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FIGS: Combining phenotypic, environmental and 
genomic data to mine collections

Zakaria Kehel
z.kehel@cgiar.org

BioDT Webinar on crop wild relatives
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Background
PGR collections

Elite material

Diversity
Size

Information and data
Selection pressure
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Digital genetic resources
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What to do now?

No information 
or basic passport

Passport 
information and 

Georef

Phenotypic 
information

No phenotypic 
information

No phenotypic 
information

Genomic 
information

Genomic 
information

Env and socio-
economic 

information
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GIGWA (genotyping)

GRS documentation system 
(passport, phenotypic data, 

diseases)

NIR reflectance, quality 
attributes and seed imaging

BMS (pedigree, phenotypic 
information)

API

Data availability

WorldClim, ENVIREM…



Focused Identification of Germplasm Strategy (FIGS)

FIGS Approach

By linking traits, environments (and associated selection pressures) with genebank accessions (e.g. landraces and 
crop relatives) we can focus in on those accessions most likely to possess trait specific genetic variation.

Two methods resulting from the FIGS approach:

1. Filtering method
2. ‘Predictive’ modeling method
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User define a 
trait and set size

No data available Data available

Data assembly 

Filtering to mimic 
selection pressure

Subset formation 
maximizing 

environmental 
diversity

Data assembly

Machine learning 
algorithms

Metrics for 
validation

Trait prediction for 
unobserved 

accessions à 
assign a 

probability to an 
accession

Evaluation

Evaluation

FIGS pathways



Predictive characterization at ICARDA using FIGS 

Data

Models tuning

Model 
selection

Prediction

Performance 
Measures

k-Nearest 
Neighbours Random Forest

Support Vector 
Machine

Accuracy 0.834 0.838 0.817
95% CI (0.799, 0.865) (0.804, 0.868) (0.781, 0.849)

No Information Rate 0.762 0.762 0.762
P-Value [Acc > NIR] 3.58E-05 1.37E-05 0.001423371

Kappa 0.563 0.557 0.467
Sensitivity 0.722 0.675 0.54
Specificity 0.869 0.889 0.903

True Positive 91 85 68
True Negative 351 359 365
False Positive 53 45 39
False Negative 35 41 58

High accuracy showing that there is a 
strong relationship between GFP and 
longterm climatic conditions

Durum wheat Grain filling 
period example 

FIGS modeling pathway

Predictive characterization
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Tools: R package
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• TuneTrain is an automatic function for tuning and training 
data, it returns a list containing a model object, predictions, 
class probabilities, and the training and test data sets

• TuneTrain(data, y, p = 0.7, method = method, 
parallelComputing = F, length = 10, control = "repeatedcv", 
number = 10, repeats = 10, process = c('center', 'scale’), 
summary= multiClassSummary,positive, ...)

Tools: R package
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Tools: GUI



Adding value Genetic resources: FIGS augmented with 
Genomic selection for wheat quality example

- GS shows efficiency in predicting seed morphology 
in Genebank wheat collection

- Combining FIGS and GS showed better 
predictability

- Increase knowledge on quality attributes which 
was bottleneck in the past



Adding value to PGR: eWAS & GWAS

• eWAS revealed several regions for adaptation to 
Temp, Rain and soil

• Understand adaptation of CRW to different 
environments

• Increase knowledge to identify sources of adaptation 
to abiotic stress from PGR

Annual Precipitation

Annual Mean Temperature
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Almost there? J

• Organizing, curating and connecting different datasets
• Take advantage of data mining and machine learning technologies
• Increasing predictability with what is available



Thank you!
Questions/Comments?


