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Comparative morphology

Catostomus commersoni Gyrinocheilus aymonieri Phenacogrammus interruptus




“Free-text’ format not computable
across studies

47. Shape of posterior dorsomedian fontanelle. An
elongate-rectangular posterior fontanelle of most
catfishes appears to be the plesiomorphic condition (see
also Tilak 1963, 1964, 1965a; Lundberg 1982; Arratia
1987; Grande 1987). An irregularly-shaped or rounded
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median excavation on the ventral surface. The laminar
bone in ariids extends over four to eight vertebra centra.
Some ariids possess apomorphic modifications in the
laminar shelf, such as depressions (e.g., Guiritinga
barbus, Cinetodus froggatti) or median single keel (e.g.,
high and acute in Batrachocephalus, Nemapteryx
armiger) or double keel (e.g., Bagre marinus).

(Kailola 2004)




Cannot be synthesized with
developmental and genetic data

Crotwell & Mabee, 2007




Morphological differences

have their basis in changes in
genetic control over development




>|. 170 molecular databases

Literature and ontologies
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Zebrafish database

Est. 1992 by Monte

Search Gene Expression
Search Antibodies

Westerfield and Oregon stz

Obtain approval for gene names ZIRC Home
ZFIN Author Guidelines Genomics

g ro u P Browse the genome: Ensembl, Vega, UCSC, NCBI

Search Mutants / Morphants / Transgenics
Wild-Type Lines

Line Designations

Submit mutanttransgenic line names

Search Anatomy Other Fish Gen
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Search Publications

Find People
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Download Data

mutants, transgenics,

Zebrafish for K-12
Zebrafish In The Classroom

genes, gene expression

Citing ZFIN

25 July 2009

— ntla




Backgrounad: A

Mabee (CTol) and Westerfield (ZFIN), 2005-2006,
NESCent working group

Established communication across traditionally
separated scientific communities

Ontology boot camp...

Interoperability of evolutionary morphology and
mutant phenotype data




Phenoscape

2007

Ostariophysi

® Curated, ontology-based
evolutionary morphology
database that maps to genetic
databases

® Foster devo-evo synthesis

® Data-mining and discovery

25 July 2009; ToL web




Requirements:

|. Ontologies
2. Curation

3. Database




|. Ontologies

Teleost Anatomy Teleost Taxonomy Taxonomic

Ontology Ontology Rank Ontology

) 36,060 terms;
(2371 terms; 618 skeletal) X é’ e (8->31 terms)

Existing:

Phenotype and Trait Evidence

Spatial Ontolo Code
Ontology (PATO) P e gy
(1,075 terms) ) Ontology




Teleost Taxonomy Ontology

ICHTHYOLOGY

Catalog of Fishes | Annotated Checklists | P
About the Department | Staff | Mewsletter o

Based on Eschmeyer’s Catalog of Fishes

Contains 36,060 terms
36,508 are species
5,045 are genera
542 are families
47 are extinct
Contains 43,122 taxonomic synonyms




Teleost Anatomy Ontology
(TAO)
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Phenotype and Trait Ontology
Walle®)

(quality )

'
Pl . | physical object quality |
(qualitative ) Gl ectausliy)
;
is_a 3
quality of 5
related physical entities ‘ qualityof
/, * < | single physical entity )
% ~

is.a is a is_a 3 ' &
is a 5 a s a

A
relational relatlonal relational (physical ) position morphology
shape quality spaﬂal quality structural quahty [ phy ) v
IS a § . >
1S >

{ quallty
Ed

/Sia ot P /S a is_a

/ /sia l i /S_a Va vertlcal
e ~N 7 N A / te ture structure
(protruding into ) *\I‘ateral tq ) / /sva,z«—\ N i) / - xi

/ — | [ separated from )
(fused wnh/w \7/ | quality | honzontal ) /s a /37
— ‘ 4 e, il .

