Phenoscape: Ontologies for Large Multi-species Phenotype Datasets

_ Peter Midford*, Paula Mabee?, Todd Vision®*#, Hilmar Lapp?,Jim Balhoff34, @
PHENOSCAPE Wasila Dahdul=®, Cartik Kothar*4, John Lundberg®, Monte Westerfield® S

lUnwversity ofKansas; The Unwersity ofSouth D akota; N atobnalE volitbnary Synthess Center WESC ent); ‘Unwversity ofNorth C arolna atC hapelH il
*Academ y ofN aturalS cences, D ept. Ththyobgy; ¢Un¥ersiy of0 regon, Zebrafish hfom aton Netwoxk (ZFIN)

=

A o
v

Curaton of Phenex:a twolforevolutionary data curation

Ihtroducton Ontobgis evolitionary lierature

= . e The unyue chalenges faced n annotatng these

The Phenoscape progcthas devebped ontobges and

b hobgtaland d h :  Chmceroesaipion || symbol state besarpion || EBasicinfa ' evolitonary data have requied the
‘tDO t() ilte m‘te mo (@) i:a. an enom .'.C am. . T .B b b h 1 Elhmop_alatine ossification in the_ floor m_' nas_al- 1 pre?ent Term: Mesethmoid bone
. neg ROy genom _ TelkostAnatom y O ntobgy EvO htonaxy phnenowypes 2 Two pated endoskelel ehmoidalasicator) || 0 absen o Tho0000s2: devebpm entofnew resoures, took and
ntegraton albw s us © address com paratwe questons 4 Parietal bones Ontology:  teleast_anatommy : o 5 :
i evolitbnary bbbgy. W e have curated 81 The TekostAnatom y O ntobgy (TAO ) & a m ulispeces (C haracters and states ) ¢ Supracccntal b oeion Nedin npaed cragebon rat s 53 extensons O exstng ones.Phenex B a
. . . . . o . . 7 Basisph id ~ N > 3 o L4
publcatbns, descrbig nearly 6,000 phenotypt anatom y ontobgy rtekost fshes thatwe hitated h & Sutures benween al cartiage bones i the brai seprum anterodorsally and laterally (Harrington soflw are applraton devebped by Phenoscape
9 Interfrontal suture smooth (sutura harmonica) I L
h :.[1 4 . f . h . n . h : r . 101 hiosnhenoid h mesethmoid r1lema|m casmlagmpus [Cut;hage & . .
chamcters 1 4,000 speces of0 sarophysan tsh. Ou Septem ber2007. Estarted as a cbne ofthe zebmfsh Listof characers 1 Csphénad an pail o cople 1 S s e e o and hosted by the 0BO Progctbrthe curaton
database ofontobgy-based annotatons s now anatom y ontobgy w ith whrh we stillsynchmonize requhrly. . | o it e N 12 Parasphenoid __ _ _ posterolaterally, and the vomer and parasphenoid : : :
The list of characters, the ﬂt‘l-‘ll}l":iL'i of cerfain |1:1urp]'1{:luglc‘al characters, and the ph}-‘]ﬂlgt'nl*tl.c relat::_:n.t'.hlp.».- 13 Long parasphenoid extending posterior to bas ventrally in synostoses. Anterolaterally the OfeVO ll-mna dam usn On-bb ES D am
avaibbk va a web-based nterface at D evebpm entofthe TAO = Cunent'y centerad on the skekrtal of certain teleosts are based on the features listed below. [0] represents the plesiomorphic character state 14 Ossified aortic canal mesthmoid meets the preethmoids in IY g g °
. o _ . . and [1], (2], [3). and [4] the apomorphic character states, The outgroup used to polarize characters includes 15 Canals for occipital arteries in basioccipital bor SD"'“th!“,"d"“feii _ . .

