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Summary
In the age of big data, biological databases must undergo rapid development of their data
infrastructure in order to effectively accommodate abundant data in a structured manner to
improve metadata analysis. The livestock genetic and phenotypic correlation data from
studies carried out in the past 70+ years, and the quantitative trait loci (QTL) mapping results
from studies over the past 25+ years, provide a huge amount of information to add new types
of annotations to animal genomes. The growth of Animal QTLdb and CorrDB over the past
decade provides valuable tools for researchers to utilize a wealth of historical and future
phenotype/genotype data to elucidate the genetic mechanisms behind livestock production
improvements. Our recent efforts in extensive data curation, data quality maintenance, new
web tool developments, and collaborative database expansions provide convenient platforms
for data queries and analysis to serve the phenotype/genotype data collection needs of the
livestock genetics/genomics community. Through the course of over 13 (QTLdb) and 5
(CorrDB) years of development, applications developed for Animal QTLdb and CorrDB have
embraced the big data era when metadata analysis started to demonstrate its power and utility
in terms of resynthesis of metadata for improved genetic analysis. To date, there have been
136,137 QTL/association data curated from 1,881 journal articles that represent 1,890
different traits in 6 livestock animal species. We use a strategy to map all QTL/correlation
trait data to ontology terms so that they can be linked by underlying information networks.
By developing trait-centric and gene-centric views of the QTL/association data, vast amounts
of phenotype/genotype data can now be summarized in helpful new ways. In addition, we
continue to expand the types of data collected for inclusion. The most recent addition is to
include “supplementary data,” e.g., original genotypes, phenotypes, near-significant or other
association/QTL data from the same experiment that may not be part of official publications.
The inclusion of such data may add value to the “big data” pool when meta-analyses are
conducted. The most critical developmental work, although not obvious to the public, is the
improvement of curation tools and workflow to improve data quality control and
maintenance. For example, we have added several new data status types, as well as
corresponding procedures to better manage data flow within the curator/editor pipelines. The
goals of our ongoing database development are not only to facilitate data collection, curation,
and annotation, but also to provide mechanisms to support new types of data reanalysis,
combined analysis, and data mining that may lead to new discoveries.
Keywords: livestock, qtldb, corrdb, phenotype, genotype, trait, ontology, database, big data,
curation.
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The rapid progress of animal genomic studies has introduced a wealth of genome information
thanks to advancements in new technologies. Whole-genome assemblies for cattle (Elsik et al,
2009; Zimin et al, 2009), chicken (ICGSC, 2004), pig (Groenen et al., 2012), sheep (Jiang et
al., 2014), horse (Wade et al, 2009), catfish (Liu et al., 2016), rainbow trout (Berthelot et al.,
2014), and other agricultural species have been made available within the last decade, and
efforts are ongoing to improve the quality of these assemblies and to functionally annotate
gene information to these genomes (FAANG Consortium, 2015). The newly available
genome information, upon completion of functional annotation, provides a powerful tool for
investigation of the genetic mechanisms behind prolific production in livestock animals. The
genetic and phenotypic correlation data from studies carried out in the past 70+ years, and the
quantitative trait loci (QTL) mapping results from studies over the past 25+ years, provide a
huge amount of information to add new types of annotations to the genomes (Sharma et al.,
2015) and to help researchers, livestock producers, and other stakeholders dissect the genetics
underlying phenotypic variation. The ongoing development of Animal QTL Database
(QTLdb) and Animal Trait Correlation Database (CorrDB) provides excellent tools to
facilitate this process. In fact, an average of over half a million annual web visits are made to
Animal QTLdb (2010-2017), and a total of 1,450 citations of Animal QTLdb can be found in
Google Scholar (Google Scholar Citations, 2017).
QTL/associations represent chromosomal regions linked to complex traits by genetic
and association analysis of polymorphic genetic markers against variations in phenotypic trait
measurements. Phenotypic and genetic correlations represent co-variations between two traits
with regard to trait performance records and their genetic values. We developed Animal
QTLdb and CorrDB to house all relevant published data, initially with two primary functions:
as a centralized database for easy data retrieval, and as a platform for data comparisons on
data collected across different experiments, methods, geographic locations, and times (Hu et
al, 2005; Hu and Reecy, 2007, Hu et al., 2013). Through the course of over 13 (QTLdb) and 5
(CorrDB) years of development, applications developed for Animal QTLdb and CorrDB have
embraced the big data era when metadata analysis started to demonstrate its power and utility
in terms of resynthesis of metadata for updated genetic analysis (Wu et al., 2011; Hu et al.,
2013). This brought many opportunities, as well as challenges, to our developmental work to
meet user demand for QTL/association/correlation data in an abstractive, detail-ready format,
subject to queries for linked genomic data (genome locations, genes, related genome features
and variations, related studies, etc.), to provide global networked views of genotypic and
phenotypic data.
In this report, we present our most recent progress in development of Animal QTLdb
and CorrDB, with a focus on synergistically reusing developed components, combining
functionalities, co-developing modules that integrate resources, and most importantly,
providing possibilities for users to examine QTL/association-based data in a networked
fashion for genetic analysis.

