TABLE S1. Characteristics of the included datasets from the NCBI GEO database
	[bookmark: OLE_LINK30]GEO ID
	Data type
	[bookmark: _Hlk175122963]Platform
	Organisms
	Tissue
	Attribute

	GSE199638
	scRNA-Seq
	GPL24247
	Mus musculus
	Liver
	[bookmark: OLE_LINK12]Training set

	GSE269059
	scRNA-Seq
	GPL24247
	Mus musculus
	Liver
	Training set

	GSE208750
	scRNA-Seq
	GPL21103
	Mus musculus
	Liver
	Training set

	GSE248077
	Spatial RNA-Seq
	GPL24247
	Mus musculus
	Liver
	Training set

	HRA007511*
	Spatial RNA-Seq
	/
	Homo sapiens
	Liver
	Validation set

	GSE120977
	Bulk RNA-Seq
	GPL21103
	Mus musculus
	Liver
	Validation set

	GSE200409
	Bulk RNA-Seq
	GPL13912
	Mus musculus
	Liver
	Validation set

	GSE134715
	Bulk RNA-Seq
	GPL23945
	Rattus norvegicus
	Liver
	Validation set

	GSE227411
	Bulk RNA-Seq
	GPL24490
	Mesocricetus auratus
	Liver
	Validation set

	GSE139981
	Bulk RNA-Seq
	GPL10558
	Papio hamadryas
	Liver
	Validation set

	GSE89063
	Bulk RNA-Seq
	GPL11154
	Homo sapiens
	Liver
	Validation set


*HRA007511, https://db.genomics.cn/stomics/hmsma/
† Dataset-level cohort definitions: "Training set" includes datasets used for exploratory analyses: 3 scRNA-seq datasets (GSE199638, GSE269059, GSE208750) for machine learning model development, and 1 spatial RNA-seq dataset (GSE248077) for spatial pathway activity analysis. "Validation set" includes fully independent external cohorts that were not involved in any model training or parameter optimization. The internal 80% training/20% test split for machine learning was performed solely within the merged 3 scRNA-seq training datasets.

[bookmark: _Hlk229663412]TABLE S2. Mitoxyperilysis-related gene signatures.
	Category
	Genes

	Driver
	Bak1, Bax, Bid

	Activator
	Tlr2, Tlr4, Tlr8, Tlr7, Ticam1, Tnf, Tnfrsf1a, Tnfrsf1b, Myd88

	Regulator	
	Mtor, Akt1, Rhoa, Rictor, Actr2, Actr3

	Output mediator
	Il1b, Il18

	Rupture effector
	Ninj1

	Overall
	Akt1, Bax, Bid, Rhoa, Tnf, Il1b, Tlr2, Tnfrsf1b, Mtor, Tnfrsf1a, Myd88, Ninj1, Tlr4, Tlr8, Tlr7, Ticam1, Rictor, Bak1, Il18, Actr2, Actr3


