
SNF separates N2 and daf-2. All three domains 
contribute to the genotype-associated patterns.
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A wormhole into longevity Each omics layer resolves canonical daf-2 phenotype

For research use only. Not for use in clinical diagnostic procedures.

• C. elegans is a scalable, well-documented model 
with whole-organism metabolic phenotypes.
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Integrated exploration across omics layers
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Figure 1. Volcano plot of protein abundance in daf-2 e1370 versus 
N2 C. elegans (FDR < 0.2, |log₂FC| > 0.5). daf-2 shows enrichment 
of stress response, detoxification, metabolic reprogramming, and 
maintenance proteins, whereas N2 is enriched in vitellogenins and 
growth- and reproduction-associated proteins.

HILIC-Metabolomics

Figure 2. Hierarchical clustering of positive- and negative-mode HILIC metabolomics reveals complementary daf-2 
and N2 metabolic signatures. daf-2 is enriched in stress-, purine-, ascaroside-, trehalose-, and buffering-associated 
metabolites, whereas N2 shows enrichment in amino acid, TCA cycle, and primary carbon metabolism features.

Independent omics layers converge on the same biological direction
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Can downstream molecular layers recover the 
expected daf-2 biology without genomic or 

transcriptomic data as anchors?
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• The dauer stage links environmental stress 
response to longevity-associated metabolic 
regulation.

• Daf-2 encodes an insulin/IGF-1 receptor; the e1370 
mutant shows an extended lifespan, fat 
accumulation, and a dauer-like phenotype without 
being dauer.
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Proteomics data show shift towards 
detox and maintenance. 

daf-2 vs N2; FDR <0.2, log2FC > 0.5

Positive mode highlights stress and nitrogen / pure metabolites whereas 
negative ionization captures carbohydrate and central carbon pathways, 

revealing complementary daf-2 responses. 
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Figure 4. Similarity network fusion (SNF) integrates proteomic, metabolomic, and lipidomic data, producing 
distinct N2 and daf-2 clusters and demonstrating concordant genotype-associated structure across all three 
omics layers. Lipidomics provides a strong structured signal, consistent with broad membrane remodelling 
in daf-2 and expansive fat accumulation.

MOFA resolves multiple axes of the daf-2 
survival phenotype.

Figure 5. Multi-omics factor analysis (MOFA)-derived multi-omics network highlighting coordinated daf-2 
signatures associated with lipid accumulation, detoxification and cellular buffering, and membrane 
remodeling.

Multi-omics connectivity show 
redox-driven metabolic rewiring 

and enzymatic shielding.

Figure 6. Layered Approach to Simultaneous Analysis 
of Genomic Network Associations (LASAGNA) multi-
partite graph linking gene sets, lipidomic, metabolomic, 
and proteomic features to the daf-2 phenotype, 
highlighting coordinated redox defense, lipid 
catabolism, cellular buffering, and suppression of 
ribosomal and mitochondrial programs.
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Multi-omics integration began at the experimental 
design stage to maximize computational recovery of 

the phenotype. Figure 3. Continuous-gradient fold-change plots showing lipid remodeling across carbon number (chain length) and degree of unsaturation in daf-2 relative to N2. Color represents log₂ fold 
change (daf-2/N2). TGs show broad enrichment across the lipid space, while PCs exhibit chain-length-dependent remodeling and PEs show pronounced unsaturation-dependent shifts, 
indicating class-specific reorganization of storage and membrane lipids.

daf-2 actively remodels both energy-storage lipids and membrane phospholipids, consistent with coordinated 
lipidome reprogramming that supports the longevity phenotype.

daf-2 longevity is a coordinated biochemical state. HRMS-based omics can recover a coherent biological phenotype without 
genomic or transcriptomic measurements, provided the dataset is harmonized.
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