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The NPGS exists to conserve and provide   
• plant genetic resources that serve as the raw materials 

for genes and traits of value for crop improvement to 
provide feed, food, fiber, and fuel to meet society’s 
needs 

• associated information on their provenance, 
reproductive biology, adaptation, genetic character, 
phenotypic traits and attributes 

Researchers access these diverse resources to target 
accessions which meet their objectives. 
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The availability of high quality plant genetic 
resources of known provenance,  
associated with geo-reference information,  
is fundamental to the development of crops 
to meet adaptive requirements for 
production, or for specific end-use 
requirements. 



Plant Genetic Resource Utilization 

The value of high quality plant genetic resources is 
enhanced by thorough, high quality documentation 
that supports efforts to target utilization for a wide 
array of specific objectives. 

 

In 2011, the North Central Regional Plant Introduction 
Station in Ames distributed 38,400 packets of seed or 
plants of 18,600 accessions to 1,200 recipients.  The 
entire NPGS likely distributed 200,000 units. 



Evolution of the GRIN System 

• The national collections of seven countries, including 
the U.S., account for 45% of all PGR worldwide 
conservation efforts (FAO, 2010b). 
  

• The importance of well-curated and documented 
biological collections is likely to expand, as the 
emerging era of high throughput genomics and 
proteomics research provides new insights  
(Dosmann and Groover, 2012). 

 



The first version of GRIN (GRIP) became operational in 
1984; enhanced versions were released in 1987 and 
1994. The first two versions used Prime DBMS. 
 

In 1990, the DBMU initiated a thorough analysis of NPGS 
needs; Oracle, a relational database management 
system, and Sun Microsystems computers were 
purchased.  



The system information was displayed on the World 
Wide Web in 1992. From the late 1990’s through the 
mid 2000’s, the curatorial software and public website 
were enhanced incrementally on the Oracle platform.  

 

Since information became available on the web, 
international germplasm distributions have grown 
significantly, to 35-40% of annual distributions. 
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• A next generation GRIN system was needed to meet 
the evolving information needs of both curatorial 
personnel and stakeholders. 

 

• The Global Crop Diversity Trust, a unique non-
governmental organization dedicated to assuring 
conservation of global plant genetic diversity, 
recognized that documentation of national genebank 
resources is a critical factor in successful 
conservation and utilization. 
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Documentation and Access Needs 



Collaborative Development of GRIN-
Global 

In 2008, ARS entered into a collaborative agreement 
with Bioversity International and the Global Crop 
Diversity Trust to develop the GRIN-Global System.  
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Purpose of the GRIN-Global System 

Designed to provide the world’s crop genebanks with a 
powerful, flexible, easy-to-use global plant genetic 
resource information management system.  
 

GG will constitute the keystone for an effective global 
network of genebanks to permanently safeguard plant 
genetic resources vital to global food security, and 
encourage the use of these resources by researchers, 
breeders, and farmer-producers.  



Benefits of the System 

By improving the capability of genebanks to provide 
data to a global accession-level information system 
under the leadership of Bioversity International, it will 
be possible to  

• more accurately assess the “State of the World” for plant 
genetic resources and  

• identify priority global needs for plant genetic resource 
conservation. 

 



Feedback from the international community during the 
international project and from the NPGS community 
provides use cases and information on workflows that 
form the basis for wizard design and functionality 
considerations.   

 



CURRENT PROGRESS 

• GRIN-Global v1.0 was released internationally in 
December, 2011. 

• To date, three major national and CGIAR genebanks 
are in the process of migrating their data from 
existing systems for 2012 deployment 

• Other national genebanks are exploring 

• The U.S. NPGS is engaged in gap analysis activities 
prior to implementation in 2013 
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System Requirements 

• Database flexible (MS SQL Server,  MySQL, Oracle, Postgres) 

• Scalable –deploy on single PCs or networked systems 

• No recurring licensing fees required for use 

• Ability to translate all interface components to support multiple 
languages  
(currently Arabic, English, French, Russian, Spanish) 

• Ease of use 

• Software developed freely available 

• Enable global community development and system evolution 

 



Essential GRIN-Global IM Functions 

– Accession acquisition information 
• Provenance, eco-geographic, breeding & development 

history, IPR, taxonomy 

– Phenotypic information 

– Genotypic information 

– Inventory information 

• Germplasm availability and health 

– Regeneration Information 

• Environments, propagation methods, pollinators 

– Distribution Information 
• Order management & fulfillment, SMTA & IPR Management 

 



System Design 



Schema Design Goals 

• Discoverability – intuitive, non-abbreviated, descriptive 
names for tables and columns 

• Auditability – ability to audit data in all tables – who/when 
created/ modified/owns records 

• Multilingual – support for multiple languages simultaneously 

• Multiple Database Engine Support – conform to database 
engine specific limitations for all four db engines 

• Consistency – overall naming and data typing         
consistency 
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Three Tier Architecture 

• Web Service-based, uses XML standard language for  
bi-directional communications 

• Adaptable and flexible 
– More adaptable to changes in operating systems (client 

can be ported to many platforms) 
– Easier to make changes to individual tiers without affecting 

the other tiers (extensibility) 
• MaizeGDB – proof of concept web service to provide 

accession inventory information real-time at their website. 
– The web service is written using .NET 3.5 
– Client application (to consume the data from the .NET web 

service) at MaizeGDB is written in PHP 



Development Environment 

Written using software development tools that 
are free 
 

– Microsoft .NET Framework 3.5 
– SVN version control system 
– Visual Studio Express 2008 
 



The Business Tier relies on IIS (Internet Information 
Systems) and manages the exchange of information 
stored in the database and desktop applications using 
standard XML (Extensible Markup Language), the 
industry standard for data exchange.  

