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Neuroinformatics

Expectations: Neuroanatomy Ontology should

|ndex and retrieve neuroscience information
by species for mouse, rat, macague, human;

Define several hierarchical schemes
for, grouping primary. structures
to support accessing infermation in bigger chunks;

Specify the relation of several thousand synonyms
to allow theretrieval of information
In terms of different nomenclatures;

Provide atlases of segmented coronal brain sections
for warping of MRI and PET scans.

Neuroanatomy Ontology Workshop Summary



General Challengesin Biomedical Informatics

Interoperability

Representation of biomedical knowledgein
machine-processable form

Integration and correlation of biomedical
Information and data

Inadequacy of traditional knowledge sources
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Neuroanatomical Terminologies

Anatomy and library reference:
NeuroAnatomy Textbooks
Terminologia Anatomica
MeSH

Clinical terminologies:
SIN[@)\YI=D,

GALEN
BranML

Basic and clinical neuroscience:

NeuroNames



Goal

| ncorporate neuroanatomical views from various
sources in accord withithe FMA ontological
principles.



Test

What Is the brain?
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What I1s the brain?

Brain + Spinal cord = Whole
an organ part?

Spinal cord




What I1s the brain?




Foundational Principles of Anatomy

1. Definition principle
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3. Organizational unit principle
|
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Role of Definitions

To specify a unique taxonomy

To assure semantic and logical
consistency within the ontol ogy

To assure transitive inheritance of
properties through type hierarchy
(taxonomy)

Michael J, Mgjino JLV, Rosse C.
The role of definitions in biomedical

concept representation.
Procs AMIA Fall Symp 2001; 463-467.



Foundational Model of Anatomy Ontology

FMA= (AT, ASA, ATA, MK)

Where:
AT = Anatomy Iaxonomy.
ASA = Anatomical Structural Abstraction
ATA = Anatomical Transformation Abstraction
Mk = Metaknowledge
(principles, rules, axioms)

Cornelius Rosse and Jose LV Mgjino Jr 2007. The Foundational Model of Anatomy
Ontology. in: Burger A, Davidson D, Baldock R. (eds.), Anatomy Ontologies
for Bioinformatics. Principles anD Practice, New Y ork: Springer, in press.
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Foundational Model of Anatomy Ontology

FMA= (AT, ASA, ATA, MK)

where: BACKBONE OF FMA

AT = Anatomy Taxonomy
ASA = Anatomical Structural Abstraction
ATA = Anatomica Transformation Abstraction
Mk = Metaknowledge

(principles, rules, axioms)




Anatomy Taxonomy

@ (C) Anatomical entity
@ (C) Fhysical anatomical entity M
B (C) daterial anatomical entity
@ (S Anatomical structure

&= IE ) Body

@ (C) Cardinal hody part

@ () Qrgar ----’[I-'rrl

&

e (C)

(S | 0

@ (C) Car l:i inal organ part

@ () Portion oftissue

og 'I; : IIHrnierI’u sue part

&= !

@ () Cardinal cell part

@ (C) Biological macromolecule

@ (T Acellular anatomical structure

) Anatomical cluster

) Anatomical junction

estigial embryonic structure

Sestational structure
& "'-':-"' FPortion of body substance
"E"' ) Anatarical set

@ () Imrmaterial anatomical entity
& () Mon-physical anatomical entity
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Organizational Unit Principle
EEIEECTE.

Physical . Non-physical
Anatomical Entity “ISa Anatomical Entity
Material Physical Non-material Physical
Anatomical Entity Anatomical Entity

\ Anatomical

Human
Macromolecule
Acellular
Part

Anatomical
Structure 1

: Organ Organ

Organ subdivision



Organizational units

@ (C) Anatomical entity
@ (C) Fhysical anatomical entity M
B (C) daterial anatomical entity
@ (S Anatomical structure

Lol IE ) Body
@ iC)C -4r|1|r|=4I t'll'll'i'--' part
(= |._: -

&=

o e -4r|1|r|-4I||r|1-4r| part
2= () Portion oftis=ue

2 ) Cardinal tissue part

2= (3 Binlogical macromolecule
'"l I-'|||J|-H anatomical structure
Anatomical cluster
:' Anatarmical junction
estigial embryonic structure

