SUPPLEMENTAL MATERIALS 

Supplemental Methods

Animals
Studies used young adult (2-3 mo old) C57BL/6 male mice. Mice were group-housed with littermates (3-5 per cage), or single housed (7-10 days) in vivarium at 68°F and 55% humidity with a 12 hr on/12 hr off light cycle and lights on at 6:30AM; food and water were provided ad libitum. Behavioral experiments were always performed between 9AM – 12PM. Experimental mice were not prior handled. Experiments were conducted in accordance with the National Institutes of Health Guide for the Care and Use for Laboratory Animals and protocols approved by the Institutional Animal Care and Use Committee at the University of California, Irvine.

Behavioral Assays 
All behavioral tasks were video recorded digitally using an overhead or lateral positioned camera (Logitech C920x HD Pro Webcam, 1080p/30fps). Each video was scored by two experimenters blind to group and the average of the two scores were used. 

Three-Chamber Task
For this task we used a modified version of the widely accepted sociability paradigm developed by Crawley and colleagues.1 Prior to the task, conspecific animals were habituated to an inverted wire cup (10cm diameter) for 10 min three times, with 10-minute breaks in between. On the day of experimentation, the test animal was habituated (10 min) in a large Plexiglass arena (60 cm × 40 cm × 20 cm) with an open top and 3 equal-sized chambers separated by 2 transparent walls with doorways. After habituation, the animal was placed back in the center chamber with interior doors closed. Social Approach Phase: The animal was allowed to re-explore the chambers for 10 min, with an empty inverted wire cup in one side chamber (C1), and inverted wire cup containing a conspecific mouse in the other side chamber (C2). Time spent exploring the conspecific male mouse vs. the empty cup was collected. The animal was then returned to the center chamber. Social Recognition Phase: The animal was given 10 min to explore the chambers containing the familiar mouse that was now positioned in C1 vs. a novel mouse positioned in C2. Time spent exploring both cups was collected; exploration time was scored when the animal oriented its nose towards the cup and was within ~0.5 cm of its proximity. Gnawing or climbing over the cups was not included. Percent novelty scores were calculated for each phase of the task and then were averaged for each animal to determine the percent novelty preference. For social approach, percent novelty = 100 x [tmouse /(tmouse + tobject)]. For social recognition, percent novelty = 100 x [tnovel /(tnovel + tmouse)]. Log duration of social approach was calculated as Log10(tobject /tmouse) and Log duration of social recognition as Log10(tmouse /tnovel). Finally, a subset of mice that were tested in the three-chamber task were euthanized 90 min following the completion of the task and brains were processed for Fos immunoreactivity as described below.

Novel Object Recognition Test
Animals were placed into a Plexiglass arena (30 cm × 25 cm x 21.5 cm) and allowed to explore freely for 5 min. Then, 2 identical round objects (base diameter of 6 cm) were placed in the arena for animals to explore for another 5 min. Animals were placed back in their home cage and returned to vivarium for 24h. For testing, animals were placed back into the same arena, with one of the round objects replaced with a novel square object (5cm x 5cm). Animals were allowed to explore for 5 min. Time spent exploring the familiar and novel objects were collected. Percent novelty preference was calculated as 100 x [tnovel /(tnovel + tfamiliar)]. 

Tail Suspension Test
This test was conducted as described.2 Using a 17 cm strip of tape (1 cm wide), 2cm was applied to the end of each animal’s tail, with 2-3 mm of the tail tip remaining outside of the tape. The remaining free length of the tape (15 cm) was used to hang the animal from an overhead platform. A cone (2cm length) was wrapped at the base of the animal’s tail to prevent it from climbing onto their tail during testing. Animals were suspended 45cm above a soft platform for 6 min. After testing, the animal was removed from the platform and returned to their home cage. An Immobility score for each animal was calculated based on the period (seconds) during which the animal’s hind legs were immobile during the 6 min. 
 
Forced Swim Test
Animals were placed in a Plexiglas cylinder water tank with water temperature at 24-25oC, as measured using a thermometer (Easy-Read® thermometer, HB Instruments B60304-0500). The water level was 15 cm above the bottom of the tank. Animals were recorded for 6 min in the water tank, with scoring of mobility (seconds) for the last 4 min of the task. Mobility was categorized as their hind legs moving, or any movements necessary to keep their head above water. An immobility score was calculated as [240 seconds – seconds of mobility]. After the task, animals were dried with Kimwipes and returned to their home cage with a heating pad underneath for 1 hr to prevent hypothermia. 

Palatable Food Consumption 
Mice were given palatable food (cocoa pebbles cereal (Post, USA; ~1g/mouse) for five consecutive days in a foreign cage and allowed to freely consume for 1 hr. Food was weighed prior to each feeding session. At the end of the procedure on day 5, the remaining food was removed and weighed to measure amount of consumption. 

