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Shared ontologies & syntax
connects models to humans

Model organism Human

Mutant Gene 051;521_0‘537 Mutant Gene
| |

Mutant or Missing 4= Mutant or Missing
Protein Protein

. |
tol
Mutant Phenotype - O—E%‘Xutant Phenotype

(disease)




Zebrahsh:
Mutagenesis produces phenotypes

Phenotype 1

Phenotype 3

no tail
mutant Halpern et al. (1993) Cell



Phenotypes mapped to

genes

Maxilla: size reduction

Dentary: size reduction
Retroarticular: loss

Opercle: size reduction; loss
Ceratohyal: shape change
Branchiostegals: number decrease

Branchiostegals: shape change

-

-

sox9ahill34
sox9ahill134

ednl

sox9ahill134; lockjaw
val

ednl

she, stu, ednl-MO



Zebrafish es Human

Conservation of gene sequence function

(Lamason et al., 2005)

16 December 2005: The lightly pigmented golden zebrafish show a striking resemblance to lighter skinned humans. The zebrafish
pigment gene SIC24a5 is functionally conserved across evolution; a single base change in its human ortholog may play a role in
pigment variation in human populations



Discovery of genetic ‘tool kit’

& Small number of gene families are involved in
development

“®Transcription factors, signaling proteins, ncRNA

“®These genes and pathways are highly conserved
eyeless

vestigial/scalloped
Distal-less

Carroll (2007)



Evolutionarily conserved
developmental pathways

~» 40+ pathways
.
~» Limb outgrowth (Distal-less)
~» Subdivision of the anterior-posterior axis (HOX)

~» Dorsal-ventral polarity (Bmp)

f/%;

htt //WWW sdbonhne org/flyv/aimain/aadevinx.htm




Eye morphogenesis

(eyeless/Pax6)

Used with permission from Micromundi: http://remf.dartmouth.edu/images/

Court Kevin Hel
Micromondilmages/16chrysomelidae220.tif R g



Evolutionary phenotypes

Mutation, Gene Flow, Selection, Drift

Species A
Morphology

Species B
Morphology

Species C
Morphology



Genetic bases of morphology unknown

Mutation, Gene Flow, Selection, Drift

Species A
Morphology

Species B

Species C

Morphology Morphology



Shared ontologies & syntax
connects models to other speciles

Zebrafish Multiple fish species
Mutant Gene > Candidate genes
| |
Mutant or Missing )
Protein ‘
' Ontology ¢
Mutant Phenotype T Natural Phenotypes




Phenoscape.org

~» History: Communication
between zebrafish model
organism community and
Cypriniformes Tree of Life
group through NESCent
workshops (Mabee-Westerfield)

~» Goal: Create curated, ontology-
based evolutionary phenotype
database that maps to genetic
databases

~» Generalizable system:
Prototype with ostariophysan

ﬁshes




Prototype with Ostariophysan
fishes (zebratish)

Amia calva

Mormyrops angulifoides

Teleostei

Hiodon
Anguilla anguilla
Conger conger
2 otk

100
100

Alepocephalus sp /
Engraulis encrasicolus
)

00 Coilia dussurmi
Sardina pilchardus
) Dorosoma cepedianum
Sardinella aurita
Gonorynchus greyt \
Chanos chanos
Eigenmannia virescens
Aptaeronotus albifrons
Distichodus antonii
Chalcous macrolepidotus \
Phenacogrammus interruptus )
Astyanax mexicanus 2
Corydoras rabauti
Diplomystes nahuelbutaensis
Ameiurus nebulosus SILURIFORMES
fobagrus tokiensis |

Ostariophysi

| CL

) GY|

& outgroups

Catostomus commersonii
Gyrinocheilus aymonieri
Leptobotia pell
Niwaella multifasciata \
Sewallia lineolata \
Traccatichthys pulcher |
Lefua costata
Danio rerio
Labeo chrysophekadion
hinensis
eenackeri
sieboldii
ariichthys uncirostris |
Acheilognathus tabira tabira {
Sarcochellichthys parvus {
Semoutlus atromaculatus
Aiciniis siydbiopbibal