Sestational structure

O "'-':-"' Portion of hody substance

"E"' ) Anatormical set

@ () Imrmaterial anatomical entity

@ (C) Mon-physical anatormical entity




Foundational Principles of Anatomy

1. Definition principle

2. Dominant class principle

3. Organizational unit principle
|

. Content constraint principle



How is the brain represented in the FMA?
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Foundational Model of Anatomy Ontology

Anatomical Structural Abstraction

FMA = (At, ASA, ATA, MK) (1)

ASA = (Do, Bn, Pn, SAn) @2

where;
Do = Dimensional ontology
Bn = Boundary network
Pn = Part-of network

SAn = Spatial Association network



@Anatnmical entity

o @ Fhysical anatomical enti’w“
o @ Material anatomical entity
o @Anatnmicalstructure

Class hierarchy

E"@Elndy
& (C) Cardinal body part
E- @ Subdivision of cardinal body part
E"@Drgan system
- @ Qrgan system subdivision
& (C) Organ
o @Cardinal argan part
'E"@Drgan cormponent
- @ Redion of organ component
@ (C) Organ region
o @Drgan segment
@ @Eegment of neuraxis
r@Elrain
@- @ Cardinal segment of brain
E'@Segment of farehrain
IEF"f@i}ﬁeg:lrnent af midbrain
E"@Segment of hindhrain
@Spinal card
@'@Segment of spinal caord
- @ Hemizsphere of cerebellum

- @ Hemisphere of anteriaor lohe of cers
@- @ Hemisphere of posteriaor lobe of ce

& (C) Lobe of neuraxis
- @ Gyrus of neuraxs
&= @ Lobule of neuraxis

@- @ Subdivision of gyrus of cerebral her

a- @ Sedment of arterial tree argan
- @ Sedment ofvenous tree argan

- @ Segment of vmphatic tree argan

- @ Segment of neural tfree organ

a- @ Sedgment oftracheobranchial tree

- @ Sedment of pericardial sac
E"@Segment of hiliary tree

- @ Segment of lactiferous gland
a- @ Segment of parotid gland

| Preferred Mame Vo FMAID
Brain
Synanym WV C ¥ S NonEnglishEquivalent ¥ C X 8
: <I> Encephalan -
@Encéphale [
@*Gehirn E
Definition Comment

Segment of neuraxis that has as its parts

gray matter and white matter that surroundf ==

the cerebral ventricular system;
Examples: There is anly one hrain.

|~ | [The brain is embryalogically derived
from the rostral part of the neural tube;
| togetherwith the spinal cord, the hrain
¥ | |constitutes the argan neuraxis,

Structural relations
and
properties
Bounded By YV + -
@ Flane of foramen magnurm
@ Sutface aof brain
| Partof Vo+ - Pat Vot -
(L) Meuraxis (C) Farebrain
i @Head proper I@ijr-ﬂidhrain
(T Hindbrain
Fegional Part Of Yo+ = Constitutional Part Of Vo o+ =
(C) Meuraxis (C) Head
: @ Head proper
Fegional Part Yo+ = Constitutional Part vV + -
Farebrain Meural tissue of brain
Midbrain Yentricular systern of brain
Hindhrain Yazculature of brain




Foundational Model of Anatomy Ontology

Anatomical Structural Abstraction

FMA = (At, ASA, ATA, MK) (1)
ASA = (Do, Bn, Pn, SAn) 2

where;
Do = Dimensional ontology

Bn_ = Boundary network
|7Pn = Part-of network ‘
SAn = Spatial Association network




Two kinds of parts are represented

Cerebral cortex Cerebral cortex

Right hemisphere Left hemisphere



Two kinds of parts are represented

RIGHT LEFT

Cerebral cortex
of
Left hemisphere

Cerebral cortex
of
Right hemisphere



Bran
Forebrain
Telencephalon

Kinds of parts

cerebral cortex
cerebral subcortex
|lateral ventricle

right cerebral hemisphere
left cerebral hemisphere

neural tissue of telencephalon
ventricular system of telencep
vasculature of telencephalon

