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The mitochondrion represents a complex but tractable system for network modeling. The mitochondrion is a compelling system for network modelling: a system of reduced 
complexity with defined boundaries, but encompassing many core biological processes, such as DNA replication and gene expression, along with some highly specialized systems, 
such as oxidative phosphorylation, that are fundamental to life. Differences in mitochondrial genomes and pathway composition between species, make the mitochondrion 
interesting from the perspective of comparative biology. The mitochondrion is highly studied, with many resources that provide a good informatics basis for modelling. However, 
there is by no means one definitive list of mitochondrially-localized proteins. By modelling mitochondrial processes, we can approach such an inventory from a different perspective, 
namely by asking, which gene products need to be present to make connected, functional pathways? We present the progress from work in collaboration with PomBase and the 
Gene Ontology Consortium (GOC), to build mitochondrial models for Drosophila from functional annotation  with the Gene Ontology (GO).
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•  Combined list of candidate gene products (2450 genes) localized to the 
mitochondrion was compiled from lists provided by Alex Whitworth (MBU, 
Cambridge, UK) and MitoMax (Claire Hu, Harvard, USA) and GO annotation with 
GO:0005739 mitochondrion or child terms. 

• Review of literature across species and other resources, including the FlyBase 
Gene Group sets, the Alliance of Genome Resources and Reactome.

• Add/remove GO:0005739 mitochondrion (or child terms) annotations.
• Compare with “Quantitative high-confidence human mitochondrial proteome” 

MitoCoP set (PMID:34800366)
• Update and make new gene groups e.g. ‘MITOCHONDRIAL OXPHOS COMPLEX 

ASSEMBLY FACTORS’
• FB2025_03: 1093 genes in FlyBase annotated with GO:0005739 mitochondrion 

or child terms 
• Of these, >250 have expression profiles with a high bias to the testes. We will 

focus on modelling the ‘canonical’ (i.e. somatic) set →  -850-900 targets.
For each mitochondrial process
1. Review components of process  → Make/amend/remove GO BP annotations
2. Define the functional role of each gene → Make/amend/remove MF GO annotations

The fly mitochondrial project  intersects with  many 
areas of biocuration

Match mitochondrially-localized candidates to a mitochondrial role

Turning GO annotations into pathway models
GO causal activity models (GO-CAMs)

 
Coenzyme Q2

By linking MF-BP-CC annotations 
into units (‘annatons’) , we can 
describe what the gene product 
does within a process and where 
it acts

By linking annatons we 
can build a causal model
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• GO-CAMs are constructed using ontology terms (GO, relations ontology, ChEBI) and stable 
gene identifiers.

• This enables reasoning and interoperability across resources
• E.g. network enrichment, pathway displays

Process fly fission 
yeast

mitochondrial gene expression
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--tRNA aminoacylation for mitochondrial protein translation

mitochondrial RNA processing
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Use GO-CAM paradigm to
• Curate pathways 

• Identify and collate “pathway holes”
• Chose between candidates (e.g. 

paralogs)
pathway hole

Pathway model of ubiquinone biosynthetic process. Drosophila pathways can be accessed at via the GO, Alliance 
of Genome Resources and , for metabolic pathways, at FlyBase (as shown above).

GO-CAMs 

• Process of making GO-CAMs provides a different mechanism for 
reviewing the GO annotation of gene sets.

• Modelling a system means that we can make decisions where BPs 
should begin, end and what information we are missing

• Visualizing & representing gaps: is it a gap in knowledge or annotation?
• For enzymes, cross-checking reactions and enzyme annotation to 

ensure correct modelling for metabolic flux.
• By building models in concert with other annotation groups, we can 

come to consensus on cross-species models which are topologically 
consistent and up-to-date with current research across species e.g. 
ubiquinone biosynthesis:

With PomBase, we aim to build 'complete' models of 
mitochondrial pathways and processes for fly and fission 
yeast:

Connecting models

Modules: Each GO-CAM represents a module. To 
produce a systems model of the mitochondrion, we 
need to join the modules.

ubiquinone 
biosynthesis

oxidative 
phosphorylation

Connecting 
pathways by using 
common annatons 
to locate overlaps
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PomBase FlyBase SwissProt

fly fission yeast

GO CC  mitochondrion 1093 723

Testes expression bias 251 NA

Modelled 317 478

No BP annotation 92 77

A list of targets 

Computational connection of modules: By 
overlapping the starts/ends of processes and 
defining strict conditions for joining models we can 
start to build-up small networks, with the aim of 
producing a complete system model.

Progress of network modelling: A graphical representation of mitochondrial models in 
production with connections, where they have been modelled. Note: some pathways shown 
here have cytosolic steps as well.
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