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Abstract: Objective To systematically identify the UDP-glycosyltransferase (UGT) gene family in Ligustrum lucidum and analyze
the expression patterns of the UGT75 subfamily in mature fruits at different harvest stages, so as to provide a basis for elucidating the
biosynthetic mechanism of iridoid glycosides in L. /ucidum and mining related functional genes. Methods Based on the genome data

of L. lucidum, members of the UGT gene family were systematically identified using bioinformatics methods, including conserved
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domain search and phylogenetic analysis. Their physicochemical properties, subcellular localization, gene structures, conserved motifs,
chromosomal localization and collinearity relationships were further analyzed. Combined with reverse transcription quantitative PCR
(RT-qPCR) and public metabolomic data, the expression patterns of LIUGT75 candidate genes in mature fruits at different harvest
stages were analyzed, and the correlation between their expression levels and the accumulation of iridoid compounds was explored.
Results A total of 197 UGT gene family members were identified from the whole genome of L. lucidum and classified into 12
subfamilies, among which the UGT75 subfamily contained 12 members. Most LIUGT75 proteins were weakly acidic, hydrophilic and
possibly unstable in vitro, and exhibited diverse subcellular localization patterns. Their gene structures and conserved motifs were
relatively conserved, with a conserved C-terminal PSPG-related motif commonly identified. LIUGT genes were unevenly distributed
on chromosomes, and the expansion of some members might be related to gene duplication events. RT-qPCR results showed that
LIUGT75 candidate genes were differentially expressed in mature fruits at different harvest stages. Combined with metabolomic
correlation analysis, the expression trend of LIu21G013200.1 was relatively consistent with the accumulation trends of oleoside 11-
methyl ester, ligustroside, oleuropein and specnuezhenide. In addition, gene co-expression network analysis revealed a certain degree
of expression coordination between LIUGT75 candidate genes and genes involved in the iridoid biosynthetic pathway, in which
Llul4G003660.1 exhibited relatively strong network connectivity. Conclusion The UGT gene family in L. lucidum is relatively
conserved in structure, and its expansion may be associated with gene duplication events. LIUGT75 subfamily members show
differential expression in mature fruits at different harvest stages, suggesting that they may have undergone functional differentiation
and may be related to the accumulation of iridoid glycosides. This study provides a reference for mining functional UGT genes and
elucidating the biosynthetic mechanism of major active components in L. lucidum.

Key words: Ligustrum lucidum Ait.; UDP-glycosyltransferases; gene family identification; bioinformatics analysis; expression pattern

analysis; iridoid
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# 1 LIUGT75 £F RT-qPCR 514
Table 1 RT-qPCR primers for LIUGT?75 genes

FEF A EMSY (5°-37) 5 (5°-3)
Actin-7 (LIu07G015430.1) GAAGGCTGGTTTTGCTGGTG CCTTCTGTCCCATCCCAACC
LIu07G005270.1 ACAAGTGCTGACGATGTCCA GAAGCGTGGAAGGGATGTGA
LIu07G005380.1 ATAGAGCTGGGCACAAGCAG AAGGCCCAATACCCATCACG
Llul4G003660.1 ATCATGGGCAGGTGAAGTGG AATGGCAGTCCTGGAAGCTC
Llul6G009010.1 GTGGTAGCACGTGAAGTCCA CTTGGCAGCTGGATTACCCA
Liul6G009020.1 CCCGGTTACGTGCCTAGTTT CAGCACTTGGGATGTGGACT
Liu21G012810.1 ACAAGGGCACATCAATCCGT AACGCCGCAAAAGTAACACC
LIu21G013200.1 CCAAGAGAAGATGGCACGGT CGACATTTTTCTCCGCCGTC
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1 LRSS UGT REL BN
Fig. 1 Phylogenetic tree of UGT between L. lucidum and Arabidopsis thaliana
#2 LR UGTTS UREEABUMER
Table 2 Physicochemical properties of LIUGT75 proteins in L. lucidum
s AHERECE /A xR e ARERH RIRIER SR I ME
L1u04G027350.1 466 52 398.92 4.90 48.32 93.50 -0.197
L1u07G005270.1 470 52249.61 5.47 45.24 84.79 —0.126
L1u07G005280.1 432 47 887.55 5.17 41.15 83.22 —0.150
L1u07G005380.1 472 52 286.83 5.16 45.58 88.16 —0.040
LIu14G003660.1 472 52 404.76 5.12 41.23 85.32 —0.144
Llu16G009010.1 501 56 198.18 5.29 54.07 86.83 —0.281
LIu16G009020.1 466 52 375.61 5.06 44.05 91.82 —0.283
L1u20G011750.1 463 51918.97 4.88 46.90 89.74 —0.252
Llu21G012810.1 468 52 183.30 5.53 45.81 82.74 —0.305
Llu21G013200.1 464 51752.95 5.09 43.83 90.99 —0.228
L1u21G013360.1 468 52229.48 4.95 43.69 90.85 -0.213
L1u22G005380.1 463 51980.34 5.04 43.97 90.35 —0.247

