Morris water maze test
The Morris Water Maze (ZS Dichuang Technology, Beijing, China) includes a circular tank, visual cues outside the maze, and image acquisition equipment. A 120 cm diameter tank was filled with water and titanium dioxide. Inside the tank is a circular platform with a diameter of 10 cm, which is 1 cm below the water level during training. The visual cues outside the maze are composed of a curtain surrounding the water tank and geometric signs. The circular tank is equally divided into four quadrants. The mice were trained in the place navigation for 5 days, 4 times a day from different entry point, using visual cues outside the maze as spatial reference points to find the platform. At the beginning of the training, the platform was placed in the fourth quadrant and the mice were placed into the pool facing the pool wall from any of the four starting points of the pool wall. The video recording system recorded the time the mice found the platform (escape latency) and the swimming path. If the mice found the platform within 60 seconds, they were allowed to stay on the platform for 10 seconds before leaving the pool. If the mice did not find the platform within 60 seconds, the experimenter would take them to the platform and rest on the platform for 10 seconds before the next test. The average value of the escape latency of four training sessions per day was taken as the learning performance of the mice on that day. The spatial probe test was performed on the third day after surgery. The platform was removed. Each mouse was placed in water at a fixed entry point, and the number of times the mouse crossed the original platform and the residence time in the quadrant where the original platform was located within 60 seconds were recorded. At the end of each trial, the fur was gently dried and the mice were placed back in the incubator to rest. The same experimenter who was unaware of the grouping performed the experiment.
Open field test
The open field test device is composed of open field box and data system (Med Associates Inc, VT, USA). The field box is 40 cm high, the square bottom is 50 cm long, and the inner wall is blackened with fixed light. The open field test was performed on the third day after surgery. In quiet environment, the mice were placed in the center of the bottom of the field, and the movements of the mice within 5 minutes were recorded. The inner wall and bottom of the field were cleaned after each mouse experiment. The same experimenter who was unaware of the grouping performed the experiment.

Electrophysiology

Electrophysiological recordings were conducted in PND mice hippocampus on postoperative day 3. The analysis of PND mechanisms was confined to 12-month-old mice in this experimental phase due to constraints in tissue viability from older (18-month-old) animals. Before experiment, artificial cerebrospinal fluid (ACSF) solutions were prepared as previously described [1]. After the mice were anesthetized, their brains were rapidly dissected and immersed in ice-cold NMDG-based ACSF (0 °C). We used tissue adhesive (1469SB, 3M, MN, USA) to stick brain tissue in a metal groove and used a vibratome (DTK1000, Dosaka, Japan) to cut it into 400 µm thick brain slices. These slices were placed in 34 ℃ HEPES holding ACSF at least 2 hours before recording. Then hippocampal slices were transferred to the surface of 8×8 Multi-Electrode Array Probe (P515A, Alpha Med Sciences, Japan), which were continuously perfused with room temperature recording ACSF. Input-output curve and optimal stimulus intensity were acquired as previously mentioned [2]. According to the method of recording excitatory postsynaptic current (EPSC) and inhibitory postsynaptic current (IPSC) [3],[4], we used GABAA and GABAB receptor antagonist to measure field inhibitory postsynaptic potential (fIPSP). After recording 15 minutes baseline of hippocampal field excitatory postsynaptic potential (fEPSP), we added 10 μM Bicuculline (HY-N0219, MedChemExpress, NJ, USA) and 1 μM CGP52432 (HY-103531, MedChemExpress, NJ, USA) in the recording ACSF. We recorded the change of fEPSP 20 minutes after drug administration, followed by drug elution of brain slices for another 15 minutes recording of fEPSP. Theoretically, the difference in fEPSP before and after taking GABA inhibitors can be approximated as IPSP, and the fEPSP after taking them can be approximated as fEPSP. All experiments were recorded by MED64 recording system (Alpha Med Sciences, Japan) and all ACSF was oxygenated by 95% O2 and 5% CO2.

