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Abstract

Tripal is an open-source database platform primarily used for development of genomic,
genetic and breeding databases. We report here on the release of the Chado Loader,
Chado Data Display and Chado Search modules to extend the functionality of the core
Tripal modules. These new extension modules provide additional tools for (1) data load-
ing, (2) customized visualization and (3) advanced search functions for supported data
types such as organism, marker, QTL/Mendelian Trait Loci, germplasm, map, project,
phenotype, genotype and their respective metadata. The Chado Loader module provides
data collection templates in Excel with defined metadata and data loaders with front end
forms. The Chado Data Display module contains tools to visualize each data type and the
metadata which can be used as is or customized as desired. The Chado Search module
provides search and download functionality for the supported data types. Also included
are the tools to visualize map and species summary. The use of materialized views in the
Chado Search module enables better performance as well as flexibility of data modeling
in Chado, allowing existing Tripal databases with different metadata types to utilize the
module. These Tripal Extension modules are implemented in the Genome Database for
Rosaceae (rosaceae.org), CottonGen (cottongen.org), Citrus Genome Database (citrusge-
nomedb.org), Genome Database for Vaccinium (vaccinium.org) and the Cool Season
Food Legume Database (coolseasonfoodlegume.org).

Database URL: https://www.citrusgenomedb.org/, https://www.coolseasonfoodlegume.
org/, https://www.cottongen.org/, https://www.rosaceae.org/, https://www.vaccinium.org/
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Introduction

Tripal (1, 2), a toolkit for construction of online biological
databases uses two open source tools, the Chado database
schema (3) and Drupal (https://www.drupal.org/), an open
source Content Management Systems (CMS). The unprece-
dented volume of large-scale data being generated for
non-model species, has led to an increasing need for online
community databases where these data can be stored,
integrated, visualized and made available for further analyses
in such a way that fits each community. Building biological
databases is a non-trivial task, requiring extensive skills and
time from experienced programmers and close collaboration
with biological curators or scientists. Tripal significantly re-
duces the time and cost for database construction and man-
agement resulting in its increasing adoption by many
communities. Some example databases using Tripal include
GeneNetEngine (4), the Banana Genome Hub (http:/ba
nana-genome.cirad.fr/) (5), CottonGen (https://www.cotton
gen.org/) (6), the Genome Database for Rosaceae (GDR,
http://www.rosaceae.org) (7), Knowpulse: Pulse Crop
Genomics & Breeding (http://knowpulse2.usask.ca/portal)
(8), the Hardwood Genomics Database (http://www.hard
woodgenomics.org/) (9), the i5k Workspace (https://iSk.nal.
usda.gov/) (10), the Cool Season Food Legume Database
(CSFL, https://www.coolseasonfoodlegume.org) (11), the
Legume Information System (http:/legumeinfo.org/) (12)
and the Citrus Genome Database (CGD, http://www.citrusge
nomedb.org) (13). For a more extensive list of databases cur-
rently using Tripal see https:/tripal.info.

Drupal, an open source, popular and well-supported
CMS, simplifies web site installation, web site development
and content management and has been used to construct a
wide variety of websites and applications. Drupal provides
security, performance, account management and is exten-
sible via an Application Programming Interface (API) that
allows site developers to create new PHP modules. Drupal
has one of the largest open-source communities in the
world and maintains a repository of thousands of user-
contributed modules and themes.

Tripal is a suite of Drupal modules which allows manage-
ment and display of biological data stored in the Chado data-
base. Chado is a database schema and a member of GMOD,
the Generic Model Organism Database project (www.gmod.
org), a collection of open source software tools for manag-
ing, visualizing, storing and disseminating genetic and gen-
omic data. Tripal also provides an API for creation of
custom functionality. As developers of community-databases
require new functionality, they can create new Tripal com-
patible extension modules using both the Drupal and Tripal
APIs. Tripal offers a list of many of these user-contributed

extension modules on the Tripal website (www.tripal.info).

