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Engaging life scientists in data annotation and ontology
population

Protége and OWL are scary..

Need for simple “form filling” style of knowledge gathering and
describing data - so we use spreadsheets.

Q1 How do we get people to annotate data In spreadhseets
accoridng to ontologies?

Q2 How do we transform those spreadsheets into sets of
axioms?




Writing ontologies in OWL is hard

Especially if one doesn’t know OWL,
Hard to do complex patterns of axioms;
Hard to be consistent and conform to a style;

Hard to re-factor an ontology’s content

Doing all this in bulk is tedious and error prone




Knowledge

Ontologically

Differentia

Real Examples

Separation of concerns

All Eukaryotic Cells are either nucleated or anucleate, some cells are
multinucleate

‘Eukaryotic Cells’ has_nucleation some ‘Nucleation’
‘Nucleation’ subClassOf {mononucleate , binucleate , polynucleate ,
anucleate}

‘Eukaryotic Cells’

‘Nucleation’

‘Eukaryotic Cells’ ‘Nucleation’
Mononuclear phagocyte mononucleate
Flight Muscle cell multinucleate
Red Blood cell anucleate




Ontology patterns

Repetative pattern | ‘Protein’

‘Molecular Function’
‘Biological Process’
‘Cellualr component’

Axioms often added in regular ways

There are often patterns of axioms for a particular way of
representation

There are also design patterns — standard well recognised
solutions

Analogous to software patterns

Doing the same thing in the same way... it’'s a good thing

Popul



Some requirements

Want consistent axiom generation

Want to write axioms according to patterns

Separate knowledge gathering from axiom generation
Engage domain experts not experts in OWL and/or ontologies

Validate content to go into the ontology

Do all of this in a familiar environment i.e. spreadsheets




Using spreadsheets

Spreadsheets are often used simply to organise data
Basic tabulation
Saying the same kinds of things repeatedly

A very familiar environment

Want to capitalise on this...




RightField

http://www.rightfield.org.uk

* Semantic Annotation by Stealth
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Systerns Biology of Microorganisms % SR~ S —
Excel Workbook :_—_;

— | | Terms Embedded into
Excel Workbook

XML e & © ®

Ontology "Portion” of ontology terms




Excel validations

array_manufacturer

biomaterial_provider

biosequence_provider

consortium_member

consultant

CUFatos

data_analyst

data_coder

funder

hardware_manufacturer

institution

investigator

software_manufacturer
« Submitier
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RightField

Populous workflow

File

Edit

Tools

Sheet

A

c

D

AN R RN N

=

HIERARCHY

Q

TYPE OF ALLOWED VALUES

® "Free text"
) "Direct subclasses”
J "Subclasses”
J) "Instances”
) "Direct instances”

_) "All classes”

Select ontology...

a
v

ALLOWED VALUES




Populous workflow

aae RightField
File Edit Tools Sheet

A | B | ¢ | o | E | F | e | nw | 1 | 3|k | L | m | N | o | r | @ |Rr s |

6 HIERARCHY

Q

LA AN RN

C. elegans gross anatomy (OBO)
T 16 | ] C. elegans phenotype (OWL) w 1
17 Cancer Research and Management ACGT Master Ontology (OBQ)
18 Cardiac Electrophysiology Ontology (OWL-DL)
19 Cell Behavior Ontology (null)
20 Cell Cycle Ontology (OBO)
e | Cell line ontology (OWL-DL) |
res | | |Ccell Line Ontology (LEXGRID-XML) L (%) "Eree text"

23 | |cell line ontology (OWL) L P .
Cell type (OBO) | . () "Direct subclasses

TYPE OF ALLOWED VALUES

— Cereal plant development (OBO) i ) "Subclasses”
— Cereal plant gross anatomy (OBO) 3
. | Cereal plant trait (OBO)

— Chemical entities of biological interast (OWL)

) "Instances”

4|k

|
r r

( (

) "Direct instances”

