavioral performance, (d-prime) within the novel environments (N and N*) and decoder
performance in the dentate gyrus (left: n = 7 mice and 41 sessions; PearsonEs r = –0.02; linear mixed model,
P = 0.92) and CA1 (right: n = 7 mice and 61 sessions; PearsonEs r = 0.34; linear mixed model, P = 0.004).
(F) Correlation between behavioral performance (reward rate) and spatial correlation between familiar (F) and
novel (N or N*) environments in the dentate gyrus (left: n = 7 mice and 41 sessions; PearsonCs r = 0.23; linear
mixed model, P = 0.15) and in CA1 (right: n = 7 mice and 61 sessions; PearsonCs r = –0.22; linear mixed model,
P = 0.04).
(G) Correlation between behavioral performance (d-prime) and spatial correlation between familiar (F) and novel
(N or N*) environments in DG (left: n=7 mice and 70 sessions; PearsonEs r = –0.09; linear mixed model, P = 0.42)
and in CA1 (right: n = 7 mice and sessions; PearsonEs r = –0.15; linear mixed model, P = 0.16).
ns, not statistically significant; *, P H 0.05; **, P H 0.01; ***, P H 0.001.
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Figure S3� Compar)%on of )ma/)n/ and 0e1a*)oral da$a u%)n/ d)fferen$ )ma/)n/ $ec1n)2ue% and 0e1a*)oral
parad)/m% (rela$ed $o F)/ure% 1 and '!
(A(3! Compar)%on of )ma/)n/ and 0e1a*)oral da$a o0$a)ned from an)mal% )mplan$ed #)$1 GRIN len%e% or cannula
#)ndo#%. Da$a pre%en$ed )n $1e ma)n 4/ure% 1&' #ere %pl)$ accord)n/ $o )mplan$ $5pe.
(A! ,pa$)al decorrela$)on )n $1e den$a$e /5ru% (lef$6 GRIN FN7 0.'' 8 0.056 n 9 ' m)ce and '" %e%%)on%: cannula6
FN6 0."7 8 0.066 n 9 4 m)ce and "" %e%%)on%: l)near m);ed model6 P 9 0.99! and CA1 (r)/1$6 GRIN FN7 0.1' 8 0.056
n 9 " m)ce and 5 %e%%)on%: cannula6 FN6 0.08 8 0.0'6 n 9 5 m)ce and "4 %e%%)on%: l)near m);ed model6 P 9 0.17!.
,5m0ol% #)$1 error 0ar% repre%en$ mean 8 %em of )nd)*)dual an)mal%6 /re5 c)rcle% repre%en$ record)n/ %e%%)on%.
(<! Decoder performance (AUC! )n $1e den$a$e /5ru% (lef$6 GRIN FN7 0.74 8 0.046 n 9 ' m)ce: cannula FN7 0.59 8
0.046 n 9 4 m)ce: l)near m);ed model6 P 9 0.01! and CA1 (r)/1$6 GRIN FN7 0.65 8 0.016 n 9 1 mou%e: cannula FN7
0.54 8 0.016 n 9 5 m)ce: l)near m);ed model6 P 9 0.000'!. ,ame %5m0ol% a% )n panel A.
(C! ,pa$)al decorrela$)on )n $1e den$a$e /5ru% (lef$6 GRIN FN*7 0.'4 8 0."46 n 9 1 mou%e: cannula6 FN*6 0.'0 8 0.076
n 9 " m)ce: l)near m);ed model6 P 9 0.69! and CA1 (r)/1$6 GRIN FN*7 0.'' 8 0.046 n 9 1 mou%e: cannula6 FN*6
0."' 8 0.046 n 9 5 m)ce: l)near m);ed model6 P 9 0.''!. ,ame %5m0ol% a% )n panel A.
(D! Decoder performance (AUC! )n $1e den$a$e /5ru% (lef$6 GRIN FN*7 0.85 8 0.0'6 n 9 1 mou%e: cannula6 FN*6
