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Abstract: To explore the mechanism hydroxysafflor yellow A (HSYA) biosynthesis and regulation, the effect
of methyl jasmonate (MeJA) treatment on gene expression related to the biosynthesis of hydroxysafflor yellow A
(HSYA) was analyzed, and expression differences in genes involved in HSYA biosynthesis in safflower of different
colors was quantified. MeJA at concentrations of 0, 50, 100, and 200 umol-L* was sprayed onto safflower florets
to determine the optimal concentration of MeJA. Safflower was treated with 100 umol-L* MeJA and florets were
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harvested 0, 3, 6, 12 and 24 h after treatment. The content of MeJA was determined by high performance liquid
chromatography (HPLC). RNA was extracted from safflower florets treated with 100 pmol-L* MeJA for 6 h. The
transcription of key genes involved in the biosynthesis of HSYA was quantified by gRT-PCR and differentially
expressed genes were identified. The content of HSYA increased after treatment with MeJA, with 100 pmol-L*
MeJA treatment for 6 h having the greatest effect on HSYA accumulation. qRT-PCR results showed that MeJA
could significantly increase the transcription of HSYA biosynthesis genes including PAL2, PAL4, 4CL2, 4CL4,
4CL5, CHS3, CHS4 and CHI2. The content of HSYA differed between safflowers of different colors with a trend of
red>orange-yellow>yellow>white. The results of gRT-PCR showed that the expression of CHS1 and CHI2 in red,
orange and yellow safflower was significantly higher than that in white safflower. These results indicate that MeJA
promotes the accumulation of HSYA by up-regulating the expression of genes involved in the biosynthesis of
HSYA such as PAL2, PAL4, 4CL2, 4CL4, 4CL5, CHS3, CHS4 and CHI2, and the variation of HSYA content in

safflower of different colors was related to a difference in the level of expression of CHS1 and CHI2.
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Figure 1 Schematic for the putative biosynthesis pathways of hydroxysafflor yellow A (HSYA) and flavonoids in safflower. PAL: Phenyl-

alanine ammonia lyase; C4H: Innamate 4-hydroxylase; 4CL: 4-Coumaroyl CoA-ligase; CHS: Chalcone synthase; CGT: C-Glucosyltransferase;
P450: Cytochrome P450; CHI: Chalcone isomerase; FNSI: Flavone synthase I; F3H: Flavanone 3-hydroxylase; DFR: Dihydroflavonol

4-reductase; ANS: Anthocyanidin synthase; UGT: UDP-glycosyltransferases
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Table 1 The primers sequences used for real-time PCR

Gene Forward primer (5'-3) Reverse primer (5'-3)

PAL1 TGGAAGCCGTAATCCAAGTC TCCGTGAAGAAATCAACCCT
PAL2 ACGAGGTGAAGAAGATGGTGG AGCCCTAGCTGATTCCGACA
PAL3 AAGTCCTATCGGCCCTCTTC CGTAATCGCTTCCATCCAAA
PAL4 GCTTGCAGATCATACCCATTA GGAACACCATTCCAACCCTC
PAL5 GAAATGGACCCACTGGAGAA CGTGTAGGGCTTTGTTTCTTG
C4H1 TTGGGAGCACGAAGAAGATG TGTCTCGATTGCAGCAACAT
4CL1 TGCTCTGCCATTCTCCTCTG TAGCCCTAATATCGTGACTTTG
4CL2 AGAACATTGAGAAACATAG GAAGGGAACTTCTTGGCACA
4CL3 TGTAAGAAGTCAATGTGTCA ACCGTGTTCATCAATAGTT
4CL4 TTCGCTAAGGAGCCATTTGA TGATTTGGTCACCACGGATA
4CL5 AGCACGCTGGAGGAAATGAT CAACTGGAACCGTCCGAGAA
CHS1 GGTACCGGGATCTCTAGAAGAT TTCTGATCTCGGCAATATCGGT
CHS2 GATCAATGGCAACGGTGTAGT AAATAGCCTTCGACCAAGCA
CHS3 AGACCAGATACACAGTAATG GCTTCCTTTGCCATCT

CHS4 CTCGTCTTCTGCACCACCTC TGTTCTCGGCTAGGTCCTT
CHS5 GACTCTTCGACAACAACT TGCCAACTTCTCTTTCAT

CHI1 TCCGACTCAACTACAATGGC TCCGGTAAACTTCACGAACC
CHI2 AACAACGCCCGATGGATTAG TTCGCTTCAGGAGAAACACC
Ct60s GGCAACACTGGTCTTGATCCAT CTGCGATTGTTGGATAATGGATG
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Figure 2 Effect of different concentration of MeJA (A) and dif-
ferent treatment time (B) on HSYA content. A: "P<0.05, "P<0.01
vs 0 umol-L%; B: P<0.01 vs 0 h. MeJA: Methyl jasmonate
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5 FF R, MeJA X CHSL 2[R 3Rk R A fl 55 115 S 1
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