Episodic Memory ‘What’ Task
To assess encoding of cue identify (‘what’) information, a serial odor task was used in which greater time sampling a novel odor D vs. a previously presented odor A at testing is interpreted as evidence that the animal had acquired the identity of the familiar cue.3, 4 Odors were diluted in mineral oil and 120 µl of the scented mixture was pipetted onto filter paper (final concentration of 0.1 Pascals) which was placed in a glass jar (5.25 cm diameter x 5 cm height) with a plastic lid containing a small (~1.5 cm diameter) hole to allow the mouse to explore the odorant. During the habituation session, two jars (without odor) were placed at each end of a plexiglass box (30 cm x 25 cm floors with 21.5 cm walls), and the mouse was allowed to explore for 5 min. The animal was removed to a holding cage and the jars were changed for the next step. The mouse was then presented with a series of odorant pairs (A:A>B:B>C:C) for 5 min each and 3 min between pairs; the animal was moved to the holding cage between odor pairs. In the final test session, the mouse was exposed to the odorant pair A:D and allowed to explore for 5 min. All animals were verified for exploration of each odor for at least 1 second during exposure and testing, and location of test odors were counterbalanced. A mouse was scored as exploring an odor whenever their nose was within 0.5 cm of, and directed towards, the odor hole. A discrimination index (DI) was calculated for as follows: 100 x (tnovel – tfamiliar)/(ttotal sampling).

Episodic Memory ‘When’ Task 
This paradigm was largely identical to the ‘what’ task, except that an additional odor pair was added to the last step in the exposure sequence (i.e. odor D).3, 4 After exposure to odor pair D, the mouse is presented two different odors selected from the earlier odor pairs (B and C). In general, group housed control mice explore the odor seen least recently (B) vs. and odor explored more recently (C). Preferential exploration of the cue encountered earlier from a cue presented later in that series indicates that the animal distinguishes the temporal order of cues sampled within an odor series.  Dis were calculated as follows: 100 × (tnovel – tfamiliar)/(ttotal sampling).

Odorants for behavioral tasks
Odorants used were as follows: odor A: (+)-Limonene (≥97% purity, Sigma-Aldrich); odor B: Cyclohexyl Ethyl Acetate (≥97%, International Flavors & Fragances Inc.); odor C: (+)-Citronellal (~96%, Alfa Aesar); odor D: Octyl Aldehyde (~99%, Acros Organics). 

Episodic Object Recognition Test 
Animals were placed into a Plexiglass arena (30 cm × 30 cm x 21.5 cm) and allowed to explore freely for 5 min. Then, 4 distinct objects (rugged cone with 5 cm base diameter, cone with 4.5 cm base diameter, 3x3x3cm triangle, and 3x3cm square) were placed in the arena for animals to explore for another 5 min. Animals were placed back in their home cage and returned to vivarium. 24hrs later, animals were placed back into the arena with the same objects except the square was changed out for a novel circle object (4 cm diameter). Animals were allowed to explore for 5 min. Time spent exploring the familiar and novel objects were collected. All animals were verified for exploration of all objects for at least 1second in both the exposure and testing trials. Dis were calculated as: 100 × (tnovel – tfamiliar)/(ttotal sampling).

Immunofluorescence and microscopy
Fos expression
A subset of mice that had undergone the three-chamber task were assessed for neuronal activity in the habenula using the cell activity marker Fos.5 Ninety minutes after completion of the task, animals were perfused with 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.2, PB), postfixed for 2 hr, and then cryoprotected overnight in 20% sucrose in 0.1M PB at 4oC. Frozen tissue sections (30 um thick) were collected through the rostrocaudal extent of the habenula and processed for Fos immunofluorescence using rabbit anti-Fos (Novus, NBP2-50057SS; 1:5K) and Alexa Fluor488 anti-rabbit secondary. Briefly, sections were incubated in primary antisera for 24h, rinsed in 0.1M PB and incubated in secondary antisera for 2h at RT; all antibody incubations were in 0.1M PB containing 0.3% Tri-X and 3% normal swine serum. Following washes in 0.1M PB, tissue was coverslipped using VectaShield with DAPI (Vector labs). Photomicrographs of Fos immunolabeling in 8 spaced coronal sections through habenula were collected at 10x magnification using a Leica DMI6000B epifluorescence microscope with an sCMOS pco.edge camera and MetaMorph v7.8.7.0 software. Fos-labeled cells were quantified (cells/area) in defined/outlined regions of interest using ImageJ by two individuals blind to groups. Automated techniques were used to count the number of labeled cells in the medial and lateral habenula. Images were first thresholded using MaxEntropy and then cells were counted using the Analyze Particles function with 100-infinity pixel2 size and 0.3-1.0 circularity. Counts were verified by hand for each image. Cell counts were collected across the rostrocaudaul extent of the habenula and then averaged per animal.

GABAAR subunit levels at inhibitory synapses
Mice were perfused with 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.2) and brains processed for dual immunofluorescence as previously described.6 Sections were incubated in primary antisera at 4°C for 24hrs, followed by 2hr incubation in secondary antisera at RT. Following a final wash in 0.1M PB, tissue was cover slipped using VectaShield with DAPI. Primary antisera cocktails contained the following antibodies for the scaffold protein gephyrin and specific GABAAR subunits (i.e., (2 and 2): guinea pig anti-gephyrin (1:1000; Synaptic Systems,147318) combined with either rabbit anti-2 (1:3000; Synaptic Systems 224103) or rabbit anti-2 (1:1000 Synaptic Systems, 224003). Buffers were the same as for Fos experiments.

