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Abstract Comparing phenotypes among genetic mutants of

Model organism databases such as the Zebrafish Information Network model organisms: the EQ formalism

(ZFIN) use terms from anatomy and quality ontologies to describe the :
: : Model organism databases have
thousands of phenotypes known from genetic studies. By contrast, the vast Meckel’s cartilage schieved interoperability between
stores of phenotypic biodiversity data are typically rendered in free-form s henotvpe annoliations g’
text in journal articles. Thus, there is no informatic tool for researchers to 2)( ress%ﬁ these formallyin Entity-
ask questions that cut across these two domains of knowledge, such as : . . Pr S yu y
‘ : : : : : : Meckel’s cartilage (e v Quatity (EQ) syntax; and using
what sister clades in nature differ phenotypically in the same way a given . . ontolosy terms for entity as well as
mutant genotype differs from the wildtype?” Developing such a tool is the Entity (E) Quality (Q) o gst/erms An EQ sta¥emen :
aim of the Phenoscape project. We illustrate here the components gssertz that the uality Q inheres
necessary to reach this goal and how they interact to enable new questions i the bearer en’?it o y
to be jointly asked of phenotypic biodiversity and genomic data. y £
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The same formalism can be applied
Amia calva~ KU 2116, one alc. spec.; KU 3383, seven cl. & st. spec.; KU 6956, one alc. spec.; KU 10187, one CharaCter State EO° tdhe de°Scr]°pt]?]nS Of phenqtype d
S KU1 o e KU 230 ey 2 o, KU o 10diversity 1n the systematics an

I s oy o 2172 iy k. Afrcosts st~ ) 10557, K taxonomic literature, thereby making it possible to link evolutionary
1 Caturus elongatus - MB. £.3851. oy ~us furcatus ~ MB. £2931. tCaturus brevicostatus. - MB. £.3849 and MB, 5 5 s 5
phenotypes to their genetic underpinnings.

Outgroup and non-teleostean taxa

£3850. tCaturus sp.- IM SOS3344™_‘uridae sp.- MB. {3848,

tDapedium pholidotum.~ MB. {3949, MB. ~ad MB. £.3951.

Lepisosteus oculatus — KU 11163, one alc. spec; Ron 230, one dry sk; KU 21370, one dry sk. Lepisosteus
osseus.~ KU 5, one alc. spec.; KU 1695, one dry sk?w. ' 1724, one dry sk.; KU 2544, one alc. spec.; KU
3651, five cl. & st. spec.; KU 3677, one cl. & st. spec.; KDN_"X. one alc. spec.; KU 8530, one alc. spec.
and one cl. & st. spec.; KU 12645, one cl. & st. spec.; KU 16246 w,_*ve cl. & st. spec.; KU 18476, one alc.
spec.; KU 20557, two alc. spec.; KU 22216, two cl. & st. spec. Lepistdn, > ulatostomus.~ KU 003137, one
cl. & st. spec.; KU 003138, one cl. & st. spec.; KU 7029, one alc. spec.; KUw_?. one cl. & st. spec,; KU

23030, one cl. & st. spec.

1Gyrof Is hexagonus — MB. £.1339. tMesodon sp.— JM uncat. (from Winterhof). tNeoproscinidw, ~eualvai ~ MB.
£.3 73. tPalaeobalistum goedeli - ]M GPRR9.

tes porroi.— MCSNIO P15L, MCSNIO P331, MCSNIO P342, MCSNIO P343, MCSNIO

NIO P335, MCSNIO P338, MCSNIO P352, MCSNIO P355, MCSNIO P358, MCSNIO P361-
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Anotophysi Otophysi

O 0 NCBO Bioportal: Teleost taxonomy Ontology - Amia calva :
> || & |[22]] + | @ hip://bioportal.bioontology.org/visualize /40020 / TTO%3A1009872#1_tab2: 5} e n O Og] eS

N O BioPortal Browse Search Projects Annotate All Mappings All Resources

——— .. Logically sound ontologies that
Teleost taxanomy Verson 1.27 ; correctly reflect the state of know-

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

apesapee (cdge are key to this approach. We

tPro

Ostariophysi Modified from Fink and Fink (1981)

Our initial application domain is the Dt o T sprig 196 wacen bkingiog 0 s s . e

1-4, apomorphic states; ?, unclear, owing the preservation of the specimens. Leptolepis coryp., L. coryphaenoides; View Ontology Details
Leptolepides haert., L. haertesi; Leptolepides sprat., L. sprattiformis; Orthogon.,, Orthogonikleithrus.
Jump To: 4 |

evolutionary phenotype diversity for ' T N T * o o developed the Teleost Taxonomy
Ostariophysi, a clade of teleost fresh- Amiabe W00 W0 000 o0 mm oo Ao oom Y e < ool Ontology (TTO) based on the Catalog of