Chado is an open-source, community-derived database
schema for PostgreSQL. It was originally developed by
FlyBase (14) to house Drosophila data that integrates anno-
tated genomic sequences, genetic, phenotypic and biblio-
graphic data. The schema was developed to be generic,
modular, ontology-driven and open source so that it can be
used as common data store for databases and tools that
need to store data for other organisms. Chado extensively
uses ontologies and controlled vocabularies to describe
data and their relationships. For example, features on a gen-
ome are described using the Sequence Ontology (SO) (15),
such as ‘gene’ and ‘QTL.” The relationship between different
genomic features are described by terms such as ‘is_a’
and ‘located_in” which are also present in the SO. The
Relations Ontology (http://www.obofoundry.org/ontology/
ro.html) contains terms for creating relationships between a
varieties of data. One important characteristic of Chado is
its modular design. Chado tables are organized into groups,
called modules, such as sequence, genetic, phenotype, map,
stock, organism, library, expression, controlled vocabulary
and general modules. Each module represents distinct do-
mains of data. This allows new modules to be added when
sufficient need arises. In 2011, a Natural Diversity module
was added to Chado through collaborative efforts by a con-
sortium of representatives from several online genome data-
base projects (16) to support data from multiple large-scale
phenotypic and genotypic projects.

The ontology-driven design of Chado allows database
developers to store data for new biological concepts, and
new experimental techniques without constantly changing
the schema. The adoption of Chado, however, involves a
steep learning curve due to this general and ontology-
driven design. Best practices for storing genomic data are
documented on the GMOD website (http://gmod.org/wiki/
Chado_Best_Practices) as well as in the Chado manuscript
(3) from FlyBase. Tripal has been mostly adopted by com-
munities with newly generated large-scale genomic data
and the documentation on how to store genetic, pheno-
typic and genotypic data along with genomic data has not
been well documented except in a recent publication which
describes case studies from GDR and CottonGen for stor-
ing genomic, genetic and breeding data (17). Despite these
examples, it remains a necessity for site developers to pro-
gram data loaders for data types such as markers, genetic
maps, QTL/Mendelian Trait Loci (MTL), stocks, pheno-
types and genotypes. Moreover, tools to display and search
these data are also needed.

In response to these needs, a set of Tripal extension
modules have been created: the Mainlab Chado Loader
(MCL), the Mainlab Data Display and the Mainlab Chado
Search module. These modules provide site developers
with tools to collect and upload data, to organize and
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display data and to enable advanced search functions.
Supported data types include organism, marker, QTL,
MTL, germplasm, map, project, phenotype, genotype and
their associated metadata. Even though the types of meta-
data stored can be different from one community to an-
other, these modules will provide a good starting point to
build a community database with the possibility of modifi-
cation to suit each community’s need. The MCL provides a
set of data templates in Excel format to collect data and re-
spective loaders to import them into Chado. The Mainlab
Chado Search module provides an accompanying set of
search tools and the Mainlab Data Display module pro-
vides the appropriate online data pages. These Tripal ex-
tension modules, along with the Tripal core module, have
been used in the construction of the GDR, CottonGen,
CSFL, CGD and the Genome Database for Vaccinium
(https://www.vaccinium.org/). These open-source Tripal
extension modules with usage documentation can be found
in the Tripal organization’s GitHub repository. They can
also be accessed from http://tripal.info/extensions.

