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500 employees -
scientific and
professional

100 PhD students -
from more than 30
Universities in UK
and abroad

Two main campuses
- Aberdeen and
Dundee

Three research
farms



Plant
science
produces a
lot of
data...

But we don’t have an
option and what are we
actually doing with it?

Gemini Generative Al Images
Google Gemini: ‘Show me an image of scientists in a barley field working with data’



Dealing with
data is not opportunities
easy...

Google Gemini: ‘Show me an image of scientists looking at old data’



DATA

“THE NEXT AGRICULTURAL
REVOLUTION WON'T BE SOWN IN THE
FIELD - IT WILL BE COMPILED IN THE

IS NORMAL DATA... cLoup.”



BRINGING STRUCTURE TO
CHAOS

IF YOUR DATA LIVES IN A FILE NAMED FINAL_VERSION_V3_ACTUALLY_FINAL.XLSX, THIS TALKIS FOR YOU ©



What do we do?




Why?

* Size and complexity of data is
challenging.

* Allowing people to collect, store,
explore & interact with data.

* Aid understanding.

e Show relationships and patterns.

* Provide easy access in digestible
chunks.

 Availability of information (FAIR etc.).
* Reduce errors. MAKING DWEHSITY
AVAILABLE



Why are we different?

* Long term software development -GridScore
2020, Germinate 2002, Helium in 2010.

e Everything you see here is free for you to use
with no restrictions.

* We have had wide ranging funders for these
tools over the years and that’s important!

e All our code is open source and on GitHub.

* We are always as open as we can be.

e Tools developed in Scotland primarily for
Hutton’s needs but with worldwide impact.
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GridScore

Mobile phenotypic data collection
gridscore.hutton.ac.uk

Raubach, S., Schreiber, M. & Shaw, P.D. GridScore: a tool for accurate, cross-platform
phenotypic data collection and visualization. BMC Bioinformatics 23,214 (2022).

"FIELD WORK BUILDS CHARACTER. SOFTWARE KEEPS THAT https://doi.org/10.1186/512859-022-04755-2

CHAHAGTER FBUM LUSING THHEE YEAHS UF PHENUTYPING Raubach, S., Schreiber, M., Hamilton, R., McKenzie, G., McCallum, S., Kilian, B., Humphries, A.,
DATA n Nguyen, LH., Quang, T.H., Singh, A., Sharma, S., Trinder, S., Feser, M., Shaw, P.D., 2026. Beyond the
. clipboard: data collection with GridScore NEXT. BMC Bioinformatics. https://doi.org/10.1186/s12859-
025-06352-5




Benefits

Data verification

Reduce errors by using
automatic data validation
coupled with interactive
live visualizations of data.

——

Better efficiency
Faster data collection,
removal of hand-written
notes, automatic image
tagging, GPS tracking.

Data visualization
Spot outliers or interesting
patterns in the data. These
may indicate errors or
meaningful clustering of
data.
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Data integration

Load germplasm and trait
identifiers straight from central
database. Everyone using the
same definitions. Makes data
comparable/compatible.
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What happens if you don’t collect high ¢ s

qguality data?

N,
=5

1. Inaccurate conciusions, faise
discoveries and skewed results

2. Wasted resources

3. Damage to scientific integrity and
loss of trust

4. Delayed advancement

5. Difficulties in reproducibility
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Germinate

Plant genetic resources database
germinate.hutton.ac.uk

Raubach, S., Kilian, B., Dreher, K., Amri, A., Bassi, F. M., Boukar, O., Cook,
D., Cruickshank, A., Fatokun, C., el Haddad, N., Humpbhries, A., Jordan, D.,

Kehel, Z., Kumar, S., Labarosa, S. J., Nguyen, L. H., Mace, E., McCouch, S.,
McNally, K., ... Shaw, P. D. (2021). From bits to bites: Advancement of the
Germinate platform to support prebreeding informatics for crop wild
relatives. Crop Science, 61(3), 1538—1566.
https://doi.org/10.1002/csc2.20248

Shaw, Paul D., Sebastian Raubach, Sarah J. Hearne, Kate Dreher, Glenn
Bryan, Gaynor McKenzie, lain Milne, Gordon Stephen, and David F.
Marshall. 2017. “Germinate 3: Development of a Common Platform to
Support the Distribution of Experimental Data on Crop Wild Relatives.”
Crop Science 57 (3): 1259-73.
https://doi.org/10.2135/cropsci2016.09.0814.



What is
Germinate

Data querying Y e

Data import/export & e———

Central repository & e

Background image by coolvector on Freepik

® [= Data visualizations

—e ' Access restriction

. Sharing with collaborators
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Genebanks

Pre-
breeding

Individual

Projects e

Shallow v Deep Data
Wide and shallow — Narrow and deep

Shaw, Paul D., Stephan Weise, Matija Obreza, Sebastian Raubach,
Susan McCouch, Benjamin Kilian, and Peter Werner. 2022.
“Database Solutions for Genebanks and Germplasm Collections.”