ht@ ://kb phenoscape org. Sys-tem , Snce 1 B offen the focus of eVOhtDna.Iy studes n 1'*"-".1;:.5051“1'!':5 eugnathoides, Amia -;:ﬂl'l-wtll._|I Lepisosteus spp.. and others in different analyses. :gi‘::‘?rglra;;z:ilme elinition ref 1 £Hil-curator annO'la'tEd " ﬂl P heneX B ba.sed on ﬁle

. . . . . Vith the exceptions indicated, characters 1 to 167 are from ARRATIA (1991, 1996b, 1997) or are new : steri . . .

rhthyobgy as wellas genett studes h zebrafish. S hce characters, Because of the use of different outgroups, characters 26, 27, 28, 3, 76, 77, 78, 92, 122, 124, 125 Lo wyodome @synonyms (1) EntityQualty (EQ )modelbrepresentng

o . - - . . 126, 128, 129, 130, 137, 140, and 157 changed their polarization with respect to ARRATIA (199%b, 1997), and 20 Especially deep posterior myodome with eye v

U ntl'l]:ecent:y ’ bDbgDalontDngS have eiher focused IlceptDn the num berofskektaltem s has grown from 253 t© in other cases, the presentation of some characters was slightly modified (indicated below). Characters 168 ' yaTr] ' = EXACT ethmokd [x

— R — phenotypes.Phenex provdes facilites for
enotypes & # o X iF | | . . .
% _ Ancestor views of mesethmoid bone badng Onbbg:es and eaSiy Sebcmg .Em S °

Charmactercharacter state-
orented Phenex mtexrface

on shgk m odelogansm s, or, lke the G ene O ntobgy, 618.
atem p'Ed o Span th.e tree Of]:[@ . P henoscape B a L Ethnmpa!atim: -.*.n.-::-‘siﬁcali:‘nn in the floor of nasal capsule articulating with autopalatine: [0] absent; [1)
pmoectto devebp ontobges and a database to present. (PATTERSON & ROSEN 1%77.)

descrbe the phen0| es ofthe O S'E]:bphys_'i., a group of Two paired endoskeletal ethmoidal ossifications: [0] absent; [1] present.

>9,000 speces oftekostfish. Am ong the O sterbphysi P henone O n‘tD bgy (P aTO )

5 the Zebrafsh, an establshed m odelogansm ,

i . L GRANDE & BEMIS (1998); characters 176 to 191 are taken from PINNA (1996); and cha-
racters 192 to 196 are from BR Sk

mesethmoid bone present in organism

Parietal bones fused in a median element:

frequently used h devebpm entalbiobgy. Because The Phenotype and TraiO ntobgy PaTO ) 5 an ontobgy of attrbutes -

Phenoscape shares anatom raltem s w ih the anatom y and qualites that i used by m ulpk OBO pmcts t annotate P henowpe O @xonm appIlg ° [Briey s the Istofcharacters, c'haracter states and taxa
ontobgy m antaned by the Zebmafish lhfomm aton phenotypes. (In a.tl:iX) drectly from a characterm atr_'x. ﬁb '
Netwoik (zfn.org),we wilbe abk t© apply rrasoning to - Com pose EQ phenotype descrptons —ontobgral
queres over zebrafish m utantphenotypes and Table 1, descrptons ofcharacter states —usng anatom y and

Data matrix of Taxa Set representing 196 characters belonging to fossil and extant taxa. 0, plesiomorphic state;
14, apomorphic states; 7, unclear, owing the preservation of the specimens, Leptolepis coryp,, L. coryphaenoides;
Leptolepides haerl., L. haerfesi; Leptolepides sprat., L. sprattifermis; Orthogont, Orthogomikiithric,

“evolitbnary” phenotypes acmwss the O starbphysi phenotype ontobges

- Choose taxa diectly fiom a taxonom y ontobgy

1-5 6-10 11:15 1620 21-35 2630 335 3640 4145

o TAllothrissops 1111 2100 (ar? 21010 ooot 01201 00001 1001¢ (0
2. Arua cala 00120 (oo (NI LLELY (0000 100 LG 20000 LU LY

Amia calva

Exam pEks of such queres nclhide fndnhg canddate O ﬁler O B O O n'b bg:.es

geners underlyng the evoliton ofm orphobgral
characters and searches t© dscover sin ibrphenotypes
am ong differenttaxa.