Description

Mainlab Chado Loader

The MCL module supports uploading of various biological
data types into a Chado database. MCL provides both a
user interface and an admin interface. The admin interface
is for the site developer and the user interface is for data
curators. The user interface is composed of pages for
downloading data templates and data loading. Data tem-
plates are Excel files that contain metadata type as head-
ings where data curators or researchers can enter data to

be loaded into the database. In the current version of
MCL, templates are available for each of the following
data types: db (database), cv (controlled vocabulary), li-
brary, trait, contact, dataset, image, descriptor, site, stock,
cross, progeny, marker, MTL, QTL, map, map position,
phenotype and genotype. There are multiple templates for
some data types. Templates for the same data type are
defined to have the same template type. In the template
page of the user interface, which can be accessed at https://
yoursite.org/mcl/template_list once installed, users can
view the description of each template and download the
templates (Figure 1). The description of each template is
available on the first sheet of each download file as well as
on the template page of the user interface. As shown in
Figure 2A, the column headings with * prefix in the tem-
plates are required fields. Figure 2B and C shows two tem-
plates that belong to the genotype template type, an
example of template type that has multiple templates. In
‘genotype_snp_long_form’ (Figure 2B), there is a marker
column where the marker used for genotyping is entered.
Right next to it is a genotype column where the genotype is
entered. So each row contains one stock name, one marker
name and the genotype for the marker and stock combin-
ation. In this way, the number of the rows is the product of
number of markers and number of stocks. For example, if
3 markers are used for 2 stocks, a total of 6 rows are
entered. In ‘genotype_snp_wide_form’ (Figure 2C), marker
names are entered as column headings with ‘$> as a prefix.
Each row contains one stock name and genotypes of all the
markers used. In this way, the number of the rows is the
same as the number of the stocks. For example, if 3
markers are used for 2 stocks, a total of 2 rows are entered.
Having two different templates are convenient for users

| Template Type Template Details Download
CONTACT contact view download
DATASET dataset view [~ download
Y
IMAGE image Column Description
Eanne e * dataset_name Namas of the datasets
Sk X * type Breeding. growing (for cultivar parformance data), diversity (for study of genatic diversity) or OTL
| SI0EK ok sub_type To specify whether the markers used were S5R or SNP when the dataset is S5R or SNP genotyping
gess b super_dataset  Larger dataset that this sub_dataset beings to
SR e Pl Principal Investigator (eg. braedar, cor author of the OTL paper) of the Dataset. it should
MR ki crop Name of the crop for the dataset
MIL e | comments Any comments for the dataset
an qtl P S S
. MAP map view download
MAP_POSITION map_position view download
PHENOTYPE phenotypa view download
PHENOTYPE qti_trait_data wview download
GENOTYPE genotype_snp_long_form view downiload
GENOTYPE genotype_snp_wida_form view download

Figure 1. Data template page of the MCL user interface. Users can view the description of each data template or download the templates.
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A

1|f‘lla|aset_nam| I“type | sub_type  super_dataset PI crop comments  reference permission  description
o
3 |
4|
. 4 A B - ] [ I Y S | T
1 ]'dataset_ *stock_name *genus  *species *marker *genotype
2 ch_2015_dataset Grenadier Malus x domestica AFL1 T|G
3 _!Dc_zols_dataset Beacon Malus x domestica AFL1 G|G
4 |DC 2015 dataset Grenadier Malus x domestica AFL2 TIT
5 |DC_2015_dataset Beacon Malus x domestica AFL2 TIC
6 |DC_2015_dataset Grenadier Malus x domestica GDsnp00002 T|G
7_ DC_2015_dataset Beacon Malus x domestica GDsnp00002 T|T
Crz A B - D | E F | G |
1 *dataset_| *stock_name genus  species SAFL1  $AFL2  $GDsnp00002
2_§DC_2015_dataset Grenadier Malus x domestica T|G T|T T|G
3 |DC_2015_dataset Beacon Malus x domestica G|G T|C TIT

Figure 2. Example templates downloaded from the MCL module. (A) A template for contact data type. Columns with a prefix ‘*'are required fields.
(B) A template for genotype datatype, ‘genotype_snp_long_form.” (C) A template for genotype datatype, ‘genotype_snp_wide_form." Users can enter

marker names as column headings with a prefix ‘$.’

