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library(MOFA2)
library(fgsea)
library(msigdbr)

# JREX Factor 1 £ mRNA EHINE
weights <- get weights(model, views = "mRNA", factors = 1, as.data.frame = TRUE)
gene_ranks <- setNames(weights$value, weights$feature)

gene_ranks <- sort(gene ranks, decreasing = TRUE)

# Hallmark ERFE
hallmark <- msigdbr(species = "Homo sapiens", category = "H")

pathways <- split(hallmark$gene_symbol, hallmark$gs_name)
fgsea res <- fgsea(pathways, gene_ ranks, minSize = 15, maxSize = 500)

sig pathways <- fgsea res[padj < 0.05][order(NES, decreasing = TRUE) ]
head(sig_pathways[, .(pathway, NES, padj)], 10)
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# S MIRKZERIFE

library(limma)

design <- model.matrix(~ 0 + factor(clusters))

colnames(design) <- pasteO("C", l:ncol(design))

fit <- 1lmFit(rna_final, design)
contrast _mat <- makeContrasts(Cl - C2, Cl - C3, C2 - C3, levels = design)
fit2 <- contrasts.fit(fit, contrast mat)

fit2 <- eBayes(fit2)

# Cl vs C2 By top ZRER
topTable(fit2, coef = 1, number = 20)

JES MR marker BEFIE, B COKECG B, MAATR—MEMSIRE (LU BRERE " RyEHR
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SRILELE
BHSAFSHFRESRER SRS, MR SRIERERE— &L . — T EROTERR:

# ETERE=EN—H

gene <- "TP53"

# RNA B FEIEEZERTKA

rna p <- t.test(rna_final[gene, ] ~ clusters)$p.value

# BEME: promoter BENLKESR
meth p <- t.test(meth final[gene, ] ~ clusters)$p.value

# EAR ERFEER
prot_p <- t.test(prot final[gene, ] ~ clusters)$p.value

cat(gene, "across layers:\n")

cat(" RNA p-value:", format(rna_p, digits = 3), "\n")
cat(" Methylation p-value:", format(meth p, digits = 3), "\n")
cat(" Protein p-value:", format(prot_p, digits = 3), "\n")

5 Methods E&
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Multi-omics integration was performed using MOFA2 (v1.8.0).
Input data included transcriptomics (N genes after filtering),
DNA methylation (N CpG sites, promoter-level aggregation),

and proteomics (N proteins). Each layer was independently
preprocessed: RNA-seq counts were variance-stabilized using
DESeq2; methylation beta values were Noob-normalized with minfi;
protein intensities were log2-transformed and batch-corrected
with limma::removeBatchEffect. Features were mapped to gene
symbols using biomaRt. The model was trained with K=15 factors,
slow convergence mode, and random seed 42. Downstream enrichment

analysis used fgsea with MSigDB Hallmark gene sets.

KRR :

o SEREBRENTAIESEN T B4

o XBBYSIEMEYSERS (probe > gene AT HAER)

o IREBEHENSH (AFHR. SRR, KSTE)
o RERBOERE
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HERRERE RREFESENTI MOFA2 W&

ZJ& heatmap BE—itEARERRHZNIE ComplexHeatmap
Sankey / alluvial BRI BEARRGABRIS N ggalluvial

W& E] A M LR 5 igraph. Cytoscape
Forest plot ZH% Cox MVARE forestplot

library(ComplexHeatmap)

# ZJE heatmap: E—##A, FERZ rNa, FEZFEN, TEHEER

htl <- Heatmap(rna_ final[top genes, order(clusters)], name = "RNA",
show_column_names = FALSE, cluster columns = FALSE)

ht2 <- Heatmap(meth_final[top genes, order(clusters)], name = "Meth",
show_column names = FALSE, cluster columns = FALSE)

ht3 <- Heatmap(prot_final[top genes, order(clusters)], name = "Prot",

show_column_names = FALSE, cluster columns = FALSE)

ht list <- htl %v% ht2 2%v% ht3
draw(ht_list, column title = "Multi-omics heatmap by subtype")

o [FIARUERT HERIAHEBIEE (GEO. PRIDE, GDC)
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o HTIBRSTE GitHub/Zenodo EAFF

e Rsession info 2&1C% ( sessionInfo() )
o PEHFMFREEE

o HEER (BEXH, REME) 2ERE

SERR
e fgsea Bioconductor

e msigdbr EEE

e ComplexHeatmap T2 F i

e ggalluvial £
o ZIAPICWEYEIERE (Subramanian et al. 2020)
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https://bioconductor.org/packages/fgsea/
https://cran.r-project.org/web/packages/msigdbr/
https://jokergoo.github.io/ComplexHeatmap-reference/book/
https://cran.r-project.org/web/packages/ggalluvial/
https://doi.org/10.1038/s41576-019-0180-9
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