®3 oI UGTT5 W REER T MAEE RILRE Tl

Table 3 Comprehensive subcellular localization prediction of UGT75 subfamily proteins in L. lucidum
Ed=| TargetP WoLF PSORT DeepLoc LOCALIZER

L1u04G027350.1  Other Chloroplast Cytoplasm -
Llu07G005270.1  Mitochondrial transfer peptide Chloroplast Cytoplasm  Chloroplast, Mitochondria
Llu07G005280.1  Other Chloroplast Cytoplasm -
Llu07G005380.1  Chloroplast transfer peptide Chloroplast Cytoplasm  Chloroplast
Llu14G003660.1  Mitochondrial transfer peptide Chloroplast Cytoplasm -
Llu16G009010.1  Mitochondrial transfer peptide Chloroplast Cytoplasm  Chloroplast
Llu16G009020.1  Other Vacuole, Chloroplast Cytoplasm  Chloroplast
Llu20G011750.1  Other Chloroplast Cytoplasm -
Llu21G012810.1  Other Chloroplast Cytoplasm -
Llu21G013200.1  Other Vacuole, Chloroplast Cytoplasm -
Llu21G013360.1  Chloroplast transfer peptide Chloroplast Cytoplasm -
Llu22G005380.1  Other Chloroplast Cytoplasm -
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Fig.2 Gene structure and conserved motifs of LIUGT gene family in L. lucidum
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Fig. 3 Multiple sequence alignment of UGT7S subfamily amino acid sequences in L. lucidum



FED 2026FE 118 B57% 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

* 8669 »

Chrl Chr2  Chr3  Chr4

Chr5  Chr6 Chr7 Chr8

gene density
pHigh

r9 Chrl0 Chrll Chrl2

4 L0l UGT MR BHEN (LIUGT75 LREEEFFCALLE)
Fig.4 Chromosomal distribution of LIUGT in L. lucidum (LIUGT?75 subfamily genes are marked in red)

A gene density

UHigh
Low

B
100 79
80
08 60 >
|40 I 31 28
20
gl B B N
= = = =
iy i g it il
i #® = Eid =
i # & S| ®
= gy
i
S
BN IR G

LIUGT JEMIEHA R bR, LIUGT7S S MIER R A tibric.
Collinear gene pairs of LIUGT marked in green and those of LIUGT75

marked in red.

