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Is Phenomics a bandwagon? 
• A bandwagon has three 

phases: excitement, 
realization, and reality 

• Excitement phase: period of 
hype, attention, funding, and 
participation.  

• Realization phase: extensive 
research and evidence on 
technology/tool.  

• Reality phase: (1) is 
successful, becomes part of 
mainstream practice in the 
discipline OR (2) if 
unsuccessful, it is abandoned. 

Source: Bernardo (2016). TAG, 129(12) 



Phenomics, in early 2000’s… 

• “The term ‘phenomics’ is coined to describe, in 
anticipation, the new field that is likely to form 
from the behavioral and other phenotypic 
analyses designed to obtain a large amount of 
information on the varying effects of genetic 
mutations.”  
– Gerlai (2002; Trends in Neurosciences, v25(10)) 

• Intent was to match the genomic revolution to 
phenotyping revolution (by removing the 
phenotyping bottleneck) 



Post 2010, Phenomics definition 
has evolved…. 

• Phenomics has been defined as the 
acquisition of high-dimensional phenotypic 
data on an organism-wide scale (Houle et al. 
2010, Nature Review Genetics, 11) 

• (Plant) Phenomics is the study of phenomes of 
multiple genotypes (Dhondt et al. 2013, TIPS 
18(8)) 
– Phenome: set of all possible phenotypes of a 

given genotype 
 



Connection with Plant breeding? 
• # of plants or genotypes to phenotype is large; complex 

(morphological, maturity differences) 
• We create new variation each year 
• Measure several traits simultaneously (these traits vary in 

organizational scale – canopy, whole plant, tissue, cell level) 
• Several environment of concurrent or non-concurrent 

testing 
• Sometimes we are interested in time series measurements, 

for example diseases, physiology.. 
 



High-dimensional phenotypic data… 

Dhondt et al. 2013, TIPS 18(8) 

Plant phenotyping (shown as single column of          cubes) is the quantitative or qualitative 
investigation of traits (structural, performance based, physiological) at any organizational 
level, in a given genotype and a given environment. 
A phenome (shown by combination of          and         cubes) corresponds to all possible 
phenotypes under different environmental conditions of a given genotype. 
Plant phenomics (shown by combination of          ,         ,         cubes) could be considered as 
the study of phenomes of multiple genotypes. 



+ Spatio-temporal phenotyping 

• Large scale 
phenotyping 

• Multiple scales of 
phenotyping 

• Limited timeframe 
• Multi-dimensional 

Inter- and Intra-rater 
variability 

Integration of 
Phenomics with 
Genome wide 
predictions for 
making selections 

Funding:  
Monsanto Chair in Soybean Breeding; ISU PIIR 
USDA NIFA – NSF 

ML 



Examples of ground systems and their 
capabilities…. 

BoniRob: http://www.fieldrobot.com/event/wp-content/uploads/2016/06/Bonirob-16.jpg; In-between rows phenotyping: http://vigir.missouri.edu/FieldPhenotyping.htm;  
Apple orchard: http://www.freshfruitportal.com/news/2013/09/02/australian-researchers-branch-out-with-robot-farming/;  Field phenomics (high clearance sprayer 
converted unit): http://www.fieldphenomics.org/research/vehicles; Lemnatec: http://www.lemnatec.com/products/hardware-solutions/scanalyzer-field/;  



Automated vs manual phenotyping 

Source: Yang et al. 2014, Nature Comm, 5:5087 



Phenomics: new insights, better 
predictions… 

• >450 unique soybean PI accessions phenotyped (IDC) using tri-band 
channels to extract pixel information 

• Deployed machine learning algorithms to generate ML-score (1-5 
scale) and ML-severity (0-100 scale) for genome wide association 

• ML identified useful candidate gene, not picked up by visual ratings 

• Developed an ability to automated rating (to more traits.. 
• Improvements in prediction accuracy by integrating phenotyping 

information in prediction models 

Source: Zhang et al. (2017) (Submitted), Singh et al. (2016) TIPS 



Source: Rutoski et al. 2016. G3, 6, 2799-2808 



More easily capturing traits previously not 
possible.. 

• measures 37 attributes 
• Can this be done by human 

raters?  

Source: Rodriquez et al.  2010. J. Vis. Exp. 37: e1856  



Source: Jubery et al.  2017. FIPS, 7:2066 

More easily capturing traits previously not 
possible… (shape descriptors, lifecycle) 



Going where we dared not go before - 
Root Exploration 

Image source: Topp et al, 2016; Kochian, 2016,  
Falk (2017, ISU) 

Computed Tomography (CT); 
Magnetic Resonance Imaging 
(MRI) 

ground penetrating radar  

Funding:  
Monsanto Chair in Soybean Breeding; Baker Center (ISU) 
NSF (EAGER) 
IA Soybean Research Center 



Today 

- 

Microscopic  
image Automated SCN eggs  

quantify 
Machine Learning  

model 

Our  
vision 

1 

2 

3 

Finding new applications (microscope 
level); No need to re-invent the wheel.. 

Source: Akintayo et al. (ISU) 

Soil sample 
from root 
zone 

Sample 
prep 

Imaging 
device 
(Microscope) 

Expert 
Quantification 



Soybean breeders moving to technology 
adoption 

HTP 
platform 

Data 
acquisition 

Data (image) 
processing 

Data (image) 
extraction 

Feature 
estimation 

Estimation 
(yield) 

Numerous other examples of breeder engagement in similar activities: Indiana, Iowa, Kansas, 
Missouri, ……. 



Is Phenomics a bandwagon or a discipline? 
• A bandwagon has three phases: excitement, realization, and reality 
• Excitement phase: period of hype, attention, funding, and participation.  

(YES) 
• Realization phase: extensive research and evidence on technology/tool.  

(YES) 
• Reality phase: (1) is successful, becomes part of mainstream practice in 

the discipline OR (2) if unsuccessful, it is abandoned. (TBD) 

While the Linkage, Association mapping, GWP are tools/techniques, “Phenomics” is 
not a tool… (is it a field of study or perhaps a discipline similar to genomics?) 
New definition?: Phenomics is the discipline that studies phenomes of multiple 
genotypes through acquisition of high-dimensional phenotypic data on an organism-
wide scale? 
“The culture of the discipline, for example, consists of a "knowledge tradition" that 
includes categories of thought, a common vocabulary, and related codes of conduct.” 
It will require continued participation of (and partnerships between) breeders, 
scientists, engineers, statisticians; and linkages with funding agencies!!! 
(Big Data and ML/DL are here to stay; new tools applicable in phenomics are being 
built) Producer, Private, Public partnership to shape this emerging discipline 
Source: Bernardo (2016). TAG, 129(12); Frost and Jean, 2003. The Journal of Higher Education, 74(2): 119-149 
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