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Abstract

Increased industrialization and pollution necessitate the development of new energy sources while minimizing the impact on

the environment. Camelina sativa (L.) Crantz is being investigated as a potential source of novel biofuels, especially as a

source of isoparaffin-rich jet fuel. However, currently, there is a paucity of phenotypic and genotypic data for C. sativa. Using

a collection of 236 C. sativa genotypes from Eurasia, we assessed the phenotypic diversity of the collection using image data

from the Bellwether Foundation Phenotyping Facility at the Donald Danforth Plant Science Center. Traits were measured

using PlantCV. Based on phenotypic data, we found that most of the C. sativa accessions fell into 15 groups. There is strong

phenotypic variance within each of these groups. Our study provides insight into defining potential C. sativa ideotypes.
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ABSTRACT
Increased industrialization and pollution necessitate the development of new energy sources while
minimizing the impact on the environment. Camelina sativa (L.) Crantz is being investigated as a
potential source of novel biofuels, especially as a source of isoparaffin-rich jet fuel. However, currently,
there is a paucity of phenotypic and genotypic data for C. sativa. Using a collection of 236 C. sativa
genotypes from Eurasia, we assessed the phenotypic diversity of the collection using image data from the
Bellwether Foundation Phenotyping Facility at the Donald Danforth Plant Science Center. Traits were
measured using PlantCV. Based on phenotypic data, we found that most of the C. sativa accessions fell
into 15 groups. There is strong phenotypic variance within each of these groups. Our study provides
insight into defining potential C. sativa ideotypes.
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1. INTRODUCTION
Increased industrialization and urbanization necessitate the development of new energy sources while
minimizing the impact on the environment. Currently, fossil fuels are by far the most utilized energy
source in the world1. However, burning fossil fuels releases many pollutants, including CO2, and
ultimately raises the amount of CO2 in the atmosphere2. Increasing CO2 has been directly linked to more
powerful extreme weather events, such as hurricanes3,4, shifting weather patterns leading to droughts in
some areas5 and floods in others6–8. Archer et al. (2020) estimated the “ultimate cost” (the cost of carbon
to the global economy when all downstream effects are accounted for) of carbon to be roughly $100,000
per ton of carbon released9.

New energy sources are needed to attenuate the rate of released carbon. One such source is biofuels from
feedstocks such as Camelina sativa (L.) Crantz. C. sativa has received interest in recent years due to its
potential as a low-input biofuel crop10. C. sativa’s seeds are nearly 30% oil and 50% polyunsaturated fatty
acids by weight11; these oils can be used as a drop-in alternative fuel source12. For example, a strain of
isoparaffin-rich C. sativa oil was commercial flight-tested by Japan Air-lines and KLM Royal Dutch
Airlines. These test flights concluded that C. sativa’s oil can reduce emissions by as much as 84%10.
C. sativa was widely cultivated throughout Europe for its oils that were used heavily in cooking and as an
ingredient in paints13–15. However, in the 18th century, C. sativa was supplanted by Brassica napus (L.) as a
major oil crop. As such, there is a paucity of genetic and phenotypic data that severely hampers the
development of C. sativa as a societally important crop. To develop foundational tools to further the
development of C. sativa as an industrial crop, we previously released a genetic resource for evaluating
genetic variation among C. sativa varieties16. Here, we complement the genetic resources with a
phenotypic analysis of the same population. We took roughly 100,000 images over the course of six
weeks using the Bellwether Foundation Phenotyping Facility at Donald Danforth Plant Science Center17

of these same accessions. These data can be used in the development of C. sativa cultivars.
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2. MATERIALS AND METHODS

A diversity panel representing the European C. sativa accessions were largely retrieved from the
collections in the Leibniz Institute of Plant Genetics and Crop Plant Research and the U.S National Plant
Germplasm System. These accessions were grown in the Bellwether Foundation Phenotyping Facility at
the Donald Danforth Plant Science Center17.  Images were taken daily for roughly 5 - 6 weeks. The
accessions were phenotyped using PlantCV v3.9.018. A single top-view and four side-view pictures were
taken per time point. In the side-view, the plants were turned horizontally in 90ο intervals between frames.
In the following analyses, only the first side-view picture (“frame 0”) was used for this project. Principal
component analysis was done using the prcomp function in R v3.2.219 on the following measurements at
the final time point: whole plant areas, convex hull areas, height, width, floral area, number of flowers,
hue circular mean, and solidity. Uniform Manifold Approximation and Projection (UMAP) analysis20 was
then done on these principal components using the UMAP R package v0.2.6. The Density Based
Clustering of Applications with Noise (DBSCAN) algorithm21 was then used to group accessions based
on the UMAP results using the DBSCAN R package v1.1.5. The optimal maximum distance between
clusters (eps) was elucidated via the kNNdistplot function.

