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“Data access plays a crucial role in aiding breeders to make informed 
decisions in their breeding programmes, which results in improved and 
accelerated crop improvement.”

“…extracting useful knowledge requires integration and contextualisation”

Trial and marker data management: 

the “Legume Generation Knowledge centre”
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Data problems

● Increased computational capacity is leading to more data 
getting produced

● Complex problem to store and make this data 
accessible

● How to make it appropriate for increasing rise of 
machine learning? 
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Solutions for data storage –
phenotyping and field trials
Here at EI we tackle this  problem by developing s oftware and s ervices  to 
addres s  thes e challenges  us ing FAIR principles

● Gras s roots

Dr Simon Tyrrell
Wheat Initiative Software Engineer, Data Science Group



www.earlham.ac.uk

FAIR data principles - Findable

The firs t s tep in (re)us ing data is  to find them.

● Data are des cribed with rich metadata
● Metadata and data s hould be eas y to find for both humans  and computers .
● Machine-readable metadata are es s ential for automatic dis covery of 

datas ets  and s ervices

Taken from https ://www.go-fair.org/fair-principles /

https://www.go-fair.org/fair-principles/
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FAIR data principles - Accessible

Once the us er finds  the required data, they need to know how can they be 
acces s ed, pos s ibly including authentication and authorization.

● (Meta)data are retrievable by their identifier us ing a s tandardized 
communications  protocol

● Metadata are acces s ible, even when the data are no longer available

Taken from https ://www.go-fair.org/fair-principles /

https://www.go-fair.org/fair-principles/
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FAIR data principles - Interoperable

The data us ually need to be integrated with other data.

● Able to be eas ily integrated with  applications  or workflows  for analys is , 
s torage, and proces s ing.

● (Meta)data us e a formal, acces s ible, s hared, and broadly applicable 
language for knowledge repres entation.

Taken from https ://www.go-fair.org/fair-principles /

https://www.go-fair.org/fair-principles/
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FAIR data principles - Reusable

The ultimate goal of FAIR is  to optimize the reus e of data.

● Metadata and data s hould be well-des cribed s o that they can be replicated 
and/or combined in different s ettings

● Metadata and data are as s ociated with detailed provenance

Taken from https ://www.go-fair.org/fair-principles /

https://www.go-fair.org/fair-principles/


www.earlham.ac.uk

Grassroots

● Gras s roots  infras tructure is  a lightweight architecture to s hare both 
dis tributed data and s ervices  acros s  multiple s ervers .

● The s cientific functionality of the Gras s roots  is  provided by services
○ Field Trials
○ Parental Genotypes
○ Field Pathogenomics
○ Blas t
○ SamTools
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Field Trial Experiments

Experiments  where different crops  are planted in plots  within a field, differing 
treatments  applied and then traits  are meas ured.

● Standardised template for submitting the genotype (the genetic material of 
the crop) and the phenotype (the characteristics that you want to measure) 
data

● To facilitate publis hing of data compliant with FAIR s haring principles
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Field Trial Experiments

Experiments  where different crops  are planted in plots  within a field, differing 
treatments  applied and then traits  are meas ured.

● Standardis ed template for s ubmitting the genotype (the genetic material of 
the crop) and the phenotype (the characteris tics  that you want to meas ure) 
data

● To facilitate publishing of data compliant with FAIR sharing principles
● Main DFW/DSW goal is  to make all data openly available
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Grassroots - Programmes

● The high level organization or group that is  res pons ible for conducting trials  
and s tudies .
○ Des igning Future Wheat, Delivering Sus tainable Wheat, Wheat Genetic Information Network 

(WGIN), BBSRC Low Protein Wheat, Legume Generation.

● Metadata s uch as
○ Name
○ Crop
○ Objective
○ Principal Inves tigator
○ Etc.

2023
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Grassroots - Findable

The experimental data can be acces s ed 
us ing a map-bas ed view and a s earchable 
table of the data...

2023
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Grassroots - Findable

… or via a text-bas ed s earch web page…

2023
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Grassroots - Findable

… or programmatically

● Curl
● Python
● C/C++
● R
● etc.

2023

JSON request to run a given service

{
  "services": [{
    "so:name": "Search Grassroots",
      "start_service": true,
      "parameter_set": {
        "parameters": [{
          "param": "SS Keyword Search",
          "current_value": "Paragon"
        }]
      }
  }]
}
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Grassroots - Accessible

● All data is  openly available
● All Field Trials , Studies , etc. have a unique identifier and are acces s ible 

through s tandard web technologies

2023
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Grassroots - Interoperability

The Field Trials  data and metadata is  
expos ed us ing many APIs  s uch as

● Gras s roots
● BrAPI which is  a community-driven 

s tandardized RESTful web s ervice API 
s pecification to enable interoperability 
among plant breeding databas es .

● Frictionles s  Data
○ Schemas  publis hed at 

https ://gras s roots .tools /frictionles s -data/
● CSV files

2023

https://brapi.org/
https://grassroots.tools/frictionless-data
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Grassroots - Reusability

● Us ing as  many s tandard ontologies  as  pos s ible
○ Schema.org
○ Crop Ontology
○ Plant Experimental Conditions  Ontology
○ Environment Ontology
○ Software Ontology
○ Agronomy Ontology

● Cus tom ontological terms  that will be s ubmitted to the Crop Ontology

2023

https://schema.org/
https://cropontology.org/
https://browser.planteome.org/amigo/term/PECO:0007359#display-lineage-tab
https://sites.google.com/site/environmentontology/
https://github.com/allysonlister/swo
https://github.com/AgriculturalSemantics/agro
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Grassroots - Reusable data
Plot data is  s tandardized us ing ontological terms  for each plot

2023
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Databases Storing Genetic Data

• Still deciding which database software to work 
with.

Two that we are considering and have already 
been used successfully to house genetic 
information on various crops:

• Breedbase -> https://cassavabase.org
• Tripal3 -> https://knowpulse.usask.ca

Integrate with Grassroots 
database and can perform 
downstream analyses on data 
e.g. BLUPS/BLUEs and genomic 
selection.

https://cassavabase.org/
https://knowpulse.usask.ca/
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