Uploading Data
Uploading Jobs

JobID  Status Name

118 completed Prunus_11765_S4ToS11
17 completed Prunus_11765_S1S2
13 completed Prunus_8492 v5

m completed Malus_11682

10 completed  Prunus_10595

Add Upload Job

Job Name *

Data template file *
| Choose Fila | No file chosen

No transaction

Add a uploading job

Filesize Last Run Submit Date Details Action
19332KB  2017-07-07  2017-07-06  view delete
5356 KB 2017-07-06  2017-07-06  view delate
31395KB  2017-04-10  2017-04-07  view delete
12483KB  2017-04-04  2017-04-04  view delete
14413KB  2017-04-06  2017-04-04  view delete

Upload

Figure 3. Data uploading page of the MCL user interface. The uploading page shows the status of all the submitted uploading jobs and provides links

to each job details page.

since the output of some genotyping software is similar to
the wide form and others to the long form. When templates
are needed for a new or existing template type or new
metadata are needed for the existing template, a site devel-
oper can modify MCL to create a new template or columns
for new metadata. The templates for the latest release of
the module are also provided as a Supplementary Material.

Once data is entered in the template, data curators
can upload data through the web interface (Figure 3).
The uploading page shows the status of all the submitted
uploading jobs and provide link to a page where users can
view the details of each uploading job (Figure 4). The
MCL module loads data into Chado in three phases. First,
data entry errors are checked. Examples of data entry
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[ ]
Job Defails
Ermor Logs Re-Run Job
Job ID 118 fatl_brail_data] Data template file *
>row 1 —
e Prunus 11765 S4ToS11 Errar : Migsing data on column [mean] Choosa Fila | Mo file chosen Upload
Data Template File  download prow 2 ——— Force to upload data
Error - Missing data on column [mean] No transaction
File Name Prunus_11765_S4ToS11 xsx
P Re-Run the Job
File Size 19332 KB
Syntax Error
Status completed Template Name View
New Data Logs
Progress COMPLETED qil_trait_data view
Last Run 2017-07-07 7:31:04 Duplicate Logs
Submit Date 2017-07-06 122234

Retums to the uploading dafs page

Complete Date 2017-07-07 225319
Warning Logs
Log Files downlead all
Retums fo the uploading data page
|[_Rekee

Figure 4. Sections of an uploading job detail page in MCL. (A) A table shows the details of the uploading job. (B) A window that shows error logs.
(C) A section where users can re-run the job after fixing any errors. New data logs show any new data that have been uploaded and the duplicate logs

show any data in the template that already exist in the database.

Home » Administration » Mainlab

Chado Search o

TITLE

Cene Search

Sequence Search

Marker Search

SNP Marker Search

Search Markers on Nearby Loci

Cermplasm Search

Germplasm image Search

Haplotype Block Search

QTL Search

Search Maps

Species Summary

55R Genotype Search

SNP Cenotype Search

D

gene_search

sequence_search

marker_search

snp_marker_search

nearby_markers

germplasm_search

germplasm_search_by_image

haplotype_block_search

qtl_search

featuremap

species

ssr_genotype_search

snp_genotype_search

URL

search genes

search features

search /markers
search/snp_markers
search/nearby_markers
search/germplasm
search/germplasm/image
search | haplotype_blocks
search/qtl

search /featuremap
search/species
searchssr_genotype

search,snp_genotype

PHP ENABLED ACTION
includes | search ) gdr/gdr_gene_search.php Yes Disahle
includes/ search/gdr/gdr_sequence_search.php Yes Disable
includes| search/gdr/gdr_marker_search_php Yes Disable
includes/search/gdr/gdr_snp_marker_search,php Yes Disable
includes | search/gdr/gdr_nearby_markers.php Yes Disable
includes search gdr/gdr_germplasm_search.php Ne Enable

includes/ search/gdr/gdr_germplasm_search_by.image php Yes Disable
includes, search/gdr/ gdr_haplotype_block_search.php Yes Disable
includes/search/gdr/gdr_qgtl_search.php Yes Disable
includes, search/gdr, gdr_featuremap . php Yes Disahle
includes /search/gdr/gdr_species.php Yes Disable
includes | search /gdr/gdr_ssr_genotype_search.php Yes Disable
includes /search gdr/gdr_snp_genctype_search. php Yes Disable

