Methods
 
Cell preparation 
After harvested, tissues were washed in ice-cold PBS (Hyclone SH30256.01) and dissociated using SeekMate Tissue Dissociation Reagent Kit A Pro (SeekGene K01801-30) or SeekMate Tissue Dissociation Kit C (SeekGene K01501-50) from SeekGene as instructions. DNase Ⅰ (Sigma 9003-98-9) treatment was optional according to the viscosity of the homogenate. Cell count and viability was estimated using Fluorescence Cell Analyzer (Countstar® Rigel S2) or SeekMate Tinitan Fluorescence Cell Counter (SeekGene M002C) with AO/PI reagent after removal erythrocytes (Solarbio R1010) and then debris and dead cells removal was decided to be performed or not (Miltenyi 130-109-398/130-090-101). Finally fresh cells were washed twice in the RPMI1640 (Gibco 11875119) and then resuspended at 1×106 cells per ml in RPMI1640 and 2% FBS (Gibco 10100147C). 
  
Single cell RNA-seq &16S library construction and sequencing
Single-cell RNA-seq & 16S libraries were respectively prepared using SeekOne® DD Single Cell 5’ library preparation kit (SeekGene Catalog No.K00501) and SeekOne® DD Single Cell 16S Kit (SeekGene, Catalog No.K02701). Briefly, appropriate number of cells were mixed with reverse transcription reagent and then loaded to the sample well in SeekOne® DD Chip S3. Subsequently Gel Beads and Partitioning Oil were dispensed into corresponding wells separately in chip. After emulsion droplet generation reverse transcription were performed at 42℃for 90 minutes and inactivated at 85℃ for 5 minutes. Next, cDNA was purified from broken droplet and amplified in PCR reaction. Then, the amplified cDNA product was separated into two fractions: one processed into gene expression sequencing libraries , and the other processed into 16S sequencing libraries. 
The amplified cDNA product was fragmented, end repaired, A-tailed and ligated to sequencing adaptor. Finally, the indexed PCR were performed to amplified the DNA which also contained Cell Barcode and Unique Molecular Index. The indexed sequencing libraries were cleanup with VAHTS DNA Clean Beads (Vazyme N411-01), analyzed by Qubit (Thermo Fisher Scientific Q33226) and Bio-Fragment Analyzer (Bioptic Qsep400). The libraries were then sequenced on illumina NovaSeq 6000 with PE150 read length or DNBSEQ-T7 platform with PE150 read length.
The amplified cDNA product was enriched for 16S amplification. Then the indexed PCR were performed to amplified the DNA representing 16S rRNA which also contained Cell Barcode and Unique Molecular Index. The indexed sequencing libraries were cleanup with VAHTS DNA Clean Beads (Vazyme N411-01), analyzed by Qubit (Thermo Fisher Scientific Q33226) and Bio-Fragment Analyzer (Bioptic Qsep400). The libraries were then sequenced on illumina NovaSeq 6000 with PE150 read length.

Processing the single cell RNA sequencing data 
[bookmark: _GoBack]The raw sequencing data was precessed by Fastp firstly (Chen, Zhou et al. 2018) to trim primer sequence and low quality bases. And then we used SeekSoul Tools V1.0.0 to precess sequence data、cell barcode demultiplexing and aligned to human GRCh38 in order to obtain gene expression matrix. We used Seurat (version 4.0.0) to filter low quality cells, cells with number of detected genes <200 or >5000 were omitted, and use MAD variance normal (Pijuan et al., 2019) to remove cells affected by mitochondrial genes. And the remaining cells were used for the following analysis to create Seurat assay object.
While for microbial analysis，after demultiplexing using Seeksoul Tools, the generated Read2 files were converted to BAM format using Picard(V2.2.1). Subsequently, we utilized the Pysam to read the BAM files and remove duplicate reads. Specifically, for reads sharing the same barcode and unique molecular identifier (UMI), we retained only the read with the highest frequency.
To target the amplified regions, we aligned the deduplicated reads to the Escherichia coli 16S rRNA reference sequence using BWA(v.0.7.17-r1188). Based on alignment positions, only reads containing the V6 region were retained for downstream analysis.
[bookmark: OLE_LINK1]Next, we processed the V6-containing reads with QIIME2(v 2023.2.0) for 16S rRNA data analysis. During this step, we reformatted the data into a QIIME2-compatible format by combining the barcode and UMI into a single identifier required for QIIME2’s pipeline. The resulting genus-level feature table generated by QIIME2 was then integrated into Seurat for joint analysis by creating a microbe assay object. Finally, we performed integrated transcriptomic and microbial community analysis using this object.
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