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Figure 1.

A graph showing the increase in curated data in the Animal QTLdb and

CorrDB over the past 18 years. Data numbers are log transformed to
Improve visualization.

Abstract

In genetics studies to improve livestock production, it is essential to accurately identify and record animal production traits. However,
it has always been a challenge in research or production environments to unambiguously and consistently name and compare traits
of interest that are evaluated over time, at different locations, and by different people. There have been efforts to establish

270,000
frameworks using controlled vocabularies, concept hierarchies, and defined relationships between terms in an attempt to standardize
these unwieldly trait names. However, gaps still remain regarding what level of concept granularity should be retained to formulate - Caf“e
proper, precise, and reusable terms for description in a long-term, sustainable data management system. In recent updates to the ; Ch'ctken e
. . . . . . . oy . g oa
Animal QTLdb and CorrDB, we have introduced an approach to extend livestock trait ontologies using trait modifiers and quantifiers £ - iorse
to classify traits that differ slightly in how they are measured, evaluated, or combined with other factors (“‘quantifiers” or “descriptors”). 5 89099 o
Since the additional information cannot be accommodated by extension of formal ontologies, we previously organized these modified § B rainbow trout
traits as “sibling traits”. The new structure allows us to manage the extended trait/modifier information at the experiment level, as ..g B sheep
“trait variants”. Here we describe how this system has been implemented in the Animal QTLdb and CorrDB, simplifying the curation g
and management of such trait information. § 90,000
Introduction
The curated data in the Animal Quantitative Trait Loci Database (QTLdb) and Animal Trait Correlation Database (CorrDB) have been
steadily increasing over the past 18 years (1; Figure 1). Since the data curated into the database are from thousands of scientific
papers published in more than 200 journals, it has been a continual challenge to develop, improve, and maintain a sustainable
database structure for sustainable developments. Proper curation and management of trait information from livestock production and
research activities remain a challenge. Previously, we implemented “sibling traits® (2, 3) to extend complex trait names while Fi 3 _ .
including one or more “modifiers”, but this method also introduced new challenges. Recently, we introduced a new “trait variant” igure J. A screensthot of t'a curatlo.n web iorrr:tshohwmg psrt of tt:.e
concept and structure to target the problem, and we report initial success with this approach. B ShOWs oW 'S
implementation allows trait variants to be created from their
base traits using controlled vocabulary lists to define
modifiers/quantifiers.
- : . Select base traits tested to add into this experiment:
R |t Flgure 2. A conceptual graph showing data structure differences Mast sl Cavcaan i) Faties i 130075 BlzTo1n At deEh
eSUItS between “sibling traits” (modified as part of ontology Meat and Carcass : Fatness : 7322 : Subcutaneous fat percentage
I t i I & i I Meat and Carcass : Fatness : 1029 : Subcutaneous fat thickness
COnCeptS- A trait term may be “modified” by a prOperty, or gxtensmns) (a), el \_/arlants (mOdIfled Wlth exjcended Meat and Carcass : Fatness : 1260 : Subcutaneous rump fat thickness
A . . . info) created at the experiment level (b), their use in QTL ; . . . s :
descriptor’, such as intramuscular fat content (IMF) _ _ _ Meat and Carcass : Fatty acid content : 1428 : Arachidic acid content
: : : : data annotatlons, and their effects on OHtOlOgy trait data Meat and Carcass : Fatty acid content : 1360 : Arachidonic acid conte
measured in different muscles or using different methods. management_ Meat and Carcass : Fatty acid content : 1521 : Atherogenic index
IMF is the base trait, the added properties are modifiers, | n .
: : ~ : will clear existing data ~ @)
and the extended name of the base trait plus modifier(s) is  (a) Sibling traits created with modifiers for QTL annotation | — New, phicat ; e _ Aéd e
called a trait variant. We introduced quantifiers to further U?fdA::r:;:Sd:i"lp:r;:f:t(T‘:’:i:CItD folrosat;:)tlon s e
. _ . S Trait ontol . . . _ID:
define the use of a modifier in a specific situation (Table 1). e e Trait 4 Trait A-a | | Trat A-b_| | Trait o | O haha G
, ‘ ”ﬁ O Body length (Trait ID: 1114; Trait varl ID: 497)
1. Curation of complex traits with modifiers has been  Trait_modifiers P s gl LT HH e T [Time:at:birth]
: : : (an unwieldy list — ("body length at birth") ¥ .
implemented at the experiment level (Figure 2). because of extended O Body wataht (Trslit ID: 140dy o Base traits
| trait information) | ~/ Body weight (Trait ID: 1404; Trait variant ID:/U,B’)/
2. A curation tool was developed to allow modifier and ~ MySQL tables involved J | ! \! vty R /