Amia cinerea”

Fishes, and the multi-species Teleost

1 Ascalabos 00001 271720 2072 271777 00017 01707 l:B Cephalaspidomorphi
t Aspidorhynchus 20020 072010 0070 00007 00000 =)~ Gnathostomata 4 '
1 Belonostomus 00020 0?2017 27 20070 00000 00000 #- Chondrichthyes “Amia marmorata”

water fishes containing zebrafish and

VBN RELON=-

approximately 9,000 other species "R BN RN . " T | Anatomy O.ntology (TAO) as a clone of
(~28% of all known fish species). [ Lt of haracten ;::w the Zebrafish Anatomy Ontology (ZFA).

f The list of characters, the analysis of certain morphological characters, and the phylogenetic relationships #- Prohalecites -
- of certain teleosts are based on the features listed below. [0) represents the plesiomorphic character state # Pycnodontiformes hid

S u C h p h e n O ty p e S a re t ra d i ti O n a l ly “and (1), 2), [3). and [4] the apomorphic character states. The outgroup used to polarize characters includes #- Lepisosteiformes

- tWatsonulus eugnathoides, Amia calva, Lepisosteus spp., and others in different analyses. - Semionotiformes

2 » Annrtals nonatunic r s rrocont
O O NCBO Bioportal: Fhenotypic quality Untology - present

L[> || e | [52]] + | @ nup://bioportal.bioontology.org/visualize/40044/PATO%3A0000467#1_tabl: [+ -
re O rted -i n free teXt fo r as StateS lw'With the exceptions indicated,'characters 1 to 167 are from ARRATIA (1991, 1996b, 1997) or are new = r;Fesﬁg?AWOtm* :) - B— S — ry— —— S— Gonn Regicter
p I I I - characters. Because of the use of different outgroups, characters 26, 27, 28, 36, 76, 77, 78, 92, 122, 124, 125, - Pachycormidae Alpha