Fluorescence deconvolution tomography (FDT) was used to quantify densities of GABAAR subunits at gephyrin-positive synapses as described.4, 6, 7 Briefly, image z-stacks from str. radiatum of CA3b were collected at 63x (1.4NA) using a Leica DM6000B epifluorescence microscope equipped with a Ludl stage with a BioPreceision Stepper Motor driven by Velocity 4.0 software (PerkinElmer, Waltham, MA, USA); Z-stacks were collected at intervals of 0.2 μm through a depth of 2μm in a sample field measuring 135 x 105 x 2um (28,350um3). For each brain, five tissue sections were sampled. Quantitative FDT analysis entailed processing images through restorative deconvolution (99% confidence; Volocity 4.0, PerkinElmer) and then analyzing 3-dimensional (3-D) constructed montages for synaptic labeling using in-house software (c99, Java (OpenJDK IcedTea 6.1.12.6), Matlab R2019b, PuTTY 0.74, and Perl 5.30.0). Within each montage, immunolabelled objects were detected using threshold segmentation separately for each channel: the image was normalized for background density and objects were segmented based on connected pixels above threshold. Immunofluorescent elements meeting the size and eccentricity constraints of synapses, and detected across multiple intensity thresholds, were quantified using automated systems. Elements were considered double-labelled if there was contact or overlap of fields occupied by the two fluorophores as assessed in 3-D. For each z-stack of field CA3 these procedures identified approximately 20-30 thousand reconstructed terminal synapses. Based on the maximum fluorescence intensity of each image, counts of double-labeled (2x) puncta were assigned to ascending density bins and the data were plotted as intensity frequency histograms. Labeled puncta with immunofluorescence density at ≥110 on the arbitrary 255 step scale were considered densely-labeled. Counts of densely-labeled puncta for 5 sections per animal were averaged to generate mean animal values. Graphs show group mean ± SEM values.

Electrophysiological Recordings
Hippocampal slices were prepared as previously described.8 Experiments were initiated from 8-10AM. Brains were rapidly removed from the cranium and placed in ice cold, oxygenated (95% O2/ 5% CO2) high Mg2+, artificial cerebrospinal fluid (HM-aCSF) containing (in mM): 87 NaCl, 26 NaHCO3, 25 glucose, 75 sucrose, 2.5 KCl, 1.25 NaH2PO4, 0.5 CaCl2, 7 MgCl2, (320-335 mOsm). Horizontal sections (400μm) were cut using a Leica Vibrotome (model VT1000s, Deer Park, IL, USA) in ice cold (4oC) HM-aCSF and rapidly transferred to an interface recording chamber containing a constant perfusion (60-70 ml/hr) of oxygenated (95% O2/ 5% CO2) aCSF containing (in mM): 124 NaCl, 3 KCl, 1.25 KH2PO4, 1.5 MgSO4, 26 NaHCO3, 2.5 CaCl2, and 10 glucose (300-310 mOsm, pH 7.4, 31±1°C). Recordings began 1-1.5hrs later. All extracellular recordings were digitized at 20 kHz using an AC amplifier (A-M Systems, Model 1700) and collected using NacGather 2.0 (Theta burst Corp.).
Signal throughput CA1: To analyze signal throughput, 400μm slices were prepared using the temporal half of the hippocampus. This typically yielded four slices (for each hemisphere) where optimal responses were generally obtained from the middle two slices. A stimulating electrode (twisted nichrome wire) was placed in the dentate gyrus (DG) outer molecular layer (OML) towards the apex of the two granule cell blades targeting the direct and indirect lateral perforant path (LPP) projections while two recording pipettes were positioned in CA1c stratum (str.) radiatum and str. pyramidale (see Fig. 3A). Single pulse stimulation produced a complex two part field excitatory postsynaptic potential (fEPSP) and stimulation intensity was set such that single units were reliably observed on the second component in the CA1 pyramidal cell (PC) layer response. A baseline period (>20-min) of single pulse stimulation (0.05Hz) was recorded, with spontaneous activity (i.e., single units, sharp waves [SPW]) collected over the 10-second period following each stimulation pulse. To test the effect that repetitive LPP stimulation had upon CA1 spike output, brief trains were delivered across a range of frequencies (i.e., ( [5Hz],  [25Hz] and  [50Hz]) or patterns (; 5 bursts). Stimulation trains were delivered in a random order and separated by a minimum of 10 min. Stimulating electrode placement was confirmed by recording LPP-evoked fEPSPs in CA3 str. lacunosum and testing the response to paired pulse stimulation (40ms interval): Only slices displaying robust paired pulse facilitation, indicating that the activated fibers belong to the LPP rather than medial perforant path (MPP),9 were included in the analysis.
LPP-CA3 responses: A stimulating electrode was positioned in the DG OML (as above and Fig. 6A) and a single recording pipette was positioned in the CA3a PC layer. A subset of experiments included a second recording pipette in CA3 str. radiatum. The stimulation intensity was set to evoke a modest fEPSP (0.5-1mV) that reliably contained single units. A baseline period (>20-min) of single pulse stimulation (0.05Hz) was recorded, with spontaneous activity (i.e., single units, SPWs) collected over the 10-seconds following each stimulation pulse. After a stable period of baseline responses (10-min), the effect of repetitive stimulation was assessed by delivering brief trains across a range of frequencies (i.e., 5Hz, 25Hz or 50Hz; 10 pulses) or patterns (theta-gamma; 5 bursts). 
LPP-DG responses: A stimulating electrode was positioned in the outer third of the DG OML, while a recording pipette was placed either in the OML (dendritic response) or granule cell layer (population spike response). Paired pulse stimulation (40ms interval) was used to confirm the characteristic facilitation present at the LPP-DG synapse.10, 11 To record dendritic responses, the stimulation intensity was adjusted to elicit a fEPSP that was ~50% of the maximum population spike free response, while for cell layer responses stimulation was adjusted to produce a population spike amplitude of 1-2mV: responses to 0.05Hz stimulation were recorded thereafter. In both cases, the effects of repetitive stimulation were tested after 10-min of stable baseline responses (at 0.05Hz) with brief 10 pulse trains delivered at 5Hz (), 25Hz () or 50Hz (). Stimulation trains were delivered in a random order and separated by at least 10-min.   