/ \ ; K
( ith ) s a S wrlnkled wsmooth -
\\\overlap wnh/ ~ ; — composition
3 mcreased
color L8 )\ (length ) yecreased ) s

‘_‘btriangular/‘ (concave ) length ) s a
\’iinterdigitated:,\

Quality ontology: size, shape, presence-absence, color, etc.

s : \
(anterior to )




Phenotype = Entity+Quality

Free text character:
‘Supraorbital bone shape: bent (0) or straight (1)’

Character

supraorbital bone

Entity (TAO) | Quality (PATO)

supraorbital bone




Taxon + Phenotype =
Phenotype assertion




+ Zebrafish phenotype
assertions




Ontologies




Data + Ontologies in
database




2. Student: Manual entry of
free text character and state

descriptions, matrix, taxon list,

specimens and museum
numbers using Phenex

1. Student: gathering
publications (scanning
hard copies, producing

OCR PDFs)

2. Curation
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~ 5 person
years

Wasila Dahdul
Miles Coburn

Jeff Engemen
Terry Grande

Eric Hilton

John Lundberg
Paula Mabee
Richard Mayden
Mark Sabaj Pérez
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3. Character annotation by

experts: Entry of phenotypes

and homology assertions
using Phenex

4. Consistency checks,
upload of data to public view
of Phenoscape KB




Free-text characters to phenotypes

86

AMERICAN MUSEUM NOVITATES

APPENDIX 1. CHARACTER SUMMARY

1.

Fifth infraorbital. 0, well developed, without
contact between fourth and sixth infraorbitals;
1, greatly reduced, with posteroventral mar-
gin of sixth infraorbital in contact with pos-
terodorsal margin of fourth infraorbital.

. Antorbital-lateral ethmoid contact. O, no con-

tact; 1, antorbital contacting ventral wing of
lateral ethmoid along its entire lateral edge.

. Antorbital. 0, flat, platelike, without medial

process; 1, with a short medial, vertically
aligned process at its posterior edge that ex-
tends along posterior surface of ventral wing
of lateral ethmoid; 2, with enlarged medial,
vertically aligned process at its posterior edge
that extends along posterior surface of ventral
wing of lateral ethmoid.

. Mesethmoid spine. 0, conical, or with a dif-

NO. 3286

tilaginous surface at posterior portion of main
body of vomer.

. Portion on vomer for articulation of maxilla.

0, not modified in 1; 1, Presence of a shallow
depression on its anterolateral surface where
anterior tip of maxilla abuts.

. Ridge on lateral surface of vomer. O, absent;

1 f\rnconf

.| Rhinosphenoid. O, present; 1, absent.

15 pAvovins

. Lateral ethmoid-orbitosphenoid contact. 0,

absent; 1, present.

. Parasphenoid and main portion of orbitosphe-

noid. 0, well separated; 1, close to each other.

. Dilatator fossa. 0, not extending anteriorly on

dorsal surface of frontal or if so, only to dor-
soposterior edge of orbit; 1, highly devel-
oped, extending anteriorly on dorsal surface
of frontal beyond dorsoposterior edge of or-
bit.

(Toledo-Piza 2000)




Phenex software for curation

T | Toledo-Piza_2000.xml

Valid Taxon
1 Hydrolycus armatus
2 Hydrolycus tatauaia
3 Hydrolycus wallacei
4 Hydrolycus scomberoides
5 Rhaphiodon vulpinus
6 Cynodon gibbus
7 Cynodon septenarius
8 Roestes ogilviei
9 Roestes molossus
10 Gilbertolus atratoensis
11 Acestrorhynchus falcatus
12 Acestrorhynchus falcirostris
13 Acestrorhynchus heterolepis
14 Acestrorhynchus lacustris
15 Acestrorhynchus microlepis
16 Acestrorhynchus nasutus
17 Cynodon sp. (Toledo-Piza 2000)
18 Hydrolycus sp. (Toledo-Piza 2000)
19 Anostomus anostomus
20 Laemolyta taeniata
21 Acanthocharax microlepis
22 Acestrocephalus sardina
23 Agoniates sp. (Toledo-Piza 2000)
24 Brycon falcatus
25 Chalceus macrolepidotus