8 : J‘ 126, 128, 129, 130, 137, 140, and 157 changed their polarization with respect to ARRATIA (1996b, 1997), and - Aspidorhynchiformes ~ Teleost anatomy and development ~ Teleost taxonomy
Of C O a r a t'l V e C h a r a C t e rS -I n d a t a in other cases, the presentation of some characters was slightly modified (indicated below). Characters 168 & Teleostei
I I l p to 175 are from GRANDE & BEMIS (1998); characters 176 to 191 are taken from PINNA (1996); and cha- = Amiiformes A Phenotypic quality Version 1.149 :r present | Link Here | & Subscribe 1:
: : : : racters 192 to 196 are from BRITO (1997). R
- ia
I I I " s 3 ] ) ) View Ontology Details Details Notes in Resources alpha
I I l a t r] C e S p u b l] S h e d ] n t h e SyS te a t] C S 1. Ethmopalatine ossification in the floor of nasal capsule articulating with autopalatine: (0] absent; [1] - Amia pattersoni Jomp T gy Mappings a
- . Amia calva " | .@ b . —
o . present. (PATTERSON & ROSEN 1977.) =/ pnysical oDJect quality | Show Network Neighborhood v M[ Full Version |
l] te ra t u re typ] C a l ly a S a reS u lt Of 2. Two paired endoskeletal ethmoidal ossifications: [0] absent; [1) present. = € quality of a single physical en =
) 3 P ) ) - @ cellular quality —
: : : . arietal bones fused in a median element: [0] absent; [1] present. #- €y complexity :
analyzing natural history collection 2 © cnotr
#- 4 functionality
. Arratia, 1999. Zoological Jo. rnal of the Linn&n Society 151:691-757. gjjgmj;::;{m
#- 4 closure
#- 4 deformed
- £ shape
- - — = € size
a a 5 O C » () C © Arratia_1999.xml #- € 1-D extent
Taxa & 2 . X 3 Term Info: Amia calva (Characters & » JJRJ States\| ¥ = X \ (# — o x [ Term Info: mesethmoid bone #& & — x g o ;g extent
. -~ : . H- € 3-D extent
Curation [E -— i e * + = mesethmod bone PR £ s e
i —r B Basic Info —
[Valid Taxon A [Publication Taxon e . ‘Character Description Symbol State Description =
::bula \fllu'peshl _ ::bula ‘r,\u'peshl _ Term: Amia calva 1 Ethmopalatine ossification in the floor of nasal 1 present Term: Mmesethmoid bone - @ dystrophic
We d eve lo ped LR e R ID: TTO'1009872 2 Two paired endoskeletal ethmoidal ossificatio 0 absent #- € hypoplastic
Cha h ch ha ' ' 3 Parietal bones fused in a median element ID: TAO:0000323 \ . £ hypotrophic
nos chanos GROS Chanas Ontology: teleost-taxonomy 4 Parietal bones ) U e incr iz i
a to Ol Ph en eX Clupea harengus Clupea harengus " defi ded SRR Ontology: teleost_anatomy i} cbiased size L @ MO \CBO Bioportal: Teleost anatomy and development Ontology
Coilia nasus Coilia nasus Definition: (no definition provided) P N - ; . , P “ubby R - [t
) ) Denticeps clupeoides Denticeps clupeoides 6 Supr aoccnpl'tal none Definition: ;":gc'ﬁz:é',‘:'f::,eﬁf’ar;":,?fhggafi,fgﬁ,g s:ai?;? ae #- @ structd IR ERG http://bioportal.bioontology.org/visualize /40027 /TAO%3A0000323#1t_tab2:
to acce le ra te AT Cabauinhad it Z:::Jerﬁ?xeen all cartilage bones in the brail septum anterodorsally and laterally (Harrington, #- € texture E—
Dorosoma petenense Dorosoma petenense ElSynonyms (12) . _reri . . T s . .
Elops affinis Elops affinis Shymenvms (e 9 Interfrontal suture smooth (sutura harmonica) mesethmold remains cartiaginous (Cubbage & & @ necessity (continuanépgr— Teleost anatomy and development Version 1.1 _mesethmoid bone | Link Here | B subscribe
o Elops hawaiensis Elops hawaiensis RELATED Amia canina 10 Large orbitosphenoid bong Mabee, 1996). The mesethmoid meets the - 4 organismal quality
t ra n S O l I I a t] O n Elops saurus Elops saurus Amia Fln_er_ea 11 Ofb“OSDheQOId bone partially or completely re supraethmoid dorsally, the lateral ethmoids #- € physical quality View Ontology Details Details Notes Mappings Resources alpha
Engraulis encrasicolus Engraulis encrasicolus n Amia lintiginosa 12 Parasphenoid posterolaterally, and the vomer and parasphenoid | - € population quality p—— .
Engraulis ringens Engraulis ringens A maf;“m‘l? 13 Long parasphenoid extending posterior to bas ventrally in synostoses. Anterolaterally the #- €y position ump 1%:1 ! b - [ ———
Of C h a raCte r Esox americanus Esox americanus :m!a occnlrentz N 14 Ossified aortic canal mesthmoid meets the preethmoids in +- 4y relaxation - snout -~ | Show Network Neighborhood v | \*||_[&] Ful versio
Esox lucius Esox lucius - Am:g gﬁsagau . 15 Canals for occipital arteries in basioccipital bor synchondroses. % g strength #- mouth
Esox niger Esox niger A Amia pigquotii 16 Spiracular canal Definition ref 1: ZFIN:curator - £ sufficiency .. adipose eyelid
a n d Sta te Ethmidium maculatum Ethmidium maculatus v Amia reticulata 17 Anterior myodome : 4 barbel
(Y RIS Amia subcoerulea 18 Anterior and/ or posteri or myodome - # eye
o . = Amia thompsonii 19 Myodome A 4 pharyngeal arch
d eSC r] pt] O n S Specimens for Taxon: Amia ca... & & o x\_@ Amia viridis 20 Especially deep posterior myodome with eye n v % ek
p— V<> | R RIS v f
ElLinks (1) NN ‘ = cranium
: Ik % BLinks (1) L - #- orbital re
]nto for I al —r o Parents Phenotypes na..x\ | a_l:lg:l;(— ph View "'f°"'—x\ [4¢)»F2_DOx] & sphenoid?r'i:;ion
ollection Catalog ID (| :
KU 2 11(;og is_a Amia sﬂa / Ancestor views of mesethmoid bone #- cranial cartilage g
p h e n Otype KU 3383 J All parents #- dermatocranium
KU 6956 Children - ‘ - 7 i | portionof tissue | | anatomical group | |  cranium | #- splanchnocranium
KU 10187 e BRI e - olfactory region
. B Other Properties (1) mesethmoid bone present in organism No
asse r ] O n S A KU 16916 [portion of connective tissue| | anatomical cluster | neurocranium Ove,
KU 21261 — has_rank  TTO:species #- otic region 2 "3pg
L4 Sz ([ canilage | [ bome | [ olfactory region | - occipital region »
Phenex records - Grndrcranur »
[ cranialcartilage | [ replacementbone | kinethmoid bone .
1 1 ] 1 1 ‘ b &~ basioccipital mesethmold ventral M
€ pubtication ana specimen codes, and aids in ) (S . preratic
5\0 - - preethmoid bone
choosing the respective ontology terms for taxon, i e artag
i+ lateral ethmoid .
4 _ IIIII I |