Diencephalon
Midbrain
Hindbrain
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Telencephalon
cerepral cortex
cerebral subcortex
|ateral ventricle

right cerebral cortex
|eft cerebral cortex

right cerebral subcortex
|eft cerebral subcortex

right lateral ventricle
|eft lateral ventricle



Kinds of parts

IS arelation NO
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Kinds of parts
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Kinds of parts

part_of relation

Telencephalon

right cerebral hemisphere

right cerebral cortex
right cerebral subcortex
right lateral ventricle
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Kinds of parts

part_of relation

Telencephalon
right cerebral hemisphere

right cerebral cortex

right cerebral subcortex white matter of RCH

set of gray matter off RCS

right lateral ventricle

left cerebral hemisphere
|eft cerebral cortex
left cerebral subcortex
left |ateral ventricle



Kinds of parts

part_of relation

right subcortical association fiber layer
right half of corpus callosum

right corona radiata
right internal capsule \
white matter off RCH

set of gray matter of RCS



Kinds of parts

part_of relation

right subcortical association fiber layer
right half of corpus callosum
right corona radiata
right internal capsule
white matter off RCH

/ set of gray matter of RCS

basal ganglia of right cereoral hemisphere
set of septal nuclel of right cerebral hemisphere



) Merous system - I t
? (T Meuraxis egional par
¢ (T Brain hierarchy

& () Farebrain

| Regional Part Of

Canstitutional Part Of

@Telencephalun

o @Telencephalnn
o @Hightcerehral hemisphere

™

@ () Right frontal lohe

@Hightsuperinrfmntalgyrus §;
| Y2 Right frontal 1obe

: (C) Right ternporal lobe
| 12 Right parietal 1obe
| Y2 Right oceipital lobe
1) Right limbic lobe

(C) Right posterior otbital gyrus (T Right insula

@ Right middle frontal gyrus
@ Right precentral gyrus
@ Right straight gyrus

- @ Right inferiar frontal gyrus
@ Right anterior orbital gyrus

@ Right medial orhital gyrus
@ Right lateral orhital gyrus
@ Right frontal lobe proper

@ (C) Right temparal Iohe

& (C) Right parietal lobe

@ () Right occipital lobe

@ (C) Right limbic lobe

& (T Right insula

0 @ Left cerebral hemisphere
@ () Diencephalon

| Regional Part

LY

L]

+

Regional part has constitutional parts N,

Caonstitutional Part

@ Right cerebral cortex
@ Right cerebral subcortex
@ Right [ateral ventricle

Custom Partanarmy OF

Custom Partanarmy

& () Midbrain




@ Right cerebral hemisphe
@Hightcerehral cortex

Constitutional part has regional parts

Regional Part

@'@Hightcerehral subcor
- @ Right lateral ventricle

B4 o| M=) Cortex of right frantal lobe

§§ @Dnrtex of right tempaoral [obe
§§ @Cnr’[ex of right parietal lobe

§§ @Cnr’[ex of right occipital lobe
: (C) Cortex of right insula

hierarchy

Constitutional part

| 12 Cortex of right limbic lobe

(CJ Cortex of right frontal labe
(C) Cortex of tight temparal lobe
(C) Cortex of tight parietal lohe
() Cortex of tfinht occipital lobe
() Cortex afright insula

'S Cortex of right limbic lobe

| Constitutional Part Of o+

Constitutional Part

@Hightcerehral hemisphere

| Member of Vo o+

| attributed Part \
telated part | anatomicalfarbitrary sharediunshared | fa
§§ Right neocortex Anatomical Unshared Fartition 1
§§ Right archicorex Anatomical Unshared Fartition 1
§§ Right paleocortey Anatomical Unshared Fattition 1



