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Hematoxylin and Eosin (H&E) staining
Tissue samples were fixed in 10% neutral-buffered formalin, embedded in paraffin, and cut into 4 μm sections. Sections were deparaffinized in xylene and rehydrated through a graded ethanol series (100%, 95%, 85%, 75%). After washing with phosphate-buffered saline (PBS), sections were stained with hematoxylin for 5–10 min and blued in running tap water or an alkaline solution. Counterstaining was performed with eosin for 1–2 min, followed by dehydration through graded ethanols, clearing in xylene, and coverslipping.
 
Immunohistochemistry (IHC) 
Tissue samples were fixed in 4% paraformaldehyde, embedded in paraffin, and cut into 4 μm sections. Sections were deparaffinized in xylene and rehydrated through a graded ethanol series. Antigen retrieval was performed in citrate buffer (pH 6.0) at 95–100 °C for 3 min. Endogenous peroxidases were quenched with 3% hydrogen peroxide, and nonspecific binding sites were blocked with 20% goat serum for 30 min at room temperature. Sections were incubated with primary antibodies overnight at 4 °C. After washing with PBS, signals were detected using HRP-conjugated secondary antibodies and a DAB substrate kit (Dako, Agilent Technologies, Santa Clara, CA, USA). Slides were counterstained with hematoxylin, dehydrated through graded ethanols, cleared in xylene, and coverslipped. 
For quantitative analysis, METTL1 expression was evaluated by measuring the mean optical density of positively stained areas in five randomly selected fields. The Ki67 labeling index was calculated as the percentage of Ki67-positive nuclei in five randomly chosen high-power fields using ImageJ software.
 
Proliferation, colony formation, migration and invasion assays
For the proliferation assay, DLD-1 and HCT116 cells were seeded in 96-well plates at 1,000 cells per well and cultured for 4 days. Cell viability was assessed at indicated intervals using the Cell Counting Kit-8 (CCK-8, Dojindo, Japan) according to the manufacturer’s instructions. Absorbance was measured at 450 nm using a microplate reader. For the colony formation assay, 1,000 cells per well were seeded in 6-well plates with 2 mL of complete medium. After two weeks of culture, colonies were fixed and stained with 0.5% crystal violet, and the number of colonies was quantified. For the migration assay, 1 × 10⁵ cells suspended in 500 μL of serum-free medium were seeded into the upper chamber of a Transwell insert (8 μm pore size, Corning, USA) placed in a 24-well plate, while the lower chamber contained 750 μL of complete medium with 10% FBS as a chemoattractant. For the invasion assay, inserts were pre-coated with 100 μL Matrigel and incubated at 37 °C for 2 h before cell seeding. After 24 or 36 h, non-migrated or non-invaded cells were removed, and cells that traversed the membrane were fixed and stained with 5% crystal violet. Migrated or invaded cells were counted in five randomly selected fields under a microscope.

Single-cell RNA sequencing (scRNA-seq) and data analysis
Single-cell RNA sequencing and analysis were performed as previously described1. Briefly, fresh tumor tissues were enzymatically dissociated into single-cell suspensions, followed by red blood cell lysis and separation of CD45⁺ and CD45⁻ cells using Magnetic-Activated Cell Sorting (MACS). After viability assessment, cells were processed with the 10x Genomics Chromium platform to generate gene expression and V(D)J libraries, which were sequenced on an Illumina NovaSeq 6000. Raw data were processed using Cell Ranger (v5.0.1, GRCh38 reference), and quality control was conducted in Seurat (v4.1.0) by filtering low-quality cells and excluding ribosomal and mitochondrial genes. Data were normalized, batch-corrected with Harmony, and analyzed using Principal Component Analysis (PCA) and Uniform Manifold Approximation and Projection (UMAP). Epithelial cells were annotated based on canonical markers (EPCAM, KRTs), and malignant cells were inferred from large-scale copy number variations (CNVs) using inferCNV.  

RNA isolation
Total RNA was extracted from cultured cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. The purity and concentration of RNA were assessed by a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Samples with an A260/A280 ratio between 1.8 and 2.0 were considered of acceptable purity and used for subsequent experiments.

