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Editorial on the Research Topic 


Roles of flavonoids in crop quality improvement and response to stresses





Introduction

Flavonoids play a variety of biological functions in plants. More than anthocyanins pigments displaying red, blue and purple, in flowers, fruits and leaves, which determine economic traits of crops and ornamental plants, they play multiple functional roles in plant-environment interactions which protect plants from biotic and abiotic stresses (Zhang et al., 2014; Landi et al., 2015; Qi et al., 2020). Importantly, flavonoids have critical functions in antioxidant and antitumor, as well as promoting blood circulation, thus it is benificial to health of human from eating edible seeds and fruits rich in flavonoids (Zhou et al., 2004; Li et al., 2018). Here, this Research Topic focus on progress on the function and role of flavonoids in plants encountering abiotic stresses, and the genetic engineering for manipulation of the flavonoids biosynthesis pathways to enhance flavonoid content and the abiotic stress tolerance in plants, especially crops.





Interaction between flavonoids of plants and their environments

Wine grapes are often grown in regions characterized by dry and warm summers, and a proper irrigation strategy is essential for obtaining high-quality berries and wines (Buesa et al., 2021; Palai et al., 2022; Romero et al., 2022). Palai et al. studied that effect of the regulated deficit irrigation (RDI) on berry flavonoid content and its related biosynthetic pathways in Sangiovese grapevines, including the moderate (RDI-1M) or severe (RDI-1S) water deficit from pea-size berry to veraison, moderate (RDI-2M) or severe (RDI-2S) water deficit from veraison through harvest, and severe during the lag-phase (RDI-LS). They found a highest accumulation of anthocyanin in berries from both RDI-1 treatments, and expression of many genes in the flavonoid pathway was upregulated from beginning of veraison until harvest. Both post-veraison water deficit also increased anthocyanin concentration, but to a lesser degree than RDI-1. Particularly, the moderate deficit irrigation regardless of the applied periods in pre- or post-veraison, enhanced anthocyanin accumulation compared with that in severe water-deficit. Flavonol concentration was higher in RDI-1S berries, due to the upregulated expression of genes encoding flavonol synthases and the flavonol-3-O-glycosyltransferases. Overall, the study highlighted that the timing and intensity of deficit irrigation can modulate berry flavonoid accumulation as well as phenylpropanoid/flavonoid pathways, suggesting a proper management of deficit irrigation is critical for berry to enhance accumulation of anthocyanin and/or flavonol.

Alkali stress is highly destructive to the ecology, seriously affecting the soil structure and the growth of plants (Fancy et al., 2017). Nitraria tangutorum had strong alkaline resistance, accompanying a higher accumulation of flavonoid and anthocyanin during the period. Zhang et al. examined the role of the exogenous application of ABA and sodium nitroprusside (SNP) on defensive response of N. tangutorum to alkaline stress. They found that exogenous ABA and SNP significantly increased the plant height, fresh weight, relative water content and degree of succulency, as well as reduced the growth inhibition and physiological damage caused by alkali stress in N. tangutorum seedlings. However, SNP has a better effect on the improvement of photosynthetic efficiency and regulation of carbohydrate accumulation, while ABA has a more obvious effect on regulating flavonoid accumulation. Alkali stress also induced accumulation of endogenous NO and ABA, which might play a positive regulated role on defensive response of N. tangutorum to alkaline stress.

Powdery mildew is a fungal disease devastating to wheat, causing significant loss in quality and yield (Fofana et al., 2005; Bajpai et al., 2019). Xu et al. conducted the combined analysis of transcriptome and metabolome in susceptible Jimai229 wheat and resistant HHG46 with and without powdery mildew inoculation. They revealed that the flavone and flavonol biosynthesis pathways were significantly enriched in both cultivars following powdery mildew inoculation, which was consistent with the upregulated flavonoid biosynthesis genes and increased accumulation of total flavonoid. Moreover, exogenous flavonoid treatment of inoculated plants led to fewer and smaller powdery mildew spots on the wheat leaves. Thus flavonoids is suggested to confer resistance to powdery mildew in wheat.





Identification of function of candidate genes/loci involved in flavonoid accumulation, growth and development of plants

Flavonol synthases play important role in regulating flavonoid metabolism, specifically the flavonol and anthocyanin branching pathways (Vu et al., 2015). Guo et al. used the targeted LC–MS to determine flavonoid-related substances in overexpression of GbFLSa in Populus poplar and CK, and revealed the content of proanthocyanins including catechin, epicatechin, epigallocatechin and gallocatechin, as well as expression levels of two DFRs, three ANSs and two LARs in transgenic poplars were significantly lower than that in nontransgenic plants. The study indicates that GbFLSa overexpression plays a negative regulatory role in biosynthesis of proanthocyanins.

Peanut (Arachis hypogaea), with variegated testa color representing a distinct regulation pattern of anthocyanin accumulation in integument cells, has attractive appearance and higher market value. Chen et al. constructed two populations from the crosses between Fuhua 8 (pure-pink testa) and Wucai (red on white variegated testa), Quanhonghua 1 (pure-red testa) and Wucai, respectively, and identified the genetic locus underlying variegated testa color in peanut. They revealed that the pigmentation of colored region in red on white variegated testa was controlled by a previous reported gene AhRt1, while the formation of white region in variegated testa was controlled by genetic locus AhVt1 (Arachis hypogaea Variegated Testa 1). The molecular markers closely linked to the AhVt1 were developed, and the marker-assisted selection was used to develop new variegated testa peanut lines. The findings accelerate the breeding program for developing new peanut varieties with “colorful” testa colors, and laid a foundation for map-based cloning of genes responsible for variegated testa.

Ginkgo possessing its distinctive branching and fan-shaped leaves, has become one of the world’s most popular ornamental street trees (Crane, 2019). Flavonoids have been associated with the regulation of auxin transport (Santelia et al., 2008). Ni et al. investigated the phenotypic changes in transgenic tobacco (Nicotiana tabacum) overexpressing ginkgo GbDFR6. Pleiotropic defects in root and leaf development indicated an impaired auxin transport in transgenic tobacco plants, and eight flavonoids identified are ideal candidates as novel regulators of auxin transport by UPLC-ESI-MS/MS analysis. Delayed flowering in transgenic tobacco plants indicated anthocyanin or flavonoid is involved in the regulation of flowering time, which provide a valuable cue to produce the late flowering tobacco variety. The research suggested the novel and multiple roles of GbDFR6 in ginkgo.
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