7 tAmia patiersoni 00000 00000 00077 02007 00007 0OI00 00001 20007 00000 Sl l-l

4. tAnarthalion 00001 20007 e ? 2mm I3 a1a L 10000 71
5 tAscalahos 00001 211N e ireee 17 ommor (1 ey (N0
vt Aspidorhynchus 70020 OFDI0  OFOFY  TOOMO DOOO?  ODOOD  OOOKD  100TF D000

Phenoscape uses severmlotherOBO foundry ontobges, nclidng
the rehtons ontobgy (OBO_REL), the spatalontobgy BSPO ), the
evilence codes ontobgy ECO ), to whirh we added codes for

Valid Taxon & Publication Taxon e [ [ [
dspes * || Amiac Em beddng EQ mito tradional
Alosa chrysochloris Alosa chrysochloris ' m e m m n a

Amia calva Amia calva ID: TTO:1009872
Chanos chanos Chanos chanos

[
Ontology:  teleost-taxonomy
h terdata via NeXM L
Coilia nasus Coilia nasus Definition: (no definition provided) c amc r a n e

nfernred hom obgy, and the bobgralpmcess porton ofthe G ene Denticeps clupeoides Denticeps clupeoides .
Alestidae ! g P P Dorosoma cepedianum  Dorosoma cepedianum - NeXM L 5 a new XM L-based standard forthe exchange ofcharacter
-t . Dﬂm_snn1.a.[_mtenense Dﬂm_mn'{afletenense = Synonyms (12) . ) .
Taxa (extantand extnct) T ATED i o m atrtes and trees. ki htended to supercede the comm only used

is_aT

. {Belowostomus 00020 oro? 00?7 LI 00000 (OO0 1000t DO000
4, Chanps oo 21100 ort 21010 ] 01201 (i 10011 100X
9, tDapedium FHO00 0t 11007 T Q0100 HLLLLY 100¢ 000

T R YT 0 Amia lintigiosa NEXUS fom at. Besies HIbw hg XM L standards, talbws annotatbns
I - - - Amia marmorata . .
rorauls ringens cnoraulls ringens Amia occidentalis whth can be extracted to em erghg web standard om ats such as RDFa.

- o - o Amia ocellicauda
Esox lucius Esox lucius

Esox niger Esox niger n Amia omata These annotatons can hclide custom XM L extensns such as our
Ethmidi lat Ethmidi latus v N
Ce— o s S ontobgy-based EQ phenotypes

Amia thompsonii

Amia viridis - EQ data are stored usng the PhenoXM L fom at, em bedded w ithih NeXM L
B Links (1) - Taxon TTO dentfers are stored as custom annotatons t© taxa n the taxa
—_— Parents
Catalog ID bbCk

2116 [ is_a Amia

3383 - M esquire 5 a popubrtolbreding and perform ng com parative anayss

6956 Children

10187 ofdata fiom characterm atrces and trees. W e are testhg a plig-n that

16916 E Other Properties (1)

Outgroup and non-teleostean taxa
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Atractosteus macrobeceus.~ KU 21317, one dry sk.; KU 21372, one dry sk. AtractosTPrsspgiula.- KU 18537, KU
18540, KU 18545, and KU 18548, dry crania.

tCaturus elongatus.~ MB. {.3851. tCaturus furcatus - MB. £.2931. tCaturus brevicostatus.- MB. £.3849 and N1
£3850. 1Caturus sp.- M SOS53344. tCaturidae sp.- MB. {3848

tDapedium pholidotum - MB. {3949, MB. {3950, and MB. {.3951
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cl. & st. spec.; KUY 003138, one cl. & st. spec.; KU 7029, one alc. spec.; KU 16142, one cl. & st. spec.; KU
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