\

CYPRINIFORMES

/ J

Euteleostei

Neoteleostei 5

Acanthomorpha

"8C Pelecus cultratus

Bathylagus euryops
Argentina sialis
Osmerus eperianus
Polyipnus sp
100 —— Salmo trutta

1 Umbra limi
Esox americanus

- Argentinoidea
e Osmeroidea
—— STOMIIFORMES
—— SALMONIFORMES
) ESOCIFORMES

maculatus — Galaxioidea
] fus foetens AULOPIFORMES
AL Diaphus sp. pterotum ) MYCTOPHIFORMES
Merluccius merluccius ——-~GADIFORMES
Zeus faber —— ZEIFORMES
Je) bitalis —STEPHANOBERYCIFORMES
Neobythites swicola s CERGEORMES
Etheostoma rufilineatum OPHIDIIFORMES
Scorpaena onaria
e 5 teus us
Lophius piscatorius
Takifugu rubripes PERCOMORPHA

ipe.
Tetraodon nigroviridis
Gerres cinereus
Astronotus ocellatus
Oryzias latipes
Melanotaenia lacustris
Mene maculata
Lates calcarifer
Trinectes maculatus

Mayden et al. 2008 (unpublished)



Needs analysis use cases:

-~ Phenoscape designed to meet top-priority
questions/needs of the community concerning
development and evolution of morphology, e.g.

~» Find genes underlying morphological characters

(Which ones? How many?)

~» Discover patterns of correlation across genes and

morphology

~» Formulate models of morphological evolution; data
mining and discovery

~» Phenotypic BLAST to discover similar phenotypes

and taxa



Example 1: Candidate genes?

~» Evolution: Ceratobranchial 5
varies in size and shape
within cypriniform fishes

® Evolution: Branchiostegal rays
vary in number in

ostariophysan fishes




Results: Phenotype and genes

WT S0x8
Mutant: S0X9ahi11134 X B
- o ol ps_’.—k
Gene(s): sox%a : °l’5 '/ :
. . Té
Expression: 1 Fig. ”;Zogbg‘
Chipsr gl 3
de
Reference(s): Yan et al. 2005
Mutant: sucker Yo O i
.Qqu max/den )}
Gene(s): endothelinl _

N
Expression: 2 Figs. /‘ :"““ 1

Reference(s): Kimmel et al. 03 \ =78



Example 2: Candidate taxa?

Mutant: Branchiostegal ray number is reduced 1n a particular
zebrafish mutant(s).

Query: What fish species show reduction in branchiostegal ray
number? What is the pattern of evolution of this character?



Taxa
Cypriniformes

Characiforms
Siluriforms
Gonorynchiforms
Ghost pipefishes

Pipefishes, seahorses

Results:

# Bsr
3

Cypriniformes

5-5

5-20

1-3

D

10

E

4-6

F

G

156

H



Example 3: Correlated characters

- Evolution: Reduction in size of the dentary, maxilla,

ceratohyal, and opercle support the monophyly of
Clade 1.

- Query: 4 characters? Correlated?

Dentary reduced

Maxilla reduced
Ceratohyal reduced

Opercle reduced



Dentary, opercle, maxilla size co-
regulated [in part] by Sox9a

e = D B e e

Dentary reduced

Maxilla reduced
Ceratohyal reduced

Opercle reduced

« Dentary, opercle, maxilla size co-regulated [in part] by
sox9a (or pathway)

» Support for monophyly of clade 1s not as strong as 1t
appears (2 vs. 4 characters)



Phenoscape priorities:

-» Establish and maintain communication

-+ Develop ontologies for evolutionary work
-~ Refine syntax for evolutionary characters
~» Develop curation tools

~»Curate phenotypes (characters)



Communication

NESCent

==

PHENO

NESCent
(Vision, Lapp,
Balhoff, Kothari)

Working groups

Curator interface

Database

Public interface

/

U. South Dakota
Acad. Natural Sciences
(Mabee,Lundberg, Dahdul)

€ ZFIN

U. Oregon
(Westerfield)

Usability testing
Liasonto ZFIN |

Liason to NCBO ]