26 Charav navnsiradinhie

[a-Ox

Character Description
1 Fifth infraorbital
2 Antorbital-lateral ethmoid contact
3 Antorbital
4 Mesethmoid spine
5 Ventral process of mesethmoid
6 Orientation of ventral processes of mesethmoid
7 Vomer-mesethmoid contact
8 Diverging lamellae of the mesethmoid

9 Portion of diverging lamellae of mesethmoid that contacts lateral surface.

10 Articular surface on lateral wing of mesethmoid
11 Ventral crest of vomer

12 Lateral arms of vomer

13 Vomer-palatine contact

14 Portion on vomer for articulation of maxilla

S-Ride =e-qf vomer
16 Rhinosphenoid
17 Lateral sthmoid-orbitaspHenoid contact

18 Parasphenoid and main portion of orbitosphenoid

19 Dilatator fossa

20 Frontal shelf at posterodorsal edge of orbit

21 Dorsal portion of sphenotic spine

22 Anterior shelf of frontal

23 Third posttemporal fossa bordered by epioccipital and exoccipital
24 Dorsal posttemporal fossa

25 Neurocranium-first vertebra joint
28 Minmandibhula

CEIRAN
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Curated to a coarse level

Shape Coarse
inheres_in
Supraorbital , { |
inhdres_in

Entity from TAO Quality from PATO




Curate homology assertions

Type of annotation supported by evidence
(e.g., topological, morphological,
developmental similarity)

Enables user to view homology assertions,
examine evidence




Example:VWeberian apparatus

neural arch 3-5
supraneural 3 bone

supraneural 2 bone

claustrum bone

scaphium

intercalarium

vertebra 1

tripus vertebra 5
rib and parapophysis 4 ‘ 0S suspensorium

rib 5

image by Kyle Luckenbill, ANSP




Curate homology assertions
and evidence

scaphium

intercalarium

intercalarium
intercalarium

intercalarium

tripus

Otophysi

Otophysi

Otophysi
Otophysi

Otophysi

Otophysi

homologous_to

homologous_to

homologous_to
homologous_to

homologous_to

homologous_to

neural arch 1

neural arch 2
(ventral
portion)

neural arch 2
neural arch 2

rib of vertebra 2

parapophysis +
rib of vertebra 3

Teleostei

Teleostei

Teleostei

Teleostei

Teleostei

Teleostei

(Fink and Fink,
1981; Rosen and
Greenwood,
1970)
(Rosen and
Greenwood,
1970)
(Fink and Fink,
1981)

IMS (Hora, 1922)

IDS, IMS, IPS

IDS, IMS, IPS

NAS

TAS (Hora 1922)

(Fink and Fink,
1981; Rosen and

Greenwood,
1970)

IDS, IMS, IPS

Dahdul et al., in press. ‘The Teleost Anatomy
Ontology: Anatomical representation for the
genomics age.” Systematic Biology




Homology online...

==

PHENO

anatomical term: scaphium

Phenotypes

Properties

Anatomy
ID: TAO:0000429
Ontology: Teleost Anatomy
Synonyms: Weberian ossicle 2, second scaphium
Weberian ossicle
Definition: Neural arch and Weberian .
ossicle that is reduced in size relative to scaphium
other neural arches. Scaphium has a
process which articulates with the first scaphium
centrum.

scaphium
Relationships (about)

scaphium
is a type of: Weberian ossicle, neural arch

is part of: vertebra 1
possible homologs: neural arch 1 in
Teleostei |

More information

View at NCBO Bioportal

relational structu
neurocranium

relational spatial
relational spatial

shape
size

count : absent

New search (anatomy, taxon, gene):