Nuclei Isolation
Nuclei from mouse hippocampus were extracted by Animal tissue nuclear extraction kit, XS0100101 (CapitalBio, Beijing, China). In brief, fresh hippocampus tissue was homogenized and lysed in 1mL LB buffer containing 1% bovine serum albumin. The tissue homogenate was filtered through 40 µm cell sieve to remove impurities. After centrifuge at 4 ℃ at 500 g for 5 min, 300 µL LB buffer containing 1% bovine serum albumin was added to the precipitation and transferred to a new 2 mL tube. 300 µL RB buffer containing 1% bovine serum albumin was added to mix the suspension. Then, 600 µL PB1 buffer was added into the bottom of the centrifuge tube. 600 µL PB2 buffer was added into the bottom of the centrifuge tube. After centrifuge at 4 ℃ at 4000 g for 20 min, the nucleus was located at the junction of PB1 and PB2 buffer. The nuclear layer was washed by 1 mL RB buffer, filtered through 40 µm cell sieve and suspend in 100 µL EB buffer. Then, nuclei were counted by Countstar (Countstar, Shanghai, China), as well as stained with Trypan Blue solution and observed by microscope, ensured that the cell activity is above 90%, and adjusted the cell concentration to the ideal concentration of 300-600 cells/μL. All reagents were added with 1U/µL RiboLock RNase lnhibitor (Thermo Scientific, Massachusetts, USA) and 1mM dithiothreitol (Merck, Darmstadt, Germany). All steps were performed on ice. 
Single-Nucleus RNA Sequencing
Chromium Next GEM Single Cell 3’ GEM, Library & Gel Bead Kit v3.1, 16 rxns PN-1000121 (10x Genomics, California, USA) and Chromium Next GEM Chip G Single Cell Kit, 48 rxns PN-1000120 (10x Genomics, California, USA) were used for generating single cell 3ʹ gene expression libraries from single nucleus in accordance with the manufacturer's instructions. In brief, the master mix was prepared, and Chromium Next GEM Chip G was loaded onto the Chromium Controller (10x Genomics, California, USA) for generating Gel Bead-In-EMulsions (GEM). S1000TM Touch Thermal Cycler (Bio Rad, California, USA) was used for GEM-RT incubation. After cDNA amplification, the cDNA quality control and quantification were performed using Agilent 4200 TapeStation (Agilent, California, USA). Then, 3ʹ gene expression library construction were performed following steps of fragmentation, end repair and A-tailing, adaptor ligation, sample index PCR and post library construction quality control. The libraries were finally sequenced using Illumina Novaseq6000 sequencer (Illumina, California, USA) with sequencing depth of at least 100,000 reads per cell with pair-end 150 bp (PE150) strategy. The details of nuclei isolation and single-nucleus RNA sequencing can be found in the supplementary methods. The captured RNA fragments were assigned to their associated sample and the reads were aligned to the reference genome (https://cf.10xgenomics.com/supp/cell-exp/refdata-gex-mm10-2020-A.tar.gz). Unique molecular identifier (UMI) per gene were quantified and assigned to the associated barcode. The quality control and cell filtering were based on the number of captured genes per cell barcode, the fraction of mitochondrial reads per barcode to identify dying cells and the number of unique UMIs per barcode.

Seurat v5 pipeline 

Cells that have unique feature counts less than 500 and cells that have >10% mitochondrial counts were filtered. Cells were normalized with scale factor of 10000. Variable features were found, and the top 2000 features were selected. Mitochondrial percent were used as variables to regress out for data scale. Total 50 principal component were used to compute principal component analysis (PCA) dimensionality reduction. The k-param nearest neighbors were computed. We identified clusters of cells by a shared nearest neighbor (SNN) modularity optimization-based clustering algorithm. We calculated k-nearest neighbors and constructed the SNN graph. Then the modularity function was optimized to determine clusters. 

CellChat pipeline
Intercellular communication was analyzed using CellChat based on public database (http://www.cellchat.org/cellchatdb/). After identified over expressed genes and interactions, the diffusion process was used to smooth genes’ expression values based on their neighbors defined in a high-confidence experimentally validated protein-protein network. The network centrality scores were computed allowing identification of dominant senders and receivers in all inferred communication networks. 

Monocle pipeline
Cell trajectory tracking was performed using Monocle. The trajectory was built following process of preprocessing cells, reducing dimension, cluster cells, learning graph and order cells. 
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