Analysis of data
All recordings were analyzed off line. The properties of the fEPSP waveform were analyzed using NacShow 2.0 (Theta Burst Corp), while spontaneous activity and evoked single units were analyzed using a custom code (Python version 3.8).
fEPSP analysis: LPP-evoked fEPSPs recorded from the apical dendrites (i.e., str. radiatum) of CA1c were analyzed with regard to the initial slope (20-80%) of the rising phase while responses recorded from the PC layer of the same subfield were analyzed with regard to peak amplitude. The coefficient of variation (CV; i.e., [SD/mean]*100) was calculated for each. Measurements were made for the initial and secondary components of the waveform. The LPP-DG dendritic responses elicited during the different stimulation trains (i.e., 5Hz, 25Hz, 50Hz) were analyzed with regard to peak amplitude. The amplitude of population spike recorded from the granule cell layer was measured for each response in the train. In both cases, responses were then normalized as the percentage ratio of the fEPSP amplitude or population spike amplitude of the first pulse. LPP-evoked CA3 fEPSPs elicited during a 25Hz train were analyzed with regard to their peak amplitude and similarly normalized as the percentage ratio of the first pulse.     
Evoked single units: LPP-evoked spikes recorded from CA1 or CA3 were analyzed using a custom-written computer code created with Python 3.8. Briefly, extracellular recordings (10 second sweeps) were fed through a band pass filter (300-5000Hz). Spike detection used a combined amplitude threshold (-45μV) and rate of rise threshold (240 μV/ms), with the spike output generated by single-pulse LPP activation analyzed across the 50ms period following the stimulation artifact. For each slice, responses to single pulse stimulation (30 consecutive) were analyzed for number of spikes, inter-spike interval (ISI), latency to 1st spike, spike amplitude and instantaneous frequency (i.e., 1/ISI) of spike output. The standard deviation of the 1st spike latency was used to describe the “jitter” within each slice. 
Analysis of repetitive stimulation: The same custom code and detection parameters described above was used to analyze the CA1 and CA3 spike output to brief repetitive LPP stimulation at different frequencies (i.e., 5Hz, 25Hz, 50Hz) and patterns (i.e., theta gamma). LPP-evoked spikes were analyzed for each pulse with regard to number of spikes, latency to 1st spike and associated “jitter’, spike amplitude, ISI and instantaneous frequency of spike output. With 5Hz stimulation, spiking was analyzed for 50ms after the stimulation artifact associated with each pulse, while 25Hz stimulation was truncated to 40ms (i.e., the inter-pulse interval). With 50Hz or theta-gamma burst stimulation, spiking was assessed i) across the 20ms interval between gamma frequency pulses and ii) over 50ms periods following the initial pulse in the train (i.e., divided into four consecutive 50ms epochs) or burst. Assessing LPP-evoked spiking over such 50ms periods enabled quantitative comparison with single-pulse output and with responses to 5Hz stimulation.
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Supplemental Figures
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Supplemental Figure 1. Single housing has no effect on total exploration time during social approach or social recognition. (A) Separated time of exploration in seconds (s) in Three-Chamber Task for the social recognition phase of SH (left) and GH (right). (B) Total time of exploration in social approach for GH and SH (left; n.s.), and for the social recognition phase of GH and SH (right: n.s.). (C) Total time of exploration in the Novel Object Recognition test for GH and SH mice (n.s.). 
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Supplemental Figure 2. Single housing reduces the proportional time spent exploring novel cues. (A, B) In the episodic “What” odor task, GH animals spent significantly more time exploring the novel odor D vs. familiar odor A (P = 0.0378) whereas SH animals did not (novel odor D avg=5.86s) vs. familiar odor A, n.s.). (C, D) In the ‘When’ odor task, GH animals explored the less recent, more novel, odor B for a greater amount of time vs. odor C (P = 0.0174). By contrast there’s no group difference in the time spent exploring odor B vs odor C for SH animals.
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Supplemental Figure 3. Frequency-dependent operations of the LPP-DG synapse are unaffected by single housing. Representative traces recorded from the DG outer molecular layer (OML; A) and granule cell (GC; C) layer of GH (top) and SH (bottom) slices in response to LPP stimulation with a brief (10 pulse) 50Hz train. Scale bars: A. y = 1mV, x = 50ms; C. y = 2mV, x = 50ms. Graphs summarizing the within train facilitation of the fEPSP amplitude (B) and the population spike amplitude (D) for the 50Hz stimulation for each group. Graphs summarizing the within-train facilitation of the fEPSP amplitude and population spike amplitude following LPP stimulation at 25Hz (E, F) and 5Hz (G, H) recorded from GH and SH slices.  
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Supplemental Figure 4. Exposure to single housing has no effect upon CA3 spiking elicited by single-pulse LPP activation. (A) Nissl stain of a hippocampal slice showing the location of the stimulating electrode (x) in the LPP and the recording pipette in CA3 (red); the direct and indirect sub-circuits are illustrated (a,b). (B) Exemplar raw (top) and filtered (bottom) CA3 responses to single-pulse LPP stimulation recorded from GH (left) and SH (right) slices; red dots identify single units in each trace (scale bars: y=0.2mV and 0.1mV, x=10ms). (C) Raster plots show the distribution of single units within LPP-evoked CA3 response (15 consecutive pulses; open circles) in representative GH (top) and SH (bottom) slices. The mean output for each slice is shown (red circles). Bar graphs summarizing the mean number (D), mean output frequency (E), mean 1st spike latency (F) and the associated jitter (G) of spikes associated with LPP evoked CA3 responses in GH and SH slices. (H) Graphs summarizing the mean correlation of the 1st spike amplitude with those of the subsequent 4 spikes in CA3 following single-pulse LPP activation in GH (left; open circles) and SH (right; blue circles) slices. Scatter plots with unity line (red dashed) summarizing the correlation of the 1st spike amplitude with those of the 2nd and 5th spikes recorded from CA3a in response to single pulse LPP activation in GH (I) and SH (J) slices. (K) Graphs show the proportion (%) of LPP-evoked CA3 responses containing 1 to 9 spikes for each GH (left) and SH (right) slice; bars show mean ± SEM for each number of spike. (L) Cumulative probability plot showing the difference in the distribution of spike numbers per response recorded from GH (416 trials) and SH (508 trials) slices. (M) Graph showing the mean number of spikes along with their temporal distribution within the LPP-evoked CA3 response in GH and SH slices. (N) Graphs showing the mean inter-spike interval (ISI) between successive spikes (spikes 1 to 5) across the LPP-evoked CA3 waveform for each GH (left) and SH (right) slice. Scatter plots (unity line: red dashed) showing the relationships between the mean ISI of the 1st and 2nd CA3 spikes with those of the 2nd and 3rd spikes and 4th and 5th spikes in response to single pulse LPP stimulation in GH (O) and SH (P) slices. 
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Supplemental Figure 5. Frequency-dependent operations in CA3 are selectively impaired in SH animals. (A) Representative LPP-evoked fEPSPs recorded from CA3 str. pyramidale and str. radiatum of a GH slice. The ensemble average fEPSP for each is shown in red (scale bars: y = 0.25mV, x = 20ms). (B) The amplitude of fEPSPs elicited by the 1st and 10th pulse of a 25Hz stimulation train in GH (left) and SH (right) hippocampal slices. (C,D) Raster plots showing the distribution of LPP-evoked CA3 spiking (open circles) elicited during brief (10 pulses) 25Hz (C) and 50Hz (D) stimulation trains in GH (top) and SH (bottom) slices. In each, the mean (± SEM) spike output for all slices is shown (red circles). (E) Graph summarizing the mean number of LPP-evoked CA3 spikes in response to each pulse of a 5Hz (10 pulse) train in GH (open circles) and SH (blue circles) slices. (F) Number of CA3 spikes elicited on the 1st and 10th stimulation pulse of a 5Hz train in GH and SH slices. 
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	Supplemental Table 1. Detailed Statistics
	

