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Backgrounds about PPI



PPI network consists of protein-protein interaction

Signal transduction

Gene regulation

Immune response

Protein folding and degradation

Cell cycle control

Metabolic pathways

More than 80% of proteins need to interact with others



PPI-networks are scale-free
A few nodes with many connections, while most nodes have only a few connections. Like breast cancer related PPI network

Minkyu Kim et al.,  A protein interaction landscape of breast cancer.Science374,eabf3066(2021). 



Different species, Different networks

Qian Ba et al., Proteotype coevolution and quantitative diversity across 11 mammalian species. Sci. Adv.(2022).
Daehong Kwon et al., INTERSPIA: a web application for exploring the dynamics of protein-protein interactions among multiple species, Nucleic Acids Research.(2018).

PPI network comparisonProteome of different species are quite different

Horse specific



PPI-network evolution:
Are PPI networks becoming more resilient during evolution? 

How does the network structure change?





1. Modeling Resilience of the Interactome

For each species (1,840 in total) we have a PPI network 



How to measure the resilience of a network?

remove some nodes

Network a Network b

Low resilience High resilience

Network a
Network b

Network c

……

How resilience evolve?



How to measure the resilience of a network?

Given a species s, whose network has N nodes



How to measure the resilience of a network?

Given a species s, whose network has N nodes
f ∈ [0, 1] denote  network failure rate



How to measure the resilience of a network?

Then repeat it many times
Use every possible f
And do it for every species

Given a species s, whose network has N nodes.
f ∈ [0, 1] denote  network failure rate
{C1, C2, . . . , Ck} be k  isolated components in the fragmented network Gf

(s)

pi = Ci/N is the proportion of nodes belonging to component Ci

Resilience 👆



(C) The resilience of the interactome integrates modified Shannon diversity H across all possible 
failure rates f. Resilience value 1 indicates the most resilient interactome, and resilience value 0 
indicates a complete loss of the connectivity of the interactome

1. 1 Modeling Resilience of the Interactome
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1.2 Resilience of Interactomes Throughout Evolution

(F) interactome resilience for 171 species. More genetic change implies 
a more resilient interactome

“Given a species s, its evolution ts is calculated as the total 
branch length (i.e., nucleotide substitutions per site) from the 
root of the tree to the leaf representing species s.”



Figure S9: Relationship between evolution and interactome resilience 
under random expectation. 

1.2 Resilience of Interactomes Throughout Evolution

(F) interactome resilience for 171. More genetic change implies a more 
resilient interactome
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Figure S10: Interactome resilience for species from the same taxonomic 
groups.

1.2 Resilience of Interactomes Throughout Evolution

(F) interactome resilience for 171. More genetic change implies a more 
resilient interactome



Table S3: Resilience of species’ interactomes to network failure of essential protein-coding genes

1.3 Resilience of Interactomes depend highly on essential 
proteins

Random Guided removal / add :
Some nodes are more important



1.4 Relationship Between Resilience and Ecology

Figure 2.Bacteria with more resilient interactomes survive in more complex, variable, and competitive environments. 

More regulatory genes (A), more cohabitation (B), wider range (C), more complex lifestyle (D)
More resilient



PPI-network evolution:
Are PPI networks becoming more resilient during evolution? 

How does the network structure change?



2.1 Structural Changes of Protein Network Neighborhoods

Figure 3C : The number of isolated network components decrease with evolution



2.1 Structural Changes of Protein Network Neighborhoods

The effective size of z’s network neighborhood is the sum of the non-redundant portion of z’s connections over all z’s neighbors

Figure 3D: The number of the effective size of protein neighborhoods 
decrease with evolution



2.2 Network Rewiring of Protein–Protein Interactions

The rewiring rate of interactions in local protein neighborhoods varies with the topology of network motifs.

network motifs rewire during evolution  



Summary

1. Species that have undergone more genetic changes tend to have more resilient 

interactomes.

2. This resilience is positively correlated with the complexity of their ecological environments.

3. PPI network structure changed through gradual rewiring and became more efficient and 

compact.



Comments

1. Unbalanced data may be a problem.

2. The calculated resilience is a little bit far from the “resilience” in reality. Are there more

biological metrics available to use to describe the possible changes of a network? “evolution of

networks” seems still a topic for physicist instead of biologist.

3. They treat proteins in different species as if they were the same( it’s inevitable when you try

to compare the networks ). But is it possible to take more detailed information (eg. Mutations)

into account? Additionally, the weight or importance of different edges can also be considered

in the analysis.



PPI-data are extremely unbalanced



Thank you
Q & A time