Figure 5. Mainlab Chado Search Admin page.

errors include missing columns, missing data on required
columns and misspelled column names. Second, data integ-
rity is checked. For example, the marker names in the
map_position template should already exist in Chado. If
not, the loader returns an appropriate error message in the
error log file. During the uploading phases, MCL creates
several different log files such as error log file, new data
log file and duplicate data log file which can be viewed in
the job detail page (Figure 4). MCL terminates loading if it
finds a data entry or integrity error and outputs an error
log so the user can fix the data (Figure 4B). Users can
re-run the job after fixing the data by submitting a cor-
rected data file in the job detail page (Figure 4C). Finally,

after data entry and integrity checks, the data in the tem-
plate is loaded into Chado. A new data log file shows all
the new data that has been loaded and the duplicate log
file shows any data in the template that already exist in the
database (Figure 4C). In addition to the web interface, a
command-line interface is provided for site curators to
automate loading via scripting if desired.

The admin interface is composed of five tabs: template
type, template, user, variables and configuration. The tem-
plate type tab allows the administrator to add a new tem-
plate type and assign a rank. The rank specifies the order of
loading to maintain referential integrity in Chado. The pre-
specified rank allows data curators to load an Excel file with
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Dataset @ Any
Curated Genes
GDR Gene Database
NCBI Rosaceae gene and mRNA sequences
Predicted Genes

Genome Location

Gene/Transcript Name contains v

Keyword contains ¥

Search genes and transcripts by species, dataset, genome location, name and/or keyword. For keyword, enter any protein name of homologs, KEGG term/EC number, GO term
or InterPro term. | Short video tutorial | Text tutorial | Email us with problems and suggestions

Genus Any v Species Any

Any v between and
Choose File | No file chosen

(eg. polygalacturonase, resistance, EC:1.4.1.3, cell cycle, ATP binding, zinc finger)

Figure 6. Search page for genes and transcripts in GDR. Users can search genes and transcripts using various filters such as genus, species, dataset,

aligned genome location, name and keyword.

Search for markers in GDR. In advanced marker search site, users can perform combinatorial queries using categories such as name, type, species, anchored position in
genome and/or genetic map position. | Short video tutorial | Text tutorial | Email us with p i

Marker Name contains v
Marker Type @ Any v

Marker Mapped in Species Marker Developed from Species

Any = Any v

Fragaria iinumae Arabidopsis thaliana

Fragaria sp. Fragaria iinumae

Fragaria spp - Fragaria nubicola o
Genome Any
ChriScaffold Any v  between and
Map Any v
Linkage Group Any v between and
Trait Name contains ¥

(e.g. Hi04e04, CPPCTO16, UFFxa16HOT) | Choose File | No file chosen

(e.g. self-incompatibility, chilling requirement or fruit weight)

and

bp

cM

Figure 7. Search page for markers in GDR. Users can search markers by name, type, species, aligned genome positions, genetic map positions and

associated trait names.

multiple data templates (e.g. contact, marker, map and
map_position) without concerning the order of loading since
MCL loads data based on the rank. The template tab allows
administrators to choose the templates to be displayed in the
user interface since not all the templates may be needed. In
the user tab, an administrator can specify which users of the
Drupal site can access the user interface for loading of tem-
plates. The variables tab allows the administrator to modify
or add the site-wide controlled vocabularies that are used in
the data templates. The configuration tab lets the administra-
tor specify the MCL working directory and MCL library dir-
ectory where files will be stored on the server during loading.
Detailed instructions are available in the README

document that accompanies the module. This module is
available for download at https://github.com/tripal/mainlab_
chado_loader/releases/latest.