	Fig #
	Experiment
	Group
	Mean±SEM
	n
	Statistics

	1B
	3Chamber Task
	Familiar vs Novel
	GH: 71.64±1.7
SH: 62.45±1.5
	GH: 21
SH: 26
	GH vs. SH: p=0.0002
Unpaired Student t test

	1C
	Social Approach
	Empty vs Mouse
	GH: -0.57±0.1
SH: -0.31±0.1
	GH: 21
SH: 26
	GH vs. SH: p=0.0047
Unpaired Student t test

	1D
	Social Recognition
	Familiar vs Novel
	GH: -0.42±0.04
SH: -0.05±0.04
	GH: 21
SH: 26
	GH vs. SH: p<0.0001
Unpaired Student t test

	1E
	Novel Object Recognition Test
	Familiar vs Novel
	GH: 62.99±3.4
SH: 42.24±1.2
	GH: 9
SH: 15
	GH vs. SH: p<0.0001
Unpaired Student t test

	1F
	Tail Suspension Test
	Static vs movement
	GH: 148.20±10.8
SH: 212.93±1.2
	GH: 12
SH: 20
	GH vs. SH: p<0.0001
Unpaired Student t test

	1G
	Forced Swim Test
	Static vs movement
	GH: 155.30±7.8
SH: 181.0±5.0
	GH: 13
SH: 15
	GH vs. SH: p=0.007
Unpaired Student t test

	1H
	Palatable Food Consumption
	Static vs movement
	GH: 0.20±0.02
SH: 0.32±0.02
	GH: 12
SH: 11
	GH vs. SH: p=0.002
Unpaired Student t test

	1J Left
	Episodic "What" odor task
	Familar vs Novel
	GH: 28.93±9.0
SH: -13.51±16.1
	GH: 7
SH: 5
	GH vs. SH: p=0.0328
Unpaired Student t test

