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Identification and expression analysis of 2-ODD gene family
involved in flavonoid biosynthesis pathway in safflower
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Abstract: Flavanone 3-hydroxylase (F3H), flavonol synthase (FLS) and anthocyanin synthase (ANS) are
members of the 2-oxoglutarate-dependent oxygenase (2-ODD) superfamily, which play important functions in
plant flavonoid biosynthesis. In this study, 16 2-ODD genes involved in flavonoid biosynthesis pathway were
screened and identified from safflower genome database using bioinformatics method. The length of the proteins
encoded by these genes ranged from 283 (CtFLS2) to 442 aa (CtANS6), and the molecular weight ranged from
32 062.05 (CtFLS2) to 48 245.49 Da (CtANS6). The proteins encoded by these genes were hydrophilic. Phylogeny
divided it into three subfamilies, two conserved residues, H-x-D-xn-H and R-x-S, were found in this gene family
using conserved motifs analysis, the analysis of cis-acting elements in the upstream 2 000 bp region showed that
these genes might be regulated by environmental factors such as light, temperature and plant hormones such as
salicylic acid, methyl jasmonate and so on. The members of the safflower 2-ODD gene family involved in flavo-
noid biosynthesis pathway were analyzed by gRT-PCR, the result showed that the expression patterns of these
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members were different in diverse flowering period and leaf. This study can lay a foundation for further exploring
the function of 2-ODD genes involved in flavonoid biosynthesis pathway in safflower.
Key words: safflower; flavonoids; 2-oxoglutarate-dependent oxygenase; bioinformatics; expression analysis
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Table 1 The gRT-PCR primers of 2-ODD gene family involved in flavonoid biosynthesis pathway in safflower

Gene name Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
CtFLS1 TTGAGGCAATGGCGAAATCG ACCGACCTTGCAAAACATCC
CtFLS2 TAAACGACGTGGACGGTTTG AAGCGTTTGGAAGGAAGCTG
CtFLS3 GCAATGGAGCGTTCAAAAGC ACGCCAATGAAAACCGTTCC
CtFLS4 ACAACTTCCGCTGTCGATTG ACCAAAAACACGCCCCATTC
CtFLS5 TTGGCCAAATTAACCCGGTT GGTTGCCAATACCACAAACGAT
CtFLS6 ACCATTGCTGCAAAGCCATG TGGGATTGAAGGCAAAGTCG
CtFLS7 TCACCTTCCACGACTACGATTC AGGCAACAGCGGATTTAAGC
CtFLS8 TGGAATGGAACCCGAAACACT GGTGCCAACCCTAAAACCTTGT
CtANS1 TTGGATGCCAGTTACACCAC AGTTCACGGTTGCTCTATGC
CtANS2 ACAATGCTTGCGGACAACTC TTGCTTTGCGTACTCTGCAG
CtANS3 ACGGGGTTTCACTTTTGGTG GTTCATTCGTCGTCATTGCG
CtANS4 TGGAGACACCTTGGAGATTGTG TTTCGAGTTCACGGTTGCTC
CtANS5 GGAAACCAATGTGACAAGCCA GGACGAACGTATCTGGATGGAG
CtANS6 AAGGTCGGATTAGGAAGCGAAG TTCATCTAAGGTTGCCCCACC
CtANS7 TCGACAACGGAATGCAAGC TGATCCCAACAGCATCCGA
CtF3H ATTTGAGCAACGGCAGGTTC TTCAACGGGTACACAATCGC
18srRNA GAGAAACGGCTACCACATCCAA TCGTTTGAGCCCGGTATTGTTA
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Table 2 Information and characteristics of 2-ODD gene family involved in flavonoid biosynthesis in safflower
Gene name Gene No. CDS/bp AA MW/Da Pl Instability index GRAVY Subcellular location

CtFLS1 CCG001867.1 1038 345 39 310.77 5.54 44.08 -0.405 Cytoplasm
CtFLS2 CCG002574.1 852 283 32 062.05 5.57 46.69 -0.169 Cytoplasm
CtFLS3 CCG004371.1 1146 381 42 539.30 5.76 33.32 -0.344 Cytoplasm
CtFLS4 CCG008793.1 1188 395 44 376.83 5.28 31.78 -0.223 Cytoplasm
CtFLS5 CCG009125.1 933 310 35446.54 5.39 32.88 -0.292 Cytoplasm
CtFLS6 CCG019723.1 1083 360 41 011.45 5.67 35.71 -0.235 Cytoplasm
CtFLS7 CCG026271.1 1110 369 42 043.74 5.18 37.31 -0.336 Nucleus
CtFLS8 CCG027375.1 1092 363 40 399.55 5.43 39.90 -0.218 Nucleus
CtANS1 CCG002842.1 1242 413 47 057.36 5.32 4591 -0.277 Chloroplast
CtANS2 CCG005106.1 1059 352 39 874.50 5.75 44.22 -0.414 Cytoplasm
CtANS3 CCG011007.1 1074 357 40 673.89 5.32 42.14 -0.298 Chloroplast
CtANS4 CCG016255.1 990 329 37581.32 4.99 39.15 -0.185 Cytoplasm
CtANS5 CCG025473.1 1167 388 44 175.23 5.86 46.24 -0.185 Cytoplasm
CtANS6 CCG027374.4 1329 442 48 245.49 6.21 45.00 -0.226 Cytoplasm
CtANS7 CCG031732.2 1155 384 43 681.84 7.05 37.24 -0.216 Cytoplasm
CtF3H CCG028827.1 1086 361 40817.41 5.57 36.41 -0.557 Cytoplasm
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Figure 1 Phylogenetic analysis of 2-ODD gene family involved in flavonoid biosynthesis pathway in safflower
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Figure 2 Conserved protein motifs of 2-ODD gene family involved in flavonoid biosynthesis pathway in safflower. A: Conserved motifs
distribution of Ct20DDs-IFB protein; B: 10 conserved motif sequences of Ct20DDs-IFB protein
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Figure 4 The cis-acting elements within the promoter of 2-ODD family genes involved in flavonoid biosynthesis pathway in safflower
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Figure 5 gRT-PCR analysis of 2-ODD gene family involved in flavonoid biosynthesis pathway in safflower. F1: Bud; F2: Initial; F3: Full;
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