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Growth and development phenotypes in seedlings 
measured by automated image analysis
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Wu and Spalding (2007) PNAS 104: 18813-18818

Wang et al. (2009) Plant Physiol 149: 1632-1637
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Engineering cry1 subcellular localization
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Motivation of the Phytomorph Project



phytomorph.wisc.edu 

Tools for 
studying 

phenotypes 

Tools for 
studying 
genomes 

What prevents scaling up to address genome-wide studies?





Root Gravitropism


measured every 2 minutes for 8 hours





Parameters Derived from the Medial Axis



length local curvature, K = ΔΦ/Δs 
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The Explored Condition Space 
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Seed Size 

This ‘response space’ was characterized with 2142 separate experiments each 
consisting of 301 time points for a total of 644,742 separate images, all 
analyzed automatically.                Durham Brooks et al. (2010) Plant Physiol. 152: 206-216





Growth rates & 
tip angles 
extracted 

from >645,000 
images of 

>2000 roots  

The Wild-Type Data Set



Durham Brooks et al. (2010) Plant Physiol. 152: 206-216
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The Seed Size Axis
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The Seedling Age Axis
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The Key People





My mutant has no phenotype!  #!*@!!^&#!





My mutant has a phenotype! 
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Adapted from Alonso-Blanco et al. The Plant Journal 14, 259-257 (1998) 



Populations useful for mapping 
phenotype to genotype have been 
created in many species. They are 
genetically well defined. The current 
bottleneck is the rate of trait 
measurement. 

Self fertilize 
8 X 

Recombinant 
Inbred 
Lines 
(RILs) 

… 

… 

… 

Germplasm is also needed for genome-wide studies
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Machine Vision to Study Natural Genetic Variation


 

Treat each of the 241 time points as a separate ‘trait’
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A single QTL plot


(root tip angle at one point in time is the phenotype)





Time Course QTL Affecting Gravitropism



RIL1 NIL RIL2 

Moore et al. (2013) Genetics 195: 1077-1086  
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A Phenotype Pipeline


depends on a software continuum connecting three 

overlapping domains
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UW 1st set 239 lines


UW 2nd set 280 lines


FL 88 lines


 

T0 angle subtracted
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Raw tip angle vs. time





Maize root gravitropism time course QTL
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Maize gravitropism QTL
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Maize Gravitropism QTL



90 min  180 min  



Variation within maize population of RILs  



A cold pretreatment impairs growth over an ensuing 24 h 
warm period
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Measuring maize growth in the field
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