FMA

@ Right cerebral hemisphere
@Hightcerehral cortex

0 @ Right cerebral subcortex

- @ Right lateral ventricle

Constitutional part
hierarchy

@Hightcerehral hemisphere

| Part Y+ — Regional Part

@ ortex of right frontal lobe @ Cortex of right frontal lobe

§§ @ Cartex of right temporal [obe @ Cortex of right temporal lohe
§§ @ izartex of right parietal lobe @ izortex of right parietal lobe
§§ @ Cortex of right occipital lohe @ Cortex of right occipital lobe
§§ @Cunexufrightinaula @Cunexnfrightinsula

| 12 Cortex of right limhic lobe () Cortex of right limbic lobe

5§ onstitutional Part Of Vv + = Constitutional Part

Another

kind of regional parts

T WMErmBE] Of v+

| attributed Part

EH

telated part | anatomicalfarbitrary | sharediunshared | fa
Right neacortex Anatomical LInshared Fartition 1
Right archicortex Anatomical Unshared Partition 1
Right paleocortex Anatomical LInshared Fartition 1




FMA

jion of cerebral cortex 2 o
‘ortex of lobe of cerebral hemisphere | S0nstitutional Fart
ealon ol conexplaanakeNe 'CJ Plexiform layer of right cerebral cortex

=M 2ocdrex .C) External granular laver of right cerehral cortex

Fight neocorex

T L) External pyramidal layer of right cerebral cortex

=TnlMn

!nternal granular layer of right cerehral cortex
(T Internal pyramidal layver of right cerebral cortex

1cartex

lesocortes

LT Multifarm layer of right cerebral cortey




FMA

..0r regional part based on cytoarchitectonics

urtn-u of Illtu—' of & n-rwhral hemisphere | “Onstiiutional Far
eqgion of cortex of frantal lobe
EDEDHEH

I:EZZ' Flexiform layer of right cerebral corex

C) External granular laver of right cerehral cortex
Exernal pyramidal layer of right cerebral cortex
Internal granular layer of right cerebral cortex
Internal pyramidal layer of right cerebral cortesx

irodrmann area Z:E' multiform layer of right cerebral cortex

\C)Broca's are

:4
:-|




an af epithelium _
i "'f dermis Regional Part

B (T Lﬂ,,,”H,,T,Hrpt,,ﬂ,,,np, '._E_.I Plexifarm layer of right frontal lohe
1' ! Plexiform layer of right termporal lobe
._';_.I Flexiform laver of right parietal lohe

o " 'F'|I-'-ITIIHII |-I"I-'r of cerebral corfex
-:EZ:' Flexiform layer of right occipital lobe

T
e F'|E!Z=-!ZifIII rm layer of left cerebral cortex
Q- (LI E EIP Fra I r1 FanL I ar I aver rnf CR r'P Ic'n ta I co r’[P'a-'

- '.._';1_..' Internal granular layer of cerehral cortex



@ Erain

itvpe=0rgan companent of neuraxis)

Relationship|[S] regional part |V O &4 };:
M t c . "
Shemussetem | pegional part hierarchy
@ (T Brain

& (T Forehrain
® (T Telencephalon

Q @Rightcerehral hemisphere
@ (C) Right frortal lobe
@ Right superior frontal oyrus
(C) Right middle frontal gyrus
@ Right precentral gyrus
@Hight strainht oyrus
o @Hightinferinrfruntal Oyru s

@ Orhital part of right inferiar frontal gyrus

@ Right anterior orbital oyrus
@ Right posterior orhital gyrus
@ Right medial arbital gyrus
@ Right lateral arbital gyrus
@ Right frantal lobe proper

- @Highttempnral lobe

@ (C) Right parietal lobe

@ (C) Right occipital lobe

@ (C) Right limbic lobe

@ (C) Right insula

Q @ Left cerehral hemisphere

- @Leﬂ frontal lohe

& (T) Left temporal lobe

& (T) Laft parietal lobe

@ (C) Left occipital lobe

@ (C) Left limbic lobe

@ (C) Leftinsula

& (T Diencephalon
@ (C) Midbrain
@ (C) Hindbrain
@'@Spinal cord
o @Autnnnmic nemnus system
@ Somatic nerous system

o| Preferred Marne

'

2| |Brain

Mon-English Equivalent

VC XS

FhiAID

cC X

SYNanym

| k2 Encephalon

<I> Encéphale

4] | »

<'CP‘} Gohirn

| Definition

Comment

@ Triangular part of right inferior frontal oyrus §§

Segment of neuraxis that has as its parts gray
“| Imatter and white matter that surround the
cerebral ventricular system; Examples: There s/ &)

(C) Opercular part of right inferior frontal gyrus

| Partor

@ Enteric nenmus system

ohly ane brain.

|| [The brain iz embryologically derived

from the rostral part ofthe neural tube;
together with the spinal cord, the brain
> | |constitutes the argan neuraxis.

