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MOTIVATION

As global energy demand increases, bioenergy remains an important fuel alternative. However, current yields of
bioenergy crops, like biomass sorghum, are insufficient to produce large volumes of domestic biofuel. High-through-
put strategies that can identify improved crop genotypes earlier in the growth cycle are needed to quickly develop
new, high-yield varieties. Greater knowledge of factors that influence crop development can improve breeding.
Genomics tools have advanced, and the pace

of genotyping has accelerated exponential- Genome Molecular Cellular Organismal
ly while the cost of sequencing has dramati- level WP tevel QD el D Lo
cally decreased. The technological challenge o\

has shifted from understanding the genotype

to understanding the phenotype — the traits
exhibited by the plant as a result of its geno-
type and its environment (Figure 1). Because
traditional breeding approaches are slow and

labor-intensive, new approaches to accelerate
phenotyping are needed. Figure 1. Information in the plant genome interacts with biotic and abiotic

factors to inform emergent properties across scales.
TECHNICAL OPPORTUNITY

Sorghum plants possess many valuable attributes, including high biomass-yield potential, drought tolerance,
and a sequenced genome. Advanced phenotyping could lead to the identification of new sorghum variants
with even higher biomass or increased tolerance. Advances in robotics, remote sensing, and software allow for
extraction of massive volumes of data from crops, allowing high-throughput evaluation of traits throughout the
growing season. When combined with next-generation DNA sequencing and molecular profiling, these advanc-
es enable breeders to rapidly develop crops with desired traits. Nevertheless, complexities in data processing,
feature extraction, and data analytics make predictions of crop performance challenging.

INNOVATION DEMONSTRATION

This project aims to develop high-biomass sorghum with superior drought/salinity tolerance. The CASP team has
developed phenotyping test sites in California and Texas to provide ideal conditions and real environments. The
lack of rain during the field trial period allowed irrigation to be precisely controlled in California, and Texas is one
of the top sorghum producing states in the United States.
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The CASP team uses a sensor suite of LIDAR, multispectral cameras, and thermal cam-
eras on an unmanned aerial vehicle (UAV) that detects traits indicative of improved yield
and tolerance of drought and salinity. Data-processing software translates UAV-based
imagery into measurements within the same day as UAV flights.

To link the phenotypes observed by the UAV to specific DNA sequences (markers or |
candidate genes), the team has applied large collections of diverse sorghum germplasm
for genome-wide association studies to field phenotypic data. Over 200 genetic markers
associated with drought tolerance and/or biomass accumulation were identified over an
entire growing season to ensure accurate phenotyping. The temporal information ob-
tained by phenotyping throughout the season allows researchers to confidently identify [ b4
genetic markers associated with the traits measured and identify genes that are import-  rgre 2: UaV with sensor
ant at specific life stages. payload.

In parallel, combining field phenotyping of morphological and behavioral traits with molecular phenotyping of
transcript, protein, and metabolite profiles provides a mechanistic understanding of observed traits, such as
biomass and leaf size. Generated metabolite and protein profiles correlated to plant functional traits can be used
with low cost, rapid detection to identify superior sorghum genotypes in marker-assisted selections.

IMPACT PATHWAY

The development and commercialization of high value, generalized genome-to-phenome tools will enable ad-
vances in energy crop yields like biomass sorghum. Currently, advanced tools for genetic improvement in bioen-
ergy feedstocks are not available as they are for row crops.

In 2017, the team completed a proof-of-concept project on field corn with a major U.S. seed company, collecting
data in the Midwest and demonstrating the successful collection of plot-level plant traits. Over the next few years,
the CASP team expects to expand into the plant breeding industry.

Other applications of UAV-based phenotyping include research in precision agriculture contexts, such as char-
acterizing performance of various precision machinery. The UAVs developed by Blue River Technology (BRT),
a member of the CASP team, produce plant field maps that provide breeders and growers with unprecedented
insight into crop health and yield, with the fastest turnaround time in the market. In September 2017, John Deere
acquired BRT for its expertise in applying computer vision, machine learning, and robotics to agriculture. This
acquisition opens up the possibility of UAVs phenotyping for other applications.

LONG-TERM IMPACTS

Breakthroughs in field-based phenotyping technology coupled with molecular profiling for plant traits could de-
crease costs for developing sorghum cultivars and screening methods for other crops. Application of the new
phenotyping methods could accelerate the sorghum breeding process by as much as three years (on a typical
10-year development cycle) and save millions of dollars in bringing a sorghum cultivar to market. CASP’s find-
ings will contribute toward the development of high-biomass sorghum with superior drought/salinity tolerance.
The expanded use of resource-efficient energy crops could minimize competition with food crops. If successful,
these technologies will enable greater U.S. production of renewable bioenergy and bioproducts, which will en-
hance U.S. economic and sustainable energy security.

INTELLECTUAL PROPERTY AND PUBLICATIONS

As of December 2017, the CASP team has published the scientific underpinnings of this technology once in open
literature.




