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Abstract: UDP glycosyltransferase (UGT) is a terminal modifying enzyme for the formation of flavonoid
glycosides. In this study, we obtained two glycosyltransferase genes, CtUGT25 and CtUGTI8, which are closely
related to the synthesis of safflower flavonoids, through the Pierce correlation analysis of the expression of
glycosyltransferase genes in the safflower corolla transcriptome database at different developmental stages with the
contents of the major constituents of safflower metabolome database, and bioinformatically analyzed the gene and
protein sequences of the two genes. Expression pattern analysis revealed that C+tUGT25 was mainly expressed in
the corolla, with the highest expression on day 3 of flowering stage; CtUGTI8 was mainly expressed in the root,
with the highest expression on day 1 of flowering stage. Functional validation was verified in safflower by
Agrobacterium-mediated pollen-tube pathway transgenesis method, demonstrating that CfUGT25 promoted the
accumulation of kaempferol-3-O-glucoside and hydroxysafflor yellow A (HSYA), and CfUGTI18 promoted the
accumulation of kaempferol-3-O-glucoside and orientin, both of which may be the glycosyl-modifying enzymes
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for the synthesis of safflower flavonoids. Meanwhile, in vitro experiments demonstrated the catalytic activity of

CfUGT?2S5 protein on naringenin, quercetin, apigenin, kaempferol, luteoin, 2-hydroxynaringenin and galangin. This

study serves as reference for future advancements in regulating the quality of safflower using molecular

biotechnology, particularly focuses on the industrial production of safflower exclusive component HSYA.

Additionally, it offers valuable insights for researching related genes in other plants.
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Table 1  Design of full-length clone primers for CtUGTI8 and
CtUGT25
Primer Sequence Length/bp

UGTI8F TCAATATCACCATAACCACACAGACGG 27
UGT18R CTTCCTCAACGTATTAACTACTCGCAAC 28
UGT25F AATGGCTTCCTCACCTCATTTCGTA 25
UGT25R  TTTTCTATATTAAGCTTTGATTTC 24
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Table 2 Primers used for CtUGT18 and CtUGT25 qRT-PCR

Length
/bp
U18QPF CCTCTGTGAGTCTATTCCTAAGCA 270 24
UI8QPR CCTCTGTGAGTCTATTCCTAAGCA 356 22
U25QPF GAAGGTTGAGGAGATTGG 1302 18
U25QPR  GAAGGTTGAGGAGATTGG 1397 19

Primer Sequence Position
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Table 3 CtUGTI8-pMT39 and CtUGT25-pMT39 homologous clone primers

Primer

Sequence

UGTI8-pMT39-F
UGT18-pMT39-R
UGT25-pMT39-F
UGT25-pMT39-R

GAGCTTTCGCGGATCCGCCACCATGGGTTCGACGGC
TCCTCGCCCTTGCTCACCATGGTGGCGGCCGCATTTTTC
GAGCTTTCGCGGATCCGCCACCCCTCCAAAAATGGCTTCC
TCCTCGCCCTTGCTCACCATGGTGGCGGCCGCGATTCTTAGGAGGTG
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Table 5 Protein substrate docking coordinate parameters

Receptor CfUGT18 CUGT25
Exhaustiveness 8.00 8.00
Center_x 13.82 -15.82
Center y 9.90 1.55
Center z 24.41 -48.41
Size x 67.00 71.22
Size y 65.71 62.51
Size z 71.48 62.67
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Table 4 CtUGTI8-pET28a (+) and CrUGT25-pET28a (+) homologous clone primers

Primer

Sequence

UGT18-pet28a (F)
UGT18-pet28a (R)
UGT25-pet28a (F)
UGT25-pet28a (R)

GTGGTGGTGGTGGTGCTCGAGATGGGTTCGACGGCAAAAA
CAGCAAATGGGTCGCGGATCCATTTTTCAATAAAACATCAGTAATTAACTTAT
CAGCAAATGGGTCGCGGATCCATGGCTTCCTCACCTCATTTCG
GTGGTGGTGGTGGTGCTCGAGGATTCTTAGGAGGTGTAAATCATCCA
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Kaempferol-3-O-rutinoside
Quercetin 3-O-glucoside

