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WHY DO WE NEED

EXPLAINABLE

ARTIFICIAL INTELLIGENCE?

Users’ trust
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WHY DO WE NEED

EXPLAINABLE

ARTIFICIAL INTELLIGENCE?

Ensure
Users’ trust algorithmic
fairness
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WHY DO WE NEED

EXPLAINABLE

ARTIFICIAL INTELLIGENCE?

Ensure |dentification
Users’ trust algorithmic of potential
fairness bias
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WHY DO WE NEED

EXPLAINABLE

ARTIFICIAL INTELLIGENCE?

Ensure Identification Discovery
Users’ trust algorithmic of potential of new
fairness bias knowledge

) issos TR



PROTEIN-PROTEIN INTERACTION (PPIl) PREDICTION

Protein P1

»  Classifier (0 or 1)

~

- -
U > Prediction
=

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

Biological Cellular Molecular .
Pf) Component (CC Functicin (MF)

Ontologies and Knowledge ! !
Graphs (KGs) provide semantics .
(i.e., meaning) to the entities t !

®
they represent through different A A r i

semantic aspects.
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KNOWLEDGE GRAPH EMBEDDINGS ARE
NOT EXPLAINABLE BY DEFAULT

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.
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Graph Embedding Methods Downstream Prediction Tasks

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.
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USING SEMANTIC SIMILARITY AS AN
ALTERNATIVE EXPLANATORY STRATEGY

m P1 is vacuolar protein-sorting-

‘ /i ! associated protein 36. |
P2 is vacuolar-sorting protein
« KGs provide the scaffolding for comparing o SNF8.
entities at a higher level of complexity by /é\
comparing the ontology classes with : SSpp = 0.793

which they are annotated. SS¢c = 0.326
SSyr = 0.061

4 + 4 P1 and P2 interact.

P1

« Semantic similarity computed using
different portions of the KG to reflect
different semantic aspects (SA)' can (' h P3 is eukaryotic translation
provide more granular explanations with f‘\ /é\ initiation factor 5B, isoform B.

higher information content. Pais Mig-2-like GTPase Mt

4 4 4 ‘\ P3 and P4 do not interact.
f

SSzp = 0.006
$ SSce = 0.202
SSyr = 0.713
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HOW CAN WE GENERATE

GLOBAL AND INTERPRETABLE

EXPLANATION FOR PPl PREDICTION USING
SEMANTIC SIMILARITY AS REPRESENTATION?




HOW CAN WE GENERATE

GLOBAL AND INTERPRETABLE

EXPLANATION FOR PPl PREDICTION USING
SEMANTIC SIMILARITY AS REPRESENTATION?

Using Genetic Programming (GP)
over a set of semantic similarity
values, each describing a

f—— semantic aspect represented in
— the knowledge graph.
&
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OUR APPROACH

