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ABSTRACT: Tables | — e L
GERMINATE (http://bioinf.scri.san.ac.uk/germinate/) 1s a general plant database designed to hold data types ranging from D am— % .
molecular data to phenotypic data for any plant species. GERMINATE has been specitically designed to cope with varying ploidy 1
levels found among plants. Its mamn purpose 1s to integrate molecular data (e.g. marker data) with descruptive data (e.g. geographical, Additionallnformation Storage Uikl v
passport, morphological) tor large germplasm or genotype collections. GERMINATE uses a top level Accession entry ID to allow Module BiologicalStatus ' _’W
association and querymg between disparate sets of data associated with an accession. We have mitially tested GERMINATE with pea, H
wheat, barley, and lettuce at the partner institutions. GERMINATE has now been distributed to interested collaborators for testing 1n i b ‘ faatrinisamalionl pes
a broader range of species with a wider variety of data. This mncludes members of the Generation Challenge Program Consortium who
are testing GERMINATE for use with species such as rice, potato, and maize. We are also testing various types of interfaces to

CollectingSource

GERMINATE, from a light-weight perl-co1 interface designed for data retrieval to more complex java based interfaces which would ‘ PassporiCommentTypes \
allow analysis as well as data retrieval. We also expect to make the data in GERMINATE available as a web service mterface so it will

interact well with tools being developed by collaborators. GERMINATE is currently being implemented in the public domain
PostgreSQL and 1s available under the GNU GPL. We envisage that this will form an 1deal platform to enable us and other groups to

develop a range of mterfaces and analysis tools to mteract with the database.
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A primary goal of the GERMINATE project 1s to develop a robust database which can be used for a broad range ot species and
General Databases
Users
» <

Countries

data. The GERMINATE database has been designed with particular consideration of 1ssues relevant to the genetic resource T

communty. For the database to be most useful to this community the data must be stored 1n a manner independent of the technology Information Comments

used to generate 1t. This approach to design means the database will not need to be moditied as new technology anses, a common Module e
occurrence 1n genetics. GERMINATE has also been designed to store data 1n a way that allows retreval without interpretation, thus

allowing users to add their own interpretation to the data for analysis. T

. . - ik - . Experiments
Also 1ncluded 1n the database 1s the flexibility to store any number of alleles per locus, thus accommodating plants of any ploidy DatasetsCommentTypes DatasetsComments Taass H

level, a feature missing from many genetic databases.

GERMINATE links all data by its association with the accession, plant or group used to collect the data. This design permuts

4 DataTypes
quertes of multiple disparate datasets, allowing for complex quernies and analysis. ‘ EnumUnits
Datasets

Module
‘ Methods
gellnom | L el dataset 1 accessions. A two dimensional array 1s stored n GERMINATE

UnitTag EnumUnitsType MetaDatasets
Ll Sogessions data where the set of markers and the set of accessions are the H i H

BinaryData
string data reference data integer data ] : _ )
metadataset dimensions for the dataset. The primary dataset 1s the

allele values of each marker in each accession. Each dataset and

met&dat&set 15 Eﬂtﬂfﬂd mto t]fle ﬂPPIDPIlRtE data table associated w_lth FI GURE 1: SChEI‘IlE.tiC Of the GER_LWNATE mOdUI'ES. IﬂClﬂdES tables \R?ithjﬂ

E
its dataset ID (Strng Data for Markers, Reference Data for each module and relationshjps between them.
Accesstons, and Integer Data for the allele values) and a data index
keeps track of the order of each set of data. The metadatasets tables
keeps track of the dimension data and will then have two entries
associated with the dataset. To keep the database normalized only a MODULES:
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Ve e ~N FIGURE 2: An Example of how genetic data 1s loaded into
metadataset 2 metadagm GERMINATE, showing a set of markers evaluated n a set of
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Decoding the allele index

— W EnumUnitsArraysText  Alleleindex single 11:13:13113& of each ma_i{er and a(:l:ess:z){:l = StDIEd'_ gl'herefor-e, be The GERMINATE database 1s divided into four modules: Data Entry Level module, General
EECICAle e CRuNEL 1IWO eI Ong prc 1ssel ID WL ACCessIDns Information module, Passport Data module, and the Datasets module (Figure 1). The database 1s

Accession array for data
subdivided 1n such a manner so groups wishing to implement only a part of GERMINATE as an
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Marker amay for data as one dimension and markers as the other. The data would then be

