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Anthocyanin is a natural pigment that has a functional role in plants to attract pollinating

insects and is important in stress response. Foxtail millet (Setaria italica) is a kind of

nutritional crop with high resistance to drought and sterility. However, the molecular

mechanism regulating anthocyanin accumulation and the relationship between

anthocyanin and the stress resistance of foxtail millet remains obscure. In this study, we

screened hundreds of germplasm resources and obtained several varieties with purple

plants in foxtail millet. By studying the purple-leaved B100 variety and the control variety,

Yugu1 with green leaves, we found that B100 could accumulate a large amount of

anthocyanin in the leaf epiderma, and B100 had stronger stress tolerance. Further

transcriptome analysis revealed the differences in gene expression patterns between the

two varieties. We identified nine genes encoding enzymes related to anthocyanin

biosynthesis using quantitative PCR validation that showed significantly higher expression

levels in B100 than Yugu1. The results of this study lay the foundation for the analysis of

the molecular mechanism of anthocyanin accumulation in foxtail millet, and provided

genetic resources for the molecular breeding of crops with high anthocyanin content.
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Figure 1

Leaf phenotype analysis of YG1 and B100.

(A) Seedlings of YG1 and B100. Bar = 3 cm. (B) Flag leaves of YG1 and B100 in the maturing

stage. Bar = 10 cm. (C-D) Transverse sections of YG1 leaves and B100 leaves, bars = 100

μm. MC: mesophyll cells, EC: epidermal cells.
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Figure 2

Quantitative analysis of plant pigments.

(A-C) The total content of anthocyanin, chlorophyll and carotenoids in leaves of YG1 and

B100. Contents were detected at both the seedling and maturing stages. Bars represent

means ± SD of three biological replicates. Two asterisks (**) represent P < 0.01, ns

represents no significant difference (n = 3, ANOVA). FW: fresh weight.
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Figure 3

Quantitative analysis of physiological indexes to stress resistance.

The total antioxidant activity was determined using the FRAP method (A) and the total

content of soluble sugar is shown. The bars represent the means ± SD of three biological

replicates. Two asterisks (**) represent P < 0.01 (n = 3, ANOVA). FW: fresh weight.
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Figure 4

A heatmap of the expression profiles of differentially expressed genes (DEGs).

The expression level was normalized using the FPKM method, and the color scale bar

represents this. Y1, Y2 and Y3 correspond to three biological replications of YG1. B1, B2 and

B3 are the three biological replications of B100. DEGs with the same or similar expression

pattern were clustered.
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Figure 5

GO enrichment analysis of DEGs.

The percentage of DEGs enriched GO terms of the biological process, cellular component,

and molecular function are shown.
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Figure 6

Enriched KEGG pathways of the differentially expressed genes (DEGs).

KEGG pathways with corrected P-value <0.05 were considered to be significantly enriched.

The y-axis shows the description of the corresponding KEGG pathways. The top 20 KEGG

pathways enriched in DEGs are shown.
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Figure 7

The transcriptional accumulation of enzyme encoding genes of anthocyanin

biosynthesis.

The leaves of YG1 and B100 were sampled at 14 days old (seedling stage, SS) and 4 months

old (maturing stage, MS). The relative expression levels of these genes were detected by

quantitative real time PCR. ACTIN (5G464000, Seita) was used as an internal control. Two (**)

and three (***) asterisks represent P < 0.01 and P < 0.001, respectively; ns represents no

significant difference (n = 3, ANOVA).
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