5 %01 UGT EEFREMFMARLMES T A) SEE
SHXRBZIT B)
Fig. 5 Intraspecific collinearity analysis (A) and gene

duplication types (B) of LIUGT gene family in L. lucidum

B — ¥ v 5P mE 5T R AR
TN HEAT R 3R L b . SRR (B 6), B
ol Chr23 FARAGI 215 HAWVYFIZAE UGT 34k
PERRIL, Lot S5Mm T2 B3 E R 53 Xk
PE UGT BB, St (e 4L % E ) 103 XJ 3
kPt UGT LIRS, MIER K 5K 10 1 B 47
LIUGT75 WHRSHA LIUGT 3EH S EFR I A
AL R, BRI T I Ay UGT E BT
FEXRER L T 2 A LIUGT FE1K o 3X 3 B 4 Fie o
A UGT SR ATReRIE T ILFME G, Rtk
— WX FF 0T UGT HERFKEE R R A3
sKAHED . H T2z o AN A B oK R EME ),
HUERGRE FEARIANSEG K R 5 i fifl
R IFZ ALt e RAH L, Lo od SR 2 1R 4
E B UGT R EE £ RKET LIUGT7S
FERFELE, AT S, BRAAEES N —
(1 T AR A, 2o ot 5 I IO A7 AR BE 2 1 —
Xf—y =X 2 K 2SRRI, %
DRI GHRAE. 2 Wi (8] B A A e (R AR ST 1 B2
3.5 LIUGT75 RixER 5H

HAT, JEKR AR A oIt R % e R IhRe
P AR T I B RS T AN [R5 7 B g, (H
AR EE 7 B4 S AT e DLAE Aff ) o o e AR & 42
MINRERE R o 45A ol 7% T A 20 R
Y, HSHZN I A RIEEEE, EERAE
REER (FPKM<D) J&, &iEf33 7 NUGT7S5
X O AE %k F B, B L07G005270.1 < Liu07G



* 8670 «

PED 2026F 11 5 H£57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

005380.1 « Llul4G003660.1 « Llul6G 009010.1 «
Llul6G009020.1  Llu21G012810.1 M Llu21G0I
3200.1 . RT-gPCRZF & R &R (B 7-A), &
Llu07G005380.1 4, 4 6 AMgidk & RIE Bt s AN
[ SRS [) s B3 RIS RIFEFE ik 22 o

G012810.1 PFRIXBE AN AL, 3 2 AT =
JE BTN B IR 34 oAy 4 AN FERIR B AT B
JE BT ERERRE, ek E 2R
oA HIRBUGT75 FRINFE R, KRB AT A7
3, BINLIu16G009010.1 5 LIul6G009020.1 1)

— B MERSWEREXE (H 7B),

Liu07G005270.1 Llul6G009020.1 K1 Llu2l W& G FE T BE R AR ThRE Ak

T

LIUGT SLERPEFE IR 4k tubic,  LIUGT75 FLERTEFEH X FA tahric.
Collinear gene pairs of LIUGT marked in green and those of LIUGT75 marked in red.
6 ol BETTSMEH UGT ERERIRMFIE L4 54

Fig. 6 Interspecific collinearity analysis of UGT gene family among L. lucidum, Arabidopsis thaliana and Olea europaea

A
LIu07G005270.1 LIu07G005380.1 Liu14G003660.1 Liul6G009010.1
2.5 x 2.0 L5 15
g 2.0 g” 3@10 5[@10
gﬁ 1.5 ﬁﬂ' 1.0 .’Hii' : iﬂiﬂ' : ok
1.0 ' 2 2 ook
E 0.5 EE 05 _EZ:[ 0.5 g EE 0.5 - otk
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 85 S1 S2 S3 S4 S5
Liul6G009020.1 4 Lu21G012810.1 | LIu21G013200.1
*
w 15 X 3 910
% 10 ‘H% 2 ﬁ Kkk EE
F{ e = = 0.5 s$okok
O 751 5283 8485 TSI s2 83 8485 S1 S2 S3 S4 S5
B ENELEETE
it Feik
LIu07G005270.1 *E Jifg‘%
LIul6G009020.1 L5
1.0
Liu21G012810.1 05
-- LIu07G005380.1 0
-0.5
Llu14G003660.1 -1.0
-15
Liu16G009010.1
Liu21G013200.1
S1 s2 s3 sS4 S5
ENELEETES

581 E#: *P<0.05 P<0.01 "P<0.001.
*P<0.05 *P<0.01 *P<0.001vsSl.

E7 LIUGT75 UREEEARERERFZIEEHERE (A) FHAE B)
Fig. 7 Bar chart (A) and heatmap (B) of expression levels of seven LIUGT?75 subfamily genes at different harvest dates