TRAC-seq data analysis
TRAC-seq data were analyzed to identify m7G-modified sites and quantify tRNA expression, following established methodologies2,3. Human mature tRNA sequences were retrieved from the GtRNAdb database (http://gtrnadb.ucsc.edu/genomes/eukaryota/Hsapi38/). To construct the tRNA reference, precursor tRNA regions, including each tRNA gene along with 100 base pairs upstream and downstream, were extracted. Introns were removed to obtain mature tRNA sequences, and a “CCA” trinucleotide was appended to the 3’ end of each sequence. After adapter trimming and quality filtering (Q30), high-quality reads were aligned to the reference using the Bowtie algorithm (http://bowtie-bio.sourceforge.net). Bedtools (https://bedtools.readthedocs.io/en/latest) was used to calculate the ratio of cleavage-initiating reads to the total read depth at each site. The cleavage score, reflecting the extent of m⁷G modification, was calculated for each site i as the log₂ of the cleavage ratio in the treated sample divided by the log₂ of the cleavage ratio in the input sample. Candidate m7G sites were identified based on localization at positions 46–48 within the tRNA sequence, a cleavage score greater than 4, a cleavage ratio greater than 0.1, and input read coverage greater than 100. For tRNA expression analysis, AlkB-demethylated tRNA-seq data were used. Read counts were normalized to reads per million (RPM) based on the total number of small RNA reads mapped to tRNAs in each sample. tRNAs with RPM > 500 were selected for downstream analyses.
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	REAGENT or RESOURCE
	SOURCE

	Antibodies

	Anti-METTL1 antibody
	Proteintech, Cat 14994-1-AP

	Anti-PI3K antibody
	CST, Cat 4249

	Anti-AKT antibody
	Affinity Biosciences, Cat AF6261 

	Anti-p-PI3K antibody
	Abmart, Cat T40116

	Anti-p-AKT antibody
	CST, Cat 9271S

	Anti-CCND3 antibody
	CST, Cat 2936

	Anti-CCND1 antibody
	CST, Cat 55506

	Anti-Ki67 antibody
	Abcam, Cat ab15580

	Anti-β-Actin antibody
	CST, Cat 4970L

	Anti-7-methylguanosine (m7G) antibody
	MBL International, Cat RN017M 

	Anti-rabbit IgG HRP-linked antibody
	CST, Cat 7074S

	Anti-mouse IgG HRP-linked antibody
	CST, Cat 7076S

	Anti-Digoxigenin-AP Fab fragments
	Roche, Cat 11093274910

	Anti-puromycin antibody  
	Millipore, Cat MABE343

	Biological samples

	Human colorectal cancer tumor tissue
	The First Affiliated Hospital of Sun Yat-sen

	
	University

	Critical commercial assays

	mirVana™ miRNA Isolation Kit 
	Invitrogen, Cat AM1561 

	Oligo Clean & Concentrator 
	ZYMO Research, Cat D4061  

	Multiplex Small RNA Library Prep set for Illumina Kit
	New England Biolabs, Cat E7580S

	Cell Counting Kit-8
	Dojindo Laboratories, Cat CK04

	Transwell inserts (Falcon®)
	Corning, Cat 353097

	REAL EnVision Detection System, Peroxidase/DAB+,
	Dako, Cat K5007

	Rabbit/Mouse
	

	PrimeScript™ RT Reagent Kit
	Takara, Cat RR037A

	TB Green® Premix Ex Taq™ II
	Takara, Cat RR820A

	Experimental models: Cell lines

	DLD-1
	American Type Culture Collection (ATCC)

	HCT116
	American Type Culture Collection (ATCC)

	Experimental models: Organisms/strains

	Male NCG mice
	GemPharmatech Co., Ltd

	Oligonucleotides

	Probe: U6 snoRNA: 
	Sangon Biotech (Shanghai) Co., Ltd.

	TGGAACGCTTCACGAATTTG
	

	sgRNA targeting sequence: METTL1 #1:
	Guangzhou IGE Biotechnology Co., Ltd.

	GGTTGGAGTGAGCACGTTGC
	

	sgRNA targeting sequence: METTL1 #2: 
	Guangzhou IGE Biotechnology Co., Ltd.

	GACCACACGCTGCGCTAGTG
	

	siRNA targeting 3’UTR sequence: METTL1 #1: 
	Guangzhou RiboBio Co., Ltd.