— Filter: p () "All classes

— . Select ontology... 5 |

—T : C Cancel ) (—OK—) :

35 | A

=2 W
| ST ALLOWED VALUES




Populous workflow

00 RightField
File Edit Tools Sheet
A | | N | o | P | Q | R = | HIERARCHY
1
] o
3
4 O Thing
= ) adrenal medulla cell
6
= » O cell
8 O DbXref
F] (O Definition
10 ) dental papilla cell
e O glial cell
12 . )
= ) hair papilla cell
1 (O mesangial cell
15 (O mesenchyme condensation cell
16 ) muscle precursor cell
17 ) neuroepithelial cell
L (O neuron associated cell k4
= T mnanran accarcintad call feancu Wartabhearad L1
20
21 LLOWED VALUES
22 " "
23 ®) "Free text’
24 . _) "Direct subclasses"
25 . 3
26 _J "Subclasses
27 ) "Instances”
29 ) "Direct instances
30 () "All classes”
31
32 Select ontology... 7 |
33
= Apply
36
. ALLOWED VALUES
38
39
40
a1
a2
43
aa
45
46 -
47 | |x




File

Edit

Tools

Sheet

Populous workflow

AR AN N

e | ®r CELLS: A1:A32767

5 HIERARCHY

(Q
o |

cell

TYPE OF ALLOWED VALUES

B "Free text"

O "Direct subclasses”
O "Subclasses”

O "Instances”

O "Direct instances”
O "All classes”

Select ontology...

o

Bl




Populous workflow

1.0

Edit

File Insert
B

1 mononuclear phagocyte mononuclate

2 enucleate enythrocyte anucleate

3 Fiight muscla cell multinucleate

4 marand call binucleate

5 Froximal tubule epithelial cell mononuclate
-.a

7 receptor cell
renal principal cell
2 |reticulocyte
10 |red sensitive photoreceptor cell
11 |regulatory B cell
12 [renal intercalated cell
13 |receptor cell (sensu Animalia)
14 [retinal rod cell
15 [retinal ganglion cell
16 |regulatory T cell
17 |[renin secreting cell
18 [resident monocyte
19 |renal alpha-intercalated cell
20 (reticular cell
21 |[retinal bipolar neuron
22 [retinal cone cell
23 |[receptor cell
24 (renal principal cell
25 i
26
27

-]

29

31
32

33

35
36
37
39

41

EIrSe

N

c CELLS: AB:AB
HIERARCHY
o 0
() abdominal tone
() abdominal tone value
() abiotic stress sensitivity
() abiotic stress sensitivity value
() absolute acceleration
() absolute acceleration value
() absolute activity

absolute activity value
absolute age
absolute age value
absolute alternation

3

L]

[

ALLOWED VALUES

() "Free text"

() "Direct subclasses”
) "Subclasses"

() "Instances"

() "Direct instances"

ALLOWED VALUES

O B cell 5
) B lymphoblast

) B-1B cell
() B-1a B cell
() B-1b B cell
) B-2 B cell
) Be cell

() Bel Cell
() Be? cell

Re7

EG




Demo of Populous in action.
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Manchester OWL syntax

OWL generation

Class:

CL:0003523

Annotation:
rdfs:label ‘Kidney Cell’

EquivalentTo:
CL:0000000 and OBO_REL:part_of some MAO_000629

Populous - /Users/simon/Documents/e-lico/kupo_cells_sept10_Populous.xls

»
L

File Edit Insert
A c | D | CELLS: B1
1 [CaliTerm call labal pari_af paricipates_in
HIERARCH

2 fodney cel renal cell ey

3 |idney epithelial cell idney epithelium Q

4 fenal tubula apithalial call jonal tubula epitheium

5 |dney glomerular epithelial cell ey glomenular epiineium [e) hing

6 |enal tubule cell jenal tubule O abdominal tone

7 |odnay cortex cal renal cortex el nay coriex O abd | '

