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Abstract

DNA sequence and morphologi
acanthomorph fishes and two sp
ctophiformes. A 572 base-pair (bp)
from three regions of the 28S ribo
serics were analyzed under the cri
resulted in a set of four most parsi
congruent with the hypothesis arti
554-626). © 2000 Elscvier Science

Phylogeny of the subfamily Corydoradinae I
(Siluriformes: Callichthyidae), with a definiti

MarceLo R, Britro

Museu de Zoologia da Universidade de Sio Paulo, Sio Paslo, SP Brazil

Present address: Museu Nacional—UFRJ—Sector de Ictiologia, Departamento de ¥
20940-040 Rio de Janeiro, RJ, Brazil—mrbritco2002@yahoo.com.br
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ABSTRACT—A phylogenetic hypothesis of relationships within the callichthyi
based on 83 characters. The phyly of the subfamily is well supported, as are
and Brockis. However, the monophyly of Corydoras, as traditionally defined, is a
included species being more closely related to Aspidoras or Brockis than to nominy
with a previous hypothesis, which considered Brockis and Corydoras as forming a
as its sister-group. A clade d of Aspidoras and the species currently assi
cropterus, C. prionotus and Corydoras sp. A, is herein recognized based on the fol
portion of frontal bone long, hypobranchial 2 well ossified, free margin of opet
supraorbital canal long, and ossified portion of pectoral spine reduced. The res
monophyletic assemblage with complex vertebra compact, posterior expansion of
triangular dorsal lamina on anguloarticular, and medial expansion of coracoid @
to accommodate the monophyletic groups defined in the present study. Discussi
clade are provided.

1. Introduction

The Acanthomorpha (Rosen,
group of the major radiation of
and over 14,000 species, they

remarkable morphological and RESUMO—Umma hipbtese sobre as relages logenéticas da subfamflia de Callich
base em 83 [e] filetismo da subfamilia é corroborado, assim ¢
Aspidoras ¢ Brochis. Entretanto, o monofiletismo de Corydoras, como tradicionals
algumas de suas espécies atuais sendo mais proximamente relacionadas a Aspidon

Estas luss com uma hipétese prévia que considera

flén Aepids

com Asp como seu grupo-irmdo. Um clado compos)

* Corresponding author. Tel: + 1-78
E-mail address: ewiley@eagle.cc.ukans

a Corydoras, C. barbatus, C. macropterus, C. prionotus ¢ Corydoras sp. A, ¢ diagnoy
) anterior do osso frontal alongado, hipobranquial 2 bem ossificado, margem livre
0305-1978/00/S - see front matter © 204 canal supra-orbital al do, e porgio ossificada do espinho peitoral reduzida. Of
PIL: SO0305-1978(99)00069-1

um grupo monofiléti ) definido pela vértebra complexa compacta, expansio p

entalhe, presenca de limina dorsal triangular no dngulo-articular ¢ expansio o
classificagio ¢ proposta para acomodar os grupos monofiléticos definidos no pres
de cada um dos principais clados sio fornecidas.

HILTON—OSTEOGLOSSOMORPH TONGUE BITE 373

Fig. 1. The three osteoglossomorphs examined in
this study showing the overall variation in the struc-
ture of the TBA. These specimens are seen in left
lateral view with the left “cheek” skeleton removed;
anterior is facing left. In addition to variation in the
distribution and form of intraoral dentition, these
taxa differ in orientation of the pectoral girdle. In
Notopteroidei (represented by Chitala sp.), the pec-
toral girdle is more vertical, which brings it more pos-
terior than in Hiodontiformes and Osteoglossoidei
(represented by Hiodon alosoides and Osteoglossum bicir-

1999) and between species (Sanford and Lau-
der, 1990). Such functional variation of the TBA
suggests unappreciated complexity of the mor-
phology of the TBA.

In this study, I examined the morphological
variation in a character complex, the so-called
tongue-bite apparatus (TBA), in three genera
(Hiodon, Osteoglossum, and Chitala), which rep-
resent three living clades of Osteoglossomorpha
(Fig. 1). The monophyly of Osteoglossomor-
pha, even w™* -t o e
sen, 1977:
(Greenwooc
erne, 1998)
inclusion of
dition to thy
hypobranch
wood et al,
six charactg
glossomorpl
ciple caudz
1977), (2)
stomach (N
als, (4) supr
sent, and (€
fore, monoj
tion here. §
describing t ..
plex and en
defining an|
Often, variz
quently use
logical varia
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Triacanthodidae
Parahollardia lineata

Aracanidae
Aracana aurita

Diodontidae
Diodon holccanthus

-

and right ha
losoides (UM

rhosum, respectively), in which the pectoral girdle has
a distinct anterior horizontal arm. Osteoglossiformes
(Notopteroidei + Osteoglossoidei) share the pres-
ence of autogenous bones (notopteroids) or process-
es (osteoglossoids) associated with the second gill
arch, although the homology of these elements is
questionable. The sternohyoideus muscle is shown in
black and the orientation of the CBL is shown by a
heavy gray line (the CBL actually lies between the left

sp. (UMAFI
cirrhosum (Ul 3
tions: aupr, & e
ibranchial 2;
sihyal toothpl
asphenoid; pi
sternohyoide
nohyoideus

uh, urohyal.

Comparative osteology of the Danio (Cyprinidae:
Ostariophysi) axial skeleton with comments on Danio
relationships based on molecules and morphology

THOMAS J. SANGER' and AMY R. McCUNE*
Department of Ecology and Evolutionary Biology, Cornell University, Ithaca, NY 14853, USA

Received October 2001; accepted for publication January 2002
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Triacanthidae
Pseudotriacanthus strigilifer

Ostraciidae
Acanthostracion
quadricornis

Molidae
Ranzania laevis

Balistidae
Balistapus undulatus

Triodontidae
Triodon macropterus

Monacanthidae
Monacanthus ciliatus

Tetracdontidae
Lagocephalus laevigatus

ter fishes native to Southern Asia. Biological
Danio rerio, has become an important model
and genetics. Though several phylogenetic
ting phylogenies conflict in detail. To examine
1, we studied the axial skeleton for 11 species
DNA sequence data for five gene sequences
exhibits 14 characters that prove useful in
rt the monophyly of the danios included in
es: a deep-bodied group and a slender-bodied
ow that the molecular data resolves relation-
ied subclade is determined by morphological
the Linnean Society, 2002, 135, 529-546.

caudal skeleton — Danio rerio — zebrafish —

dented opportunity to investigate patterns
nisms of phenotypic transformation among
ated vertebrate species. Such comparative
tionary studies of danios require a species
logeny. While progress has been made in this
g. Meyer et al. 1993, 1995; Zardoya et al.
several available phylogenies, which rely
tirely on DNA sequence data, conflict in
include only a fraction of Danio species. In
we describe osteological variation found in
skeleton of danios and assess the phyloge-
ty at the species level of these morphological
mbination with molecular data, our mor-
data provide a well-supported phylogeny for
cies of Danio that we were able to obtain.
provides a foundation for a more compre-
hylogenetic analysis of osteological data for
ding completion of ongoing alpha taxonomic
others (e.g. F. Fang, M. Kottelot).

SYSTEMATIC BACKGROUND
ostariophysan fishes, which are the domi-
p of freshwater fishes comprising approxi-

iety, 2002, 135, 529-546 529

INTRODUCTION from the Rio M
be a mislocatiog
Representatives
several freshwal
flowing piedmy
om to lowlan
are well known

Corydoras species being parti

Triacanthodidae Triacanthodes anomalus ~ Triacanthidae Pseudotriacanthus strigilifer

Figure 1. Illustrations of the skeletal anatomy and body shape of a generalized representative for each of the ten extant
tetraodontiform families. Lateral views of (A) ten species, one from each extant family, and (B-F) of the skeletons of a rep-
resentative species for each family, as follows: (B) triacanthodid Triacanthodes anomalus and triacanthid Pseudotriacan-
thus strigilifer; (C) balistid Balistapus {ulatus and hid M hus ciliatus; (D) aracanid Kentrocapros
aculeatus and ostraciid Acanthostracion quadricornis; (E) triodontid Triodon macropterus and tetraodontid Lagocephalus
laevigatus; (F) diodontid Diodon holocanthus and molid Ranzania laevis.