/L\r—r—

Morphology
collaborators
(Arratia, Coburn,
Hilton, Mayden)

A

Ostariophysan

Zebrafish
phenotypic
& genetic

phenotypic

NCBO
e )
p o Applications
axonomy, ? | < Phenote, OBO-Edit
PATO, homology, pe| Al L

OBO
(host of TAO, PATO,

Ichthyology community
(DeepFin, Fishbase)

AR

DeepFin

o] ree of Life

FishBase e«

Kansas
(Midford)

[ Ontology Curation ]

—
W — Ty

=

Cypriniformes;

taxonomy ontolo
L y gy) P

(a 2
Phenotype Ontologies
for Evolutionary Biology

& Workshops )

- - s

— l o .‘. '\ X THE NATIONAL CENTER FOR

. BIOMEDICAL ONTOLOGY



Phenoscape ontologies

Cloned: New:

Teleost Taxonomic

Zeobr Teleost Anatomy
Anat Ontology

O (2233 terms; 387 skeletal) OntOlOgy OHtOlOgy
ntc (36,060 terms; =
(8->31 terms)

(2196 terms; . 38,000 synonyms)

Taxonomy Bk

Existing:

Evidence

Phenotype and Code

Spatial

Ontology

(106 terms)

Trait Ontology

(1,075 terms)

Ontology

19 June 2008



Adding new terms to
Teleost Anatomy Ontology (TAO)

FAO it Teleost-
emalil sent to... =
request [ = discuss
- community email
tracker
‘ .+ community
I need a g decision
new term!
TAO Y
administrator
Anatomy
curators, "adds new term
Others 1n
community

synchromzed
when term also
applies to zebrafish



Challenges in developing a

multi-species ontology

-+ Representing serial homologues
-» Representing multiple developmental pathways

-+ Representing comparative standard (wt/outgroup)

4 )

“Representation
affects outcome of
searches




Representing serial homologues

Neural arch 2 Intercalarium

El 4 neural arch
B¢intercalariom | Teleost Anatomy Ontology
4—neural arch 2 Neural arch 2 and intercalarium
F4—neural arch 3 children of neural arch

4—neural arch 4

Homology annotation:

Publication Entity 1 Taxon 1 Entity 2
Fink and Fink 1981 neural arch 2 Teleostei intercalarium

Taxon 2 Evidence
Otophysi inferred from positional similarity



Phenoscape priorities:

-» Establish and maintain communication

-+ Develop ontologies for evolutionary work
-~ Refine syntax for evolutionary characters
~» Develop curation tools

~»Curate phenotypes (characters)



Entity-Quality (EQ) syntax

Reduced (size)

Anatomy Ontology:-

Quality Ontology{PATO

no tall mutant



Systematic characters can
also be described using

Entity-Quality (EQ) syntax

Character Character
) . ) State .
=ida 2 |Attribute Value
Caudal fin size reduced
Entity Quality

PATO



Expanding EQ syntax:

Free-text character:

“®Parietal and supraoccipital fused

Ontology EQ character:

“®Parietal fused_with supraoccipital
N S el = =

E. Relational E
Quality

And additional post-composition...



Phenoscape priorities

~» Establish and maikayn orln)Jnication

-+ Develop ontologies for evolutionary work
-~ Refine syntax for evolutionary characters
~» Develop curation tools (Phenote)

~»Curate phenotypes (characters)



Curate evolutionary phenotypes

from free-text

-~ This 1s not a computable
format

These data cannot be easily
compared across taxa

These data cannot be
linked to developmental
genetics

These data cannot be
reasoned across

APPENDIX 1: CHARACTERS USED FOR
PHYLOGENETIC ANALYSIS

Unless otherwise indicated, terminology follows
Ronquist (1995a) and Ronquist and Nordlander (1989).
Transformation series hypotheses are given for multi
state characters. Following each character is the charac-
ter's consistency index and retention index on the pre-
ferred tree (Fig. 4). Observed character states are given
in Table 3.

