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PROTEIN-PROTEIN INTERACTION (PPI) PREDICTION
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Protein P1 Protein P2 

?

However, experts want to understand the biological mechanisms 
that underlie the natural phenomena they are predicting.
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GO KG = GO + GO annotations
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ONTOLOGIES AND KNOWLEDGE GRAPHS ARE A 
UNIQUE OPPORTUNITY FOR EXPLAINABILITY

Ontologies and Knowledge 

Graphs (KGs) provide semantics 

(i.e., meaning) to the entities 

they represent through different 

semantic aspects.



KNOWLEDGE GRAPH EMBEDDINGS ARE 
NOT EXPLAINABLE BY DEFAULT

9

An embedding is a vector representation that maps each node to a lower-dimensional space in 

which its graph position and the structure of its local graph neighborhood are preserved.

Image credit: Yue, X., Wang, Z., Huang, J., Parthasarathy, S., Moosavinasab, S., Huang, Y., ... & Sun, H. (2020). Graph embedding on biomedical

networks: methods, applications and evaluations. Bioinformatics, 36(4), 1241-1251.



USING SEMANTIC SIMILARITY AS AN 
ALTERNATIVE EXPLANATORY STRATEGY
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• KGs provide the scaffolding for comparing 

entities at a higher level of complexity by 

comparing the ontology classes with 

which they are annotated.

• Semantic similarity computed using 

different portions of the KG to reflect 

different semantic aspects (SA) can 

provide more granular explanations with 

higher information content.

SS𝐵𝑃 = 0.006
SS𝐶𝐶 = 0.202
SS𝑀𝐹 = 0.713

P3 P4

BP CC MF

P1 P2

MFCCBP

SS𝐵𝑃 = 0.793
SS𝐶𝐶 = 0.326
SS𝑀𝐹 = 0.061

P1 is vacuolar protein-sorting-

associated protein 36.

P2 is vacuolar-sorting protein 

SNF8.

P1 and P2 interact. 

P3 is eukaryotic translation 

initiation factor 5B, isoform B.

P4 is Mig-2-like GTPase Mtl.

P3 and P4 do not interact. 
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HOW CAN WE GENERATE 

GLOBAL AND INTERPRETABLE 
EXPLANATION FOR PPI PREDICTION USING 

SEMANTIC SIMILARITY AS REPRESENTATION?
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Using Genetic Programming (GP) 

over a set of semantic similarity 

values, each describing a 

semantic aspect represented in 

the knowledge graph.

HOW CAN WE GENERATE 

GLOBAL AND INTERPRETABLE 
EXPLANATION FOR PPI PREDICTION USING 

SEMANTIC SIMILARITY AS REPRESENTATION?
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OUR APPROACH

#
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Computing KG-

based semantic 

similarity between 

entity pairs for each 
semantic aspect 

Evolving a 

GP model

Predicting on unseen 

data using the 
GP model

# semantic 
aspects

ta
rg

e
ts

GO:0005575

cellular component

GO:0003674

molecular function

GO:0008151

biological process

GO:0110165

cellular anatomical 

entity 

GO:0005615

extracellular space

GO:0062167

complement 

component C1q 

complex

GO:0008152

metabolic process

GO:0070085

glycosylation

GO:0036065

fucosylation

GO:0005488

binding

GO:0097159

organic cyclic 

compound binding

GO:0003676

nucleic acid 

binding

P1 P2

Gene Ontology KG

P3

PPI from STRING Database

Random Negative Sampling

P1 P2 1

P1 P3 1

P2 P3 0
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GP IS NOT ALWAYS INTERPRETABLE

• The solutions may grow exponentially with each 

generation, and the interpretability is lost.