Mainlab Chado Search module

The Mainlab Chado Search module provides comprehen-
sive search pages for various types of data: genes, se-
quences, markers, germplasm, germplasm images, QTL,
haplotype blocks, genetic maps, SSR genotypes, SNP geno-
types and phenotypes. Once installed, each search page can
be enabled or disabled in the admin page (Figure 5). These
search pages allow end-users to find data using a series of
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& Search for SNP markers in GDR. | Email us with problems and suggestions
SNP Name contains v I@ No file chosen
Array Name Any v
Genome Fragaria vesca Whole Genome v2.0.a1 Assembly & Annotation v
ChriScaffold P v between and bp
Reset

B 13876 records were returned

-IGCAT Fvb1:23061114. 23061187  CTCATCGAGTTCATATGGAAT TAACAAATGCAGCA[-/GCAT]GCATTGAAAGG

90K SNP AX-
Affx- for  Afix- 89818207,
1 et m i | caEE ke AG Fvb1:2787105_2787175
strawberry 89875341
90K SNP
5 Affe- array for  Affx- A
88819267 cultivated  BBB19267 89850568
strawberry
90K SNP AX-
Affx- arrayfor  Affx- £9818680.
5 s a;:md oo i AG Fvb1.5416046_5416116
strawberry 29875814

Download Table

TAGTGTGTCAATGTTGTCCTCAATGATCTTGTGCAIA/GIGTCTTTAGCTTGA(

TTGGCAAGGCTGCTAGATGGTTTTGGGATTGGACTIA/GIGCTGTTACTCTTC

Figure 8. Search page for SNP markers in GDR. (A) SNP marker search page where users can search SNPs by name, SNP array name and anchored
genome position. (B) The returned search results include name, SNP array name, SNP array ID, aliases, alleles, genome location and flanking

sequences.

Email us with problems and suggestions

Type Any =
MTL
QT

Species Any &
Fragaria x ananassa a
Malus fusca
Malus robusta -
Trait Category Any -
biochemical trait
plant growth and development frait
plant morphology trait -

Trait Name contains v
contains ¥

contains v

Search QTLs and/or MTLs (Mendelian Trait Loci) by any combination of species, trait category, trait name, published symbol or label. | Short video tutorial | Text tutorial |

(e.g. self-incompatibility. chilling requirement or fruit weight)
(e.g. Pm1,Ls1, PPV-D or Skc)

(e.9 qFLWS DE-chD10-2, gFBR FD-chF7, qLFSZ.DE-chE15-9)

Figure 9. Search page for QTL in GDR. Users can search QTL or MTL by type, species, trait category, trait name, published symbol and/or label.

data filters and then download the results in popular file
formats such as CSV and FASTA as appropriate. Figure 6
shows one example of a search page for genes and tran-
scripts available on GDR. Users can search genes and tran-
scripts by genus, species, dataset, aligned genome location,

name and keyword (e.g. function or imputed function). The
results are returned in a table with gene or transcript name,
organism, type, dataset and genome location. Users can
download the table in a CSV file, compatible with Excel or
the sequences in a FASTA file. Figure 7 shows the marker
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A Search SNP Genotype is a page where users can search for the SNP genotyope dataset based on the germplasm and SNP markers used in the dataset. Click the next tab to
search for SSR Genotype. To search for SNP genotype data only for cultivars and breading selections pleasa visit the "Search Genotyping Data’ page in the Breeders Toolbox.
Text tutorial | Email us with problems and suggestions
Dataset Peach_CRS_genotyping_SNP_2015 v
Species Any -
Fragaria x ananassa
Malus x domestica
Prunus avium -
Germplasm Name Any v Je | No file chosen
SNP contains ¥
Genome Prunus persica Whole Genome Assembly v2.0 & Annotation v2.1 (v2.0.a1) »
ChriScaffold Pp01 v| between and bp
—
B 415830 records were returned Download Table | Wide Form
1 Peach_CRS_genotyping_SNP_2015 Loring Pp33C1 AlA
2 Peach_CRS_genotyping_SNP_2015 Dixon Pp33C1 AlA
3 Peach_CRS_genotyping_SNP_2015 E22 59 Pp33C1 AlA
4 Peach_CRS_genotyping_SNP_2015 Nonpareil PpiCl AlA
5 Peach_CRS_genotyping_SNP_2015 Fantasia Pp7CI AlA
6 Peach_CRS_genotyping_SNP_2015 Redhaven Pp7Cl AlB

