Supplementary files


Primer sequence information
	
	MUC 3A
	MUC 4
	MUC 6
	HMBS

	Forward primer
	ACATGCAGGGCTTCACCTTC
	GCATGTGGTCCCAGGAATGA
	AGTCAAGGACATCGGGGTCA
	GGCAATGCGGCTGCAA

	Reverse primer
	CAGGCTTAAAACACAGGGTCTG
	CCCCATAGGGGAAGAGGGAA
	TGGTCACCTTCCCGTCAAAG
	GGGTACCCACGCGAATCAC

	Product length
	213
	191
	212
	178


[bookmark: _Hlk79605763]MUC 3A：mucin 3a；MUC 4：mucin 4
MUC 6：mucin 6； HMBS： Hydroxymethylbilane Synthase


IHC reagent information
	
	Name
	Reacts with
	Suitable for
	Item No

	MUC3A
	Mouse monoclonal [M3.1] to MUC3A
	Human
	IHC
	ab270247

	MUC4
	Mouse monoclonal [5B12] to MUC4
	Human
	Flow Cyt, IHC-P, WB
	ab60720




Figure S1
[image: ]
A. The heatmap of signature analysis; B&C. germline statue in RP and NRP group; D. Comparison of differences between the two groups in signature 17, signature 22, and signature 24.


Figure S2
[image: ]
A&B&C. Forest map of genetic differences between two groups; D. Genes that differ between the two groups and affect both RFS and OS.


Figure S3 
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Prognosis differed between the two groups for abnormal genes.


[bookmark: _Hlk109675445]Figure S4
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Prognosis differed between the two groups for abnormal genes.


Figure S5
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A. SNV analysis using exon sequencing data from the Xena database for hepatocellular carcinoma, We can see that both mutation frequency and mutation gene sequencing are different from the analysis results of the Chinese HCC population. B. Diagram of the modeling process.


Sample extraction and sequencing
Whole exome sequencing (WES) and analysis were performed at the Genomics Laboratory of GenomicCare Biotechnology (Shanghai, China). For frozen tissue or blood, DNA was extracted from thawed materials using the Maxwell RSC Blood DNA Kit (cat# AS1400, Promega, Madison, WI, USA) on a Maxwell RSC system (cat# AS4500, Promega). For formalin-fixed, paraffin-embedded (FFPE) tissue, DNA was extracted using the MagMAX FFPE DNA/RNA Ultra Kit (cat# A31881, ThermoFisher, Waltham, MA, USA) on a KingFisher Flex system (ThermoFisher). The extracted DNA was sheared using a Covaris L220 sonicator, then the exome DNA was captured using the SureSelect Human All Exon V7 kit (cat# 5991-9039EN, Agilent), prepared to the library using the SureSelectXT Low Input Target Enrichment and Library Preparation system (cat# G9703-90000, Agilent, Santa Clara, CA the USA), and sequenced on an Illumina NovaSeq-6000 sequencer (Illumina, San Diego, CA, USA) to generate 2x150 bp paired-end reads. Image analysis and base calling were done using onboard RTA3 software (Illumina).
RNA from the FFPE sample was purified using the MagMAX FFPE DNA/RNA Ultra Kit (cat# A31881, ThermoFisher) on a KingFisher Flex system (ThermoFisher), and used as the template to synthesize cDNA using NEBNext RNA First Strand Synthesis Module (cat# E7525S, NEB, Waltham, MA, USA) and NEBNext mRNA Second Strand Synthesis Module (cat# E6111S, NEB) sequentially. The library preparation, sequencing, and base calling were done similarly as above in the WES section.

Somatic variant identification
After removing adapters and low-quality reads, the commercial Sentieon (version 201911) running environment with default parameters was implemented to process the following steps sequentially: reads alignment to NCBI human genome reference assembly hg19 using the Burrows‐Wheeler Aligner (BWA) algorithm, duplication sorting, realignment and recalibration, and somatic mutation calling including single nucleotide variations (SNVs) and short insertion/deletions (INDELs). During the mutation calling stage, the reads from the tumor sample were compared with the paired blood from the same patient to generate the somatic mutation list. The called somatic mutations were then filtered, meaning to retain only the mutations with the variant allele frequency (VAF) >= 0.05 and supported by at least three reads, and annotated using the Variant Effect Predictor (VEP) package.

Tumor mutation burden (TMB) 
TMB was defined as the total number of somatic nonsynonymous mutations (SNVs or indels) in the tumor exome for each patient. The number was divided by the total size of the targeted regions to give the TMB score in counts/Mb. In this study, the Agilent SureSelect Human All Exon V7 kit was used and its estimated total targeting size (exome) is 35 Mb.