character entity, and character state. | " e

#- sphenotic

.. pterosphenoid
mmkK_node 1d_1Ke +- epiotic

+- exoccipital
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i link_id ~ serial PK link_predicate id_fkey - [T
SRR ok objetid_fhey
P H E N O S C A P E :::;:i:r:;:mon %25:5:: w_when_id_ﬂ(ey CO m m u n ] ty ] nvo lve m e n t [Or:}SOIeorgy}" equests ter ’”_’ﬁ, e c-]rlféczttter::keJ
conbinar chamtrt) The ontologies involved in this effort have to evolve 7
Search Data Services About _s°“’§:;]':te ;’:;g::n FK link_source_id_fkey . 5 - email sent to
0 constantly 1IN response to curation. A multl-step Process &

Welcome to the Phenoscape phenotype database for ostariophysan fishes.

link_inference_type_id_fkey

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

OBD Reasoner - pnenoscape
TET o m— ] B 3 GEow=err:
or autopalatine ! Relation Chains
‘ Rule: 7 A, B, C: inheres_in{A, B) rt_of(B, C) inheres_ii rt_of(A, C)
Search genes: || 2utopalatine-latere ety FheRaiii B) A\ PSafS, €)== s fpatct

autopalatine-maxil

ensures that new terms can be proposed by anyone, [T eleosflt_-diﬁpttlssj
. . . malling IS
and are reviewed by the community of domain experts. :

Homology

community decision

ssssssssss

instances of the relation inheres_in_part_of are accumulated from instances of the relations of inheres_in and part_of. IF A inheres_in B and B

or autopalatine-vome part_of C, THEN A inheres_in_part_of C. This relation chain is specified by a holds_over_chain property in the inheres_in_part_of stanza of the '
Search taxonomy' t pt i Relation Ontology &. However, the actual rule is hard coded into the OBD reasoner and not derived from the ontology. 5 s s 5 T
Il autopterotiC syno
amegor dorsoynmney; Decomposing " post-composition" relations Te rmS ]n the m U lt] " SpeC] eS TAO a re St rU CtU rally def] ned ) (TAO admlnlstratoD

Rule: '/ Q, E: inheres_in(Q, E) = inheres_in{inheres_in(Q, E), E)

lateral ethmoid-au Rule: \/ Q, E: inheres_in(Q, E) = is_alinheres_in(Q, E), Q)

metapterygoid-aut

and hence do not imply homology, not even with
: : : ontology update
themselves when applied to different species. Rather, e.9., new term, synonym
homology is a hypothesis requiring attribution and
: : : hronizati ZFA
evidence, the latter also coming from an ontology. This S oncin— )
remainS an On' Publication Entity 1 Taxon 1 Entity 2 Taxon 2 Evidence

: Britz and Hoffman 2006  supradorsal Teleostei  claustrumbone Otophysi inferred from developmental similarity
gO] N g C h a l le N ge : Britz and Hoffman 2006  supradorsal Teleostei  claustrumbone Otophysi  inferred from positional similarity

Phenotype annotations are typically "post-composed", where an entity and quality are combined into a Compositional Description. For
example, an annotation about the quality decreased size (PATO:0000587) of the entity Dorsal Fin (TAO:0001173) may be post-composed into
a Compositional Description that looks like PATO:000058740B0O_REL:inheres_in(TAO:0001173). Instances of is_a and inheres_in relations
are extracted from post compositions like this. In the above example, the reasoner extracts:

For efficient
1. PATO:0000587A0BO_REL:inheres_in(TAO:0001173) OBO_REL:inheres_in TAO:0001173, and
2. PATO:0000587*0BO_REL:inheres_in(TAO:0001173) OBO_REL:is_a PATO:0000587 :
. - querying, most of

Knowledge Base
The ontologies, phenotype —[strmm—— Y rtiersllle | e
a ng L‘r? e log{ .ascsie ";ti 2 ”S& e o bl (2SSETtions) are
and the genetic data an iy i s, At bk et e G i s, o o e :

phenotypes from ZFIN are [l >
integrated in a semantic S Raa——— and stored in the
WDl dataDasE (D . B e database too.
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