 

The Business Tier is the basis of the system’s flexibility, 
and allows enhancements of other system components 
without adversely affecting other components (within 
technical parameters).  



The Presentation Tier includes applications which 
retrieve and present database information. These 
include the Curator Tool (CT), the desktop client, and 
the browser-based Public Website (PW) which is used 
to search for information and/or order germplasm. 

The Presentation Tier enables interoperability such that 
GG data can be exchanged with third party websites 
such as Genbank or model crop databases or mobile 
devices including personal data assistants (PDAs), cell 
phones, etc.  



Public Website 

Through the Public Website and web services, clientele 
can access germplasm information; search the entire 
GRIN-Global database; and order germplasm from the 
genebank  through a “shopping cart facility.” 

25 



Curator Tool 

The Curator Tool is a GRIN-Global application designed 
primarily for curators and genebank workers who will 
create and manage their genebank’s data  
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The Data Tier supports the free versions of four major 
database engines: MS SQL Server, MySQL, Oracle, and 
PostgreSQL.   

System development was primarily conducted using 
the free version of MS SQL Server. 
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GRIN-Global 
Environment 

28 



Dialog interfaces referred to as “wizards” are useful for 
loading of large data sets such as passport and 
provenance information (accession wizard), bulk 
loading of digital images (image wizard), and crop trait, 
inventory and taxonomy information.  
  

Wizards are the primary vehicle for extending the 
features and functionality of the client application 
(application add-ons). 



Dataviews are programmed searches that retrieve and 
present data in both the CT and the PW interface.   

Dataviews are used to create/ read/ update/ delete 
data. Dataviews incorporate SQL (Structured Query 
Language, a language for querying relational 
databases). 

Dataviews enable extensibility of the Business and Data 
Tiers. 

There is no limit to the number of wizards and 
dataviews that GRIN-Global can accommodate for 
managing information.  

 



FEATURES OVERVIEW 
GRIN-Global Public Interface 
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Features Overview 

• Search Engine 

The search engine provides an easy-to-use 
interface. Type a term or phrase, and the search 
engine parses through the data to determine the 
most relevant results based on your search terms. 



Features Overview 

• Search Results 

The results returned by the 
search engine are  
formatted to provide the 
most useful information 
right away. Users can 
modify their preferences to 
meet their specific needs. 
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Features Overview  

Data Features 

• Group by 

– Plant ID 
(default) 

– Plant Name 

– Taxonomy 

– Origin 

– Maintained 
by 

– Availability 

– Material 



Features Overview 
Search Results 

Data Features 

• Plant Name 

• Taxonomy (linked) 

• Origin 

• Material Type 

• Maintained By 

• Availability 
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Functional 
Features

• Highlight 
• Select  

(based on click or 
status) 

• Actions 
• Page Size  

(# of items 
displayed) 

• Paging w/ 
quick jump

• Export 
(csv/tab delimited 
file, drag & drop to 
Excel) 



Web search observations 
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Features Overview 
Search Results 
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Results of Taxonomic Search 

8/12/2009 



8/12/2009 



8/12/2009 



Features Overview 
Search Results 

Functional Features 

• Rearrange 
Columns 
(drag & drop or interface) 

• Column-specific 
Preferences 
– Sorting 

– Filtering 

– Hide 

• Grid Preferences 
– Show/Hide Cols 

– Show Filtered 
Rows 



Features Overview 

• Accession Detail 

General format has stayed 
the same as in GRIN, with 
the addition of some 
improvements.  



Features Overview 

• Add Items to Cart 

Items can be added to an 
order directly from the 
search results, or from the 
Accession Detail page.  
 

Preventative measures keep 
“unavailable” items from 
making it to the cart. 



Features Overview 

• View Cart 

Easily jump back to the 
Accession Detail page for any 
item in the cart, or even to the 
Taxonomy Overview page. 
 

Ability to remove one item at a 
time or empty the entire cart. 
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B73 web obs search 













Request for Testing and Feedback 

• Please test the public web 1.5 version and provide 
feedback to support system functionality and 
enhancement.   

• Use cases, descriptions of search functions you 
would like to be able to use, screen shots, etc. can 
be shared. 

• Our goal is to develop the schema in such a way 
that all relevant information is searchable, and  
develop interfaces that support intuitive searching, 
retrieval and reporting of accession information. 
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