The subfamily Corydoradinae includes about
90% of the species in the Neotropical catfish family
Callichthyidae and is one of the most diverse silu-
riform assemblages in the Neotropics, with approx-
imately 170 valid species (Nelson, 1994; Reis,
1998a). Species of the Corydoradinae are of small
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Phenotype observations
important to many fields

Fig. 2 Ossifications in the young wild-type (WT) zebrafish (A)
and homozygous edn? mutant (B). Ventral views, anterior to
the top, of negative images of bones fluorescently labeled
with Calcein in larvae at 7-days postfertilization. Ventral
bones of the pharyngeal arches are identified (Cubbage and
Mabee, 1996) by their labels on the left side, and dorsal
bones are labeled on the right side in both panels, all of them
are present as bilateral pairs. (A) The wild type firstor
mandibular arch includes a dorsal and a ventral dermal
bone, the maxilla (max) and dentary (den), and a dorsal and
a ventral cartilage-replacement bone, the quadrate (qu) and
retroarticular (ra). The second or hyoid arch includes a dorsal
and two ventral dermal bones, opercle (op), and two
branchiostegal rays (bsr, and bsrp,), and dorsal and ventral
cartilage replacement bones (very incompletely ossified at
this stage), the hyomandibula (hm) and ceratohyal (ch). The most posterior arch includes a cartilage-replacement bone,
ceratobranchial 5 (cb5). Overlaying ceratobranchial 5 is the cleithrum (cl), a long dermal bone connecting the posterior skull and the
pectoral girdle. Two other craniofacial bones present at this stage lie deeper in the tissue and are not labeled, the parasphenoid and
the endopterygoid. (B) Many of the anterior ossifications (in the first two arches) are missing in the edn1 mutant. Ceratobranchial 5
and the cleithrum are present, shortened and somewhat malformed. In the mandibular arch dermal bones (max/den) are present but
severely malformed, an example of the "wicket' phenotype discussed in the text (see also Fig. 3). In the hyoid arch the opercle is
present and its joint region (upper part of the bone) is markedly expanded, a mild example of the "opercle-gain’ phenotype described
in the text and other Figures. Scale bar: 100 um. Kimmel et al, 2003




Phenotype observations
important to many fields
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this stage), the hyomandibula (hm) and ceratohys
ceratobranchial 5 (cb5). Overlaying ceratobranchial 5
pectoral girdle. Two other craniofacial bones present
the endopterygoid. (B) Many of the anterior ossificatic
and the cleithrum are present, shortened and somew
severely malformed, an example of the "wicket' phen
present and its joint region (upper part of the bone) is me
in the text and other Figures. Scale bar: 100 ym.

Molecular Genetics

GENE FUNCTION

Morais da Silva et al. (1996) found that, consistent with its role in sex determination, SOX9 expression closely follows
differentiation of Sertoli cells in the mouse testis, in experimental sex reversal when fetal ovaries are grafted to adult kidneys, and
in the chick where there is no evidence for an Sry gene. The results suggested to the authors that SOX9 plays an essential role in
sex determination, possibly immediately downstream of SRY in mammals, and that it functions as a critical Sertoli cell
differentiation factor, perhaps in all vertebrates. o

By cell transfection experiments, Sudbeck et al. (1996) showed that SOX9 can transactivate transcription from a reporter plasmid
through the motif AACAAAG, a sequence recognized by other HMG domain transcription factors. By fusing all or part of
SOXS9 to the DNA-binding domain of yeast GAL4, the transactivating function was mapped to a transcription activation domain
at the C terminus of SOX9. With 1 exception, all SOX9 nonsense and frameshift mutations in patients with campomelic
dysplasia and sex reversal lead to truncation of this domain, suggesting to Sudbeck et al. (1996) that impairment of gonadal and
skeletal development in these cases results, at least in part, from loss of the transactivation of genes downstream of SOX9. @

During chondrogenesis in the mouse, Sox9 is coexpressed with Col2al (120140), the gene encoding type II collagen, the major
cartilage matrix protein. COL2A1 is therefore a candidate regulatory target of SOX9. Regulatory sequences required for
chondrocyte-specific expression of the COL2A1 gene have been localized to conserved sequences in the first intron in rats,
mice, and humans. Bell et al. (1997) showed that SOX9 protein binds specifically to sequences in the first intron of human
COL2A1. Mutation of these sequences abolished SOX9 binding and chondrocyte-specific expression of a COL2A 1-driven
reporter gene (COL2A 1-lacZ) in transgenic mice. Furthermore, ectopic expression of Sox9 transactivated both a COL2A1-
driven reporter gene and the endogenous Col2al gene in transgenic mice. These results demonstrated that COL2A 1 expression
is directly regulated by SOX9 protein in vivo and implicated abnormal regulation of COL2A1 during chondrogenesis as a cause
of the skeletal abnormalities associated with campomelic dysplasia. @

SOX09 is expressed during chondrocyte differentiation and is upregulated in male and downregulated in female genital ridges
during sex differentiation. To study the sex- and tissue-specific regulation of SOX9, Kanai and Koopman (1999) defined the
transcription start site and characterized the Sox9 promoter region in the mouse. The Sox9 proximal promoter shows moderately
high nucleotide similarity between mouse and human. Transient transfection experiments using various deletion constructs at the
6.8-kb upstream region of the mouse Sox9 gene fused to a luciferase reporter showed that the interval between 193 and 73 bp
from the transcription start site was essential for maximal promoter activity in cell lines and in primary male and female gonadal
somatic cells and liver cells isolated from mouse embryos 13.5 days postcoitum. This minimal promoter region was shown by
DNase I hypersensitive site assay to be in an 'open' state of chromatin structure in gonads of both sexes, but not in the liver.
Promoter activity was higher in testis than in ovary and liver, but deletion of the region from -193 to -73 bp abolished this
difference. Kanai and Koopman (1999) concluded that the proximal promoter region is in part responsible for the sex- and tissue-
specific expression of the SOX9 gene, and that more distal positive and negative elements contribute to its regulation in vivo,
consistent with the observation that translocations upstream from the SOX9 gene can result in campomelic dysplasia. @

Kimmel et a,l 2005




As complex, free text phenotypes
are resistant to computing

. Aortic canal on compound Weberian centrum:
ventrally open groove [0]; bony tube [1] (Lund-
berg et al., 1991b). Within the family a uniquely
derived and unreversed synapomorphy of Pime-
lodidae exclusive of Steindachneridion and Phracto-
cephalus-Leiarius group, CCI = 1.

. Position of right cardinal vein foramen (or open
trough): vertebra 5 [0]; vertebra 6 [1] (Nass,
1991). Within the family a uniquely derived and
unreversed synapomorphy of Pimelodidae exclu-
sive of Steindachneridion and Phractocephalus-Leia-
rius group, CCI = 1.

. Ethmoid plate form: rounded [0]; quadrangular
[1] (Lundberg et al., 1991b). Within Pimelodidae
a uniquely derived and unreversed synapomorphy
of Pimelodus group plus Calophysus group, CCI = 1.
. Mesethmoid cornua deflection: none [0]; abrupt-
ly deflected ventrally [1] (Lundberg et al.,
1991b). Within Pimelodidae a uniquely derived
and unreversed synapomorphy of Pimelodus group
plus Calophysus group, CCI = 1.