General Body Sculpture

1. Microsculpture on vertex, lateral surface of prono-
tum and mesoscutum: (0) absent, surface not dull (Figs.
9A 9D and 10A-10C); (1) present, linear, making the
surface dull (not illustrated); (CI =100, Rl = 1.00,
goodness of fit (G-fit) = 10).

Head

2. Shape of head in anterior view: (0) rounded, ap-
proximately as high as broad (Figs. 8A, 8B. and 9C):
(1) elongate, higher than broad (Figs. 8C, 8D, 9A, and
9B): (CI =0.25, Rl = 0.82, G-fit = 5).

3. Relative position of eye: (0) close to ocelli, ratio
of distance between compound eye and posterior man
dibular articulation to distance between posterior ocel
lus and compound eye = 1.18 (Figs. 8B and 8C): (1)
removed from ocelli, ratio = 1.13 (not illustrated);
(CI = 0.20, Rl = 0.50, G-fit = 4.3).

4. Size of ocelli: (0) small, ratio of maximum diame-
ter of a lateral ocellus to shortest distance between
lateral ocelli 0.22-0.40 (not illustrated); (1) large, ratio
0.44-0.65 (Figs. 8B and 8D): (CI = 0.11, RI = 0.62,
G-fit = 2.7).

(Figs. 8B and 8D); (1) long (not illustrated); (CI = 0.20,
RI = 0.33, G-fit = 4.3).

7. Shape of compound eyes in dorsal view: (0)
rounded, distinctly protruding from the surface of the
head, particularly anteriorly (Figs. 88 and 8D): (1) less
rounded, not distinctly protruding from the surface of
the head (not illustrated); (CI = 025, Rl = 0.73,
G-fit = 5).

8. Lateral frontal carina: (0) absent (Fig. 8D); (1) pres-
ent (Fig. 8B, more easily seen in dorsal view); (Cl =
0.50, RI = 0.50, G-fit = 7.5).

9. Hair punctures on lateral part of vertex: (0) indis-
tinct or absent (Figs. 8B and 8D): (1) present, distinctly
enlarged (not illustrated): (CI = 0.33, Rl = 0.60,
G-fit = 6).

10. Sculpture on posterior part of vertex (seen in
dorsal view, not illustrated): (0) smooth or punctate,
without linear component; (1) with parallel or slightly
radiating, transverse strigae; (CI = 0.50, RI = 0.75,
G-fit = 7.5).

11. Relative position of antennal sockets: (0) close to
ocelli; ratio of vertical distance between inner margin
of antennal foramen and ventral margin of clypeus to
vertical distance between anterior ocellus and antennal
rim < 2.0 (not illustrated): (1) intermediate, ratio 2.25-
4.1 (Figs. 8B and 8D): (2) far from ocelli, ratio > 4.4
(not illustrated). Ordered 012; (CI = 0.08, RI = 0.33,
G-fit = 1.2).

12. Vertical carina adjacent to ventral margin of an-
tennal socket: (0) absent (Fig. 8B): (1) present (Fig. 8D):
(CI = 0.50, RI = 0.86, G-fit = 7.5).

13. Vertical delineations on lower face: (0) absent
(Figs. 8B and 8D); (1) single carina or ledge (not illus-
trated); (2) several parallel or subparallel carinae (not
illustrated). Unordered; (CI = 0.29, RI = 0.54, G-fit =
3.8).

14. (Subdivision of 13:1) Shape of single vertical de-
lineation of lower face (not illustrated): (0) rounded
divergent ledges running from antennal sockets to dor-

e L



Curation of ichthyological data

Taxon # Species # Papers # Phenotypes

Cypriniformes 3,268 70 1125
(Mayden; Coburn)

Siluriformes 2.867 87 1200

(Lundberg)

Characiformes 1,674 800
(Dahdul)

Gymnotiformes 134 200
(Arratia)

Gonorynchiformes 37 75
(Arratia)

Clupeiformes
(Hilton)

TOTAL




Summary

~» Evolutionary variation in morphology can be
connected to developmental genes using ontologies

~» Phenoscape: prototype of a generalizable system for
making this connection

~» Allows morphology to flourish
~& new questions
~» new discoveries

~& new visualizations
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