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Background & Methods

Background

• Acinetobacter baumannii is a WHO 

critical priority opportunistic pathogen.

• Its high genomic plasticity enables 

survival in hospital and surrounding 

environments.

• Environmental reservoirs act as 

evolutionary origin for clinical clones.

• The evolutionary route from 

environmental to clinical niche remains 

unclear.

Limitations of Traditional Genomics

• Relies on known virulence/resistance 

genes, ignores complex epistatic 

interactions.

• Confounded by phylogenetic noise and 

ST2 clonal expansion.

• Cannot separate true adaptive traits 

from hitchhiking mutations.

Dataset

• Initial 9,951 genomes → stringent QC

• Training set: 2,500 (498 environmental 

+ 2,002 clinical)

• Independent test set: 151 (33 

environmental + 118 clinical)

• Time range: 2015–2023, global 

geographic coverage

Analytical Pipeline

Genome QC → Prokka annotation → 

Panaroo pangenome → Phylogeny

→ ACB-SourceNet (Res-MLP) → 

Integrated Gradients interpretation

→ Biomarker selection → PCA clustering 

→ Phenotypic validation

Laboratory Assays

• Iron starvation & nutrient limitation 

growth assay

• Osmotic and salt stress tolerance

• Growth rate & maximum OD 

calculation

Model & Performance

Model Performance

• Outperforms SVM, LSTM, Random 

Forest, XGBoost

• Test set ROC-AUC = 0.821

• Average Precision = 0.945

• High accuracy in distinguishing 

environmental / clinical isolates

Conclusion, Acknowledgements
Key Innovations

• A deep learning framework decouples adaptive signatures from clonal phylogenetic noise

• Revealed a strict evolutionary trade-off: metabolic autonomy vs host exploitation

• Identified iron acquisition as the non-negotiable prerequisite for clinical colonization

Conclusions

• Clinical adaptation is coordinated genomic reprogramming, not random gene gain.

• Clinical isolates rewire genome for iron scavenging, drug resistance and virulence.

• fecI, pigA, btuB serve as novel biomarkers and anti-virulence therapeutic targets.

Limitations & Future Work

• Sample imbalance; further in vivo infection and gene knockout validation are needed.

Key Results

184 core adaptive genes identified

• 132 clinical-enriched / 52 

environmental-enriched;

• These genes clearly separate 

strains regardless of ST2/non-ST2 

lineage.

Ecological evolutionary trade-off

• Environmental strains: enhanced metabolic autonomy 

(amino acid, lipid, nucleotide metabolism)

• Clinical strains: sacrifice metabolic versatility, enrich 

MGEs, resistance and virulence factors

Iron acquisition is the universal bottleneck

• High-affinity iron systems fecI, pigA, btuB are core 

cross-lineage drivers.

• Clinical strains grow better under severe iron 

starvation; environmental strains dominate under 

nutrient restriction.
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