. Coronoid process: shallow to moderately inclined
[0]; steeply inclined, tall, and a little recurved [1]
(Lundberg et al., 1991b). Within Pimelodidae a
uniquely derived and unreversed synapomorphy of
Pimelodus group plus Calophysus group, CCI = 1.

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

rowing posteriorly [2] (Buitrago, pers. comm.).
Within Pimelodidae uniquely derived basally in
Brachyplatystoma but reversed in B. tigrinum, CCI
= 0.5; state 2 is independently derived in Stein-
dachneridion and Sorubim group.

. Mandibular nerve canal in articular: absent [0];

present [1] (Nass, 1991). Highly homoplastic
within Pimelodidae; uniquely derived basally in

Brachyplatystoma but reversed in B. tigrinum, CCI
= 0.2.

. Urohyal vertical keel and posterior process:

smooth sided [0]; with lateral ridges [1]. Within
Pimelodidae a uniquely derived and unreversed

synapomorphy of Brachyplatystoma exclusive of B.
vaillantii, CCI = 1.

. Orbital notch: present [0]; absent, eye not bound-

ed by lateral ethmoid and sphenotic projections
[1]. Within Pimelodidae a uniquely derived and
unreversed synapomorphy of Brachyplatystoma ex-
clusive of B. vaillantii, CCI = 1.

. Ectopterygoid: present [0]; absent [1]. Within

Brachyplatystomatini an unambiguously derived
and unreversed synapomorphy of Brachyplatystoma
exclusive of B. vaillantii, but independently de-
rived in some Pimelodidae and other catfishes,

CCI = 0.33.

State 0 = frontal broad anteriorly and moderately
narrow posteriorly, anterior space reduced (adults) and
arms moderately wide; 1 = frontal moderately broad
posteriorly, anterior space moderately enlarged;
2 = frontal broad posteriorly, anterior arms narrow,
space enlarged.

49. Laminar bone over the anterior vertebrae. The
aminar bone is usually continuous medianly in ariids
except in Galeichthys and Ancharius) and is more
xtensive in larger individuals, an ontogenetic change
videnced in most taxa. However, the excavation of

e laminar bone posteromedially and the overlapping
f the transverse process bases laterally is variable.
consider that a minimal cover over the aortic groove
§ plesiomorphic in ariids and interpret a ‘minimal
pver’ as exposed transverse process bases and a deep
pedian excavation on the ventral surface. The laminar
one in ariids extends over four to eight vertebra centra.
ome ariids possess apomorphic modifications in the
aminar shelf, such as depressions (e.g., Guiritinga
arbus, Cinetodus froggatti) or median single keel (e.g.,
igh and acute in Batrachocephalus, Nemapteryx
rmiger) or double keel (e.g., Bagre marinus).




Finding similar information
in free-text is difficult

“lacrymal bone...flat” Mayden 1989

“lacrimal...small, flat” i and Foyato-

Ariza 1999
“lacrimal...triangular” Royero 1999
first infraorbital (la,ch”mma,l) Kailola 2004
shape...flattened
fourth infraorbital...anterior and . and Vari 2008

posterior margins...in parallel”



Meaning of words
depends on context

Burrowing insectivorous mammals in the family Talpidae
A spy buried secretly within an organization or country

The SI unit used in chemistry for the amount of a
substance

A small, sometimes raised area of skin, usually with
darker pigment

A Mexican sauce made from chili peppers and other
spices, including chocolate

A massive structure, usually of stone, used as a pier,
jetty, or breakwater between places separated by water



Meaning of words
depends on context

Mole:

« Burrowing insectivorous mammals in the family Talpidae
« A spy buried secretly within an organization or country

 The SI unit used in chemistry for the amount of a
substance

- A small, sometimes raised area of skin, usually with
darker pigment

A Mexican sauce made from chili peppers and other
spices, including chocolate

« A massive structure, usually of stone, used as a pier,
jetty, or breakwater between places separated by water



What is an ontology*

e An ontology is a type of vocabulary
with well-defined terms and the logical
relationships that hold between them.

e An ontology represents the knowledge
about its subject domain.



Ontologies support reasoning

Gene Ontology

e Relationships
(“assertions”)

induce a
hierarchical

structure.

e Ontologies can
be processed by
machines to
make
inferences.




The same principles
apply to anatomy
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The same principles
apply to anatomy

anatomical group ~ portion of tissue

anatomical system | body portion of connective
tissue
’ skeletal system \ I |
Y organlsm subdivision ’ mesenchyme

cranium '
anatomical cluster i l head bone
intramembranous bone
I dermatocranium I

| Details for infraorbital 1 [Teleost Anatomy Ontology] ’ orbital region | | F Tom——
ID TAO:0000223 ~——__ P | T +
Name infraorbital 1 } infraorbital series \ S— _ | A infraorbital 1
+

Children 0O

Definition Infraorbital that is the first (anteriormost) bone of the
infraorbital series.

xref_definition ZFIN:curator
RELATED SYNONYM lachrymal bone
RELATED SYNONYM lacrimal bone

RELATED SYNONYM lacrymal bone




Integrating across studies®

M iSSing Data 50 neoglsg/:phic
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Fig. 7, Sereno (2009) binary 96% quantitative/

(d) Character Authorship (¢) Character Location

others (< 5% each)
19%

Sereng 1999

2%

Gauthier 1986
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Sereno et al. 1994
7%
Rowe 1989
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30%

Fig. 6, Sereno (2009)



EQ description

cranial
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A

PAX6"

cornea opaque eye decreased size eye decreased size eye absent
iris absent lens fused_to cornea lens decreased size
retina degenerate iris morphology retina malformed

lens opaque anterior chamber

a?#gg:i:;g‘gsgﬁfg eball absent Fig. 1, Washington et al (2009)



EQ description

cranial

2 -
: .| ] tl]:'] g: cartilage ROSKof
cranium ial phanmoeal
e, mislocalized WA Positon
1 i a cartilage cartilage

phaar)rvgt?eal cranial cranial ceratohyal -
skeleton cartilage cartilage EREAUEI cartilaqe posito
pharyngeal
cartilage

h | [r—
il P agcn'?ea mislocalized ceratohyal PRSI}
5 ventrall cartilage

Similarity Sl

ceratohyal
cartilage

mislocalized
ventrally

...................

PAX6""

cornea opaque eye decreased size eye decreased size eye absent
iris absent lens fused_to cornea lens decreased size

retina degenerate iris morphology retina malformed http://tolweb.org/Trogloglanis/69910
lens opaque

Trogloglanis pattersoni - a blind catfish

anterior chamber

a?:gg:igé’g‘r‘gs‘s’afg S absent Fig. 1, Washington et al (2009)


http://tolweb.org/Trogloglanis/69910
http://tolweb.org/Trogloglanis/69910

Computing over
comparative morphology*

Catostomus commersoni Gyrinocheilus aymonieri Phenacogrammus interruptus



Knowledge mining &
hypothesis generation

— I _Model Organism Non-model organisms
e { ,,~ .5 Mutation, selection, drift, Sene flow

Altered expression or
function of protein

Phenotype change(s) Phenotype changes between
to wildtype evolutionary 11neages

middle nuchal plate predorsa|
WT G _,qgogc H I\‘ / Sp melet ‘
o F i ™ : anterior T~ 2 ==
__.f 3 ’5‘4., . 14 nuchal plate /( '
s ‘k\‘? | > ( .. 4‘.‘ AR R R s e = ele e 2 e o
1 2 3 4 l.', ' > »/;:,".\ . N
e A
- ) . Order Siluriformes T}d‘ inal O'Ej ch i
Laue et al (2008) o =<t wegliir 2cm  abdomina rder Characiformes

scutes Catoprion mento



Phen

oscape

e (Collaboration between P. Mlabee (PI, U. South
Dakota), M. Westerfield (ZFIN), and Todd Vision