8 |enal cortex tubule cell jenal cortex tubula ahdominal tone value
9 iiney madula cel ranal medullary cell  kidney medulla O abiotic stress sensitivity
10 adney outer medulla cell renal auter uter ranal madulia O abiotic stress sensitivity value
11 adnay nner medulla cal renal inner medullary jnner renal medulla ) absolute acceleration
12 nner renal madulls laap of henle cal nner renal medulla loop of henle O absolute acceleration value
13 jusdaglomerular complex call i complex ragulation of glomerlar filration, regulation X

14 |adnay blaod vessal call renal blood vessel fidnay bload vessel lood circulation O absolute activity

15 |idney arterial bood vessel call renal anterial blood  idnay artenial blood vassal © absolute activity value
16 idney capillary endothekial call ranal capillary cell idney capillary, capillary endothalium O absolute age

EEEl < venous biood vessal cel haus blood vessal cellfidnay vanous blood vessel © absolute age value

18 enal corpuscule cell call of the renal penal compuscule O absolute alternation
15 fmesangial call esangium bhagacytasis, extracallular matix constituant €

20 [|glomeniar mesangial call lomerular masangium -

21 |exiraglomerular mesangial cell Exiraglomerular mesangium TYPE OF ALLOWED VALUES

22 |podacyte viscaral epithelial  blomerular visceral epithaliu fitration, regulation of glomerular

23 owmans capsule epithelial call epithalial cell of the  howmans capsule bnatomical structurs amangement ® "Free text’

24 |parietal spithelial call glomerular parietal  blomerular parietal spitheium O "Direct subclasses”

25  |plomanular call lomerulus

26  |lmenlar capilary endothalial cell  |glomerular capillary  lomenular capillary endothelium blomarular fitration, regulation of glomarular () "Subclasses”

27 enal afferent arteriole cal stferent arteriole cell iferent arteriole regulation of glomerular fitration O "Instances”

28 fenal afferent arteriole endothelial cel| afferent arteriole fferent arteriole, arterioke endathelium

29 daglomerular call art of afferent arlariole forming ynin secration into blood stream, detaction () "Direct instances”

30 |enal afferent anterole smaath muscie | afferent arteriole fferent arteriole, anenale smooth

31 enal sfferent arteriole cal stferent arteriole cell fferent arteriole regulation of glomerular fitration ALLOWED VALUES

32 |enal afferant arterole endathekal cell | efferant arteriole ffarant arteriole, arlanale endathakum

33 |enal fferant anenole smaath muscie | sfferent arterioke frerent arteriole, anenale smooth

34 |proximal tubule epithelial call PTEC, proximal enal proximal tubule renal sodium ion absomtian, potassium jon

35 |proximal convoluted tubula epithakal raximal canvaluted tubule

36 [promimal straight tubule cell raximal straight tubule

37 Joop of henke epitheiial cell henle's loop op of henle kextracelular matix consfituent secrstion

38 Joop of hanke ascending limb henle's loop op af henla ascanding limb kanal sadium ion absarptian, patassium jn

39 |Joop of henke thick ascending mb | henle's loop thick Jaop of hanle ascanding fimb thick
40 |oop of henle thin ascending imb | henle's loap thin op of henle ascanding limb thin k]
a1 henle's loop istal straight tubule pramacula 1

HE of hanle madullary thick

Populous

((Sheet ]




Introduction to OPPL

Ontology Pre Processor Language (oppl.sf.net)

Scripting language to automate the manipulation of OWL
ontologies

Apply pre-defined very complex OWL modelling automatically

Based in Manchester OWL Syntax




OPPL script

Variable declaration,
Variable declaration,

SELECT
Query,
Query,

WHERE

Constraint,
Constraint,

BEGIN

ADD/REMOVE Axiom,
ADD/REMOVE Axiom,

END;