Home Provide Feedback

Source Data X ‘

scaphium in Otophysi

homologous to

neural arch 1 in Teleostei

Evidence: inferred from developmental similarity

Citation: Rosen and Greenwood 1870; Fink and Fink 1881

scaphium in Otophysi

homologous to

neural arch 1 in Teleostei

Evidence: inferred from positional similarity

Citation: Rosen and Greenwood 1970; Fink and Fink 1981

scaphium in Otophysi

homologous to

neural arch 1 in Teleostei

Evidence: inferred from morphological similarity

Citation: Rosen and Greenwood 1970; Fink and Fink 1981

About Contributors

Zebrafish
Genes




Curated 4,208 characters in
2,310 species from 51 papers

Taxon # Papers # Species # Characters

Cypriniforms 8 676 794
Siluriforms 20 1724 2,110
Characiforms 10 754 1,156

Gymnotiforms 1 116 231

Gonorynchiforms 3 41 467

Clupeiforms 5 200 439

Euteleosts 3 145 582
Total 51 3,656 5,779

TOTAL ANNOTATED 51 2310 4208

25 July 2008




Phenoscape KB

333,987 evolutionary 11,267 phenotype

phenotype assertions statements about
2,953 genes

==

Search Provide Feedback About
Welcome to the Phenoscape phenotype database for ostariophysan fishes.

Search the Phenoscape Knowledgebase

Begin typing to choose a search term from the popup menu.

( Search )

Or, try one of the most commonly used terms:
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Basic overview of data




1 Character state: 1 Phenotype

Character 36 (Fink & Fink,
1981). “In siluriforms the
opercle is approximately

in shape (0) rather
than approximately rectangular

(I) as in other ostariophysans
and primitive teleosts.”

Phenotype:
E: opercle; Q:

(Fink and Fink 1981)




1 Character state: 2 Phenotypes

Character 80 (Zanata & Vari, 2005).“Form and area of attachment of
primordial ligament: (0) ligament relatively and

posteromedial portion of ascending process of
maxilla

2 Phenotypes:
E: primordial ligament; Q:

El: primordial ligament; Q: E2: maxilla
ascending process




1 character state: >1 phenotype
1 6%

Significance? Phenotypes per character state
N 2%

25 July 2008




Binary characters 69%;
Presence-absence characters: 28%

Binary vs. Multistate
y Presence-absence vs. Other

25 July 2008




Relational vs. Non-relational
phenotypes

Character 80 (Zanata & Vari, 2005).“Form and area of attachment of
primordial ligament: (0) ligament relatively narrow and
attaching to posteromedial portion of ascending process of
maxilla

2 Phenotypes:
E: primordial ligament; Q: size, narrow




Relational phenotypes: 25%

A attached to B
A separated from B

Relational vs. Non-relational phenotypes

25 July 2008




Post-compositional characters:
e.g., process part_of maxilla

P

Search Provide Feedback About
Welcome to the Phenoscape phenotype database for ostariophysan fishes.

Search the Phenoscape Knowledgebase

Begin typing to choose a search term from the popup menu.

Search

Or, try one of the most commonly used terms:

f1 Amblyceps mangois Ameiurus ne! Amphilius atesuensis anterior limb of parapophysis 4 Ar n Aspredo aspred
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epibranchial 1 element epib
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Doo-dads: 35%

e.g., anterior process of the
lateral edge of the maxilla

Post-compositional vs. Simple characters

B Postcompositional

25 July 2008




Distribution of all characters
across anatomical systems in taxa

Clupeiformes

Gonorynchiformes

i skeletal
Gymnotiformes

& digestive

respiratory

Characiformes
& nervous

- K sensory
Cypriniformes

Siluriformes

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

25 July 2008




Distribution of skeletal characters
in broad regions across taxa

Clupeiformes

% Postcranial axial skeleton

Gonorynchiformes

% Paired fins

Gymnotiformes

% Cranium

Characiformes

Cypriniformes

Siluriformes Image from Sabaj'PereZ

25 July 2008




Devo-Evo applications




Search for zebrafish genes
involved in fish scale development

Phenotypes

Zebrafish
Anatomy ual “Genes

relational spatial quality : angular placement, relational spatial quality
towards process of parietal bone, relational spatial quality towards
supraoccipital crest

texture : texture of

structure

position : inverted, spatial pattern

shape : round

guality : discontinuous, malformed, occurrence quality

count : absent, count of 0, count of 0-3, count of 4-5, count of 6 and 3 more

size : decreased size

Find 46 genes of interest

25 July 2008




Zebrafish finless mutants: scale loss

eda gene

Harris et al., 2007




Search for fishes that lack scales:

All phenotypes for scale count

~ Teleostei (645) circuli absent, circuli count, circuli present, circuli of posterior surface of scale absent, circuli of posterior surface of scale present, lateral line scale
absent, lateral line scale count, lateral line scale count, 29-32, lateral line scale count, 31-58, lateral line scale count, 35-41, lateral line scale count, 42-53, lateral line scale
count, 55-85, lateral line scale count, mean: 125 (range: 87—139), lateral line scale count, mean: 142 (range: 130—168), lateral line scale count, mean: 82 (range: 78—115),
lateral line scale count, <64, lateral line scale count, 233, lateral line scale count, 276, lateral line scale present, process of scale count, process of scale of dorsal side of
caudal peduncle absent, process of scale of dorsal side of caudal peduncle present, process of scale of ventral side of caudal peduncle absent, process of scale of ventral
side of caudal peduncle present, scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5, scale count, 6, scale of caudal fin
absent, scale of caudal fin present, scale of caudal peduncle count, scale of caudal peduncle count, >17, scale of dorsal fin count, 30-39, scale of dorsal fin count, 40-49,
scale of dorsal fin count, 50-56, scale on antero-dorsal region of body absent, scale on body absent, scale on body present, scale on dorsal region of body absent, scale on
dorsal region of trunk absent, scale on head absent, scale on head present, scale on post-vent region count, 1-2, scale on post-vent region count, 4-5, scale on posterior
_ region of head absent, scale on posterior region of head present, scale on postero-lateral region of body absent, scale on postero-lateral region of body present
- Euteleostei (16) circuli absent, circuli of posterior surface of scale absent, lateral line scale count, 31-58, lateral line scale count, mean: 125 (range: 87—139),
lateral line scale count, mean: 142 (range: 130—168), lateral line scale count, mean: 82 (range: 78—115), lateral line scale present, scale absent, scale count, 0, scale
_ count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5, scale count, 6
+:Protacanthopterygii (8) circuli absent, lateral line scale count, 31-58, lateral line scale count, mean: 125 (range: 87—139), lateral line scale count, mean: 142
(range: 130-168), lateral line scale count, mean: 82 (range: 78—115), lateral line scale present
— Neoteleostei (8) circuli of posterior surface of scale absent, scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5,
scale count, 6
—.Percomorpha (8) circuli of posterior surface of scale absent, scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5,
) scale count, 6
f--Perciformes (1) cireuli of posterior surface of scale absent
- Smegmamorpha (7) scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5, scale count, 6
--Gasterosteiformes (7) scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5, scale count, 6
+ Hypoptychidae (1) scale count, 6
+--Au|orhynchidae (1) scale count, 6
- Gasterosteidae (5).. scale absent, scale count, 0, scale count, 0-3, scale count, 0-4, scale count, 3-4, scale count, 4-5
+-Pungitius (1) scale count, 0-3
+-Culaea (1) scale count, 3-4
@---Apefres(ﬂ scale absent, scale count, 0
+--Spfnachfa 1) scale count, 4-5
+-Gasterosteus (1) scale count, 0-4

Find sticklebacks, catfishes, etc.

25 July 2008




Is eda involved In scale loss In
catfishes or sticklebacks?

Ictalurus punctatus




Is eda involved In scale loss In
sticklebacks?

Gasterosteus aculeatus

Yes -- eda is associated with scale loss in
sticklebacks (Colosimo et al., 2005)




Potential for identifying genetic
basis of evolutionary characters

i Evolutionary characters
immune syste i Zebrafish phenotypes
digestive syste
cardiovascular syste

skeletal syste

sensory syste

4,217 zebrafish phenotypes; 3,405 evolutionary characters

25 July 2008




Summary & Conclusions

Developed taxonomy and anatomy
ontologies

Curated character data using ontologies

Developed database and interface to
integrate searching genes and anatomy

Makes data accessible for broad group of
researchers and creates opportunities for
new and synthetic research
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More....

Phenoscape poster Sunday evening

Phenoscape hands-on demonstrations, this
afternoon, Exec Towers, Salon |l

phenoscape.org

kb.phenoscape.org