(UNGC, N

SCent)

e Aim: Foster devo-evo synthesis by

e Prototyping a database of curated, machine-
interpretable evolutionary phenotypes.

e Integrating these with mutant phenotypes from
model organisms.

e Enabling data-mining and discovery for candidate

genes

of evolutionary phenotype transitions.

e Informatics for the project is developed and hosted
at NESCent




Entity-Quality Model for
Evolutionary Phenotypes

Character State

ectopterygoid shape




Entity-Quality Model for
Evolutionary Phenotypes

Character State

ectopterygoid shape

Entity (TAO) Quality (PATO)




Entity-Quality Model for
Evolutionary Phenotypes

Character State

ectopterygoid shape Jjrectangular
implies

Entity (TAO)\ Quality (PATO)

ectopterygoid rectangular




Entity-Quality Model for
Evolutionary Phenotypes

Character State

ectopterygoid shape Jjrectangular
implies

Entity (TAO)\ Quality (PATO)

ectopterygoid rectangular

Phenotype
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"Phenotypic Quality
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Taxon TR
ontology term

Anatomy
ontology term
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Taxon
ontology term

Anatomy
ontology term
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Full workilow:

free-text > EQ — integrated KB

legacy free-text
character data

56. Naked body. A scaleless body is a derived
condition in the ostariophysans. Most cypriniforms,

characiforms and most primitive teleosts and
gonorhynchiforms possess scales on all or part of the
body, while the majority of (including ariids)
and gymnotoids lack — although scales are often

represented by ossified ]alems (Roberts 1973;
Fink and Fink 1981). So ishes (doradids,

RESS, e
© Jean Ricardo Simoes Vitule

mutant phenotype

Here, we describe the phenotypic and
molecular characterization of a set of
mutants showing loss of adult structures of
the dermal skeleton, such as the rays of the
fins and the as well as the
pharyngeal tee he mutations represent
adult-viable, loss of function alleles in the

ectodyspla.F and ectodysplasin
receptor (edar) genes.

EQ = body
lacks all Taxon Gene

Anatomical Entity Quality

anatomical has number
structure of
iS_ is_
body scale

f Linher&din [“towarck
Gasterosteiformes “inherSs_ i

scale

Siluriformes BLs-a

lacks all
parts of type

toward’ is

i
- v, inheres_in "
-t
body lacks all parts of type
EQ =body parts of type scale ‘
has fewer — T

parts of type body lacks all
parts of type scale ‘

body has fewer
parts of type scale

Ictalurus punctatus

Apeltes quadracus

ed adt38243X/+

scale




Full workitlow:
free-text > EQ — integrated KB

legacy free-text
character data Taxon Gene  Anatomical Entity
gonorhynchiforms possess scales on all or part of the

. anatomical
Teleostei
structure
body, while the majority of-('including ariids) is_a S_ is_a
_

and gymnotoids lack - — although scales are often —
represented by ossified lateral I
e 501,862 taxon phenotype annotations

e Curated from 4,738 characters in 2,474
o Species from 52 papers

mutant phen ¢ From ZFIN: 21,829 phenotype annotations
bdpmaiedids 9 DOUL 3,893 genes

mutants showing loss of

the dermal skeleton, sug¢

fins and the

pharyngeal teeth. The mu

adult-viable, loss of function alleles in the \

ectodysplasintéda) and ectodysplasin edadt38243X/ +

receptor (edar) genes.

56. Naked body. A scaleless body is a derived
condition in the ostariophysans. Most cypriniforms,
characiforms and most primitive teleosts and

Fink and Fink 1981). Somq{




Phenoscape Knowledgebase

Phenoscape Knowledgebase (BETA)
€A http://kb.phenoscape.org/ ¢ ] l,/_Qv Google

The Phenoscape Knowledgebase is currently in BETA testing - we would greatly
value your feedback as we continue its development.

PHENO &

Home Provide Feedback About Acknowledgments

Search the Phenoscape Knowledgebase
For further information about
basih| (‘Search ) the Phenoscape project and

basihyal bone atches, project partners, please see our

basihyal cartilage basihyal project wiki.

B names or
basihyal element
basihyal tooth
basihyal toothplate -

) The Knowledgebase currently
basihyal tooth plate contains 501,862 phenotype
basihyoid <ynonym for basinyal bone s to taxa statements about 2,474 taxa,
Anatomical enfifies Phenotype annotafions to genes sourced from 52 publications.
Phenotypic qualities Taxa as well as 21,829 phenotype
Genes Genes statements about 3,893 genes,
Comparative publications Comparative publications retrieved from ZFIN. The data
were last loaded into the

Phenoscape News Knowledgebase on 2011-02-
10.

Third beta release of Phenoscape Knowledgebase 2.0
by Jim - Feb 07, 2011

Phenoscape Knowledgebase 2.0 beta release 3 is
now available at http:/kb.phenoscape.org/. This
version includes an enhanced ...

Introducing the Vertebrate Anatomy Ontology

by wdahdul - Jan 12, 2011

The Vertebrate Anatomy Ontology (VAO) was recently
developed as a high-level, bridging ontology for
existing and future single ...

Matching Phenotypes
by pmidford - Dec 17, 2010
An imnartant anal far the Phenascane nroiect is to he




Phenoscape Knowledgebase (BETA)
€3 http://kb.phenoscape.org/taxon_annotations?filter¥%5Btaxa¥%5D%5B0%5D=TTO%3A101020&commit=Ap C] (Oc Google

The Phenoscape Knowledgebase is currently in BETA testing - we would greatly
value your feedback as we continue its development.

Site search: (Go)

Enter entity terms (e.g. basihyal bone), phenotypic qualities (e.q. shape,
Size), taxonomic names (e.q. Ictaluridae), gene names or symbols (e.q.
cadherin 6, cdhé), or publications.

Home Provide Feedback About Acknowledgments

Query for: ,
« Previous Results 1 - 20 of 2450 Next »

'; Phenotype annotations to taxa a

Phenotype [heip)

Taxon is: Add_ Taxon Entity Quality Related Entity ~ Source

Ictalurus € o

;Céi/{‘;;‘;; posterior region of supraoccipital crest bifid =

and

: Ictalurus - : ,
Phenotype is: ‘Add australis process of occipital region shape =]

Any
Ictalurus

. facial foramen position
australis

and

Leblonsa I Ictalurus . :
Publication is: “Add australis pectoral fin spine shape

Any
Ictalurus anatomical margin of process of dorsal side

australis of cranium

M Include inferred annotations Ictalurus
Mhelp] australis

round

Weberian apparatus depth

Ictalurus increased

( Apply Filter ) ausiralis lateral ethmoid wing length

Ictalurus frontal bone structure adductor mandibulae
australis complex

Ictalurus

australis epihyal-ceratohyal joint cartilaginous




Phenoscape Knowledgebase (BETA)

€ http://kb.phenoscape.org/taxon_annotations?filter%5SBtaxa¥%5D%5B0%5D=TTO%3A101020&filter¥%5Bphe

C] (Q' Google

Query for:

| Phenotype annotations to taxa '+

[ Add

Taxon is:
Ictalurus €

and

Phenotype is:
mesethmoid bone « shape
[broaden/refine] Q

g including parts

[ Add

and

Publication is:
Any

1 Include inferred annotations
(help]

{_Apply Filter )

The Phenoscape Knowledgebase is currently in BETA testing - we would greatly
value your feedback as we continue its development.

