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Surveying CoverCress Germplasm for Natural Variations in Sinigrin Pathway
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Introduction
Great potential exists for the use of pennycress as a bio-fuel in the
aviation industry. However, increased levels of sinigrin following
the oil-processing stage decreases the nutritional value of
pennycress meal and restrict the use of pennycress as animal feed.
This challenge decreases profits for biofuel manufacturers and
creates i of bi Further ication of
p y is y to levels of sinigrin and increase
the profitability of the biofuel manufacturing process.
Pennycress maintains a winter annual growth. The winter growing
season is y to fit p y within iti crop
rotations of corn and soy, as seen by the diagram below. This trait
is dictated by the gene, Flowering Locus C. Mutations in this gene
transform the growing season of pennycress from winter to spring,
which limits the opportunity to fit pennycress in the rotations of
corn and soy. As CoverCress germplasm has not been genotyped
for low sinigrin or mutations in Flowering Locus C, more
information is needed to identify lines that are low-sinigrin and
winter growing. Lines containing these traits are the best
for the breeding prog at CoverCress.
Wildtype pennycress was used in the search for natural mutations.
y occurring i are more i than artificial
mutations. The use of natural mutations in gene editing decreases
the impact on other gene patt
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Figure 1: Ideal crop rotation of corn, soy, and pennycress.
M M. tt Wells, Melissa Wilson, Russ Gesch, and Roger Becker

Methods
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Figure 2: Primer 14 Allelic Discrimination Plot targeting
Gene HAG3 l
Figure 3: Phenotypic data regarding sinigrin levels were
obtained using NIRS technology.
The phenotypic traits were determined using NIRS, Near Infrared
py. In this technols Infrared ! hs interact
with seed’s covalent bonds. Different types of bond scatter the
wavelengths, and the patterns are analyzed and used to quantify
traits, including levels of moisture, oil, erucic acid, and sinigrin.
The genotypes of the lines of Pennycress were identified using
qPCR, aQ itati Chain The primers
target SNPs (Single Nucleotide Polymorphisms) in conserved
regions. Three primers were used: a common primer, a wildtype
primer, and a mutant primer. The typical cyclical process of
d i ling, and ion foll d. After each
cycle, the level of fluorescence is measured, which allows the
reaction to be quantified.

Phenotypic Data

Research Question

Are there natural mutations that lead to lower levels of Sinigrin in Pennycress
Wildtypes? Do these low-sinigrin lines grow in the winter?

Figure 4: Molecular composition of
the glucosinolate, sinigrin.

The mean level of Sinigrin across 66 lines of Pennycress Wildtypes is 84.6 umol/g. 9 lines were identified to be
more than 1 SD below the mean value. Of these low sinigrin lines, three lines contain sinigrin related

mutations.
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Figure 5: The accession names and sinigrin levels
of all lines that are more than 1 standard deviation

below the mean value.

Total Lines # of # of Mutant
Surveyed Mutant Linesand 15D
Lines below the mean
Sinigrin Value
Allele 1 61 0 0
Allele 2 61 0 0
Allele 3 61 2 1
Allele 4 61 0 0
Allele 5 61 0 0
Allele 6 61 0 3
Allele 7 61 0 0
Allele 8 61 1 0
Allele 9 61 0 3
Allele 10 61 0 0
Allele 11 61 0 0
Allele 13 61 1 3
Allele 14 61 1 1
Allele 15 61 2 1
Allele 16 61 0 3
Allele 17 61 3 0
Allele 18 61 0 [}
Allele 19 61 1 1

Figure 7: Lines surveyed for low sinigrin and
breakdown of mutant versus wildtype lines

Results
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Conclusions

11 lines were found to have mutations in sinigrin pathway
genes. Of the 11 lines, accessions 950248, 950102, 950147
present sinigrin related mutations, levels of low sinigrin, and
winter-growth habits.

Other low-sinigrin lines without identified mutations are 2015,
950099, 95017, 950273, 950146, 950163. This selection of
germplasm contains natural sinigrin-related mutations that will
be useful for further study.

12 lines contain mutations in Flower Locus C and should be
d from the k di entirely.
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Figure 6: The standard deviation of the sinigrin levels
of the 66 lines tested.

Winter Spring
Total Lines Growing Growing
Surveyed Season Season

Allele 12 61 60 1
Allele 20 61 58 3
Allele 21 61 59 2
Allele 22 61 61 0
Allele 23 61 61 0
Allele 24 61 55 6

Figure 8: Total lines surveyed and breakdown
of growth habits

12 lines with mutations in Flowering Locus C were
identified using qPCR. The mutations indicate a
spring growth habit and should be removed from
the breeding program at CoverCress.

Future Plans

The identified lines containing natural sinigrin mutations are
ideal did: for the breeding progi at CoverCress. The
use of natural mutations is preferable in comparison to
genomic edited lines because natural mutations tend to
perform better in the field and have fewer negative impacts
on the total functionality of the plant.

Gene-editing remains a ility for the rapid

of pennycress and can be used to add natural mutations to
other lines.

The eventual goal of CoverCress is identifying a winter-hardy
line with sinigrin levels that are decreased even. This line will
act as a product for bio-fuel companies.
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