RIBICPAAHEII R E R, WHIUGT75 FIH AR



FED 2026FE 118 B57% 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

* 8671«

ETORFRWHEAR RN H AR, di—
WXL R AT A DA 5 (i ik R ik &
BTN (B 8-A). BT GMO & EHIE:
HUSZRR, M DA 55 36 R R 2 ] ) 20 R AT B2
GIAT, DA Ut — P e U OME K ™
VI REM . R ER (KF 8B, &
Llu16G009010.1 54 it 2 MFE AR 2 B IE 4T
SEIHRBON R W IEA AL, HR 5% JE K 5 A
Y2 18] (A < FDR 2 1E G I ARIA B Gi 2 5K
Vo EAER S, Llu21G013200.1 5 OME MR
WA= 2 1) BRI B W35 A S e, (HAEAH
KA T ) BRI ARG AR — B AR
X, BV SR OME 2 57AHK . 5 R i) 2 IEMH K.
DRI, 1355 DRI ] RETEZ AW it F b LA T 1)

A bo

LT | Y
0. 0
oo T ™04 4
0. 0. 0,
“ 1)

NN )\ig‘ o - o
T HO' “OH _
OGlc OH

RERE, HZERAOEHMIR R, Mt —PTh6e
SEEGUOIE . TERLEEAE b, DT LIUGT75 %
16 TR 5 A I Tk s A2 4 S Bk DR 2 [R] SRRk
W2 (K] 8-C), F-T MR 2 Al il SCikAs:
o G5 R EIR, RIEFER 5l HE R 2 A EAN R
FERIIE ARG R, e rp i 7 Jik DR SR I H 50 v A %
P (1p]=0.6) . JEHSE LIu14G003660.1 5 %A il Hs 3
DR TR LA AN B8 S R R R, S HLnT REAE
PZARU X 28 Hh b TR B ORI B, T fige ik ik
DRI AAAH S AEATI LA IR P 9 3
4 g

HAl, UGT CWEMFE T, a0qb. MG, Epk%E
ZMEY AR B ECRTIZ ST ST, AR
REBF T AR b TR R RS W IR A 12

SCPL
o~
d
A
o
Gl

22 ST o

OME 0.04 0.09
LiEess 0.08 0.13
M 0.31 027

LI |

Spearman

|

—

sddocoocos
OR2TERERER

LIu07G003270.1 Llul6G009010.1 Llu16G009020.1 - Liu21G013200.1  LIu07G005380.1 LIul4G003660.1  LIu21G012810.1

Llul6G009010.1  L21G013200.1  Llu07G005270.1 LIu16G009020.1  Lhu14G003660.1 Llu07G005380.1  Llu21G012810.1

KK N

GES GIOHI GIOH2 10GHO! 10GHO2 10GH03 7DLGTI 7DLGT2 7DLGT3 7DLGT4 7DLGT6 7DLH LAMT

Correlation — Negative - Positive  Gene Type

Pathway © UGT

(Comelation| —0.6—0.7=08=09=10

B8 LoMERIERUSBELEMERIEE (A) REREY B) SEEER (C) WHFREASHT

Fig. 8 Iridoid putative biosynthetic pathway (A) in L. lucidum and co-expression analysis of their metabolites (B) and

pathway genes (C)



* 8672«

PED 2026F 11 5 H£57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

MRB3351, FHELZ N, Zo vl 1A 9k UGT FOHHF FEAH AL
A, I RTE R At A A Y RE IS AAB G T T AT Sk
ZRGHRIE. I, RGEE LT UGT BRI KGRI
075 32 5 A A4 Tk s 7 610 A G MBI IR, 6T AT
A I Tk s S W B A A 1 B FL AR R S L) B A
=X