Copy number variation (CNV)
By following the ExomeCNV package, a normalized depth-of-coverage ratio approach was used to identify CNV from the WES result of paired samples. Standard normal distribution was used to account for five sources of bias that would affect raw read counts, which include the size of exonic regions, batch effect, the quantity and quality of the sequencing data, local GC content, and genomic mappability. Genes with haploid copy number >=3 or <=1.2 were defined as amplified or deleted respectively and a minimum tumor content (purity) of 20% is required.

Machine learning and nomogram
The Python package scikit-learn 1.0.2 is used to generate the logistic regression model. Molecular data of gene’s CNA (Copy Number Alteration) and SNV (including SNP and Indel event) is combined with two clinical features including Multiple lesions and Microvascular invasion in a one-hot encode pattern then used as the raw input matrix. The ground truth value is the one-year relapse state of a certain patient.
The feature selection is run by the following steps: 1) Only features that have a > 5% occurrence frequency in the cohort were kept. 2) The raw patient set (57 patients) is randomly stratified and split into two sets: 75% (42 patients) Training Set is used for train-test usage and the other 25% (15 patients) Validation Set is used for the final validation of the model. 3) The LogisticRegression function from sklearn.linear_model is used for the elastic net feature screen. We ran the elastic net regularization procedure with an l2_ratio=0.9 using the Training Set 200 times with each time a stratified test_ratio=0.3 to search for the best C (alpha) value for the model. Then all the best score model’s non-zero features are kept and summarized to generate a rank list of all features. 4) The feature number is determined by a random LogisticRegression model selecting the top N features (ranging from 5 to 80) of the rank list estimated by score on the Validation Set. The validation score is increased by the increment of N. The best N is selected manually as the minimal N when the second derivative of the valid score vs N curve is dropped near zero. 5) The final LogisticRegression model is built on a random stratified split of the Training Set with penalty=l2 and best C = 0.655129. An elastic net regression model (Version 3.4.3, package glmnet, version 2.0-16) was used. The nomogram is drawn by the “nomogram” function of R based on the final LogisticRegression’s features weight.

feature selection and LR model data
	
	coef

	Intercept
	-0.74772

	MUC6_snv
	0.760337

	SCX_cnv
	-0.08898

	AHNAK2_snv
	-0.20145

	multiple nidi
	0.739657

	PCMTD1_snv
	-0.32891

	LY6D_cnv
	-0.57142

	TTN_snv
	-0.08595

	JMY_snv
	0.407374

	S100A11_cnv
	0.423868

	ANKRD30B_snv
	0.322118

	RPS4Y1_cnv
	0.659248

	LY6G6D_cnv
	0.325154

	COL5A1_snv
	-0.40285

	LCE3B_cnv
	-0.49522

	GXYLT1_snv
	-0.54389

	RBMX_snv
	-0.30611

	NPB_cnv
	0.45125

	LCE2C_cnv
	-0.29602

	AXIN1_snv
	-0.18517

	MLLT11_cnv
	0.150349

	RB1_cnv
	0.207184

	BATF3_cnv
	-0.41572

	HIST2H3D_cnv
	-0.40085

	CADPS_snv
	0.343175

	C2CD4D_cnv
	-0.13044

	SRY_cnv
	0.300927

	GPR25_cnv
	-0.0066

	HRNR_snv
	0.104863

	TP53_snv
	0.445067

	FOXH1_cnv
	-0.15936

	FRG1_snv
	0.556379





train_test_validation_split_list
Number Group 	SET
A02366	NRP	train-test
A06898	RP	train-test
A07303	RP	train-test
A08685	NRP	train-test
A03286	RP	train-test
A03801	NRP	train-test
A02038	RP	train-test
A06385	RP	train-test
A04394	NRP	train-test
A02051	RP	train-test
A02342	NRP	train-test
A05351	NRP	train-test
A03711	NRP	train-test
A02928	RP	train-test
A08536	NRP	train-test
A04033	RP	train-test
A04540	NRP	train-test
A02894	NRP	train-test
A04473	NRP	train-test
A04761	NRP	train-test
A07477	RP	train-test
A06981	NRP	train-test
A01707	NRP	train-test
A03989	RP	train-test
A05350	NRP	train-test
A04725	NRP	train-test
A04814	NRP	train-test
A03851	RP	train-test
A03053	RP	train-test
A06097	NRP	train-test
A06721	RP	train-test
A02409	RP	train-test
A06169	RP	train-test
A07724	NRP	train-test
A06476	NRP	train-test
A04529	NRP	train-test
A10174	NRP	train-test
A05457	RP	train-test
A08923	NRP	train-test
A03356	NRP	train-test
A04566	RP	train-test
A02637	NRP	train-test
A00020	NRP	validation
A06936	RP	validation
A04236	RP	validation
A04395	NRP	validation
A08841	NRP	validation
A07173	NRP	validation
A07285	RP	validation
A06300	NRP	validation
A05549	NRP	validation
A07818	RP	validation
A03355	NRP	validation
A07748	RP	validation
A05802	NRP	validation
A06477	NRP	validation
A02979	RP	validation