« Previous

Taxon

Ictalurus australis
Ictalurus balsanus
Ictalurus dugesii
Ictalurus furcatus
Ictalurus lupus

Ictalurus
meridionalis

Ictalurus mexicanus
Ictalurus pricei
Ictalurus punctatus

Ictalurus punctatus

Ictalurus punctatus

Site search:

( Go

Enter entity terms (e.g. basihyal bone), phenotypic qualities (e.q. shape,
Size), taxonomic names (e.q. Ictaluridae), gene names or symbols (e.q.
cadherin 6, cdhé), or publications.

Home Provide Feedback About Acknowledgments

Results 1 - 11 of 11

Phenotype [heip)
Entity

mesethmoid cornu
mesethmoid cornu
mesethmoid cornu
mesethmoid cornu

mesethmoid cornu
mesethmoid bone

mesethmoid cornu
mesethmoid cornu
mesethmoid cornu
mesethmoid bone

medial region of anterior margin of mesethmoid
bone

Quality

bifurcated
bifurcated
bifurcated
bifurcated

bifurcated
shape

bifurcated
bifurcated
bifurcated

shape

notched

Next »

Related

Entity Source

W W W Ww w w w w Ww §w Ww

Open # on this page in a new window behind the current window




Phenoscape Knowledgebase (BETA)
€3 http://kb.phenoscape.org/taxon_annotations?filter%5Btaxa¥%5D%5B0%5D=TTO%3A101020&filter¥%5Bphe ¢ ] (0( GCoogle

The Phenoscape Knowledgebase is currently in BETA testing - we would greatly
value your feedback as we continue its development.

Site search: (Go)

Enter entity terms (e.g. basihyal bone), phenotypic qualities (e.q. shape,
Size), taxonomic names (e.q. Ictaluridae), gene names or symbols (e.q.
cadherin 6, cdhé), or publications.

Home Provide Feedback About Acknowledgments

Query for:

« Pravinne Results 1 - 11 of 11 Next »

mesethmoid bone Phenotype [heip)

| Phenotype annotati

Taxon is: Source: Teleost Anatomy Ontology
lctalurus @ Synonyms: ethmoid Entity Quality ";,',‘,’,‘;" Source
Definition: Endochondral bone that extends
forward from the frontal bones and mesethmoid cornu bifurcated
articulates posterolaterally with the lateral — ureated
Phenotype is: ethmoids and the vomer and parasphenoid mesethmoid cornu liurcate
mesethmlosi.d bo ventrally. The mesethmoid is an unpaired
) o median bone.
roacenreine] @ |p; TAQ:0000323
4% overlaps: mesethmoid-frontal joint,
and mesethmoid-lateral ethmoid joint, mesethmoid cornu bifurcated
mesethmoid-nasal joint, mesethmoid-
P premaxillary joint, mesethmoid-vomer joint,
Publication is: neurocranium
Any develops from: ethmoid cartilage,
neurocranial trabecula
is part of: chondrocranium, olfactory region
is a type of: endochondral bone
may have part: lateral mesethmoid wing,
mesethmoid cornu, mesethmoid ventral

diverging lamella mesethmoid bone shape

and

mesethmoid cornu bifurcated

mesethmoid cornu bifurcated

mesethmoid bone shape

mesethmoid cornu bifurcated

mesethmoid cornu bifurcated

mesethmoid cornu bifurcated

W W W w w w W w Ww w W

notched

View details for mesethmoid bone Jgion of anterior margin of mesethmoid
bone
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[ 4| » ] [Q] [ + |63 http://kb.phenoscape.org/taxon_annotations?filter%5Btaxa¥%5D%5B0%5D=TTO%3A101020&commit=Ap C] (Oc Google

The Phenoscape Knowledgebase is currently in BETA testing - we would greatly
%‘ value your feedback as we continue its development.
Site search: | €
P H E N O Q“\ FCotov owntivstovoon lo o booibooal bowval _obboootaons| Y C quahnes (eg Shape,

1ames or symbols (e.q.
Source Data x cdh6), or publications.

Ictalurus australis  anatomical margin of process of dorsal side of cranium round inowledgments

Query for:

' Phenotype annot Lundberg 1992

Next »

character :
e 13: Sagittal crests on skull roof

lctalurus € broad with sculptured surface restricted to supraoccipital, and rounded margins

state: .
near fronto-supraoccipital suture

and

Phenotype is:
Any

and

Publication is:
Any

1 Include infer
[help]

W

Ictalurus . adductor mandibulae
. frontal bone structure
australis complex

Ictalurus

australis epihyal-ceratohyal joint cartilaginous




®o00o
[ 4| > ] [Q] [+ €3 http://kb.phenoscape.org/term/publication/PSPUB:0000043

Phenoscape Knowledgebase (BETA)

¢ ] (Q' Google

publication: Lundberg 1992

source: Phenoscape-annotated publications

Overview Data Matrix Specimens

Original character-by-taxon data matrix from publication Lundberg 1992. You can also query for all phenotype
annotations curated from this matrix.

1. Posterior flap of adipose fin 2. Gill membranes 4. Caudal fin

Ameiurus brunneus

free from back and caudal fin

divergent

free

scarcely emarginate to rou

Amelurus catus

free from back and caudal fin

divergent

free

forked with rounded lobes

Amelurus melas

free from back and caudal fin

divergent

free

scarcely emarginate to rou

Amelurus natalis

free from back and caudal fin

divergent

free

scarcely emarginate to roL

Amelurus nebulosus

free from back and caudal fin

divergent

free

scarcely emarginate to rou

Amelurus platycephalus

free from back and caudal fin

divergent

free

scarcely emarginate to rou

Amelurus serracanthus

free from back and caudal fin

divergent

free

scarcely emarginate to rou

Ictalurus australis

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus balsanus

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus dugesii
as Ictalurus dugesi

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus furcatus

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus lupus

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus mexicanus

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus pricel

free from back and caudal fin

divergent

free

forked with pointed lobes

Ictalurus punctatus

free from back and caudal fin

divergent

free

forked with pointed lobes

Noturus flavus

adnate to back and broadly joined to caudal fin | divergent

united to cornea, eye subcutaneous

scarcely emarginate to rou

Noturus insignis

adnate to back and broadly joined to caudal fin | divergent

united to cornea, eye subcutaneous

scarcely emarginate to rou

Noturus stigmosus

adnate to back and partly joined to caudal fin

divergent

united to cornea, eye subcutaneous

scarcely emarginate to roL

Prietella phreatophila

adnate to back and broadly joined to caudal fin | divergent

?

scarcely emarginate to rov 4
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[ 4| » ] [Q] [ 4+ |63 http://kb.phenoscape.org/term/publication/PSPUB:0000043

publication: Lundberg 1992

source: Phenoscape-annotated publications

Overview Data Matrix Specimens

Taxa and specimens used in this study
Taxon name used in publication Valid taxon

Noturus nocturnus Noturus nocturnus

Satan eurystomus Satan eurystomus

Noturus flavus Noturus flavus

Ictalurus lupus Ictalurus lupus

Pylodictis olivaris Pylodictis olivaris

Specimens
UMMZ 165883, UMMZ 167214

UMMZ 126366, UMMZ 126365, UMMZ 182039,
UMMZ 111724, UMMZ 165852, UMMZ 165842,
UMMZ 165833, UMMZ 189178

UMMZ 169619, UMMZ 17?7?74, UMMZ 186503,
UMMZ 179822

UMMZ 186652, UMMZ 173452, UMMZ 169029,
UMMZ 103107, UMMZ 152549, UMMZ 160732,
UMMZ 170129, UMMZ 97069, UMMZ 186266

UW 3276, UW 3275, AMNH 9499, USNM 3983,
USNM 3982, USNM 3981, USNM 3985, USNM 8122,
AMNH 6387, AMNH 6388, USNM 167588,

LICOANIA 407800 1ICOAIAM 407600 1ICAIA 2470

WMM not in
collection code
list

One of the
specimen ID
numbers for
UMMZ was
partially
unreadable. |
replaced the
unreadable
numbers with
question
marks.