quantifier information to be easily appended to base 2. Trait_modifiers QTL1 QTL2 QTL3 QTL4 | Bone percentage (Trait ID: 1225) _— Trai :
traits (Figure 3) to form (new) trait variants. ' Conformation score (Trait_ID: 1231) SR L DS
' Fat cover (Trait ID: 1334)
. . B (b) Trait variants created with modifiers per experiment ' Subcutaneous fat percentage (Trait_ID: 7322)
3. Conversion of “sibling traits” to “trait variants™ using the e ; . :
o ubcutaneous fat thickness (Trait ID: 1029)
new scheme and procedures generated positive Trait ontology e | Subcutaneous fat thickness (Trait_ID: 1029; Trait variant|ID: 150)
: : management layer e [Anatomy location:at:third lumbar vertebra)
impacts on the Animal QTLdb and CorrDB (Table 2).
' | [Instrument:type:ultrasound]
* Trait modifiers ("ultrasound fat depth at third lumbar vertebra") ¥
S : : * Trakt quandifiers l l, l, l | Subcut 1s fat thick Trait ID: 1029; Trait ijant ID: 151
4. Significant reduction of complex traits to manage after c}: | | | R R S e R S P EREE FREANE AV tend
Tt : “ailni TP} “ : : 9 MySQL tables involve Experiment 1 Experiment 2 Experiment 3 ‘ Experiment 4 g B R R B TR
transitioning from “sibling traits” to “trait variants 1. Traits P P P P [Instrument:type:ultrasound]
demonstrates improved efficiency using this method 2. Trait_modifierList :-:7ait A, TraitA, TraitA; TraitA, TraitAg TraitA TraitA , TraitA g ~ ("ultrasound fat depth -* ‘7 —:v") ¥
Table 3 3. Trait_extensions SRR ,." A a3 AN R 2 T 4 () | @® unselect(all) abtove
' TP SEPPN L T :-:',‘.;.:.':f‘;;r;:;' APTTITEN o FRRRRETTTLIN Y ARSI TH HITIIIIELE A anterior
(Table 3). 4. Experiments e l l l = To remove: | Remove |the selecte .
. w . : | . 7 below r
While the modifier factor partitioning approach provides QTL1 ! QTL3 \ QTLS ! QTL7 ! = To add extended info to the selec bj =
possibilities for a more scalable system, it also opens TL2 TL4 TL Anatomy location Quantifiers Multiple modifiers
y Q Q QTL6 QTL8 by .
additional opportunities for complex trait curation and M e '”f iohy
- 0O = ) |
management in the future. B 1 e < ] ® icnhz:r::le'
DiSCUSSiOn Modifiers LB AT | i for the trait vanant
" by | = modifier - v|| vl quantifier / rel term / notes
Table 1. “Modifiers” and “quantifiers’ used in the Gkoutos et al. (4) demonstrated the use of a decomposition strategy
implementation Of a hew trait Variant USing the Phenotype and Trait OntOlOgy (PATO) to dissect the terms in Trait Vanant Name: | Usually reported trait name Add trait variant
management System where trait variants the Human Phenotype Ontology (HPO) into their entlty/quallty
are curated at the exp.erlment Ie\(el. This propertle_s. Whlle.t.hIS was effectlve. for human medllc.al data,. th.IS Table 3. Total number of trait changes due to the database transition
scheme helped to relieve curation and strategy is not sufficient for accurate dissemination of trait information in from using “sibling traits” to “trait variants” in 2022.
and unmioidy ists of ‘siing G osiock  SNERIS OO0 Mol B P O O
and unwieldy lists of “sibling traits”. demonstrates the possibility of partitioning complex traits using SpLITE (e (e Llrenigs
u gm LY o ngm ] . ] ] " — 0
Modifiers Quantifiers additional trait descriptor information and provides a better structure for QTL/association 2,272 81.6%
1  Analysis adjusted, calculated, estimated curation management of trait details. 902 425 -52.9%
2  Anatomy above, anterior, at, below, by, dorsal, in, of, on, Heritabilit 1,061 413 -79.9%
location posterior Average -71.5%
3  Environment challenge, confinement, stress
4  Herd lves, , , heifers, 1 : . :
=T ei t - Vesf C?WS SWES tel o B, BOVR Table 2. Number of experiments and annotated data affected in the QTLdb and CorrDB
nstrumen manulacturcr, name, type -
» due to trait management changes from “sibling traits” to “trait variants” in 2022.
6 Measurement amount, area, character, color, composition, J 9 J Refe re n Ces
o e | VPRSPPI <. i i o )
7  Parit count - : :
.Y | Total base traits (BT) 678 370 692 265 2,123 the Anlmal QTLdb and CorrDB m?:o. the future:
8 Pedigree dam, daughter, maternal, paternal, sire meeting new challenges and providing updated
. . . BT with variants 28 10 2 1 33 6 13 93 ) . .
9 Stage adult, end, feeder, finisher, gestation, lactation, AN P I ! New trait variants 112 114 4 1 110 6 71 418 services. Nucleic Acids Res, 50, D356-D361
| nursing, parturition, start, weaning, yearling Experiments affected 123 342 2 1 93 1 39 625 2. Hu, ZL., Park, C.A., Reecy, JM. (2016)
10 Time after, age, at, basis, before, by, duration, weight Annotated data affected 10,010 648 10 16 4,906 174 463 16,227 Developmental progress and current status of the
11 Treatment challenge, drug, fast, feed, freeze, thaw, trim Total base traits (BT) 373 106 33 36 252 76 876 Animal QTLdb. Nucleic Acids Res, 44, D827-833.
BT with variants 42 13 1 17 18 91 : .
(04 3 10 New trait variants 181 52 I 101 00 425 O Eab'a”: G., Wachter, T., Schroeder, M. (2012)
: xtending ontologies by finding siblings using set
Experiments affected il E— i — ] — expansion techniques. Bioinformatics, 28, i292-300
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