OPPL script anatom




OPPL script

Populous OPPL script

Variable declaration,
Variable declaration,
SELECT

Query,

Query,

WHERE

Constraint,
Constraint,

BEGIN

ADD/REMOVE Axiom,
ADD/REMOVE Axiom,

END;

Variable declaration,
Variable declaration,

BEGIN
ADD/REMOVE Axiom,
ADD/REMOVE Axiom,

END;

Lt OPPL for Populous

OPPL script anatom



OPPL script

Populous OPPL script

OPPL script anatom

Variable declaration,
Variable declaration,

SELECT
Query,
Query,

WHERE

Constraint,
Constraint,

BEGIN

ADD/REMOVE Axiom,
ADD/REMOVE Axiom,

END;

Variable declaration,
Variable declaration,

BEGIN
ADD/REMOVE Axiom,
ADD/REMOVE Axiom,

END;

?cell:CLASS,
?parent : CLASS

BEGIN
ADD ?cell subClassOf ?parent

END;

lu"n'l-."""'nlmrill OPPL for Populous



Variable

OPPL script anatom

‘CLASS
CONSTANT
Variable type | OBJECTPROPERTY

DATAPROPERTY
ANNOTATIONPROPERTY
INDIVIDUAL
o

?cell :CLASS,

?parent :CLASS

BEGIN

ADD ?cell subClassOf ?parent

END;

OWL expression: Manchester OWL syntax + variables




OPPL script anatom

"OWL expression

createlntersection

createUnion
N

} (?var.VALUEYS)

?cell:CLASS,
?anatomyPart : CLASS,

?partOfRestriction:CLASS =(part_of some ?anatomyPart,
?7anatomyIntersection:CLASS = createlntersection(?
partOfRestriction.VALUES)

BEGIN

ADD ?cell equivalentTo CL_0000000 and
?anatomyIntersection
END;

Lt OPPL for Populous



OPPL builder

rDL Query |/Ru\es |/0F'F'L |/0PPL Macros |/Patterns |

QPPL:

Creating OPPL script

MEEE

OPPL Builder | OPPL Text Editor |

Input Variables:
1 ‘target:CLASS
L ‘origin:CLASS

Generated Variablas:

SELECT
©(7target) SubClassOf ((develops_from some
((7origin))))

WHERE

Add

Actions

@ (?target) SubClassOf ((develops_from only
((?origin))))

B

[] When removing consider Active Ontology Imported Closure

Affected axioms: 15891

Bindings:: 15891

Instantiated axioms:

Add @©(CL_0002111) Torigin Ttarget L
SubClassOf % | ®CL 0000000 ®CL 0000005 |4
({develops_from @CL 0000000 ©CL 0000006 |
only ©CL 0000000 @®CL 0000008
= ©CL 0000000 @®CL 0000011

Add  @I(CL_0000381) ©CL 0000000 ®CL 0000017
SubClassOf ©CL 0000000 ®CL 0000018
((develops_from ©CL 0000000 ®CL 0000019
only - ©CL 0000000 @®CL 0000024

Add ©(CL 0002042) ©CL 0000000 ©CL 0000025
SubClassof ©CL 0000000 @®CL 0000026
((develops.from ©CL 0000000 @®CL 0000027
only - | | | ®cL 0000000 @CL 0000028 | |
= l~| | ®cL 0000000 @®cCL 0000029 [~

Execute

OPPL for Populous




Creating OPPL script

OPPL text editor

( DL Query r Rules r COPPL r COFFPL Macros r Fatterns

OPPL Builder | OPPL Text Editor |

target: CLASS,

7origin: CLASS

SELECT

7target SubClassOf develops_from some ?origin
BEGIM

ADD Target SubClassOf develops_from only Torigin
EMND:

Evaluate

[ when removing consider Active Ontology Imported Closure

Affected axioms: Bindings: Instantiated axioms:

Tarigin | Ttarget

OPPL for Populous



Creating OPPL script

OPPL macros

(DL Query rHules rOF‘F‘L rOF'F'L Macras rFattems |

OPPL Macros:

. @BE Named entities:

Recorded actions @ CL_0000030

Add  @CL_D000030 mdevelops_from
SubClassOf @CL_0000133
develops_from only
CL_0000133

variables:




Creating OPPL script

OPPL patterns

r DL Query |/ Rules |/ OPPL |/ OPPL Macros |/ P atterns

P atterns

™ Pattern Editor

r Pattern Builder |/ Pattern Text Editar |
Fattern name

| Input Variables:

| Actions

Rendering

Return

[] Allow Return Yalue

Errars:

A Invalid name
A\ Mo Variables

L

Cancel

To use the reasoner click Reasoner-=Start Reasoner Show Inferences

OPPL for Populo




More information

OPPL publications:
http://oppl2.sourceforge.net/documentation.html

OPPL documentation:
http://oppl2.sourceforge.net/oppl _documentation.html

OPPL patterns:
http://oppl2.sourceforge.net/patterns_documentation.html

OPPL Manual: http://oppl2.sourceforge.net/manual.pdf

OPPL sample scripts:
http://oppl2.sourceforge.net/taggedexamples/

Lt OPPL for Populous



Demo 2 -converting spreadsheets to OWL using OPPL




Populous and RightField

Ontological annotation by stealth

Real biological data + high quality meta-data

Development of a Kidney and Urinary Pathway Knowledge
Base

anNnm IDFExcelExample2 _jerm.xls =
- por [ = o . -
w5 O o ices B B % O] g wwel @
New Open Sawe Print Import Copy fauie Format  Unco Bedo  AutoSum Sort A-Z Sort Z-A  Gallery Toolbox  Zoom  Help
Sheets Charns | SmartArt Graphics ‘WordArt
< A I T < [ £ F G H [ E
| Element Exarnple Formal  Constraint Typed in b drop-dowr aulomatici Key Type

£ Investigation Title Transcripton profilng of wilkd-type and ATFJ - e Mot NULL = PE Explanations
3

4

5  Experimental Design Type * Transcripbon peofing of wikd-type and ATF3 - lexd Mot NULL x PK  Explanations
& Experimental Factor Category * compound_trcatment_design toxt Mot NULL = = cv PK - primary &
7 Person Last Mame COMPOUND et HOT NULL = = cv FK - foresgn ke
B  Person First Name Marzod tomt Mol NULL CV - controfied
3 Person Mid initial Bruz

10 Person Affiliation Irestlute for Systerns Boiogy

11 Roles* curalor

12  Quality Control Description Type * ologal_rephcate et NOT NULL

13 Replicate Description Type * Dye_swag_rephcale o] NOT NULL X X cv

14 Normalization Description type * medan_log_centenng X X cv

15 X x cv

16 Experiment Description Time: course data from ipopoysacchande-stmuialed wid-type and ATF3 -~ mouse bone Marrow macrophages weare collected o ima
17 et X X

18 Protocol Name P-TABM-gicrrst1

19 Protocol Type ® Fow frxt cv

20  Protocol Description Flush femurs from CSTBUS mice (Jacison Li text

21 Prolocol Parameters CArhhn Sourte Emoeratne YEgEr NOT NULL X

22 et NOT NULL x

23 SDRF File Besat NOT NULL X

24  data file

25

26 E-TABM-102_sd bd

27 ADF file el NOT NULL x

28 Term Source Name MGED Onigiogy nieger NOT NULL X x

29 Term Source File hitp.frmpesd sournceforge. netiontciogesMGEL date NOT NULL

30 Term Source Version 1311 nieger WNOT NULL K X

31 Eger X X

3z X X

33

34

35

36

3z

38 nieger x 4
EL el X X

40 rieger X ¥

G <+ » »i L IDFExcelExample "~ NS F——————3 « [
E BEE — g -
—————— Normal View Ready 6 SCRL




Demo 3 - Experiment template for data annotation
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