	1J Right
	Episodic "When" odor task
	Recent vs older *(odor B vs odorC)
	GH: 21.33±6.7 
SH:-7.81±6.8
	GH: 11
SH: 16
	GH vs. SH: p=0.007
Unpaired Student t test

	1K
	Episodic Memory task
	Familar vs Novel
	GH: 32.76± 7.6 
SH:-14.10±5.8
	GH: 4
SH: 13
	GH vs. SH: p=0.0009
Unpaired Student t test

	2B
	3Chamber Task
	Fos cell count
LHb
	GH: 2.6±0.4
SH: 10.0±1.7

	GH: 5
SH: 5
	GH vs. SH: p=0.0079
Mann-Whitney U test

	2B
	3Chamber Task
	Fos cell count
MHb
	GH: 0.4±0.1
SH: 0.6±0.2

	GH: 5
SH: 5
	GH vs. SH: p=0.4879
Mann-Whitney U test

	2E Left
	3Chamber Task
	Fos cell count
LHb-Lateral
	 
	GH: 5
SH: 5
	GH vs. SH: p =0.0004
Friedman Test

	2E Right
	3Chamber Task
	Fos cell count
LHb-Medial
	 
	GH: 5
SH: 5
	GH vs. SH: p =0.0097
Friedman Test

	3C Left
	Mean CV of initial slope for dendritic fEPSP - Str, radiatum
	1St vs 2nd 
	GH 1st: 16.4 ± 2.3
GH 2nd: 48.3 ± 5.8
SH 1st: 15.7 ± 2.5
SH 2nd: 44.6 ± 7.6
	GH: 16 slices
SH: 14 slices
	GH 1St vs 2nd: p=0.0002
SH 1St vs 2nd:  p=0.0017
Paired Student’s t test

	3C Right
	Mean CV of amplitude for somatic fEPSP - Str, pyramidale. 
	1St vs 2nd 
	GH 1st: 20.3 ± 2.9
GH 2nd: 46.8 ± 4.5
SH 1st: 19.2 ± 3.5
SH 2nd: 43.8 ± 3.4
	GH: 16 slices
SH: 14 slices
	GH 1St vs 2nd  p=0.0003
SH 1St vs 2nd  p=0.0005
Paired Student’s t test

	3E Left
	% CA1 responses in initial EPSP
	GH vs SH
	GH: 4.2 ± 1.3
SH: 4.0 ± 1.0
	GH: 25 slices
SH: 25 slices
	P=0.8607
Unpaired Student’s t test

	3E Right
	% CA1 responses in second EPSP
	GH vs SH
	GH: 93.7 ± 1.4
SH: 90.5 ± 3.0
	GH: 25 slices
SH: 25 slices
	P=0.3431
Unpaired Student’s t test

	3F
	Mean number of CA1 spikes
	GH vs SH
	GH: 2.6±0.2
SH: 3.1±0.3
	GH: 25 slices
SH: 25 slices
	GH vs SH: p=0.2986
Unpaired student t test

	3G
	Latency to first spike CA1
	GH vs SH
	GH: 20.0±0.9
SH: 19.6±0.6
	GH: 25 slices
SH: 25 slices
	GH vs SH: p=0.7239
Unpaired student t test

	3H
	Mean first spike ‘jitter” CA1
	GH vs SH
	GH: 4.2±0.4
SH: 3.9±0.3
	GH: 25 slices
SH: 25 slices
	GH vs SH: p=0.5609
Unpaired student t test

	3J
	Distribution of spike per response CA1
	GH vs SH
	GH: 2.6±0.2
SH: 3.1±0.1
	GH: 738 trials
SH: 710 trials
	GH vs SH: p<0.0001 
Kolmogorov–Smirnov Test

	3L
	ISI of CA1
	GH vs SH
	GH S1-2: 4.4±0.3
GH S2-3: 4.2±0.2
SH S1-2: 4.4±0.3
SH S2-3: 3.9±0.3
	
	GH vs SH: F(1, 25)=0.5193, p=0.4778
Two way ANOVA

	3M
	Mean output frequency of CA1 spikes
	GH vs SH
	GH: 260.6±7.3
SH: 275.7±10.1
	GH: 25 slices
SH: 25 slices
	GH vs SH: p=0.2324
Unpaired student t test

	3N
	Slope mean variance of CA1 1st spike amplitude 
	GH vs SH
	GH: 37.7±2.8
SH: 39.3±2.3