AW T T Lt R AL e kA 197 4
LIUGT ik, F45- G r I h Diae A1 8 UGT
HETHHAT RERKE i, BHLG N 12 M
Fk. HIHMEPFL, %01 UGT FKiE /A= &
TEAE—E R, (ERR ES SRR X 7k
FEEEFNB S KM e . AR, &
AL BRI DA E AR UGT FIEamm k5 h 164
17 118 AN, 3] UGT FIWRAEA AR b #5148 i
TARFRE R A 53 kB8, X F 2 AFLE
UGT KV ik 5 WK I G R, 1255 K 5Kk
TEAE Py A0 o T f I 2 IR ) S T RE 4k
ENGIEZ Rt b I N PO E A s A
PRIR LA B T B e (& R RE /1. UGTT5
WKIBEVEN UGT F 5 IR AE AR ZE 4k 2 U AH
KME L, HEA MY sk 55l geit— 258
A AEAS [P VR i 70 S It =2 232 1 45 7 1T )
s L. BATCAMIERM, UGTTS WAL 7
1EZ MY £S5 K A R b 21k
EVIRRERE T, BHSYET BA —E 2R
5o @i 730040, X T Lot &, H UGT75 WAk
(R4 5K T 8 SR B0 Tk s 25 45 24 RO D% I AR U
(B IEAAS R LB SRR, AN R Bl 7 [
ThRe L SEBLN 2 PRI RS AN A%, it —20
feit AR Z FEE S 2R FL R

HikFn, SHMEYFE UGT FFE KR
8L, %0t LIUGT BRIt tk b 251040, I
RILH — & (IREAR > A RFAE o Fi PN AN ] SL 28 P 53
Witk — 0 R Lot PAEERL R S ) e, oA dk
BRI/ S B ERE NI AT BBTE LIUGT R Kk
Pk FE R S EERERE2, IRz R R
SRRt ife . BEcE R s BLE R
FERFHIES:, DARA DRI B RAY)
TR S 25 Uk A= ARG 7= 0 0 B A AS 1 75 SR 1) 22 7 % 1)
M. Kk, LIUGT WG 2 FEHEAM s i H £
W UGT FRIEL FE 4, oA
T 2 Tl P o0 () B AR A A B AL T B B 1) L A
£k,

DIE W FCHEN, GMO IR M. Fri
DT S A I Bk i 2R T o R A B R I
R, RS REY & UGT N3 pEitik
MWL, AT, SiZE SRR UGT {XES 4 it
[FERHAE Y A BroE, BHRAKE IR
I SRR T AUGT75 oA—4, $#&R UGTT5 W
FIEATHES S5 GMO A B O [P BE FE A0 D RS 44,
T, L R e R 12 4 LIUGT7S fiik
BN, KL A MR AR ETE 432~501 4, #
S} o1 T BN 47 890~56 200, FRiE % FE 58 4.88~
5.53, ANEasE 230N 41.15~54.07, e IGRIEECH
82.74~93.50, BRI NTIINE. FAKMEEH. 2
BRI, RGN & SR 3
BERR. WRN ARSI =MHE, ok
UGT RZHUEAAEMIT, 1MEE 5 LIUGTTS &
I S E AL TS Ad, T HE R Re b AR )44 1)
5 2 B 2 1 B B AR NS AR IR X S AL 4145471,
ERERENE, HArCET ARG BT w2
N EszE s, B LIUGT75 25 A 240 i o
I e I 5 IR Tk s AR 2 (R (158 R 7R GFP
FilA B IR AT 0 A0 0 5 A7 2 SR IR T R IR N 2 BT B
WEe F—BEEarRE, LIUGT7S WA MR TE
BRI G MR R S 5 7 20 i b B A B AR, B
BIEAEY UGT KGRI PSPG fR5FF41, Ut
B HAE UDP-FEHLAR IR R gtk Dy Re B B R & R
SpHE, XONHES S GMO A R IRHE AL s R 4
gER R . R LIUGT75 0 A 4540 R0 B %
SRR, HERAMAHEIHHEZER, Hd 7
A LIUGT75 A5k B2 RTEAS R WS R I B
BE B AL, $ERiZ 0 5 R R E R RS A
XHRSFRIFRS, AT RE R AE— EFE B ) Thae 7 ik
[EJI , 40 7E Yotk b R ARIR A HLIR 8 UGT75
TR LR AT R B A R AR, 3B Le 3 [R]
TE M FEAAE M ik 2 mT 58 B A AR B R4 s 4 5%
SNFFRE . T GMO A B B A AR &
BONWE, AT — PSS HIEY OME K& Fiif
PRI & B S LIUGT75 iR R RIA
AT ST, REMSHES T4 FDR £IE
Ja AR BB ZE A KRR, H Lu21G013200.1 548
KRGz ] R — A, R 6
FEZAUHS AR BRI 2 T B A — e R, 83
T ) 0 A AR I 2 36 L A R P I 2 o S 1
Z B R RHE, BT SRR R



