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Introduction
Sesame (Sesamum indicum L.) is a promising oil-rich seeds that have
many potential health benefits and have been used in folk medicine for
thousands of years. However, most field crops, including sesame, are
highly sensitive to waterlogging, which can result in stunted growth and
emerge as a major cause of the decrease in sesame production. To date,
the molecular mechanisms underlying the responses to waterlogging in
sesame remain unclear. Therefore, the present study was conducted to
identify the genes related to the stage-specific responses of sesame growth
in order to understand the molecular mechanism of sesame seeds against
excessive waterlogging stress, and to explore the mechanisms underlying
the dynamic metabolic pathways of the related genes.

Materials and Methods
The seeds of sesame were collected from the Rural Development
Administration, Korea. To observe the molecular alterations caused by
waterlogging stress in sesame leaves, the present study was carried out
in a glass greenhouse under paddy soil conditions. The seedlings were
subjected to waterlogging condition maintaining 2 cm of soil surface at
2nd and 10th leaf stages, and treated for 5-days. Total RNA of the leaves
was extracted using RNeasy Plant mini Kit. Through RNA sequencing,
five top-enriched differentially expressed genes (DEGs) were considered
to validate the reliability of the RNA libraries that were highly related to
waterlogging stress.

Results and Discussions
A total of 2,126 common genes were identified from both 2- and 10-leaf stages. Pathway analysis revealed that the top five metabolic processes
related to waterlogging stress were starch and sucrose metabolism, photosynthesis, plant hormone signal transduction,
glycolysis/gluconeogenesis, carbon fixation in photosynthetic organisms. Of the 2,126 genes, a total of 37 genes were involved in starch and
sucrose metabolism whereas sucrose-synthesizing gene was reduced under waterlogging stress. In addition, genes that produce glycogen by
cleaving starch were reduced. In photosynthesis pathway, a total of 30 genes were involved. Reduced expression of the genes related to PS II RC
was caused by waterlogging stress. In addition, the expression of plastocyanin, a protein that acts as an electron carrier, was reduced under
waterlogging stress. In plant hormone signal transduction pathway, a total of 29 genes were investigated. In this experiment, genes that prevent
auxin production and deficiency through the biosynthetic pathway that produces indole, a precursor of auxin, were increased by waterlogging
stress. A total of 28 genes were involved in Glycolysis / Gluconeogenesis pathway. Due to the lack of oxygen caused by waterlogging stress, the
expression of PDC and ADH -related genes using pyruvate as a substrate was increased. Glycolytic enzymes phosphoglucomutase and enolaserelated genes were also reduced. A total of 24 genes involved in carbon fixation in photosynthetic organisms were investigated. Decreased
expression of alanine-producing glutamate-- glyoxylate amino -transferase was identified in this study. In addition, fructose-l, 6-bisphosphatase
-related genes were decreased as the pH of stroma decreased.
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Fig. 1. Differentially expressed genes(DEGs) identified from
2- and 10-leaf stage.

Fig. 2. Venn diagram of DEGs expressed in 2- and 10-leaf stage.
Table 5. List of top GO enriched up or down regulated genes and
it's related pathway.

Fig. 3. Venn diagram of common and unique genes in each
comparison group expressed in 2- and 10-leaf stage.
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Table 2. List of DEGs related to starch and sucrose metabolism
with FC value and gene regulation.

Table 3. List of DEGs related to Photosynthesis with FC value and
gene regulation.

Fig. 4. Heat map analysis of DEGs from 2- and 10-leaf stage.
The bar represents the scale of the expression levels of each
gene (log2 FPKM) in each sample, as indicated by red/yellow
rectangles.
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Table 4. List of DEGs related to Plant hormone signal transduction
with FC value and gene regulation.

Table 6. List of DEGs related to Carbon fixation in photosynthetic
organisms with FC value and gene regulation.

Table 5. List of DEGs related to Glycolysis/Gluconeogenesis with
FC value and gene regulation.
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