PF not in list of




Major taxonomic groups have
similar distribution of entities
among phenotypes

Characiformes

Cypriniformes

Siluriformes S
"I'-' l"- ¢« |  |'-. (" I-‘- - |'--

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

25 July 2008




Some notable differences
for skeletal characters

Clupeiformes

% Postcranial axial skeleton

Gonorynchiformes

£ % Paired fins

Gymnotiformes

9% Cranium

Characiformes

Cypriniformes

I Image from Sabaj-Perez

surtormes :__'__'

T i f ) r i i

0 10 20 30 40 50 60

25 July 2008



Substantial overlap between
model organism and
evolutionary phenotypes

¢ 4 217 zebrafish phenotypes
¢ 3,405 evolutionary characters

hematopoietic system
reproductive system
musculature system
liver and biliary system
respiratory system
renal system

endocrine system i Evolutionary characters

. i Zebrafish phenotypes
immune system

digestive system

” [rege==-

cardiovascular system
skeletal system

sensory system

nervous system

[W

o

25 July 2008




Hypothesis generation:
Genetic bagis for scale loss in
Siluriformes

Mutation of eda gene Ictalurus punctatus:
1n Danio: e

Jm—

|

~ = |
P "‘\ : .,
._. -~

v A

Harris et al., 2007

Copyright © Jean Ricardo Simaoes Vitule, All Rights Reserved



Wet lab test
(Work by Richard Edmunds)

Ictalurus punctatus

eda expression is lacking in the epidermis



Hypothesis generation:
Genetic basis for absence of the
basihyal bone in Siluriformes

Mutation of brpfl gene Ictalurus punctatus:
1n Danio:

Genotype(s): hﬁngfﬁa..-bws ~, brpfit: 2, bﬁfz.ﬁff@-’fz.ﬁfwv
Observed In: basihyal

..... |Fig. §1 Analysis of bpfr1 mutation

(+/+), heterozygous (+/-) and t20002

e e |by an asterisk. (B) Sequencing jfile
I\ Tha 125 i

PWWP domain (left). Full-le

Laue et al (R008)
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The parts to make this work

e Ontologies that capture the knowledge
domains

e Efficient data curation workilow

e Expressive and scalable inference
engine



teleost anatomical entity

material anatomical entity

structure

anatomica

Weberian apparatus
part (y
e set

develops

Teleost Anatomy
(seéded from Zebrafish)

eleost Taxonomy
-(based on Eschmeyer’s

Ontology ¥ °

Catalog of Fishes)
development Phenotypic Quality
(PATO)

Dahdul et al (2009), Cover art: K. Luckenbill

y



Making PATO usable for evolutionary data

is_a

qualitative )ysmal object quality

is_a is_a is_a

is_a is_ [
|sa4!

|Salsa

increased
concave )( lobed length
decreased
length

morphology physical quality

orge

disposition

is_a
( flexi

dlstance

Grganism quality )
(cartllaglnous) @ is_a

3

s a

188 Gandedness)
ﬂexlblllty is_a \
\Cncreased mass) Cncreased behavioral actlwty)

'sa

3

@ecreased mass)




Getting ontologies right
is a challenge

e What is the right axis of classification?

e Structure versus function
e Relational vs monadic qualities
e PATO: shape and size vs natural language

"Interopercle shape: expanded posteroventrally”

e Different ways to observe or generate a
phenotypic quality

e Color as color hue (radiation quality) or
pigmentation (structural quality)

e Relative sizes don’t have a universal
reference



Curation

Dahdul et al., 2010 PLoS ONE

- L] &
Vald Taxon Gharacier Descripion Stae Descrpton
T Hydrolycus amaius TR inaorbial present
absent
u

2 Hydrolycus tatauaia 2 Antorbital-lateral ethmoid contact
3 Hydrolycus wallacei 3 Antorbital
4 Hydrolycus scomberoides 4 Mesethmoid spine

5 Rhaphiodon vipinus 5 Vental process of mesethmold

6 Cynodon gibous 6 Orientaton of ventral processes of mesethmoid

7 Gynodon septenarius 7 Vomer-mesethmold contact [

8 Roestes ogitiel 8 Dwerging lamellae of e mesethmoid .
L]

10 Gilbertolus atratoensis. 10 Aticular surface on lateral wing of mesethmoid
11 Acestrorhynchus facatus 11 Ventral crest of vomer
12 Lateral arms of vomer

12 Acestrorhynchus falcirostris
13 Acestrorhynchus heterolepis. 13 Vomer-palatine contact

14 Acestrorhynchus lacustris 14 Portion on vomer for articulation of maxilla

15 Acestrorhynchus microlepis. 15 Ridge on lateral surface of vomer

16 Acestrorhynchus nasutus 16 Rhinosphenoid.

17 Cynodon sp. (Toledo-Piza 2000) 17 Lateral ethmoid-orbitosphenoid contact

18 Hydrolycus sp. (Toledo-Piza 2000) 18 Parasphenoid and main porton of obitosphenoid

19 Anostomus anostomus 19 Dilatator fossa
20 Frontal shelf at posterodorsal edge of orbit

n n n
20 Laemalyta aeniata
21 Acanhocharas micrlepls 21orsalporton ofsphenic spne
22 Acestrocepnalus sardina 22 Antrior shefofrotal
b ) b ) 23 Agoniates 5. (Toledo-Piza 2000) 23 Thid postemporal fossa bordsred by epiocciptal and exoccipial
24 Dorsalpostemporalfossa a n O m O O g y

24 Brycon falcatus.
Neurocranium-firstvertebra joint

25 Chalceus macrolepidotus 2
e i

taxon list, specimens e - :

Entity Quality Related Ently Count  Comment B parapophysis + ib of vertebra
thinosphenoid present None None B «— B pharyngobranchial bone

B pleurostyle
«— B preethmoid bone
prootic

and museum numbers
] BB wadoe P h e n ex
using Phenex

+— B rewoarticular
— 1 thinosphenoid
@b

The Phylogeny of Ictalurid Catfishes: PHENO
Home Provide Feedback About Contributors

A Synthesis of Recent Wor
Search the Phenoscape Knowledgebase n 9
pe 9 For further information
The Phenoscape Knowledgebase uses ontologies to integrate phenotypic data from genetic studies of zebrafish with evolutionary
variable phenotypes from the systematic literature of ostariophysan fishes. Users can explore the data by searching for anatomical
terms, taxa, or gene names.
The Knowledgebase currently contains 333,987 phenotype statements about 2310 taxa, sourced from 51 publications. as well as
11,267 phenotype statements about 2953 genes, retrieved from ZFIN.

John G. Lundberg

(Search)

Type at least 4 characters to choose a search term from the popup menu. If there are many matches, the
autocomplete menu may take a few seconds to respond.