	CCACTGGTGTTCATGACTA
	

	siRNA targeting 3’UTR sequence: METTL1 #2: 
	Guangzhou RiboBio Co., Ltd.

	AGCTGGAATGAGGAATGTA
	

	Recombinant DNA

	lentiCRISPR v2-sgControl (non-targeting)
	Guangzhou IGE Biotechnology Co., Ltd.

	lentiCRISPR V2-Homo-METTL1-sg1
	Guangzhou IGE Biotechnology Co., Ltd.

	lentiCRISPR V2-Homo-METTL1-sg2
	Guangzhou IGE Biotechnology Co., Ltd.

	pCDH-CMV-MCS-EF1-copGFP-T2A-Puro (empty vector)
	Guangzhou IGE Biotechnology Co., Ltd.

	pCDH-CMV-Homo-METTL1-WT-EF1-copGFP-T2A-Puro 
	Guangzhou IGE Biotechnology Co., Ltd.

	pCDH-CMV-Homo-METTL1-mut-EF1-copGFP-T2A-Puro
	Guangzhou IGE Biotechnology Co., Ltd.

	CMV enhancer-MCS-3flag-polyA-EF1A-zsGreen-sv40-
	Shanghai Genechem Co., Ltd.

	puromycin (empty vector)
	

	CMV enhancer-MCS-3flag-polyA-EF1A-zsGreen-sv40-
	Shanghai Genechem Co., Ltd.

	puromycin (CCND3)
	

	Primers for qPCR analysis see Table S2
	Beijing Tianyi Huiyuan Biotechnology Co., Ltd.




Supplementary Table 2. Primers for qPCR

	Gene
	Primer sequence

	Human CCND1
	F: 5’- GCTGCGAAGTGGAAACCATC -3’

	
	R: 5’- CCTCCTTCTGCACACATTTGAA -3’

	Human CCND3
	F: 5’- ACCTGGATCGCTACCTGTCT -3’

	
	R: 5’- CTGTAGCACAGAGGGCCAAA -3’

	Human AKT
	F: 5’- GAAGACGGGAGCAGGCG -3’

	
	R: 5’- AAGGTGCGTTCGATGACAGT -3’

	Human PI3K
	F: 5’- TATTTGGACTTTGCGACAAGACT -3’

	
	R: 5’- TCGAACGTACTGGTCTGGATAG -3’

	Human GAPDH
	F: 5’- GGAGCGAGATCCCTCCAAAAT -3’

	
	R: 5’- GGCTGTTGTCATACTTCTCATGG -3’




Supplementary Table 3. Baseline Information of CRC patients from FAH-SYSU Cohort

	
	
	METTL1 low
	METTL1 high
	P value

	
	
	N = 113
	N = 113
	

	Gender
	
	
	0.404

	
	Male
	70 (61.9%)
	76 (67.3%)
	

	
	Female
	43 (38.1%)
	37 (32.7%)
	

	Age, mean ± SD
	52.2 (13.3)
	50.2 (13.1)
	0.270

	Tumor location
	
	
	0.218

	
	Left side
	81 (71.7%)
	89 (78.8%)
	

	
	Right side
	32 (28.3%)
	24 (21.2%)
	

	Histological type: Adenocarcinoma
	113 (100.0%)
	113 (100.0%)
	

	Differentiation grade
	
	
	0.481

	
	Well
	0 (0.0%)
	2 (1.8%)
	

	
	Moderate
	95 (84.1%)
	96 (85.0%)
	

	
	Poor
	18 (15.9%)
	15 (13.3%)
	

	T stage
	
	
	0.293

	
	I
	1 (0.9%)
	2 (1.8%)
	

	
	II
	12 (10.6%)
	10 (8.9%)
	

	
	III
	26 (23.0%)
	38 (33.6%)
	

	
	IV
	74 (65.5%)
	63 (55.8%)
	

	Lymph node metastasis
	
	
	0.893

	
	No
	50 (44.2%)
	49 (43.4%)
	

	
	Yes
	63 (55.8%)
	64 (56.6%)
	

	TNM stage
	
	
	0.089

	
	I
	9 (8.0%)
	7 (6.2%)
	

	
	II
	27 (23.9%)
	15 (13.3%)
	

	
	III-IV
	77 (68.1%)
	91 (80.5%)
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