Processing the single cell RNA sequencing data 
The raw sequencing data was precessed by Fastp[1] (Chen, Zhou et al. 2018) firstly to trim primer sequence and low quality bases. And then we used SeekSoul Tools VXXX 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[2](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 (version 2.2.1). 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 (version 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(version 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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