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Supplementary Fig. 1 Single-cell pre-processing
(A)Quality control of single-cell data demonstrates the number of cells, the number of genes, and the depth of sequencing for each sample.
(B)The graph on the left illustrates the correlation between the depth of cell sequencing and mitochondrial content, while the graph on the right depicts the association between sequencing depth and the number of genes, with both graphs indicating a positive proportionality.
(C)We identified genes that differed significantly from cell to cell and produced a plot of the characteristic variance distribution.
(D) The plot illustrates each principal component's (PC) variance rankings.
(E-F) The presentation of PCA illustrates the arrangement of PCs, with individual data points represented by dots corresponding to cells, and the color coding indicates the different samples.
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Supplementary Fig. 2 Leave-out test
(A-H) The x-axis denotes the effect size of each SNP on the outcome, scaled per unit change in exposure. Red horizontal bars below each panel summarize the overall MR estimate, derived using inverse variance weighted (IVW) or related methods. Narrower CIs suggest higher precision of SNP effect, while overlapping or wide intervals indicate heterogeneity or weaker instruments. These plots support the robustness of the causal inference by displaying consistency among SNP instruments, with several panels (e.g., A, E, G) indicating multiple SNPs with effect estimates in the same direction.
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Supplementary Fig. 3 Colocalization analysis with inverse MR
(A-B) Associations between SNPs in key genes and bowel cancer: each point indicates a statistically significant association between the SNP and bowel cancer. 
(C) Reverse Mendelian randomization analysis was used to determine risk relationships for key gene causality.
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Supplementary Fig. 4 Correlation of key genes with immune factors
(A) Chemokines: Includes CXCL and CCL family members involved in immune cell recruitment. Both genes show potential roles in shaping immune cell trafficking.
(B) Chemokine receptors: Correlations with receptors reveal possible downstream signaling effects mediated by the key genes.
(C) Major histocompatibility complex (MHC) molecules: Strong associations are observed between the key genes and HLA-related genes, indicating involvement in antigen presentation and immune surveillance.
(D) Immunoinhibitory molecules: FTH1 and PRDX1 suggest they may influence immunosuppressive pathways within the disease microenvironment.
(E) Immunostimulatory molecules: Both genes are linked to TNFRSF family members, indicating potential pro-inflammatory or immune-activating roles.
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Supplementary Fig. 5 Drug sensitivity correlation
(A-B) Violin plots showing the differential sensitivity to chemotherapeutic agents in samples stratified by high and low expression of FTH1 (A) and PRDX1 (B). The classification was based on median gene expression. Drug response is quantified as the estimated IC50 (half maximal inhibitory concentration), with lower IC50 indicating greater sensitivity.
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Supplementary Fig. 6 key gene-related transcription
(A)The transcriptional regulatory network of key genes is depicted, with red indicating the key genes and yellow denoting the transcription factors.
(B)All key gene-enriched motifs and their corresponding transcription factors are shown.
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Supplementary Fig. 7 Activity differences in immune metabolic pathways
(A) Bubble plot illustrating the association between expression levels of key genes (FTH1 and PRDX1) and the activity of various immune-metabolic-related pathways.  Bubble color indicates the strength and direction of association based on logFC values (red: higher activity in high-expression group;  blue: lower activity).  Bubble size reflects statistical significance based on false discovery rate (FDR), with larger dots indicating greater significance.
Pathways are functionally grouped and color-coded at the bottom by classification: immune, metabolic, signaling, and proliferation.  
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Supplementary Fig. 8 Protein expression of key genes in colorectal cancer
(A) The protein expression of FHT1. Antibody used: CAB008623.
(B) The protein expression of PRDX1. Antibody used: HPA007730.
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Fig
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1

Single-cell

pre-processing

(A)Quality

control

of

single-cell

data

demonstrates

the

number

of

cells,

the

number

of

genes,

and

the

depth

of

sequencing

for

each

sample.

(B)The

graph

on

the

left

illustrates

the

correlation

between

the

depth

of

cell

sequencing

and

mitochondrial

content,

while

the

graph

on
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right

depicts

the

association

between

sequencing

depth

and

the

number

of

genes,

with

both

graphs

indicating

a

positive

proportionality.

(C)We

identified

genes

that

differed

significantly

from

cell

to

cell

and

produced

a

plot

of

the