0.5" 8 0.016 n 9 " m)ce: l)near m);ed model6 P 9 4*10(46! and CA1 (r)/1$6 GRIN FN*7 0.61 8 0.1'6 n 9 " m)ce:
cannula6 FN*6 0.64 8 0.016 n 9 5 m)ce: l)near m);ed model6 P 9 0.68!. ,ame %5m0ol% a% )n panel A.
(=! <e1a*)oral performance mea%ured a% re#ard ra$e )n $1e no*el N en*)ronmen$ )n $1e den$a$e /5ru% (GRIN6
0.18 8 0.0'6 n 9 ': cannula6 0.4" 8 0.056 n 9 4: l)near m);ed model6 P 9 '*10(6! and CA1 (GRIN6 0.18 8 0.046 n 9 ":
cannula6 0."6 8 0.086 n 9 5: l)near m);ed model6 P 9 0.51!. ,ame %5m0ol% a% )n panel A.
(F! <e1a*)oral performance mea%ured a% d(pr)me )n $1e no*el N en*)ronmen$ )n $1e den$a$e /5ru% (GRIN6
0.69 8 0.'16 n 9 ': cannula6 0.80 8 0."66 n 9 4: l)near m);ed model6 P 9 0.65! and CA1 (GRIN6 (0.04 8 0."66 n 9 ":
cannula6 0.'' 8 0.166 n 9 5: l)near m);ed model6 P 9 0."4!. ,ame %5m0ol% a% )n panel A.
(G! <e1a*)oral performance mea%ured a% re#ard ra$e )n $1e no*el N* en*)ronmen$ )n $1e den$a$e /5ru% (GRIN6
0.'1 8 0.106 n 9 1: cannula6 0.44 8 0.016 n 9 ": l)near m);ed model6 P 9 0.'0! and CA1 (GRIN6 0.'7 8 0.0"6 n 9 ":
cannula6 0.'6 8 0.096 n 9 5: l)near m);ed model6 P 9 0.98!. ,ame %5m0ol% a% )n panel A.
(3! <e1a*)oral performance mea%ured a% d(pr)me )n $1e no*el N* en*)ronmen$ )n $1e den$a$e /5ru% (GRIN6
1.41 8 0.'"6 n 9 1: cannula6 0.7" 8 0.166 n 9 ": l)near m);ed model6 P 9 0.04! and CA1 (GRIN6 0.5" 8 0.566 n 9 ":
cannula6 0.68 8 0.196 n 9 5: l)near m);ed model6 P 9 0.''!. ,ame %5m0ol% a% )n panel A.
(I(>! 3)ppocampal neuronal d)%cr)m)na$)on re2u)re% ac$)*e %pa$)al na*)/a$)on
(I! Repre%en$a$)*e open(loop record)n/ %e%%)on %1o#)n/ $1e %peed of $1e an)mal on $1e runn)n/ #1eel ($op $race!6
and $1e uncoupled po%)$)on on $1e *)r$ual real)$5 $rac?6 a% )mpo%ed 05 a pre(recorded *)r$ual(real)$5 %e%%)on (0o$$om
do$$ed $race!.
(>! @uan$)4ca$)on of $1e decoder performance (AUC! compar)n/ ac$)*e and pa%%)*e %pa$)al na*)/a$)on cond)$)on%
)n DG (lef$7 ac$)*e cond)$)on6 0.65 8 0.046 n 9 7 m)ce: pa%%)*e cond)$)on6 0.47 8 0.016 n 9 ' m)ce: l)near m);ed model6
P 9 0.17!6 and CA1 (r)/1$7 ac$)*e cond)$)on6 0.6' 8 0.0'6 n 9 6 m)ce: pa%%)*e cond)$)on6 0.5" 8 0.016 n 9 ' m)ce:
l)near m);ed model6 P 9 0.01!. ,5m0ol% #)$1 error 0ar% repre%en$ mean 8 %em of )nd)*)dual an)mal%6 /re5 c)rcle%
repre%en$ record)n/ %e%%)on%. No$e $1a$ for $1e DG6 $1e reduc$)on )n decoder performance doe% no$ reac1
%$a$)%$)cal %)/n)4cance.
n%6 no$ %$a$)%$)call5 %)/n)4can$: *6 P A 0.05: ***6 P A 0.001.
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Figure S4� -eha(i�ra� trai�i�! a�d (irt,a�&rea�it� e�(ir���e�t� ,�ed d,ri�! wh��e&%e��
re%�rdi�!�$ a�d �%he�ati% ���the�i� �+ �e,r��a� a�d 5eha(i�ra� di�%ri�i�ati�� i� the
hi���%a��a� %ir%,it (re�ated t� #i!,re 4�

