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Design is a plan or specification for the construction 
of an object or system or for the implementation of 
an activity or process.

IBM’s Design-Centered Strategy to Set 
Free the Squares



How to feed the 10 billion?
How to combine genome editing and genomic selection?



How to 
Feed the 
10 billion?

37: 744–754 (2019)



Continuing the Journey of Excellence and Innovation in 
Plant Breeding

european-seed.com



How to design 
a 

comprehensive 
strategy to 
mine the 
natural 

heritage stored 
in numerous 
gene banks? 

Nature Plants 2016, 2:16150
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How to 
efficiently 

explore the 
enormous 

inference space 
of genetic 

combinations?

Molecular Plant 2019, 12:390-401





What 
does 
Genome 
Editing 
Offer?

• “Generating a wide range of novel alleles 
and associated quantitative variation that 
can be selected to fit specific genotypic 
background or environmental needs.”

• Generations of regular backcrossing
• Linkage drag

• Multiple edits in a single genotypic 
background may be possible.

Science 2019, 366:705



Nature Review
Mol Cell Biology 2020
21:661-677

Haploid Induction Fixing Hybrid Vigor

“Only imagination sets the limit for what this chemical tool that is too 
small to be visible with our eyes can be used for future.” 

- Introduction given by Pernilla Stafshede during the announcement of 
the 2020 Nobel Prize in Chemistry



High-
Throughput 
CRISPR/Cas9 
Mutagenesis 
Streamlines 
Trait Gene 
Identification in 
Maize
Plant Cell 2020, 
32:1397–1413

Multiplexed CRISPR/Cas9-based high-
throughput targeted mutagenesis with 
genetic mapping and genomic approaches 
to target 743 candidate genes

412 edited sequences covering 118 genes 
were precisely identified from individuals 
showing clear phenotypic changes.

The integration of forward and reverse 
genetics via a targeted mutagenesis 
library promises rapid validation of 
important agronomic genes for crops with 
complex genomes.



Grand Challenges in Genome 
Editing in Plants

Overcoming Species- and Genotype-Dependent 
Transformation

Broadening Targets for Crop Improvement through 
Genome Editing

Achieving High-Efficiency Base Replacement

Toward Better Public Perception and Regulatory 
Oversight of Genome Editing in Agriculture

Yang, 2020, Front. Genome Ed. 

https://doi.org/10.3389/fgeed.2020.00002


Grand Challenges in Genome 
Selection in Plants

Generating whole-organism performance predictions 
across a plant’s life span

Building systems prediction beyond the target 
population of environments 

Integrating new technologies to boost the accuracy 
and efficiency of genomic selection

Balancing short-term genetic gains and long-term 
sustainability



Synergy Between
Genome Editing & Genomic Selection

• “Engineered alleles” generated by Genome Editing leverage 
the knowledge of gene and pathway information. 
 Can the processes of discovery and engineering be combined to be 

self-sustainable?

• General genotypic backgrounds, from which specific sets of 
genotypes are to be selected and edited, can be improved 
through genomic selection.
 Could the intensive application of genomic selection and resulted 

narrower genetic diversity be a problem to fully realize the potential 
of “engineered alleles”?



Synergy Between
Genome Editing & Genomic Selection

• Once engineered alleles are incorporated into the 
breeding pool, genomic selection continues to work on 
both types of genetic variants: natural and engineered.
Is there a right balance between the two? How much can 

design play a role beforehand?

• Genomic prediction to quantify which genotypes are 
likely to be readily edited, and to predict what might 
result from genome editing.
How is editability controlled and how much modification can 

be done?



High Throughput Phenotyping



High Throughput Phenotyping

PhenoBot 3.0



What 
does HTP 
Offer?

Accuracy and efficiency in phenotyping

Potential for phenomic selection

Understand the developmental process

Generate input data to feed into crop 
growth models

Ask questions that we have not asked in 
the past:
• Transient QTL versus stable QTL
• Developmental trajectory
• Environmental effect and developmental window



Vision

AIIRA: AI Institute for Resilient Agriculture 

Baskar
Ganapathysubramanian

Aiira.iastate.edu 

AI-driven digital twin – virtual representation 
integrating knowledge & data 

Explore foundational questions in AI

USDA Science Blueprint drives applications in 
breeding and production agriculture
Social science focus to ensure adoption and long-
term payoffs

Creating a diverse, AI-aware workforce

Building a resilient US agricultural system





A Roadmap and Timeline for Ideal Crop Breeding
Molecular Plant 12:615-631



Cell 2021, 184:1156-1170 



2021, 14:874-887



Perform
ance

Perform
ance
Reflection

Mapping out the performance landscape with designed 
sampling within TPG and TPE.
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BPC: the final product, the value delivery vehicle, and the ultimate
integration;

KDD: the scientific understanding, the underlying principles, the
pattern finding, and the power of large-scale data collection and
mining;

OPD: the evolving nature of the system, the need to change and
adapt, the expectation of innovation, and the hope to stay relevant
and successful.

Integrating Design, Analytics, Genomics, Phenomics, …, into Crop 
Improvement
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