Gene Ontology KG > Computing KG-
based semantic

‘ similarity between
/ Y \ entity pairs for each

G0:0005575 G0:0008151 G0:0003674 ' semantic aspect
llul t biological process molecular function
- C%mp"”e“ g Tp f ! PPl from STRING Database
®
G0:0110165 G0:0008152 G0:0005488
cellular anatomical metabolic process J|_binding e !
i | ®
entity T j T o «®
T G0:0070085 /| G0:0097159 P O — +
GO:0005615 glycosylation / organic cyclip . = E . )
extracellular space T / compound binding ﬁ . Random Negat|Ve Sampllng
!
T G0:0036065 T # . 0
500062167 fucosylation GO:0003676 semantic
complement ™ | -1 nucleic acid aspects
component C1q N /JI/ binding
complex / XX Ve ¢
~~~~~~~~~~~~~ [T N %

Evolving a

GP model

v

Predicting on unseen
data using the
GP model
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GP IS NOT ALWAYS INTERPRETABLE

« The solutions may grow exponentially with each
generation, and the interpretability is lost.

biological
« Some operators such as multiplication and process
division are not interpretable in the biological
context. biological cellular

process component
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GP VERSUS GP6X

GP GP6x

* Penalize solutions with a depth

* No depth penalization greater than 6

* 6 operators: multiplication, * Interpretable operators, namely
division, maximum, minimum, maximum, minimum, addition
addition and subtraction and subtraction

Results for 10-fold cross-validation :

Median weighted average of Median humber
F-measures (WAF) of nodes
GP 0.875 49
GP6x 0.866 17
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GP6X MODEL ANALYSIS

catalytic cellular molecular molecylar multicgllular -
activity process adaptor function organismal signaling
activity activity process
immune
behavior system
process

maX(SScatalytic activity » SScellular process’ SSmolecular adaptor activity SSmolecular function regulator

SSmulticellular organismal process’ SSsignaling' SSbehavior + SSimmunne system process)

Two proteins that interact usually participate
in the same biological processes.
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WHEN GP CORRECTLY CLASSIFIES

maX(SScatalytic activity » SScellular process Ssmolecular adaptor activity- SSmolecular function regulator-

SSmulticellular organismal process’ SSsignaling' SSbehavior + SSimmunne system process)

True Positive (+/+) True Negative (-/-)
40S ribosomal protein S12 and Kinetochore-associated protein 1 and
40S ribosomal protein S10 Tubulin B-6 chain
cellular anatomical entity
binding
structural molecule activity cellular anatomical entity

interspecies interaction between organisms
metabolic process

biological regulation

protein containing complex 0.0 0.2 04 0.6 0.8 1.0

localization Semantic Similarity
cellular process

0.0 0.2 0.4 0.6 0.8 1.0
Semantic Similarity

G0:0008151 G0O:0008151
biological process biological process G0:0005575
? cellular component

binding
cellular process

G0:0051179 :
localization ' GO‘OaOrOSSDiYeSS G0:0009987 ' ?
. e cellular process G0:0110165
S ppnassanpeanansnre et A cellular anatomical entity

G0:0000184 G0:0006614 : A
nuclear-transcribed mRNA SRP-dependent G0:0009987 !
catabolic process, cotranslational protein cellular component G0:0005874 .
nonsense-mediated decay targeting to membrane organization microtubule
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WHEN GP FAILS

False Negative (+/-)

S100-A10 protein and neuroblast differentiation-associated protein AHNAK

cellular anatomical entity
binding
biological regulation

0.0 0.2 0.4 0.6 0.8

Semantic Similarity

Protein S100-A10 works together with
neuroblast differentiation-associated protein
AHNAK in the development of the
intracellular membrane.
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G0:0005575
cellular component

?

G0:0110165
cellular anatomical entity

G0:0070062 G0:0045121
extracellular exosome membrane raft
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S100-
A10
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Call Biology

Becheita Uries ey o

PMCID: PMC2171952
PMID: 14699089

J Cell Biol. 2004 Jan 5; 164(1): 133-144.
doi: 10.1083/jcb. 200307098

AHNAK interaction with the annexin 2/S100A10 complex regulates cell membrane
cytoarchitecture

Christelle Benaud, ' Benoit J. Gentil,! Nicole Assard,! Magalie Court,? Jerome Garin,2 Christian Delphin, ! and

Y Jacques Baudier?
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WHEN MISCLASSIFICATIONS ARE NOT MISTAKES

False Positive (-/+)

G0:0008151 G0:0005575
biological process cellular component
cellular anatomical entity f
binding GO:0110165
localization I G0:0065007 G0:0051179 G0:0009987 cellular anatomical entity
metabolic process I biological regulation localization cellular process A
biological regulation G N — L - . ;
cellularprocess I————  T— e G0:0016323
: basolateral plasma
0.0 0.2 0.4 0.6 0.8 1.0 G0:0000165 membrane
NP MAPK cascade =
Semantic Similarity N Pt
\\ \\\\\ ””,,—/’/ -
\ T -
W -
FEBS Letters
H H H H & : Wolume 587, Issue 11, 5 June 2013, Pages 1624-1629
The literature describes interactions Sr : it

between proteins of the same family
of the pair, indicating that this is likely
a true but still unknown interaction.

Dlg5 interacts with the TGF-f receptor and
promotes its degradation

Edited by Gianni Cesareni

Takuhito Sezaki ® Lucia Tomiyama * b Yasuhisa Kimura 2, Kazumitsu Ueda * &, Noriyuki Kioka 2 & &

y iénci =1 T Fundagio
I.lSBUA C Cu_ancu:s para a Ciéncia
~ ULisboa — e a Tecnologia




CLOSING REMARKS

 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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