Most frequently used terms (anatomy, taxon, gene):
s flls Aspreanichinys tpcen As

"™ autopalatine

Us baiad Ratasio hatasin ~~A A Cotobsi ns Chac:

ting evolutionary patterns and problems for he ahctil Amblyceps mangois Ameiurus nebulosus Amphilius atesuensis anterior limb of parapnphys‘sg‘::‘;

1 S n hat ictalurids originated and diversified only
tu e ntS hithony restricts the number of paleo autopalatine-later~' ~*~~
= . ed their history. Their relatively good Chrysichthys av
ework, provides minimum ages of ibranchial 2 element
- : novelties, and, thereby, estimates of letalurus punclatus inr L]
at e r u ICatlonS an ample diversity of ecologl 4 ( OnSISte nC
b of adult body sizes (from about S0 mib ™eePZ Mystus L]
. at preferences (from large rivers to i
els). The independent evolution of
Scan hard COpIeS, within the family also offers a special CheCkS, upload Of

rthermore, the highly uneven phy-

yera ralses interesting evolutionary M [

Wor extinction. An understanding of

roduce OCR PDFs) B data to public view of
ry history
living species of North American
¢ extingt, plesiomorphic P h n Ca K B
level des: Astephus—two e OS pe

and four extinct species; Amelwus—

seven extant and seven extinct species; Noturus—25 extant species; Pylodictis
Prietella, Satan, and Trogloglanis—each with one extant species

marinus Baoroides melantenis B2



http://sourceforge.net/projects/obo/
http://sourceforge.net/projects/obo/

B is based on OBD
Ontology-Based Database

(C. Mungall, LBL)

Link_Cardinality Inference_Evidence_Support

Link_ID Inference_Evidence_Support_ID

—Ho—
- object_cardinality ¥ % X
. . . inferred from link
- object_min_cardinality $ F

for evidence

- object_max_cardinality Link —

Link_ID Inference_Evidence

- combinator Inference_Evidence_ID

Node_Xref is_inferred X
Alias Node_ID - is_instantiation
L of link

Alias_ID - is_negated
- is_obsolete evidence type

- scope
- label for  Xref - is_metadata

% L context - applies_to_all
of node —

- object_quantifier_some

inference type

synonym - object_quantifier_only
source —

| type
— source e

Description_Xref subject

Description_ID predicate

object
reified as
SF + valid during
|

for Xref Node

‘O
L
context I
:‘: | gE Node_l D TagVal
——————————OH
——O1

- uid

- label
. - val
- uri

- metatype for node %

- is_anonymous

Description TagVal_ID

Description_ID

- scope
- label

- is_transitive —— predicate (tag)

data type

{ * of node

description type
source - is_reiflink source

- is_obsolete

L source




ECO:evidence @ -value/max/min uid = ZFIN ID

-unit

OBO_REL:is_a
dc:creator

l has_measurement OBO_REL:posited_by
] has_evidence / < / [
TTO:taxon \ PHENO:exhibits —) Genotype

Phenotype
uid=TTO ID

. ——— i
(class expression) OBO_REL:influences uid = ZFIN ID
\ OBO_REL:towards
. OBO_REL:inheres_in . OBO_REL:variant_of
PHENO:asserted_for_otu - \ - {TAO,ZFA}:entity
PHENO:has_taxon

o6 uid = {TAO,ZFA} ID X
BO_REL: ited_b

~HELPQRNedby (TAO,ZFA}:entity » _GZ’I[_‘I*N "
uid = {TAO,ZFA} ID ia =

OBO_REL:posited_by

CDAO:TU
name = Publication Taxon

CDAO:CharacterStateDatum CDAO:has_State —p» CDAO:CharacterStateDomain
name = state text

CDAO:has_TU

PHENO:has_comment

. PHENO:has_comment
{ dwesindividuallD CDAO:CharacterStateDataMatrix

CDAO:has_Datum \
comments \ CDAO:has_Character comment
(literal text) ( (literal text)

CDAO:Character
. name = character text
Specimen PHENO:has_publication

\ PHENO:has_comment
/ PHENO:has_comment
dwc:cataloglD  dwec:collectionID PHENO:Publication

/ * dc bib-lcijgg:;arlggthr%c(:;'tat'on e atonlees (CI ?ml;ntentj
ol LSl literal text e I
catalog number COLLECTION -dc:date ¢ 4
(literal text)







How does reasoning work®

T10: PATO:rectangular® PATO:curvature® ZFIN:
Batrochoglanis exhibits ' ' inheres_in influences dn1tf216b/tf216b
raninus (ZFA:maxilla) ean




How does reasoning work®

PATO:shape

ZFA:maxilla

TTO: PATO:curvature”? ZFIN:
Batrochoglanis ibi inheres_in influences d 1tf216b[tf216b
raninus (ZFA:maxilla) ean

variant_of

¥

. TTO: _ TTO:
y Batrochoglanis - Pseudopimelodidae
TAXRANK:species ha-I;Tgnk .--»(  TAXRANK:genus 170! . TAXRANK:family
B has_rank
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PATO:shape

TTO:
Batrochoglanis
raninus

TTO:
has__rank

\

TAXRANK:species
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TTO:
Batrochoglanis

PATO:curvature?

inheres_in
(ZFA:maxilla)

TTO:
Pseudopimelodidae

TAXRANK:genus

) TAXRANK:family

ZFA:maxilla

ZFIN:

infl
Influences edn1 tf216b/tf216b

variant_of

4
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How does reasoning work®

\
1
|
|
|
|
|

|

|
|

TTO: PATO:curvature”? ZFIN:
Batrochoglanis exhibits inheres_in influences d 1tf216bltf216b
raninus (ZFA:maxilla) ol

variant_of

4

TTO: _ TTO:
Batrochoglanis - Pseudopimelodidae

.

TTO: ' - _
has_Sank TAXRANK:genus : TAXRANK:family

has_rank .

TAXRANK:species




(Fink and Fink, t
scaphium Otophysi homologous_to neural arch 1 Teleostei IDS, IMS, IPS 1981; Rosen and u ure

Greenwood,
1970)
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&= Directions:
intercalarium Otophysi homologous_to (ventral Teleostei IDS, IMS, IPS Greenwood, °

portion) 1970)

intercalarium Otophysi homologous_to neural arch 2 Teleostei NAS (Flnklggil)ka, 1
°

intercalarium Otophysi homologous_to neural arch 2 Teleostei IMS (Hora, 1922)

[ }
intercalarium Otophysi homologous_to rib of vertebra 2 Teleostei TAS (Hora 1922) Re aS O nln g

(Fink and Fink,

parapophysis + 1981; Rosen and

tripus Otophysi homologous_to Teleostei IDS, IMS, IPS
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tripus
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What next®

e Modeling and reasoning over
homology

e Hfficient searching and scoring of
semantic similarity

e Reducing the bottlenecks in data
curation



Opening descriptive biological data to
computing can enable new science

Taxonomy,

| Conservation
Species ID

Biology

Biodiversity

(Specimens,

Occurrence
records)

Descriptive biology

- Phenotypes
- Traits
- Function
- Behavior
- Habitat
- Life Cycle
- Reproduction
Physiology - Conservation Threats

Genomics,
Gene
expression

Genetic
variation
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Phenotypic similarity matches
taxa to candidate genes

Taxon :
il e Candiate -
Slmllarlty subsuming taxon wi PhenOt)’Pe SUbsumlng
(IC) variable phenotypes in ftw Gene(S)
SR 12 ) b umed v bI tax (zebrafish)
phenotypes)

phenotype |phenotype




Mapping EQ@s back to
characters is a challenge

e Properties of “good” phylogenetic characters:

e Exclusivity of states
e Distinguishability of states
e Independence of characters

e Finding exclusive states requires incompatible
phenotypes. How to determine incompatibility?

e Two phenotypes are incompatible iff they
cannot both inhere in the same specimen.

e Two qualities are incompatible iff an entity
cannot bear both.