FED 2026FE 118 B57% 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

* 8673«

A3 AR I AR SR AH G R R o i — P HLRIA
&M NEER B AN S T IX— 453, R LIUGT75
U SR K 172 -5 A 0 i s A= 40 4 R85 2 TR 2 (R A7
E— I FARIE R R, HH Llul4G003660.1 TR
TEZ M2 PR T AR B E A B . 26 KE,
LIUGT75 W28 B ] Be 2 5 iz AN @ A2 1 i 45 8l
HEMEME R, maEp— e AP R, HA
A=) 5 D R4S 75 a3k — 0l i Wl A st A% 22 S e
BG4I
5 4hiE

AR ARG % 2 ol LIUGT 3R F i, L3715
197 /> LIUGT 2:H, FH¥HLI 3R 12 MK
LIUGT R N{EJetfk L B0 40, HER—%
WIFRIR AR P SEERME TR, R
Sk AT BE S SE R B DI . bR e
12 M RES Y GMO W& N LIUGT7S ik
A, Homto e AR RIUN IR SoktE. 24
MR, MIMENTEIR, Lu21G013200.1 5
GMO [1)JEH S I N ARH =1 B Aok, H
£ FDR fRIEJGRIEGIH-RE KT HRE ML
SIHTER A, LIUGT75 53de 5L R 5 00 Tk s 26 06 Bl
WM ERNAFEE —EREWBE LR, Hp
Llul4G003660.1 ARG . FIRHE ARV R
% 51 UGT BRI R BB AR & LIUGT75 WKk
PBETEThRE, it — DR S 5@ RS RS
WIEEDA B 1 ILEER A T B -

AT NG EEAZ IR Ll UGT75 5% K 4t
Tfy R FE DR B (48] B A 5% 9 1 i o A 4 B BRATL 1) 42 1
—EWMZ% . W& ZHFZEE DT HE AR A B &
J&, STHRIRFEI AN G OB AR B R AT F B R
N8-991 ) SRS A SR TRE . R TR, A
PR TRREEATER, AEEPHESN. 1K
FAE AT, AT R ARSI RIR =Y ) 2t
il 5 e ORI FH B A ) S

FBAR FAVHEHFEFARGEF TR

SE R

[1] Chen L P, Huang D, Jiang L, et al. A review of botany,
phytochemistry, pharmacology, and applications of the
herb with the homology of medicine and food: Ligustrum
lucidum W. T. Aiton [J]. Front Pharmacol, 2024, 15:
1330732.

[2] HEZ R [S]. —H6. 2025: 49.

[81 Fh'K, K=, ZH, & LT TAREH) R =

(4]

(5]

(6]

(7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[18]

AL BRSO R (0], 2
[€24, 2025, 36(5): 868-872.

Long YT, Li Y M, Ma Z N, et al. Epimedii Folium and
Ligustri Lucidi Fructus synergistically delay renal aging
through AMPK/ULK1/Bcl2L13-mediated mitophagy [J].
J Ethnopharmacol, 2025, 346: 119668.

