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Plants, including soybean, extract carbon dioxide (CO2) from the atmosphere as they grow, and pathways
for carbon capture and partitioning, such as photosynthesis and fatty acid synthesis, directly affect the
biomass, seed yields, and oil content. While it is apparent that the carbon capture and partitioning has
direct effect on the soybean yield and oil content, the linkage between carbon capture/partitioning and their
corresponding phenotypes is poorly understood in transgenic soybeans, carrying some key genes
involved in photosynthesis and/or fatty acid synthesis. Therefore, we proposed a study to apply a systems
approach by analyzing transcriptomic sequencing data for variant transgenic lines to uncover the intricate
interactions among the genes involved in carbon capture and partitioning pathways, and to develop a
predictive model by constructing a gene co-expression network to link them to the corresponding
phenotypes, such as seed size and oil content. The predictive model allows the identification of key
cellular processes that need to be considered to break the embryo’s natural restriction to uncontrolled
seed lipid increase. The key genes will be used to produce new soybean lines with different oil contents.

Objective One: Identify the transcriptomic profiles of transgenic soybeans with carbon capture
and partitioning pathway modifications.
Objective Two: Systematically discover carbon capture and partitioning pathways, genes, and
their interactions by a statistical model for co-expression gene networks and linkage to
phenotyping data
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3. General Approach Used and (if applicable) the Nebraska Test Locations:

4. Describe Deliverables & Significance Attained for Each Research Objective:

We conduct RNA-seq experiments at three time points during seed development for several transgenic
soybean lines, carrying AtWri1, AtWri1/AtDGAT1, AtDGAT1/AtKasII, and one wild type soybean as control.
The corresponding metabolomic profiles, including photosynthesis and fatty acid content, were measured.
AtWRI1 is a master regulator of fatty acid (FA) biosynthesis, and DGAT1 encodes an enzyme catalyzing the
final and rate limiting step of triacylglycerides biosynthesis. Soybeans were growing in both fields and
greenhouse. The metabolic and transcriptional responses to AtWRI1 and AtDGAT1 expression in soybean
seeds were evaluated. Differentially expressed genes were identified, and their enriched pathways were
analyzed.

Combined with gene expression profiles and known AtWri1 DNA binding motifs (AW-box), we developed a
bioinformatics tool to predict AtWri1 targets in the soybean genome. Novel putative AtWRI1 targets,
presenting an AW-box in the upstream region of the genes, were identified by comparison with an event that
harbors only AtWRI1.

We also constructed a co-expression gene network based on the transcriptomic data from all soybean lines,
and identify the functional modules or pathways related to carbon capture and partitioning as well as their
corresponding phenotypes. In the gene co-expression network, each gene is one node, and two genes share
a link if their gene expression profiles are correlated. After the identification of modules in the co-expression
network, and a statistical model were developed to determine which modules are related to the oil content.
The genes identified by this method were directly related to the carbon capture and partitioning pathways as
well as the corresponding phenotype.

The Illumina short read RNA-seq experiments were executed by UNMC genomic core facility and
metabolomic profiles were measured by our collaborators at the University of North Texas.

The improvement of the yield and seed composition in transgenic soybean lines comes from knowledge
about carbon capture and partitioning pathways. Many photosynthesis/fatty acid synthesis genes are
discovered, and some of them were transferred into soybeans. A natural next step will be to systematically
mine this massive transcriptomic data for the key information to answer the question - how the carbon
capturing and partitioning is altered in the transgenic plants, which will provide strategies to manipulate
related processes through genetic engineering.

For objective one, we evaluated the metabolic and transcriptional responses to AtWRI1 and AtDGAT1
expression in soybean seeds. The events expressing these genes in the embryo did not show an increase
in total FA content, but they responded with changes in the oil and carbohydrate composition.
Transcriptomic studies revealed a down-regulation of genes putatively encoding for oil body packaging
proteins, and a strong induction of genes annotated as lipases and FA biosynthesis inhibitors.

Targeted metabolomics analysis showed that carbon from sugar phosphates could be used for FA
competing pathways, such as starch and cell wall polysaccharides, contributing to the restriction in oil
accumulation. These results allowed the identification of key cellular processes that need to be considered
to break the embryo’s natural restriction to uncontrolled seed lipid increase

Novel putative AtWRI1 targets, presenting an AW-box in the upstream region of the genes, were identified
by comparison with an event that harbors only AtWRI1.

Despite the importance, the systems biology research on the mechanism of carbon capture and
partitioning is still in its infancy. The Objective two can spur the research interest in this field, and the
complete pathways for carbon capture and partitioning can subsequently guide functional studies from
genome to phenome.
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Our understanding of carbon capture and partitioning in soybeans is limited, and the
corresponding phenotype is not yet fully predictive. The study we conducted improved the
research in this field, because we developed a systems approach including transcriptome
analysis, network analysis, and genome sequence identification. Our study revealed the
capture and partitioning pathways in transgenic soybean lines and the link between genotype
and the soybean seed oil content. The key genes that we identified will be used to develop
new soybean lines for variant oil contents. The discovered genotype and phenotype
interactions can guide us to the development of high yield and high oil content soybeans. This
can substantially impact the soybean industry in the US and the entire world, because
currently about 30 million tons of soybean oil is produced worldwide, constituting about half of
worldwide edible vegetable oil production.
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