Supplementary Figure Legends
Supplementary Fig 1: Network relationship for the shared specifically expressed genes in each immune cell (B cell, dendritic cell, neutrophil, and T cell) across eight tissues including peripheral blood, spleen, bone marrow, small intestine, kidney, lung, liver, muscle and mammary gland pregnancy.

Supplementary Fig 2: A heatmap showing the expression of custom marker genes in immune cell scRNA-Seq data across 32 tissues (log2 transformed).

Supplementary Fig 3: T-SNE visualization of immune cell scRNA-Seq data from 26 tissues.

Supplementary Fig 4: Distribution for the single cell level expression of custom marker genes in immune cells across multiple tissues (log2 transformed).

Supplementary Fig 5: Comparison for the median expression of 162 selected signature genes(See Method section 2.4 and Result section 3.3) in some tissue immune cells between the datasets of Han et.al and The Tabula Muris Consortium across mammary gland, kidney, bone marrow, lung, spleen. Only immune cells detected in this two datasets were added to this figure (log2 transform UMI counts). 

Supplementary Fig 6: Venn plot for the signature genes selected through 3 different signature gene selection strategies(“BuImm + TT_NonHema”,  “scImm + TT_NonHema” and “scImm + TS_NonHema”) across 8 tissues including spleen, bone marrow, small intestine, kidney, lung, liver, muscle and mammary gland pregnancy.

Supplementary Fig 7: Comparison for the performances of three different gene selection strategies and three different RNA-Seq quantification methods in spleen, bone marrow and PBMC. The RMSE between the calculated result and the flow cytometry estimated proportion was used to indicate the capability. The red dot denotes that both the training data and the testing data were from the same tissue and the white dots mean that the training data and the testing data were not from the same tissue.

Supplementary Fig 8:  Evaluation for the potential bias when replacing the immune cell in lung specific signature matrix with the peripheral blood derived immune cells. Barplot for the PCCs between the predicted immune cell proportion and the real mixed proportion was used to evaluate the performance. The cell name in x-axis indicate which cell type was replaced with the blood derived immune cell. 

[bookmark: _GoBack]Supplementary Fig 9: Comparison for the performance of seven tissue specific model including: simulated liver, lung, pregnancy mammary gland, peripheral blood, small intestine with six simulated tissue bulk RNA-Seq data including: liver, lung, pregnancy mammary gland, peripheral blood, small intestine, and spleen with. Mixed proportion means the real mixed immune cell proportion in that tissue.