Dimension

Bounded By v

Inherent 3-0 Shape

@ Surface of hrain

@ Flane of faramen magnum

AT Head |

: YV 4+ ~ Regional Part Of V + -
(T Meuraxis - | [T Neuraxs

§§ (C) Head -

| Part YV + - Regional Par V + -
| [E) Forebrain (C) Forehrain

| () Midbrain () Midbrain

| () Hindbrain () Hindbrain

: (C) Meural tizsue of brain

: (C) ventricular systern of brain Constitutional Par VvV o+ -
: @Vasculature of brain - -

: Meural tissue of brain

: Yentricular system of brain

*| Constitutional Part Of V o+ vasculature of brain



Granularity

(T Anatorical structure
oy @Eh:udy
- @ Cardinal body part
Loy @ Subdivision of cardinal body part
oy @ drgan system
- @ 2rgan systerm subdivision
&= () Organ
oy @ Cardinal organ part
- @ Fortion of tissue
& (T Cardinal tissue part
@ (el
o @ Mucleated cell
@ () Haploid nucleated cell
oy @Dncy'te
o- @ Sperm cell
o 'I:[ Diploid nucleated cell
@ C) Sormatic cell
- @ Diploid germ cell
@E@.rgnte
o @ Mon-nucleated cell
o @ mMon-nucleated solocyte
&= (T Endhrocyte
(C) Platelet
o @ mMon-nucleated colligocyte
@Cmnency’te
@ mHon-nucleated lens fiber
- @ Cardinal cell part
Loy @ Biological macromalecule
- Acellular anatomical structure

@ (T Cell
o @Nucleated cell

& () Haploid nucleated cell
&= @ Docyte
e- @ Sperm cell
@ (C} Diploid nucleated cell
L) Somatic cell
@ (C) Epithelial cell
&= (T Muscle cell
0 @ Connective tissue cell
o @ Meural cell
&= () Meuran
@ Meurablast
&= @ Meuroglial cell
@ (C) Gliohlast
@ Dense-core granulated cell
&= @vestihularsensnw cell
@ Retinal pigment epithelial cell
E"@Hemal cell
@ (C) hyoepithelial cell
&= () Stem cell
0 @ Ciploid germ cell
@Eﬁ;gnte
& (T Non-nucleated cell
o @ Mon-nucleated solocyte
& @ Erythrocyte
() Platelet
o @ Mon-nucleated calligocyte

@Cmnency‘te
@ Mon-nucleated lens fiher




Granularity

¢ © Physical anatomical entity M
® (C) Material anatomical entity

@ (C Anatormical structure

@ (C) Body
C) Cardinal body part
ubdivision of cardinal baody part

artion oftissue
ardinal tissue part
el
2= ) Cardinal cell part
iological macromaolecule
Sl Acellular anatomical structure
D= (C) Anatormical cluster

LEMvestigial embrvonic structure
@- (C) Partion of body substance
- (C) Anatomical set
&= () Immaterial anatamical entity
- (C) Mon-physical anatomical entity template




Extend ontology to subcellular and macromolecular entities

P

Piccolo

Rabphilin
Bassoon Endocytosis

Rab3
M|n1 RIM T M

JJ‘“) Munc13
'Uehs _J JASK “J_
" )" Munc18
‘J\ >4

Neurexin| N-type Ca2* channel Narp EphB

NMDA CN receptor AMPA
receptor JJ' Neuroligin _Kainate receptor m@Glu receptor rECEﬂIDI’W ﬁ

_J.JJ- —J GKAP/ Sp ctrin -JJ'J'J"J

SAPOOYPSDE5 —& SAPAP Homﬁ

Presynaptic
active zone

Exocytosis
/ Clathrin
g

GRIP/ABP - ) Syndecan 2

D PRD
Spin ogenesm

l PmSAF‘-Shanh Cortactin

Postsynaptic

Synaptic signaling plasma membrane

Trends Neurosci. 2002 May;25(5):251
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