Genes were classified into five functional modules based on their mechanistic roles in the mitoxyperilysis pathway as defined by Wang et al (1):
1. Driver module (Bak1, Bax, Bid): These BH3-domain-containing proteins constitute the core mitochondrial damage initiators of mitoxyperilysis. Triple knockout of Bax/Bak1/Bid completely abrogated inflammation-induced metabolic disorder (IIAMD)-triggered cell death and significantly reduced mitochondrial reactive oxygen species (ROS) production, confirming their non-redundant requirement for the upstream mitochondrial injury step.
2. Activator module (Tlr2, Tlr4, Tlr8, Tlr7, Ticam1, Tnf, Tnfrsf1a, Tnfrsf1b, Myd88): This module comprises the essential upstream innate immune signaling components that sense pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) to initiate mitoxyperilysis. Genetic ablation of Myd88 (the common adaptor for most TLRs) or Tnfrsf1a/b (TNF receptors) completely blocked IIAMD-induced cell death, demonstrating their critical role in transducing the inflammatory trigger.
3. Regulator module (Mtor, Akt1, Rhoa, Rictor, Actr2, Actr3): These genes control the defining spatial feature of mitoxyperilysis: pathological retention of damaged mitochondria at the plasma membrane. Mechanistically, mTORC2 (composed of Mtor and Rictor) aberrantly suppresses Akt1-RhoA-mediated actin polymerization (Actr2/3 are core subunits of the Arp2/3 complex that drives actin nucleation), thereby inhibiting cytoskeletal dynamics and trapping mitochondria at the cell periphery. Inhibition of mTORC2 restored actin dynamics and prevented membrane rupture without reducing global ROS levels.
4. Output mediator module (Il1b, Il18): These pro-inflammatory cytokines are the primary soluble mediators released during mitoxyperilysis, driving the inflammatory response characteristic of this lytic cell death pathway. Their secretion is tightly coupled to mitochondrial damage and membrane rupture events.
5. Rupture effector module (Ninj1): Ninjurin-1 (Ninj1) is a conserved plasma membrane protein that mediates the final step of cell lysis in multiple programmed necrosis pathways. While the original mitoxyperilysis study reported partial redundancy in membrane rupture effectors, subsequent mechanistic analyses have confirmed Ninj1 as the key executioner of plasma membrane breakdown downstream of mitochondrial oxidative damage.

TABLE S3. Primer sequences for RT-qPCR.
	Genes
	Forward primer (5′-3′)
	Reverse primer (5′-3′)

	Gapdh
	AGGTCGGTGTGAACGGATTTG
	GGGGTCGTTGATGGCAACA

	Actr2
	GGAGGAGAACGATTTGAAGCA
	TGCCTGGATTGTGTTAAAAAGCA

	Actr3
	ACTGTGGCACGGGATATACAA
	ACCTTTCCATTAAGTCCCAGTCT

	Akt1
	ATGAACGACGTAGCCATTGTG
	TTGTAGCCAATAAAGGTGCCAT

	Bak1
	CAGCTTGCTCTCATCGGAGAT
	GGTGAAGAGTTCGTAGGCATTC

	Bax
	AGACAGGGGCCTTTTTGCTAC
	AATTCGCCGGAGACACTCG

	Bid
	GCCGAGCACATCACAGACC
	TGGCAATGTTGTGGATGATTTCT

	Il18
	GTGAACCCCAGACCAGACTG
	CCTGGAACACGTTTCTGAAAGA

	Il1b
	GAAATGCCACCTTTTGACAGTG
	TGGATGCTCTCATCAGGACAG

	Mtor
	CAGTTCGCCAGTGGACTGAAG
	GCTGGTCATAGAAGCGAGTAGAC

	Myd88
	TCATGTTCTCCATACCCTTGGT
	AAACTGCGAGTGGGGTCAG

	Ninj1
	GAGTCGGGCACTGAGGAGTAT
	CGCTCTTCTTGTTGGCATAATGG

	Rhoa
	GAAACTGGTGATTGTTGGTGATG
	ACCGTGGGCACATAGACCT

	Rictor
	GCTGCGCTATCTCATCCAAGA
	GGGTTCTGAAGTGCTAGTTCAC

	Ticam1
	AACCTCCACATCCCCTGTTTT
	GCCCTGGCATGGATAACCA

	Tlr2
	CTCTTCAGCAAACGCTGTTCT
	GGCGTCTCCCTCTATTGTATTG

	Tlr4
	ATGGCATGGCTTACACCACC
	GAGGCCAATTTTGTCTCCACA

	Tlr7
	ATGTGGACACGGAAGAGACAA
	ACCATCGAAACCCAAAGACTC

	Tlr8
	TTCCAGAAGCTATCCTTGTGACG
	CATGCAGTTGACGATGGTTGC

	Tnf
	CAGGCGGTGCCTATGTCTC
	CGATCACCCCGAAGTTCAGTAG

	Tnfrsf1a
	GGGGATACATCCATCAGGGGT
	GCTCGGACAGTCACTCACC

	Tnfrsf1b
	ACACCCTACAAACCGGAACC
	AGCCTTCCTGTCATAGTATTCCT
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