nomogram_scores
number	model_score	predicted_is_NRP	nomogram_score	ground_truth	correct
A00020	-0.2	TRUE	679.17	NRP	1
A01707	-1.33	TRUE	530.94	NRP	1
A02038	0.63	FALSE	788.44	RP	1
A02051	0.46	FALSE	766.84	RP	1
A02342	0.55	FALSE	778.27	NRP	0
A02366	-0.09	TRUE	693.46	NRP	1
A02409	-0.01	TRUE	704.77	RP	0
A02637	-1.79	TRUE	470.54	NRP	1
A02894	-1.16	TRUE	552.67	NRP	1
A02928	0.86	FALSE	818.38	RP	1
A02979	0.17	FALSE	728.07	RP	1
A03053	0.25	FALSE	739.2	RP	1
A03286	2.12	FALSE	984.68	RP	1
A03355	-0.53	TRUE	635.79	NRP	1
A03356	-0.97	TRUE	578.63	NRP	1
A03711	-1.1	TRUE	561	NRP	1
A03801	-2.08	TRUE	431.73	NRP	1
A03851	0.76	FALSE	805.51	RP	1
A03989	1.54	FALSE	907.74	RP	1
A04033	0.83	FALSE	815.56	RP	1
A04236	0.52	FALSE	774.22	RP	1
A04394	-1.53	TRUE	504.62	NRP	1
A04395	-0.03	TRUE	701.69	NRP	1
A04473	-1.05	TRUE	567.99	NRP	1
A04529	-0.18	TRUE	682.55	NRP	1
A04540	-1.51	TRUE	507.14	NRP	1
A04566	0.66	FALSE	792.3	RP	1
A04725	-2.18	TRUE	418.5	NRP	1
A04761	-0.27	TRUE	669.68	NRP	1
A04814	-0.6	TRUE	626.81	NRP	1
A05350	-0.84	TRUE	595.42	NRP	1
A05351	-1.38	TRUE	524.68	NRP	1
A05457	0.26	FALSE	740.34	RP	1
A05549	-0.57	TRUE	630.36	NRP	1
A05802	-0.4	TRUE	652.78	NRP	1
A06097	-1.09	TRUE	563.12	NRP	1
A06169	0.89	FALSE	823.3	RP	1
A06300	-1.67	TRUE	485.94	NRP	1
A06385	1.23	FALSE	868.02	RP	1
A06476	-1.05	TRUE	567.7	NRP	1
A06477	-1.35	TRUE	528.77	NRP	1
A06721	1.19	FALSE	862.52	RP	1
A06898	1.86	FALSE	950.82	RP	1
A06936	0.57	FALSE	781.17	RP	1
A06981	-1.3	TRUE	535.27	NRP	1
A07173	-1.22	TRUE	545.37	NRP	1
A07285	-0.4	TRUE	652.74	RP	0
A07303	1.01	FALSE	839.2	RP	1
A07477	0.46	FALSE	766.94	RP	1
A07724	-0.75	TRUE	607.49	NRP	1
A07748	0.31	FALSE	747.13	RP	1
A07818	1.1	FALSE	849.86	RP	1
A08536	-2.06	TRUE	434.5	NRP	1
A08685	-1.76	TRUE	474.23	NRP	1
A08841	-0.91	TRUE	586.54	NRP	1
A08923	-1.57	TRUE	499.13	NRP	1
A10174	-0.52	TRUE	637.93	NRP	1


figx2_2x2_Confusion_Matrix
Predicted	GROUND_TRUTH_RP	GROUND_TRUTH_NRP
RP	21	1
NRP	2	33


All data have been uploaded into China National GeneBank DataBase (CNGBdb; https://db.cngb.org/), project number is CNP0002666.
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Altered in 324 (89.01%) of 364 samples.
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