New Developments
Continued curation of QTL/association/correlation data, data entry standards, and
database growth
The number of curated data points in the Animal QTLdb has undergone exponential growth
over the past 13 years (Figure 1). To date, there have been 136,137 QTL/associations curated
from 1,881 journal articles that represent 1,890 different traits in 6 species (Figure 1). The
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SNP association data has undergone the largest increase by data type (Figure 2).
Database curation is a demanding job not only in terms of the sheer volume of data
processed with minimal errors, but also for the responsibility to maintain the entered data in
good standing for its lifetime in the database. In addition to a number of tools to facilitate
quality curation workflow (Hu et al, 2016), we have also developed a minimum required
information list for Animal QTLdb data entry
(https://www.animalgenome.org/QTLdb/doc/minfo). This helps to minimize the gaps between
collaborative curation efforts. Besides the internal curation protocols and data flow
framework, we also provide steps for data authors to submit their new data in batches through
web tools where they can take ownership to manage their data, and get their data integrated
into the data flow (https://www.animalgenome.org/QTLdb/doc/batchdata).
Integration of VT/PT/CMO ontologies and their mapping to QTL/correlation traits
In animal science, variations of trait names exist in many forms. It is therefore necessary in
database development to manage them using controlled vocabularies, especially when traits
are the focus of scrutiny. The use of biological ontologies serves this purpose. The data
curation process involves associating standardized trait symbols and names with the best
matches to respective trait ontology terms while ideally maintaining the ability to search for
the name reported in the literature. We have reported earlier (Hu et al., 2016) the integrated
use of Vertebrate Trait Ontology (VT; https://www.animalgenome.org/bioinfo/projects/vt/;
Park et al., 2013), Livestock Product Trait Ontology (LPT;
https://www.animalgenome.org/bioinfo/projects/lpt/), and Clinical Measurement Ontology
(CMO; https://www.animalgenome.org/bioinfo/projects/cmo/; Shimoyama et al., 2012) to
manage traits within Animal QTLdb. Now we have expanded the use of these three
ontologies to manage traits for the Animal CorrDB as well. In order to do so, we developed a
trait mapping tool (Figure 3) to allow traits within the CorrDB to be mapped to one or more
of the three ontologies. The links between trait terms in Animal QTLdb and CorrDB can be
established through their mutual mapping to the corresponding VT/LPT/CMO ontology
terms. Figure 4 and Figure 5 show two screenshots, where correlation data, when available, is
provided on a QTL/association data sheet listed by traits, and QTL/association data, when
available, is provided on a correlation data table view.
Incorporation of new types of traits – those “modified” with additional attributes
A new challenge we have undertaken is how to accommodate the trait naming method seen in
most correlation reports, where a trait name can be conceptually “modified” into a slightly
different one depending upon trait measurement conditions. For example, pig litter size can
be measured at the sow’s first parity (“first parity litter size”) or second parity (“second parity
litter size”), and backfat thickness may be measured by ultrasound or ruler, as well as at
different (rib) locations along the back, etc. In this way the same trait may have different
forms thus may be treated as a “new” trait for the sake of comparison. Yet, in ontology terms,
these are actually the same trait. To cope with this situation, we are currently developing a
system to allow “modifiers” to alter traits based on measurement methods, time, anatomical
locations, etc., while still retaining the original definition for ontology data management. We
call this type of modified traits “trait variants.” To this end, we have been developing a list of
modifiers with controlled vocabulary (Figure 6). We then append these modifiers to a trait,
making them distinguishable from other variants, yet retaining the root of the term as
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belonging to a general trait in the context of ontology (Figure 7).
Development of gene-centric and trait-centric views of QTL/association data
With the exponential growth of the data in QTLdb, it is necessary to facilitate users’ ability to
quickly extract relevant genotype-phenotype data for human-consumable analysis. To achieve
this goal, we have developed tools to digest the data into gene-centric and trait-centric views.
Figure 8 and 9 are two screenshots, showing how gene-centric and trait-centric views of the
QTL/association data are displayed. For example, upon user query, a gene list is given with
summaries of gene name, symbol, and any other known names. Dynamic links are embedded
for each gene to be expandable to NCBI GeneDB for further detailed information on the
gene, while a summary is given for the number of QTL/association data that are associated
with each gene. This gives the user options, when needed, to open up the QTL/association
data list for exploration or for download. Likewise, the traits on a trait-centric view have
direct links with VT/LPT/CMO trait ontology when such mapping is available.
Additional supplementary data associated with published data
"Supplementary data" provides supportive evidence to curated QTL/associations that includes
supplementary information useful for combined or other types of meta-analysis in the future
but may not be essential data for a current publication. We have modified the database
structure to allow supplementary data from a publication to be uploaded "as is," and data file
information is annotated to the released data. These data include original genotypes,
phenotypes, near-significant or other association/QTL data from the same experiment,
supplementary to the curated data. Currently this type of data is not directly available to the
public but will be available upon request. The inclusion of these data is part of our efforts to
host more complete data collections to fuel future metadata analysis.
Improved curation tools/procedures and data release procedures
Over the years, we have developed a 17-point checklist for data quality control and review, 6point data release operations, and 5-point post-release operations for each data release cycle
(https://www.animalgenome.org/QTLdb/doc/protocols/release). While we have automated
these steps as much as possible, human attention is required for many of the operations,
because new situations arise and automated scripts would need to be altered as part of the
routine. This also provides a mechanism of feedback for curation flow improvements.
Since our last report (Hu et al., 2016), several new curation procedures/protocols have
been developed. Data may now be “re-tracked” for valid reasons, placed “on hold” when
verification is needed for contradicting or confusing information, “suspended” temporarily
when problems occur, or “obsoleted” when data is invalidated. Under certain circumstances
we may conditionally release data, for example, to pre-release a set of data to meet
publication requirements for authors.

