
 

Figure 4: LC to dCA1 inhibition decreases the overlap between dCA1 memory ensembles 

and affects their firing properties  

A) Schematics for miniscope setup and calcium signal imaging in dCA1. CAV-cre was 

injected in dCA1 and DIO-hM4Di-mcherry was injected in LC. Veh or CNO was injected 

in the control and LC-inhibited group, respectively. Example calcium traces.  

B) Inhibition of LC neurons projecting to dCA1 reduced the percentage overlap between 

memory ensembles encoding contexts explored 5 hours apart (Control n=6, and LC 

inhibited n=5; unpaired t-test, **p<0.01). Percentage overlap was calculated as neurons 

active in both A and B over total cells active in A and B. Representative plots of active 

neurons in contexts A and B and neuronal overlap between different conditions. Scale bars, 

50 μm. 

C) Inhibition of LC neurons projecting to dCA1 reduced the likelihood to chance levels that a 

cell active in context B had previously been active in context A (Control n=6, and LC 

inhibited n=5; One-sample t-test over 0.5 as chance level, ***p< 0.001). 
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D) Example maps of pairwise temporal correlations between the activity of all overlapping 

neurons in context A and B. 

E) Within the overlapping neuronal population, inhibition of the LC neurons projecting to 

dCA1 reduced the stability of the coactivity maps between the two contexts visited (Control 

n=6, and LC inhibited n=5; Mann Whitney test, **p<0.01). Example PWC stability maps. 

F) Inhibition of the LC neurons projecting to dCA1 reduced the stability of the dCA1 

assemblies detected within the overlapping neuronal population (Control n=6, and LC 

inhibited n=4; unpaired t-test, *p<0.05). Representative images for weight distribution of 

the assemblies detected for context A (red), context B (blue), or delta between the two 

weights (black) with all neurons sorted in the same order in all 3 graphs. 

            All results are mean + s.e.m. 

 

 

 

 

Figure 5: Modeling LC to dCA1 inhibition using a spiking network model 

A) Conceptual diagram of the spiking network model. The model includes excitatory neurons 

(gray) and subpopulations of interneurons (red). Synaptic inputs representing different 

memories terminate in overlapping dendrites. Two novel contexts are simulated as memories 

A and B, separated by 5h.  

B) Firing rate of neurons when current input is applied directly to the somatic compartment of 

the 2-stage neurons under control (blue) and LC inhibition (orange) condition. Under 

conditions of LC blocking, the excitability of the neurons does not increase, n=50. 

C) Simulation of LC to dCA1 inhibition resulted in a reduction of the overlapping neuronal 

population. Percentage overlap was calculated as neurons activated during both context A and 

B over the total active neurons in A and B. n=10 simulation trials, unpaired t-test, 
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****p<0.0001. The contour plots show population activation during encoding of memories 

in context A and B. The third column indicates the neurons which were active (ff > 10Hz) 

during both memories.  

D) The sizes of activated populations (number of neurons with ff>10Hz) during the encoding of 

Ctx A and Ctx B, under different conditions.  

All results are mean + s.e.m. 

 

 

 

Figure 6: Dopamine D1/D5 receptors in dCA1 modulate contextual memory linking 

A) Inhibition of Dopamine D1/D5 receptors in dCA1 during context A disrupted contextual 

memory linking. (Saline, n=12; SCH 0.5 mM, n=12; SCH 1.0 mM, n=7; two-way repeated 

measures ANOVA, Sidak post hoc, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001) 
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B) Inhibition of Dopamine D1/D5 receptors in dCA1 did not affect contextual memory 

formation at the doses used. (Saline, n=10; SCH 0.5 mM, n=10; SCH 1.0 mM, n=7; two-

way repeated measures ANOVA, Sidak post hoc, ***p<0.001, ****p<0.0001).  

C) Inhibition of β-adrenergic receptors in dCA1 did not affect contextual memory linking at 

the doses used. (Saline, n=14; Prop 5 mM, n=14; Prop 20 mM, n=15; two-way repeated 

measures ANOVA, Sidak post hoc, **p<0.01, ****p<0.0001) 

All results are mean + s.e.m. 

 

 

 
Figure 7: Optogenetic D1 receptor activation in dCA1 rescues linking deficits caused by 

inhibition of LC-dCA1 

A) Schematics of the Opto-D1 construct.  

B) Schematics of experimental design. AAV-cre with DIO-Opto-D1 was injected in dCA1 to 

activate D1 signaling, while CAV-FLP was injected in the same location of dCA1 to be 

retrogradely taken up by cells projecting to this region. Flippase-dependent fDIO-hM4Di-

mcherry was injected into LC to silence the neurons projecting to dCA1. 

C) Optogenetic activation of D1 receptor signaling in a fraction of all cell types in dCA1 

rescued the contextual memory linking deficit caused by chemogenetic inhibition of LC 

cells projecting to dCA1. (GFP, n=8; opto-D1, n=11; two-way repeated measures 

ANOVA, Sidak post hoc,*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ##p<0.01). * is 

used to depict significance within groups and # is used to show significance between 

groups for two-way RM ANOVA. 
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D) Optogenetic activation of D1 receptor signaling in a fraction of excitatory cells in dCA1 

rescued the contextual memory linking deficit caused by chemogenetic inhibition of LC 

cells projecting to dCA1. (GFP, n=9; opto-D1, n=11; two-way repeated measures 

ANOVA, Sidak post hoc,*p<0.05, **p<0.01, ****p<0.0001, ##p<0.01). * is used to depict 

significance within groups and # is used to show significance between groups for two-way 

RM ANOVA. 

All results are mean + s.e.m. 
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