In Plant Genetic Resources for the 21st Century, 285-309. New York:
Apple Academic Press. https://doi.org/10.1201/9781003302957-19.



Data overviews
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The New Germinate!

Full ontology support
(database, Ul, templates)

Better search
infrastructure

Reconsidered Ul for
better UX

Better visualization
highlighting

What’s coming next??

germinate.hutton.ac.uk



Germinate Species Diversity

+ others externally
hosted!
NEW: Bambara









Gaynor McKenzie
Dr Andrew Reid

https://team-root-games.itch.io/potato-expedition
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Helium and Neon

Pedigree tools
helium.hutton.ac.uk

A/B//C/D
(A*B)*C)*D

(AxB)xC)xD

[Ax{[(BxC)xD]xE}]x[FxA]xC

Shaw, P.D., Graham, M., Kennedy, J., Milne, |, & Marshall, D. F. (2014). Helium: visualization of large
scale plant pedigrees. BMC Bioinformatics, 15(1),



Helium and Neon*
Edit and Visualize Plant Pedigrees

= Plant pedigrees can be complex.
= Purdy of Lamacraft format, a mix?

= Multiple versions of the same pedigree
but which one is correct?

= Gives experts tools to maintain shared
pedigrees.

= Add files and references to data.

https://helium.hutton.ac.uk



Helium Online (the preferred version)






BOLD — Biodiversity for Opportunities,
Livelihoods and Development

BOLD is a 10 year 80 million USD Project that
builds on the success of the previous 60
million USD Crop Wild Relatives Project.

The main goal is to “Help ensure food and
nutritional security in the face of climate
change”

Helps genebanks, breeders, local
communities, scientists and the world!

Hutton tools are contributing to this work.
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https://bold.croptrust.org
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25M Landscape Genomics and
Climate Prediction using Al.

CROP wm
‘élgllt«" TRUST a= Norway

Benjamin Kilian
Anna McCormick

University .
@ of Dundee Mikey Kantar
Hajk Sebastian Kelly

Drost Raubach Houston



Projects Goals

©
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To understand the ways Al can be applied to the farming of barley @ g?é\ﬁerfgi;‘é

WSRO,

To address the key challenges associated with using Al to predict crop growth under
the changing environmental landscape around the world.

The objective is to develop an Al driven, farm specific variety recommender decision
support system for barley which will effectively match genetic diversity with the local
landscapes based on their common climate preferences.

C Decision Support

System

Country &
Specific =
Regulations







BBSRC BBR AI-PGR-OMICs: An Al-literate IT
infrastructure for genebank management and FAIR
germplasm and data provision 2027-2030

Noam Chayut, Paul Shaw, Burkhard Stuernagel, Sebastian Raubach



EU COST Action CA25121

Harnessing Al for Responsive, Valuable, and Efficient
Sustainable Technologies (HARVEST)

The HARVEST project organises its efforts into four
distinct Working Groups (WGs). These groups are
designed to bridge the gap between agricultural data
and Al application.

WG1: Omics Data Management

WG2: Phenotypic Data Standards

WG3: Al Tools for Research, Agriculture and Farm
Recommendations

WG4: Dissemination, Communication & Training

This COST Action will directly benefit barley and
other crops informatics across Europe.

Link to apply to our working group
https://www.cost.eu/actions/CA25121/

@


https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/
https://www.cost.eu/actions/CA25121/

BIOLOGICAL BACKUPS WITH DIGITAL
CATALOGUES OR DIGITAL CATALOGUES
WITH BIOLOGICAL BACKUPS?



TRAINING?

HTTPS://GERMINATEPLATFORM.GITHUB.I0/GERMINATE-TRAINING/
HTTPS://WWW.YOUTUBE.COM/@CROPGEEKS
SPEAK TO US!


https://germinateplatform.github.io/germinate-training/
https://germinateplatform.github.io/germinate-training/
https://germinateplatform.github.io/germinate-training/
https://www.youtube.com/@CropGeeks
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Think about your data and how you will collect,
store and analyse your data!

All our software is free to use for you.* Other

options are available so apologies for the sales
pitch ©

Our software is being used to support large
international projects as well as local needs.
We welcome contributions, feedback and ideas
on how we can improve.

Please just give us a shout if you want to try any
of our tools with your own data or want an
extended demo.

Whatever you do STOP WRITING STUFF ON
PAPER! :-)



Thank you!

Sebastian Raubach
Eloise Clarkson
Amir Yousefi
Hajk-Georg Drost
Miriam Schreiber
Benjamin Kilian
Ingo Hein

Dan Sargent

Guille Mendiondo
Agnes Aboagye
Micha Bayer
Isabelle Colas
Malcolm Macaulay
Gaynor McKenzie
Noam Chayut
Andrew Reid
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