	GH: 25 slices
SH: 25 slices
	GH vs SH: p=0.6558
Unpaired student t test

	4C
	Mean spike CA1 for 5Hz train
	GH vs SH
	 
	GH: 23 slices
SH: 24 slices
	GH vs SH: F (9, 405)=1.109, p=0.3550
Two way ANOVA

	4G
	Mean spike CA1 for theta-gamma train
	1st vs 5th pulse
	
	GH: 23 slices
SH: 20 slices
	GH vs SH: F (4, 164)=3.278, p=0.0129
Two way ANOVA

	4H
	Mean spike change CA1 for theta-gamma train
	1st vs 5th pulse
	
	GH: 23 slices
SH: 20 slices
	GH vs SH: F (4, 164)=3.278, p=0.0129
Two way ANOVA

	4K
	Mean spike CA1 for 50Hz train
	GH vs SH
	 
	GH: 28 slices
SH: 21 slices
	GH vs SH: F (3, 141)=2.823, p=0.0411
Two way ANOVA


	4O
	Mean spike number CA1 for 25Hz train
	GH vs SH
	
	GH: 26 slices
SH: 23 slices
	GH vs SH: F (9, 405)=2.345, p=0.0138
Two way ANOVA


	5B
	Normalized fEPSP amplitude
	GH vs SH
	
	GH: 17 slices
SH: 16 slices
	GH vs SH: F (9, 315)=2.139, p=0.1313
Two way ANOVA


	5E
	Mean spike CA3 for 25Hz train
	GH vs SH
	
	GH: 20 slices
SH: 17 slices
	GH vs SH: F (9, 252)=1.549, p=0.0261
Two way ANOVA


	5J
	Mean # CA3 spikes per 50ms epoch for 50Hz train
	GH vs SH
	 
	GH: 20 slices
SH: 17 slices
	GH vs SH: F (3, 105)=0.9994, p=0.3963
Two way ANOVA


	5K
	Mean spike CA3 for theta-gamma train
	GH vs SH
	
	GH: 18 slices
SH: 16 slices
	GH vs SH: F (4, 128)=1.988, p=0.1002
Two way ANOVA


	5N Left
	% double-labeled synapses for GABAAR2
	GH vs SH
	GH: 20.9±1.1
SH: 22.46±1.1
	GH: 5
SH: 5
	GH vs SH: p=0.3479
Unpaired Student t test

	5N Middle
	% double-labeled synapses for GABAAR a2
	GH vs SH
	GH: 17.1±2.5
SH: 17.1±2.8
	GH: 5
SH: 5
	GH vs SH: p=0.9959
Unpaired Student t test

	5N Right
	% double-labeled synapses for gephyrin
	GH vs SH
	GH: 16.2±0.6
SH: 17.4±1.0
	GH: 5
SH: 5
	GH vs SH: p=0.2888
Unpaired Student t test

	S1A Left
	Social Recognition - SH
	Familiar vs Novel
	Familiar: 41.10±4.1
Novel:51.03±3.5
	SH: 26
	Familiar vs. Novel: p=0.0840
Paired Student t test

	S1A Right
	Social Recognition - GH
	Familiar vs Novel
	Familiar: 33.42±4.8
Novel:61.59±9.0
	GH: 21

	Familiar vs. Novel: p=0.0068
Paired Student t test

	S1B Left
	Social Approach
	Empty vs Mouse
	GH: 94.11±13.8 SH:108.6±9.1
	GH: 21
SH: 26
	GH vs. SH: p=0.3687
Unpaired Student t test

	S1B Right
	Social Recognition
	Familiar vs Novel
	GH: 94.00±12.8 SH:92.14±5.3
	GH: 21
SH: 26
	GH vs. SH: p=0.8861
Unpaired Student t test

	S1C
	Novel Object Recognition Test
	Familiar vs Novel
	GH: 93.86±23.6 SH:58.39±10.0
	GH: 9
SH: 15
	GH vs. SH: p=0.1247
Unpaired Student t test

	S2A
	Episodic "What" odor task - GH
	Familiar vs Novel
	Familiar:2.17±0.6
Novel: 3.52±0.8 
	GH: 7

	Familiar vs. Novel: p=0.0378
Paired Student t test

	S2B
	Episodic "What" odor task - SH
	Familiar vs Novel
	Familiar:6.95±2.1
Novel: 5.86±1.4
	SH: 5
	Familiar vs. Novel: 0.6977
Paired Student t test

	S2C
	Episodic "When" odor task - GH
	Familiar vs Novel
	Familiar:6.19±0.6
Novel: 4.12±0.6
	GH: 11

	Familiar vs. Novel: p=0.0174
Paired Student t test

	S2D
	Episodic "When" odor task - SH
	Familiar vs Novel
	Familiar:5.45±1.0
Novel: 7.30±1.6
	SH: 16
	Familiar vs. Novel: p=0.2502
Paired Student t test

	S3B
	LPP-DG: fEPSP amplitude (norm) per pulse for 50Hz train  
	GH vs. SH
	
	GH: 10 slices
SH: 10 slices
	GH vs SH: F (9, 162)=0.1405, p=0.9984
Two way ANOVA


	S3D
	LPP-DG: Pop. spike amplitude (norm) per pulse for 50Hz train
	GH vs. SH
	
	GH: 6 slices
SH: 7 slices
	GH vs SH: F (9, 99)=0.0066, p>0.9999
Two way ANOVA


	S3E
	LPP-DG: fEPSP amplitude (norm) per pulse for 25Hz train  
	GH vs. SH
	
	GH: 10 slices
SH: 10 slices
	GH vs SH: F (9, 162)=0.8467, p=0.5752
Two way ANOVA


	S3F
	LPP-DG: Pop. spike amplitude (norm) per pulse for 25Hz train
	GH vs. SH
	
	GH: 5 slices
SH: 8 slices
	GH vs SH: F (9, 99)=0.7685, p=0.6457
Two way ANOVA

	S3G
	LPP-DG: fEPSP amplitude (norm) per pulse for 5Hz train
	GH vs. SH
	
	GH: 10 slices
SH: 10 slices
	GH vs SH: F (9, 162)=1.648, p=0.1059
Two way ANOVA


	S3H
	LPP-DG: Pop. spike amplitude (norm) per pulse for 5Hz train
	GH vs. SH
	
	GH: 6 slices
SH: 6 slices
	GH vs SH: F (9, 90)=0.2492, p=0.9858
Two way ANOVA

	S4D
	Mean number of CA3 spikes
	GH vs SH
	GH: 4.8±0.4
SH: 5.3±0.4
	GH: 14 slices
SH: 17 slices
	GH vs. SH: p=0.4757
Unpaired Student t test