Future Developments
The future developments of both databases will be focused on expansion of data/structure
integrations under a federated database concept, with emphasis on collaborative efforts and
shared resources and outcomes.

Proceedings of the World Congress on Genetics Applied to Livestock Production, 11

954

Figure 1. Growth of curated data in the Animal QTLdb by year and by species, represented by
data point counts released each year on the Animal QTLdb website. Note that all data are
LOG transformed so that the bar graphs are readable in a reasonable window size.
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Figure 2. Animal QTLdb data growth by data type. The association data counts are on the
right axis, while the rest of the data type counts are on the left axis.

Figure 3. A screenshot of the trait mapping tool used in the CorrDB. The tool allows
comparative viewing of three ontologies against one (CorrDB) trait set, so that the best term
can be chosen and ontology development needs evaluated.
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Figure 4. A QTL/association data view showing links to CorrDB where they exist (highlighted
in light green).

Figure 5. A CorrDB view of correlations showing traits with links to existing QTL/association
data.
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Figure 6. A QTLdb editor window showing how “modifier” attributes are managed with
controlled vocabulary and context.

Proceedings of the World Congress on Genetics Applied to Livestock Production, 11

954

Figure 7. A QTLdb editor window showing how a trait variant with modifiers can be created
to ensure accurate representation of a trait in a given context.
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Figure 8. Gene-centric view of animal QTL/association data. Note that the long
QTL/association list is hidden upon loading and can be click-expanded.
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Figure 9. Trait-centric view of animal QTL/association data. Note that the long
QTL/association list is hidden upon loading and can be click-expanded.
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