Which EQs and qualities
are incompartible®

e Incompatible Qs e Compatible Qs
e present vs. absent e present vs. any
e triangular vs. other quality
round (except absent)
e absent vs. any e serrated vs. round
other quality e some colors

e Incompatible EQs

e (@ inheres_in bone
BE) vs (cartilage E
absent)




Detecting phenotype
change and variation

{shape:bent 71nheres_in supraorbital bone,

Hemloous o count:absent i1nheres_in upper pharyngeal

5 tooth}

{shape:bent inheres_in supraorbital bone,
. i} shape:straight inheres_in supraorbital bone,

count:absent i1nheres_in upper pharyngeal 5 tooth,

count:present inheres_in upper pharyngeal 5 tooth}

{shape:straight inheres_in supraorbital
Hemiodus unimaculatus [ JiI-¢

count:present inheres_in upper

pharyngeal 5 tooth}

{Change in: shape inheres_in supraorbital bone,

Change 1n: count 71nheres_in upper pharyngeal 5 tooth}




System architecture

Knowledgebase User Inteface External web sites
Web Application for Exploration & Mining and client
(Ruby on Rails, JavaScript) applications

Knowledgebase Data Services API (REST)

OBD Programming API
(Java)

T S 1 Teleost Taxonomy

Ontology (TTO)

OBD Reasoner

Knowledgebase (OBD)
(PostgreSQL)
Phenotypic
Anatomy Quality Ontology

Ontologies (PATO)

Genes & genotypes Homology assertions (ZFA, TAO)

Mutant EQ phenotypes Evolutionary EQ Phenotypes OBO Li
. ibra
from Zebrafish Model (through annotation) b

Organism Database

Phenex Skeletal Character Data

(Evolutionary EQ (from phylogenetic
annotation) treatments in literature)




Formalizing homology
relationships

Formal pattern is ternary:

El 7in_taxon Tl homologous_to E2 i1n_taxon T2 as E3 1n_taxon T3

Classifying homology relationships
e 1-1 homology (phylogenetic homology)

e gserial homology

A 1so_homologous_to B as C
= all A derived_by_descent_from some

(C and has_derived_by_descendent some B)
and

all B derived_by_descent_from some
(C and has_derived_by_descendent some A)

shares_ancestor_with as a relation chain:
derived_by_descent_from o has_derived_by_descendent



Option 1: Asserting homology

at higher-level taxa

®0O0 homology-relations (http://purl.obolibrary.org/obo/homology-relations) - [/Users/lapp/Devel/phenoscape/trunk/vocab/homology/utest_homol-exp-mod.owl]

C:] > @ homology-relations (http://purl.obolibrary.org/obo/homology-relations) a 88 Q

Active Ontology  Entities ~ Classes  Object Properties  Data Properties  Individuals OWLViz DL Query |

[ Asserted class hierarchy Inferred class hierarchy LLlLL DEEE |

serted class hierarchy: ‘forelimb Mammalia =] Show: W this M disjoints W named sub/superclasses

E3=d Found 5 uses of 'forelimb Mammalia' M
e v O'forelimb Mammalia'
' Thlfr!?e-/Users/Ia /Devel /phenoscape/trunk /voc: ©’'forelimb Mammalia' equivalentTo forelimb
> ®root & 3 pe and PHENOSCAPE _in_taxon some Mammalia
» @taxonomic rank 'forelimb Mammalia' label "forelimb Mammalia"@en
v ®'anatomical entity’ Class('forelimb Mammalia’)
v 'material anatomical entity' ©'forelimb Mammalia' subClassOf derived_by_descent_from some (has_derived_by_descendant some 'forelimb Mammalia'
v ©®'anatomical structure' and has_derived_by_descendant some ‘wing Aves')
“'multi-cellular organism’
v 'organism subdivision' v O'wing Aves' iy
v U wing ©'wing Aves' subClassOf derived_by_descent_from some (has_derived_by_descendant some ‘forelimb Mammalia'
~'wing Aves' and has_derived_by_descendant some 'wing Aves’)
©'wing Gallus gallus’
ve a?pendage ’— escription: 'forelimb Mammali DERE |
v ©limb/fin e
v @limb Equivalent classes
v ( forelimb : :
b

- - , and PHENOSCAPE_in_taxon some 'Mammalia'
'forelimb Mus musculus

~'forelimb Homo sapiens’

v T hindlimb e
~'hindlimb Mus musculus ‘derived_by_descent_from some (has_derived_by_descendant some 'wing Aves'
~'hindlimb Gallus gallus' and has_derived_by_descendant some 'forelimb Mammalia')

~'hindlimb Homo sapiens
v 'pelvic spur'
'pelvic spur Python'
“'anterior region of body’ 0 STORYTROS STPeit
~ 'posterior region of body' 0 'part of' some 'multi-cellular organism'
» ® igi . = - -
‘'vestigial structure 'part of' some 'anterior region of body'
~anterior_to some hindlimb

O forelimb



Option &: Asserting homolo

at species level

.O OO0 homology-relations (http://purl.obolibrary.org/obo/homology-relations) - [/Users/lapp/Devel /phenoscape/trunk/vocab/homology/utest_homol-exp-mod.owl]

CJI > ® homology-relations (http://purl.obolibrary.org/obo/homology-relations) a 8 Q

Active Ontology  Entities ~ Classes = Object Properties  Data Properties  Individuals OWLViz DL Query

Usage: 'pelvic spur Python DEEE

[ Asserted class hierarchy Inferred class hierarchy

serted class hierarchy: 'pelvic spur Python nEEE Show: @ this @ disjoints 8 named sub/superclasses

E3E=E Found 4 uses of 'pelvic spur Python' 1
®Thing v ©'hindlimb Mus musculus'
file:/Users/lapp/Devel / phenoscape/trunk /voc: ©'hindlimb Mus musculus' subClassOf derived_by_c!escent_from some (has_derivegl_by_descendant some 'hindlimb Mus musc
> ®root and has_derived_by_descendant some ‘pelvic spur Python')
» O taxonomic_rank
v ®'anatomical entity’ v ©'pelvic spur Python'
v @'material anatomical entity' @ 'pelvic spur Python' subClassOf derived_by_descent_from some (has_derived_by_descendant some 'hindlimb Mus musculus'
v ('anatomical structure' and has_derived_by_descendant some 'pelvic spur Python")
@ 'multi-cellular organism’ ©'pelvic spur Python' equivalentTo 'pelvic spur’ LU
v ©'organism subdivision' and PHENOSCAPE_in_taxon some Python
v ©wing 'pelvic spur Python' /abel "pelvic spur Python"@en
“'wing Aves' . =
©'wing Gallus gallus' = =) e
v @ appendage [—A“T.;T':T'TI pelvic spur Pvthon me
v ©limb/fin T
v ©limb
v O forelimb ' p '
h . L ~'pelvic spur
:g::::ﬁg m’s“mz's'sulus, and PHENOSCAPE._in_taxon some Python
“'forelimb Homo sapiens' Asserted in: http:/ /purl.obolibrary.org/obo/homology-relations
v ©hindlimb Seachasssd
~'hindlimb Mus musculus " derived_by_descent_from some (has_derived_by_descendant some 'hindlimb Mus musculus'
~'hindlimb Gallus gallus' and has_derived_by_descendant some 'pelvic spur Python')
~'hindlimb Homo sapiens ® 'pelvic spur'

v 'pelvic spur'

‘anterior region of body'

. 'pgs_terior region of body' “'part of' some 'multi-cellular organism'
» 'vestigial structure'



Validation through standard
OWL-DL reasoning

Query (class expression)

shares_ancestor_with some ('forelimb' and PHENOSCAPE_in_taxon some 'Amniota’)

( Execute \ ( Add to ontology )

Query (class expression)

ez iz shares_ancestor_with some (‘hindlimb' and PHENOSCAPE_in_taxon some 'Amniota’)

Sub classes (2

'forelimb Mammalia' |
'wing Aves' | ( Execute ) / Add to ontology )

)escendant classes (5 Query results
'‘forelimb Homo sapiens' N Sub chassus

'hindlimb Gallus gallus’
'hindlimb Homo sapiens'
'hindlimb Mus musculus'
'pelvic spur Python'

'‘forelimb Mammalia'
'‘forelimb Mus musculus'
'wing Aves'

'wing Gallus gallus'

)escendant classes (4
'hindlimb Gallus gallus’
'hindlimb Homo sapiens'
'hindlimb Mus musculus'
'pelvic spur Python'