	S4E
	Mean output frequency of CA3 spikes
	GH vs SH
	GH: 267.9±12.5
SH: 263.4±12.6
	GH: 14 slices
SH: 17 slices
	GH vs. SH: p=0.8030
Unpaired Student t test

	S4F
	Latency to first spike CA3
	GH vs SH
	GH: 8.5±0.5
SH: 7.9±0.5
	GH: 14 slices
SH: 17 slices
	GH vs. SH: p=0.3371
Unpaired Student t test

	S4G
	Mean first spike ‘jitter” CA3
	GH vs SH
	GH: 2.6±0.3
SH: 2.7±0.4
	GH: 14 slices
SH: 17 slices
	GH vs. SH: p=0.7872
Unpaired Student t test

	S4I
	CA3a Amplitude of fEPSPs -GH
	1st spike vs 2nd  1st spike vs 5th 
	
	GH: 14 slices
	1st spike vs 2nd : R2=0.0667
1st spike vs 5th : R2=0.0992
Linear Regression

	S4J
	CA3a Amplitude of fEPSPs -SH
	1st spike vs 2nd  1st spike vs 5th 
	
	SH: 17 slices
	1st spike vs 2nd : R2=0.8415
1st spike vs 5th : R2=0.8979
Linear Regression

	S4K
	Proportion of trials (%) containing 1-9 spikes in CA3
	GH vs SH
	
	GH: 14 slices
SH: 17 slices
	GH vs SH: F (8, 232)=0.7135, p=0.6795
Two way ANOVA

	S4L
	Distribution of spike per response CA3
	GH vs SH
	GH: 4.8±0.1
SH: 5.3±0.1
	GH: 416 trials
SH: 508 trials
	GH vs SH: p=0.0117
Kolmogorov–Smirnov Test

	S4O
	ISI of CA3a Amplitude of fEPSPs -GH
	1st -2nd vs 2nd -3rd 
1st -2nd vs 4th -5th
	
	GH: 14 slices
	1st -2nd vs 2nd -3rd: R2=0.4214
1st -2nd vs 4th -5th:
R2=0.0998
Linear Regression

	S4P
	ISI of CA3a Amplitude of fEPSPs -SH
	1st -2nd vs 2nd -3rd 
1st -2nd vs 4th -5th
	
	SH: 17 slices
	1st -2nd vs 2nd -3rd: R2=0.8415
1st -2nd vs 4th -5th:
R2=0.6975
Linear Regression

	S5E
	Mean # CA3 spikes per pulse for 5Hz train
	GH vs SH
	
	GH: 19 slices
SH: 17 slices
	GH vs SH: F (9, 306)=1.082, p=0.3759
Two way ANOVA




Supplemental Table 2. Properties of LPP-evoked CA1 spiking recorded from slices derived from GH and SH mice.
	CA1 spike properties
	GH 
(n=25 slices)
	SH 
(n=25 slices)

	# of spikes
	2.6 ± 0.2
	3.1 ± 0.3

	CV # of spikes
	48 ± 3
	48 ± 6

	Mean max # of spikes
	4.9 ± 0.3
	5.2 ± 0.4

	1st spike latency (ms)
	20.0 ± 0.9
	19.6 ± 0.6

	“jitter” 1st spike latency (ms)
	4.2 ± 0.4
	3.9 ± 0.3

	1st spike amplitude (V)
	86.8 ± 4.4
	86.7 ± 5.1

	% responses w. spikes
	93.7 ± 1.4
	90.5 ± 3.0

	% responses w. ≥2 spikes
	74.5 ± 4.8
	73.0 ± 6.4

	Instantaneous frequency (Hz)
	260.6 ± 7.3
	275.7± 10.1




Supplemental Table 3. Properties of LPP-evoked CA3 spiking recorded from slices derived from GH and SH mice.
	CA3 spike properties
	GH 
(n=14 slices)
	SH 
(n=17 slices)

	# of spikes
	4.8 ± 0.24
	5.3 ± 0.5

	Mean max # of spikes
	8.1 ± 0.5
	8.2 ± 0.6

	1st spike latency (ms)
	8.6 ± 0.5
	7.9 ± 0.5

	“jitter” 1st spike latency (ms)
	2.6 ± 0.3
	3.9 ± 0.3

	1st spike amplitude (V)
	111.4 ± 15.6
	103.4 ± 7.5

	% responses w. spikes
	99.8 ± 0.2
	99.8 ± 0.2

	% responses w. ≥2 spikes
	99.5 ± 0.3
	98.2 ± 0.9

	Instantaneous frequency (Hz)
	267.9 ± 12.5
	263.4 ± 12.6
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