Figure 10. Search page for SNP genotype. (A) Users can search SNP genotype by dataset name, species, germplasm name, SNP name and/or gen-
ome location of the SNP. (B) The returned search results show dataset name, germplasm, marker name and genotype.

A Trait | Q Trait
Trait1 Boll setting type (CN) v Valuet Cluster
AND v
Trait2 Boll Shape (CN) v Value2 Round ~
AND *
Traits Boll color (CN) v Valued Any

BEm -

2 records were returned

Download Table

1 Zhong Hu Znhi PI3911 Gossypium hirsutum Cluster Round Red-green
2 CN-ZM-114367 Gossyplum hirsutum Cluster Round Red

Figure 11. Search page for phenotype in CottonGEN. (A) There are two tabs, one for quantitative trait and the other for qualitative traits. In each page,
users can choose up to three trait names and the range of phenotypic values to obtain germplasm that has the specified phenotype. (B) The returned
search results show dataset name, germplasm, species and the trait values for the traits chosen.

search page available on GDR. Users can search markers by
name, type, species, aligned genome positions, genetic map
positions and associated trait names (Figure 7). There is a
separate search page for SNP markers where users can
search SNP markers by name, SNP array name, anchored
genome position (Figure 8A) and the returned search results
include name, aliases, array name, alleles, genome location
and flanking sequences (Figure 8B). There are also various
other marker search pages where users can search markers

by nearby markers, marker source information or mapped
positions and obtain only those relevant data as a result, im-
plemented in CottonGEN. Figure 9 shows the QTL search
page, available on GDR. Users can search QTL or MTL by
type, species, trait category, trait name, published symbol
and/or label (Figure 9). In the SSR or SNP genotype search
page, users can search for genotype data. Figure 10 shows a
SNP genotype search page, where users can search SNP
genotype by dataset name, species, germplasm name, SNP
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Figure 12. Sample pages from the Tripal core module and the Mainlab Tripal Chado Data Display module. (A) A marker page using the feature tem-
plate from the Tripal core module. (B) A QTL page using the feature template from the Tripal core module. (C) A marker page using the marker tem-
plate from the custom module. (D) A QTL page using the QTL template from the custom module.

name and/or genome location of the SNP. The returned
search results show dataset name, germplasm, marker name
and genotype (Figure 10B). Figure 11 shows the search
page for phenotype data in CottonGen. There are two tabs,
one for quantitative traits and the other for qualitative
traits. In each page, users can choose up to three trait names
and the range of phenotypic values to obtain germplasm
that has the specified phenotype (Figure 11A). The returned
search results show dataset name, germplasm, species and
the trait values for the traits chosen (Figure 11B).

The Mainlab Chado Search module uses materialized
views to improve the performance of queries. Materialized
views are database tables used for aggregating data that
would otherwise be too slow to query from Chado’s highly
normalized tables. A materialized view

thus improves the search performance, but also allows
the site developer to use the search module when data may
be stored in slightly different ways in Chado. The site

developer would need to modify the query that populates
the view to match their data storage strategy. The custom-
ization of materialized views is performed using an existing
Tripal interface. Instructions for creating a new custom
search page are provided to the site developers in the
README document that accompanies the module. This
module and user documentation are available for download
at https://github.com/tripal/chado_search/releases/latest.