Hydroxysafflor yellow A

Kaempferol
Quercetin
Naringenin
Carthamin
Apigenin
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Luteolin
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Kaempferol-3-O-glucoside
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Figure 1 Correlation analysis between the expression of CtUGTs
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UDP-Glycosyltransferase 90Alfrom Lactuca sativa
Glycosyltransferase UGT90A7 from Pilosella officinarum
Glycosyltransferase UGT90A7 from Artemisia annua
UDP-Glycosyltransferase 90 Al -like from Erigeron canadensis
Hypothetical protein E3N88 12586 from Mikania micrantha
UDP-Glycosyltransferase 90A1 from Helianthus annuus
UDP-glycosyltransferase 90A1-like from Cynara cardunculus var. scolymus
@CrUGT2S
Glycosyltransferase UGT90A14 from Carthamus tinctorius
_|:Hypothetical protein Vadar 021200 from Vaccinium darrowii
100 Hypothetical protein FO562 004657 from Nyssa sinensis

—————————————— UGTS$5A49 from Panax ginseng

‘UDP-Glycosyltransferase 85 A8 from Helianthus annuus

@ CUGT18
1 Itransfe like from C; arduncul b
0.050 UDP-Glycosyltransferase 85 A8-like from Cynara cardunculus var. scolymus

100 43 UDP-Glycosyltransferase 85 A8-like from Erigeron canadensis
E UDP-Glycosyltransferase 85A8 from Stevia rebaudiana
98

Figure 2 Phylogenetic tree of amino acid sequences of CfUGT18 and CfUGT25
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Figure 3 Relative expression levels of CtUGTI8 and CtUGT25
in different tissues and at different developmental stages of the
corolla. A: Relative expression levels of CtUGTIS8 in different
tissues of the plant; B: Relative expression levels of C+tUGTI18 in
different developmental stages of corolla; C: Relative expression
levels of CtUGT25 in different tissues of the plant; D: Relative
expression levels of CtUGT25 in different developmental stages of

corolla
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Figure 4 Results of expression level measurement and determi-
nation of active flavonoid ingredient content of transgenic plants.
A: Comparison between CfUGT18 overexpression group (n = 8)
and blank group (n = 7); B: Comparison between CftUGT2S5 overex-
pression group (n = 7) and blank group (n = 7); C: Determination of
active flavonoid ingredient content of CfUGT18 transgenic plants;
D: Determination of active flavonoid ingredient content of

CfUGT?25 transgenic plants. "P < 0.05, “P < 0.01 vs pMT39-blank



+ 1860 -

Z4% %4k Acta Pharmaceutica Sinica 2024, 59(6): 1854-1863
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Figure 5 Molecular docking results of CfUGT25 with quercetin (A), naringenin (B), apigenin (C), kaempferol (D), luteolin (E), galanign
(F), 2-hydroxynaringenin (G), and CftUGT18 with 2-hydroxynaringenin (H), along with the binding site prediction of CfUGT25 with
flavonoids (I)
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Figure 6 Enzyme activation reaction of CfUGT25 with naringenin as substrate. A: HPLC analysis of the enzyme activation reaction of

CfUGT25 with naringenin as substrate; B: MS analysis of the enzyme activation reaction of CfUGT25 with naringenin as substrate. a: Narin-

genin; b: Naringenin mono-glycosylation product
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Figure 7 Enzymatic activity reaction of CfUGT25 with galangin as substrate. A: HPLC analysis of the enzymatic activity reaction of

CtUGT25 with galangin as substrate; B: MS analysis of the enzymatic activity reaction of CfUGT25 with galangin as substrate. a: Galangin;

b: Galangin mono-glycosylation product; c: Galangin double glycosylation product
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