Figure 1. Uniform Manifold Approximation and Projection (UMAP) on final time point
phenotypes. Colors and shapes represent the different UMAP designations.

3. RESULTS AND DISCUSSIONS

3.1 Most accessions fall into one UMAP designation
Image data was analyzed with PlantCV, resulting in phenotypic data for total shoot area, convex hull area,
solidity, maximum plant width, plant height, total leaf area, total flower area, hue circular mean, and the
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number of flowers. We performed UMAP analysis on the plant’s phenotypic data. Based on this analysis,
we found that the C. sativa accessions could be largely sub-divided into 15 different groups (including 16
plants that couldn’t be categorized). By far, group 2 had the most plants (Figure 1).

3.2 UMAP groups show clear phenotypic variance from each other
Utilizing PlantCV18, we measured total plant area (Fig 2a), width (Fig 2b), area of leaves (Fig 2c) and
flowers (Fig 2d), number of flowers (Fig 2e), solidity (total plant area divided by convex hull area) (Fig
2f), hue circular mean (Fig 2g), convex hull area (Fig 2h), and height (Fig 2i). Plants belonging to UMAP
groups 8, 11, and 15 were clearly shorter (Fig 2i) and had less shoot and leaf area (Fig 2a and c) and
convex hull area (Fig 2h) compared to the other categories. Group 8 had the greatest solidity; they were
also the only group whose solidity increased after the 30th day post planting, suggesting these plants had
the densest shoots (Fig 2f). Group 15 had the highest hue circular mean (Fig 2g) at the final time point,
indicating that these plants were the darkest green. No floral tissues were detectable in group 8, 11, and 15
accessions (Fig 2d-e). The lack of flowering, short stature, and smaller size match the characteristics of
the winter annual biotype of C. sativa plants, which do not bolt and flower without prior vernalization
and, therefore, stay short and compact22. It appears that these three UMAP designations are C. sativa
accessions winter biotype accessions.

Notably, in the measurements of total shoot area (Fig 2a), width (Fig 2b), leaf area (Fig 2c), convex hull
area (Fig 2h), and height (Fig 2i), the non-winter biotype UMAP groups vary greatly in their phenotypic
characteristics, especially at their final time points. For example, UMAP group 3 plants tend to be the
largest plants (in the term area (Fig 2a), convex hull area (Fig 2h), and leaf area (Fig 2c)), but had fewer
inflorescences than plants from UMAP groups 3, 5, and 14 (Fig 2d-e). As they approach maturity, C.
sativa plants bolt and produce flower stalks. Oftentimes, many auxiliary stem branches from primary stem
bolts, which leads to many clusters of floral tissues. During this time, the rosette leaves begin to senesce
as the plants mobilize their nutrients to reproductive tissues. Manual inspection of images indicated that
rosette leaves of plants belonging to UMAP group 14 senesce earlier than those of other groups, and
given that these plants had the largest flower area (Fig 2d) it suggests that these plants might mobilize
their energies to produce more floral tissue, though in smaller quantities than plants of UMAP group 5
(Fig 2e). This has the observable effect of lowering the width of the plants (Fig 2b) while increasing
floral area.

Our study provides insight into potential C. sativa ideotypes (Fig 2a-i). Future research will focus on how
visibly measurable traits can influence the content of oil in seeds (for example, perhaps plants with less
leaves might produce oilier seeds). We will also perform Genome-Wide Association Studies on these data
to link trait variations to specific genomic loci.
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Figure 2. Trait analysis based on phenotypic grouping of C. sativa accessions. C. sativa
accessions imaged and analyzed using PlantCV. Only “frame 0” images are used for phenotyping.
Traits examined were a) area, b) width, c) area of leaves and d) flowers, e) number of flowers, f)
solidity (area/convex hull area), g) hue circular mean, h) convex hull area, and i) height.
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Problem: Climate Change is challenging our current energy infrastructure.  New energy sources are 

needed.

Camelina sativa is

a potential source of 

Biofuels, but data on it

are under-developed

Using PlantCV for 

high throughput 

measurement, we

placed our accessions

into distinct groups.

*UMAP: Uniform Manifold Approximation 

and Projection for Dimension ReductionEmail: spolydore@danforthcenter.org