(1]

Mtk st iterated through to place 1t 1n the correct position on the gnd. If a

addition to their own database will be able to do so as simply as possible.

user 1s only interested 1n a single data point 1t can be easily accessed

The Data Entry Level module accommodates the various approaches to data collection used 1n
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by a simple equation which relates the accession, marker and data
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= the plant community (Figure 1).
indices to each other. The tables which comprise the Passport Module in GERMINATE are based on the 2001

FAO/IPGRI Multi-Crop Passport Descriptors (MCPD) (http://www.ipgri.coiar.org/) with

extensions to improve its generality (Figure 1). This 1s a crucial feature, as international germplasm

collections need to be able to use the database without complicated data adaptation procedures.

INTERFACES: We consider these descriptors the lowest common denominator between plants, however, this 1s
The ability to perform complex queries on data 1n the database will depend on what type of interface 1s used to access the database. not an exhaustive list and GERMINATE includes a table to accommodate any additional

The GERMINATE database has been design such that simple to complex interfaces can be used to connect to the database. A light descriptors used.

weight Perl-CGI interface has been designed for simple quertes to the database. Figure 4 shows an 1mage of the passport query Genotype and Phenotype data 1s held in the datasets module, which can accommodate integer,

intertace. decimal, short and long text, and binary (large object) data. In addition array types for text, integer
GERMINATE has also been connected to the Genomic Diversity and Phenotype Connection (GDPC) and decimal types are also available; these arrays are assigned an integer 11D which 1s then stored 1n

(http:/ P maizegenetics.net/ adpc / ). GDPC makes the data n GERMINATE available as web services and allows users to use any the mteger data table. The array types allow GERMINATE datasets to be extendable to any

analysis tools which have been made GDPC aware. The possibility of extending the versatility of the GDPC intertace 1s currently ploidy level. In order to associate data with any other object 1n the database a reterence data table

beimng explored. 1s used, which 1s used to link data to the accession or other database entity with which 1t 1s

Advanced users also have the option to wate SQL quenes to retrieve data from GERMINATE. This by-passes potential associated. (See Figure 2 for an example of how genetic data 1s loaded in GERMINATE)
constraints of the interfaces available. The final module, General Information, holds information about Institutions, Countries and

Users (Figure 1).

FIGURE 3: How GDPC is used to 4
connect to the database. This also shows how

analysis tools are connected to
GERMINATE via GDPC. The Graphical

Genotype Tool 1s currently being developed
within the GERMINATE project and will be
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The main goals for the future are the further development of a flexible, user-friendly interface to the database and to develop a broad ks Kok kit ap i Ssiceiod i et i e e e e el ekl i) carch Database Drowse Prowse GERMINATE
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set of analysis and visualization tools to maximise the accessibility and usetulness of the stored data. The development of tools 1s

currently underway within the GERMINATE project. Among the tools we have planned for use with GERMINATE will include the | T
Graphical Genotype Tool currently being developed. We have also been 1n contact with CIP about using DIVA —
(http://diva.riu.cip.cgiar.org/index.php) for GIS data in GERMINATE, this will be done after the next release of DIVA 1s available. It : L I e ——

. ; . . : : _ ~Pisum’ (matching Exactly) in field ‘genus’
will also be possible via GDPC to use analysis tools which have been GDDPC enabled and recognized the objects returned by GDPC fnstcoda [genus [cpecies eubtaxa  (ropname Accsssion Count

and possibly to enable existing tools to work with GDPC. (GoRO11  [Pisum _ffubvum a5
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The data in GERMINATE will be made available as web services to broaden the applications which can make use of the data. Web [GBROIT_[Pisum _fjomadri _ pea

[GBRO11  [Pisum [sativum |abyssinicum Pea |35

services are available through GDPC. Additional objects which can be made available as web services may be mcluded via GDPC or as [GBRO1T _[pisum _[sativum _[asiaticum _[Pea
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a separate middleware layer depending on the needs of the users and programs. (GBR011  [Faum ™ rativurn foy
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We also plan to create a data loading mnterface which will compare data being submutted to that already in the database and flag T s i e e

potential conflicts which may exist. In addition, we hope that the future development of GERMINATE will see database standards SSROLL Pl oo o
come to realization, and be accepted and expanded upon by those mnvolved with development and utilization of GERMINATE.
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