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 Representation of Physical Parts of Organisms

 Large terminological repositories in biology 

exist and grow ...

 Foundational Model of Anatomy: Human 
sig.biostr.washington.edu/projects/fm/

 Open Biological Ontologies (OBO): Mouse, Fly, 

Fish, Worm, Fungi, …
obo.sourceforge.net

 Gene Ontology (GO) cellular component:

Species independent
www.geneontology.org/ 

Ontologies of Biological Structure
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Fuzziness of Mereotopological 

Relations in Biology
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http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN


Fuzziness of Mereotopological 

Relations in Biology 

continuum…

a Cell Membrane

a Cell  

a Mitochondrion

a Cell  

some Glucose

a Cell  

some Virus DNA

a Cell  

has-part       part-of 

Parthood Containment

location-of / has-locationhas-part / part-of 

includes / containee-of

http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.chem.umass.edu/~samal/glucose.jpg&imgrefurl=http://www.chem.umass.edu/~samal/orglab.html&h=305&w=297&sz=11&tbnid=bj4s2GdhsrMJ:&tbnh=111&tbnw=109&start=15&prev=/images%3Fq%3Dglucose%26hl%3Dde%26lr%3D%26ie%3DUTF-8
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN
http://images.google.de/imgres?imgurl=http://www.ocf.berkeley.edu/~bsj/images/dna.gif&imgrefurl=http://www.ocf.berkeley.edu/~bsj/submissions.html&h=278&w=180&sz=14&tbnid=-CBV0Yml8GAJ:&tbnh=108&tbnw=70&start=39&prev=/images%3Fq%3Ddna%26start%3D20%26hl%3Dde%26lr%3D%26ie%3DUTF-8%26sa%3DN


Canonic Representation of 

Mereotopological Structure

 rel (Class1 ,Class2) , e.g.

part-of (CellNucleus, Cell)

Open questions:

 What is the meaning of mereotopological 

relations in Biology

 Class level reading of mereotopological 

relations , how to interpret ?



 expresses ontological dependencies

 “each cell includes a cell nucleus”  and / or 

 “each cell nucleus is included in a cell”

 permits possible relations

 “a cell may include a cell nucleus”

 reject any assertion not sanctioned by a R(C1 ,C2 )

expression:
 “there is a cell nucleus which included in a protein molecule”

R(C1 , C2 ) expression, e.g.  Includes(Cell, CellNucleus)

Alternative, conflicting interpretations:

Class level reading of mereotopological 

relations



Instance level:

containee-of, includes: transitive, reflexive, antisymmetric

containee-of(x,y) includes(y,x)

Class level:

 class A is a specific containee of class B:

SC(A,B) =def x: instance-of(x, A) 

y: instance-of(y, B)  containee-of(y,x)

 class B is a specific includer of class A:

SI(B,A) =def y: instance-of(y, B) 

x: instance-of(x, A)  includes(y,x)

Instance and Class level reading of 

mereotopological relations (I)



 SC(A,B) is not the inverse of SI(B,A)

 class A is an obligatory containee of class B

OC(A,B) def SI(B,A)

 class B is an obligatory includer of class A

OI(B,A) def SC(A,B)

 SC, SI, OC, OI: transitive, reflexive, antisymmetric

 SC and SI propagate via Is-A:
if A is a specific containee (includer) of B, every subclass of A 

is a specific containee (includer) of B, too

 OC and OI do not propagate via Is-A:
if A is an obligatory containee (includer) of B, not any subclass 

of A is an obligatory containee (includer) of B

Instance and Class level reading of 

mereotopological relations (II)
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Extended Taxonomies

 Express mereotopological hierarchies as 
taxonomies

 Purpose: Better performance in large knowledge 
bases

 Introduction of reificator nodes:
real classes:
Is-A(A,BSC) =def SC(A,B)
Is-A(A,BSI) =def SI (A,B)
“pseudo classes” (do not capture properties of all 
instances !):
Is-A(A,BOC) =def OC(A,B)
Is-A(A,BOI) =def OI (A,B)

A must be terminal 

nodes
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Conclusion

 Capturing mereotopological basics in biomedical 

ontologies: Two recommendations:

 Create consensus by conflating part-whole and locative 

relations to one base relation (containee-of / includes)

 Eliminate ambiguity by explicitly introducing class level 

relations with a precise semantics

 Using extended taxonomies: Improve reasoning in 

large knowledge bases

 To do: express other mereotopological relations 

(overlap, disconnectedness) in terms of class-level 

predicates
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