(0� 6e+t" (iew� �+ the +a�i�iar (#� a�d ��(e� ('� (irt,a� rea�it� e�(ir���e�t�. 7idd�e" �%he�ati%
i�di%ati�! the reward ��%ati��� a���! the %�rrid�r. Ri!ht" e4�eri�e�ta� ti�e�i�e.
(-� 6e+t" �r�!re��i�� �+ the 5eha(i�ra� �er+�r�a�%e d,ri�! �ear�i�! �+ the ta�8 i� the +a�i�iar (#�
(irt,a� e�(ir���e�t$ �ea�,red a� reward rate (hit� �er �a��. ��a�� !re� %ir%�e� re�re�e�t i�di(id,a�
a�i�a��$ whi�e �ar!e %ir%�e� i�di%ate �ea� 9 �.e.�. a%r��� a�� a�i�a��. Ri!ht" %���ari��� �+
5eha(i�ra� �er+�r�a�%e d,ri�! the :r�t a�d the �a�t trai�i�! �e��i��� i� the +a�i�iar e�(ir���e�t
(0.05 9 0.03 a�d 0.3; 9 0.13$ re��e%ti(e��< n . =$ >i�%�4�� te�t$ t . 0$ � � 0.043�.
(?� �%he�ati% ���the�i� �+ �e,r��a� a�d 5eha(i�ra� di�%ri�i�ati�� i� the hi���%a��a� %ir%,it.  he
de�tate !�r,� !e�erate� r�5,�t�� de%�rre�ated �e,r��a� re�re�e�tati��� �+ di++ere�t e�(ir���e�t�$
e(e� i+ the di++ere�%e� are ��a��. 0ttra%t�r d��a�i%� i� area ?03 �ead t� a �har� tra��iti�� +r��
�atter� �e�arati�� t� %����eti��$ i��tr,%ted 5� the de%�rre�ated i�+�r�ati�� +r�� the de�tate
!�r,�$ a� the di++ere�%e� i� it� i��,t� e4%eed a thre�h��d. ?01 i�te!rate� i��,t� +r�� ?03 with
�e(era� additi��a� i��,t� �ediati�! the ,�e4�e%ted�e�� a�d �a�ie�%� �+ the e�(ir���e�t.  he :�a�
re�re�e�tati�� i� ?01 i� the� ,�ed 5� d�w��trea� �e�%�rti%a� %ir%,it� t� !,ide �ear�i�! a�d
5eha(i�ra� de%i�i���.



Table S1. Linear mixed model results (related to Figures 1–3) 

Quantity Figure Coef. Std.Err. z P [0.025   0.975] 

Spatial decorrelation 1J -0.192 0.063 -3.026 0.002 -0.316   -0.068 

Absolute selectivity 2B -0.149 0.044 -3.388 0.0007 -0.236   -0.063 

Decoder perfomance (AUC) 2D -0.104 0.051 -2.044 0.041 -0.204   -0.004 

Spatial decorrelation 3E -0.001 0.098 -0.008 0.994 -0.193   0.192 

Spatial decorrelation 3G 0.148 0.042 3.559 0.0004 0.066   0.229 

Reward rate - 
Spatial decorrelation (DG) 3H -0.041 0.129 -0.319 0.750 -0.295   0.212 

Reward rate - 
Spatial decorrelation (CA1) 3H 0.491 0.117 4.185 0.0002 0.261   0.721 

Reward rate - 
Decoder performance (DG) 3I -0.010 0.171 -0.057 0.955 -0.345   0.326 

Reward rate - 
Decoder performance (CA1) 3I 0.257 0.125 2.053 0.040 0.012   0.501 

 

 

 