Mainlab Tripal Chado Data Display module

The Mainlab Tripal Chado Data Display module contains
a set of Drupal template files that customize any page on a
Drupal site including those provided by Drupal and Tripal.
By default, Tripal provides template files for many data
type pages. However, the template files provided by the
Mainlab Tripal Chado Data Display module provides im-
proved displays for some existing data types already
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Check to enable the display
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cleared and Drupal can pick up the change

gar v

Figure 13. Mainlab Tripal Data Display admin page. Users can enable any templates and choose to over-ride default templates after site-specific

modification.

supported by Tripal as well as other data types not directly
supported. In total, this module supports improved or
novel display of organisms, markers, polymorphisms, al-
leles, QTL, MTLs, germplasms, maps and projects. These
templates provide more informative pages, especially when
used in conjunction with the Chado Loader module and
support more refined classification of a data type. For ex-
ample, the Tripal core module comes with a single data
template to display any entry from the feature table, re-
gardless of feature type (Figure 12A and B). This custom
module provides templates for specific feature types pro-
viding better contextual links in the left panel. An example
result is shown in Figure 12C and D for marker and QTL,
respectively.

Once installed, site developers can disable any of these
templates as appropriate for their database in the admin
page (Figure 13). The module supports over-riding built-in
templates so site-specific customization is also supported.
For customization, the site developer can copy and modify
any template provided by this module and enable over-rid-
ing default templates in the admin page (Figure 13).
Detailed instructions are available in the README docu-
ment that accompanies the module. This module and user
documentation are available for download at https:/
github.com/tripal/mainlab_tripal/releases/latest.

Discussion

We reported here our database construction tools for stor-
age, visualization and querying of genomic, genetic and
breeding data, Chado Loader, Chado Data Display and

Chado Search, which are extension modules of Tripal, a
platform for development of online biological databases.

Several data loaders are available in Tripal, such as the
GFF3, FASTA, OBO, GAF, NCBI Taxonomy, publication
and phylogenetic trees (in Newick format) loaders. Using
these loaders, genome data can be loaded relatively easily
into Chado and the default Tripal display templates can be
used to display these genome data. While these loaders ful-
fill the needs for many common file formats, the Mainlab
modules described here fill an important niche for data
that has no standard file format. One other loader of im-
portance is the Tripal bulk loader. This loader allows the
site developer to create new loaders for data that are stored
in simple tab delimited files. The loader is created using a
web interface with no programming required. The Tripal
bulk loader is helpful for site developers that have a good
understanding of tables in Chado, their foreign key rela-
tionship and best practices for storing data. For such users,
it can be relatively quick to create a new data loader.
However, many of the data templates and loaders provided
by the MCL module support data that is often too complex
for the bulk loader.

While migrating databases such as GDR and
CottonGen to Tripal, the data loaders, search pages and
data display templates that handle non-sequence data were
converted to be compatible with the Tripal platform.
While all of the tools provided by these three modules are
related in scope, they are released as three separate mod-
ules so that site developers can choose the modules that
they need. Within the modules, users can also enable a sub-
set based on the data type they have and also modify them
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as needed. Communities, labs or individuals that need to
build a new online database for genomic, genetic and
breeding data can use Tripal and improve its support for
these data by downloading and installing the three mod-
ules described here. Once installed, these new sites will in-
stantly have data templates for collecting data, loaders to
import the templates, as well as improved and customiz-
able search and display pages. The project databases that
adopted these modules as well as the Tripal core module
include CuttingClass (https://cuttingclass.stowers.org/find/
genes) (18), Planosphere (https:/planosphere.stowers.org/
find/genes) (19) and a private project database SIMRbase
(https://genomes.stowers.org).

Future development of these modules includes improve-
ment to data templates for additional metadata, more data
templates and loaders as needed, improving search pages,
adding more search pages and improving data display tem-
plates. The three extension modules are compatible with
Chado versions v1.1x, v1.2x and v1.3x and Tripal versions
of v2.0 and v2.1. Currently the beta version of Tripal v3.0
is available and the extension modules reported in this paper
will be updated when new Tripal versions are released.
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