• Some operators such as multiplication and 

division are not interpretable in the biological 

context.
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GP VERSUS GP6X

Median weighted average of 

F-measures (WAF)

Median number 

of nodes

GP 0.875 49

GP6x 0.866 17

Results for 10-fold cross-validation :

GP GP6x

• No depth penalization
• Penalize solutions with a depth 

greater than 6

• 6 operators: multiplication, 

division, maximum, minimum, 

addition and subtraction

• Interpretable operators, namely 

maximum, minimum, addition 

and subtraction
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GP6X MODEL ANALYSIS

Two proteins that interact usually participate 

in the same biological processes.

max(𝑆𝑆𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 , 𝑆𝑆𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 , 𝑆𝑆𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑎𝑑𝑎𝑝𝑡𝑜𝑟 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 , 𝑆𝑆𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟 ,

𝑆𝑆𝑚𝑢𝑙𝑡𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚𝑎𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 , 𝑆𝑆𝑠𝑖𝑔𝑛𝑎𝑙𝑖𝑛𝑔 , 𝑆𝑆𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟 + 𝑆𝑆𝑖𝑚𝑚𝑢𝑛𝑛𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑝𝑟𝑜𝑐𝑒𝑠𝑠)
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process
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40S ribosomal protein S12 and 

40S ribosomal protein S10
Kinetochore-associated protein 1 and 

Tubulin 𝛽-6 chain

WHEN GP CORRECTLY CLASSIFIES 

GO:0008151

biological process

GO:0051179

localization 

GO:0000184

nuclear-transcribed mRNA 

catabolic process, 

nonsense-mediated decay

S12 S10

GO:0006614

SRP-dependent 

cotranslational protein 

targeting to membrane

GO:0009987

cellular process

K1 T𝜷6 

GO:0005874

microtubule

GO:0110165

cellular anatomical entity

GO:0005575

cellular component

GO:0008151

biological process

GO:0009987

cellular process

GO:0009987

cellular component 

organization

max(𝑆𝑆𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 , 𝑆𝑆𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 , 𝑆𝑆𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑎𝑑𝑎𝑝𝑡𝑜𝑟 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 , 𝑆𝑆𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟 ,

𝑆𝑆𝑚𝑢𝑙𝑡𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚𝑎𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 , 𝑆𝑆𝑠𝑖𝑔𝑛𝑎𝑙𝑖𝑛𝑔 , 𝑆𝑆𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟 + 𝑆𝑆𝑖𝑚𝑚𝑢𝑛𝑛𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑝𝑟𝑜𝑐𝑒𝑠𝑠)

True Positive (+/+) True Negative (-/-)

cellular anatomical entity

binding

structural molecule activity

interspecies interaction between organisms

metabolic process

biological regulation

protein containing complex

localization

cellular process 

0.0 0.2 0.4 0.6 0.8 1.0

Semantic Similarity

0.0 0.2 0.4 0.6 0.8 1.0

Semantic Similarity

cellular anatomical entity

binding

cellular process 
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Protein S100-A10 works together with 

neuroblast differentiation-associated protein 

AHNAK in the development of the 

intracellular membrane.

WHEN GP FAILS

S100-

A10
AHNAK

GO:0045121

membrane raft

GO:0110165

cellular anatomical entity

GO:0005575

cellular component

GO:0070062

extracellular exosome

S100-A10 protein and neuroblast differentiation-associated protein AHNAK

False Negative (+/-)

0.0 0.2 0.4 0.6 0.8 1.0

Semantic Similarity

cellular anatomical entity

binding

biological regulation 



WHEN MISCLASSIFICATIONS ARE NOT MISTAKES
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The literature describes interactions 

between proteins of the same family 

of the pair, indicating that this is likely 

a true but still unknown interaction.

GO:0008151

biological process

GO:0000165

MAPK cascade

TGF-𝛼 Dlg2

GO:0016323

basolateral plasma 

membrane 

GO:0005575

cellular component

GO:0110165

cellular anatomical entityGO:0051179

localization 

GO:0009987

cellular process

GO:0065007

biological regulation

Protransforming growth factor 𝜶 and Disks large homolog 2

False Positive (-/+)

0.0 0.2 0.4 0.6 0.8 1.0

Semantic Similarity

cellular anatomical entity

binding

localization

metabolic process

biological regulation 

cellular process 



CLOSING REMARKS
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• Explainability can be key to uncover issues with the underlying data 

and even pose new hypothesis.

• When we use GP, the explanation is the model itself, avoiding the need for 

local explanations or post-hoc techniques. Moreover, operators can be 

tailored to the domain.

• The performance of the more interpretable GP methods is not 

substantially lower, but what little they sacrifice in performance is more 

than gained in explainability. 
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