Phenoscape:
Extending model organism
ontologies for devo-evo studies
of evolutionary phenotypes
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Zebrafish Human

Conservation of gene sequence &
function




7 Human
Conservation of developmental
genes & toolkit
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e (Goals:

e identify candidate genes for evolutionary
phenotypes

e mapping and identification of taxa in which specific
features vary

e discover similar phenotypes and similar OTUs
(phenotypic BLAST)

e correlation matrices of traits & genes



Phenoscape.org PHEN
-+ History: Communication

between zebrahsh model

organism community and

{._1.._1,’}'}]&]1H.-ILTI]'IH es Tree of Life

group through NESCent

worlkshops (Mabee-Westerhield)

Goal: Create curated, n;‘.nnin;ﬂn:'..g;.,r-

based evolutionary phenotype

database that Maps to E_'um':tif_'

-;'{.'.11;1}.‘.!.'.1;%.1'_"5

& Generalizable system:
Prototype with ostariophysan

hshes




Ostariophysi: Diverse, speciose,
freshwater fishes including zebrafish



Use case: B’a,Sihya,l lost In

catfishes
(Basihyal primitively present)

Basihyal :

Sample query: What are all the possible
genes underlying evolutionary loss of the
basihyal?



Results:

GENES ANATOMY IMAGES

PHENOTYPE affecting basihyal
Mutant and Transgenic Lines
Genotype (Background)

Lo H]f g e

brpf1 t20002/t20002

brpf{ 125114126114
tw37/+

sox9a——— aplastic 1 figure from 1 publication
snxg at"i"i':'] Thwar

absent, hypoplastic

present 4 figures from 1 publication
absent, hypoplastic 2 figures from 1 publication

aplastic 1 figure from 1 publication




PHENOTYPE:

Genotype(s): bﬂﬁM -, bﬂﬂfi’ﬂﬂﬂzﬁi’ﬂﬂﬂ;’ -, bmﬁfEETHﬁEETM -
Observed In: basihyal
Stage Range : Day 5

Fig. S1 Analysis of bpfr1 mutation
(+/+), heterozygous (+/-) and t20002

by an asterisk. (B) Sequencing profilg
(-/-, lower panel). The {25714 mutatio

Basihyal loss in zebrafish due to
mutation in brpfl gene

Laue et al., 2008 - The multidomain protein Brpf1 binds histones and is required for Hox gene expression and segmental identity.
Development 135(11):1935-1946 - Full text @ Development




New hypothesis:
-Evolutionary loss of basihyal in

catfishes due to changes in brpfl or
Hox gene

-Test by looking at predicted gene
expression in catfish

In the brpf 1 zebra,ﬁsh mutant bapxl
is expressed in the 2nd pharyngeal
arch



Requirements:

e Develop ontologies
e Annotate evolutionary phenotypes
e using ontologies

e using a syntax shared with model
organism databases

e Develop curation software



Traditional comparative study:
survey morphological variation

Nemacheilus fasciatus

Catostomus commersoni Gyrinocheilus aymonieri Phenacogrammus interruptus



Morphological data in
free text format

not a computable
formast

cannot be compared
amonsg species

cannot be linked to
underlying genetics

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 =1.00, RI = 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, RI = 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, RI = 0.50, G-fit = 4.3).

4. Size of ocelli: 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,
S-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. 8B and 8D); (1) less
rounded, not distinctly protruding from the surface of
the head (not illustrated); (CI = 0.25, RI = 0.73,
G-fit = 5).

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

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









Requirements:

e Develop ontologies
e Annotate evolutionary phenotypes
e using ontologies

e using a syntax shared with model
organism databases

e Develop curation software






Image annotated with ontology
term

Basihyal -

Teleost AliauoliLy
Ontology
TAO:0000316



Teleost Anatomy Ontology: -

‘notail  phenotype and Trait Ontology:-
mutant



Annotation of
evolutionary phenotypes

Free-text character:

“Character 1: Parietal and supraoccipital fused (state 1) or
separated (state 2)”

Parietal fused_with supraoccipital

Parietal bone

) Supraoccipital bone

Parietal separated_from supraoccipital

Parietal bone Supraoccipital bone
TA0:0000486 TA0:0000595




Requirements:

e Develop ontologies
e Annotate evolutionary phenotypes
e using ontologies

e using a syntax shared with model
organism databases

e Develop curation software



Phenex: software for
curation of evolutionary

phenotypes

~ Toledo-Piza-2007.xml

States for Charact.. m Terminfo G2 o X

epiphyseal bar
=

Character Description Symbol 4 State Description B Basic Info
1 Degree of development of ventral diverging lamellae of present Term: epiphyseal bar
2 Foramen on posterior portion of lateral wing of mesethnr absent
3 Presence and degree of development of posterior porti ID: TAO:0001502
4 Orientation of distal portion of lateral wing of mesethmoi Ontology: teleost anatomy
5 Form of contgct betweep vomer and mesethmpnd Definition: Bilaterally paired medial bar of cartilage formed at
6 Form of anterior projection of vomer overlapping posterc " midorbit through medial chondrification from
7 Presence or absence of a dorsolateral expansion of voi triangles of cartilage that later form the junction of
8 Form of contact between vomer and palatine the taeniae marginales anterior, taeniae
9 Form of anterior process of lateral ethmoid marginales posterior and the epiphyseal bar.
10 Form of nasal Definition ref 1: ZFIN:curator
11 Presence or absence of antorbital
12 Snout length
13 Presence or absence of rhinosphenoid Bl Links (1)
14 Well-developed bony expansion on ventral margin of rt
15 Presence or absence of a frontal fontanel
16 Presence or absence of a parietal fontanel is_a chondrocranium cartilage
17 Epiphyseal bar
18 Dorsal portion of sphenotic spine A Children
19 Orientation of sphenotic spine
B DBxrefs (2)

Parents

Phenotypes for State: 0 - present &5 2 _ X Complete Ontology Tree View & £ O &5 & o X

|:D:| = intestinal villus
mesenchyme

e ———— muscle
Entity Quality Related Entity Comment Merve

epiphyseal bar present notochord

portion of connective tissue
+— H bone
B +— 1 cartilage
B «— & cranial cartilage

E «— B chondrocranium cartilage
auditory capsule
basal plate cartilage
epiphyseal bar
ethmoid cartilage
kinethmoid cartilage
lamina orbitonasalis
neurocranial trabecula
occipital arch cartilage

nararhardal rartilana

HE
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| 674,250

| 546,312

988,295

10,250

12,903

Clupeiformes 64,070

TOTAL 7,225,780




summary

e Evolutionary morphology and

genetic data can be linked using
ontologies

e Phenoscape: prototype of a

generalizable system for making this
connection

e Crosses disciplines, facilitates new
discoveries through data mining
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