Zuo L J, Ge X J, Qiao Q M, et al. Metabolomics analysis
on different parts of Ligustrum lucidum Ait. based on
UPLC-Q-TOF-MS [J]. J AOAC Int, 2025, 108(5): 786-
795.

LiH, Yao WF, Liu QN, et al. Application of UHPLC-ESI-
Q-TOF-MS to identify multiple constituents in processed
products of the herbal medicine Ligustri Lucidi Fructus
[J]. Molecules, 2017, 22(5): 689.

Yeon S W, Choi S R, Liu Q, et al. Therapeutic potentials
of secoiridoids from the fruits of Ligustrum lucidum Aiton
against  inflammation-related  skin
Pharmaceuticals, 2022, 15(8): 932.

Yu H, Xu H, Yang X Y, et al. Gut microbiota-based

pharmacokinetic-pharmacodynamic study and molecular

diseases  [J].

mechanism of specnuezhenide in the treatment of
colorectal cancer targeting carboxylesterase [J]. J Pharm
Anal, 2023, 13(9): 1024-1040.

Guo L C, Qiao J L, Huo J W, et al. Plant iridoids:
Chemistry, dietary sources and potential health benefits
[J]. Food Chem X, 2025, 27: 102491.

LSk, A0, skI5HE, S5 Lot PR KRG B Al T
2L [J]. R RGZE, 2018, 40(6): 259-265.

Liu J, Liu Z Y, Wang L L, et al. Bioactivity-guided
isolation of immunomodulatory compounds from the fruits
of Ligustrum lucidum [J]. J Ethnopharmacol, 2021, 274:
114079.

Wang F Q, Jiang Z N, Gao J G, et al. Analysis of the
Rehmannia chingii genome identifies ReCYP72H7 as an
epoxidase in iridoid glycoside biosynthesis [J]. Nat
Commun, 2025, 16: 6035.

LiT, Yu X, Ren Y M, et al. The chromosome-level genome
assembly of Gentiana dahurica (Gentianaceae) provides
insights into gentiopicroside biosynthesis [J]. DNA Res,
2022, 29(2): dsac008.

Xu Q, Liu C, Li B, ef al. A chromosome-scale genome
assembly and epigenomic profiling reveal temperature-
dependent histone methylation in iridoid biosynthesis
regulation in Scrophularia ningpoensis [J]. Hortic Res,
2025, 12(3): uhae328.

Hao X L, Wang C, Zhou W, et al. OpNACI transcription
factor regulates the biosynthesis of the anticancer drug
camptothecin by acid O-

targeting  loganic



- 8674 -

PED 2026F 11 5 H£57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

methyltransferase in Ophiorrhiza pumila [J]. J Integr
Plant Biol, 2023, 65(1): 133-149.

Fu H H, Wang Y M, Mi F K, et al. Transcriptome and
metabolome analysis reveals mechanism of light intensity
modulating iridoid biosynthesis in Gentiana macrophylla
Pall [J]. BMC Plant Biol, 2024, 24(1): 526.
Verma B, Arora P, Hussain S, et al. UGT708
glycosyltransferases: Nature’s architects of C-glycosides
[1]. Biotechnol Adv, 2026, 87: 108787.

B, BT, SILE. WEEY) UDP-HEE R Bt
FUERE (1), HEPsE TR AR, 2024, 25(5): 751-762.
Wang Y M, Zhang J X, Wang P, et al. Integrated
transcriptomic and metabolomic analysis reveals tissue-
specific and MYB-mediated
regulation of UGT71A1 in Panax quinquefolius [J]. Int J
Mol Sci, 2025, 26(6): 2669.

Le DD, Kim W, Lim S, et a/. Identification of three groups

flavonoid Dbiosynthesis

of ginsenoside biosynthetic UDP-glycosyltransferases
from Gynostemma pentaphyllum [J). Plant Sci, 2021, 313:
111069.

Yang F L, Wang Y H, Zhou W T, et al. Glycosylation of
glyphosate drives residue
tolerance in rice [J]. Proc Natl Acad Sci USA, 2026,
123(9): €2516099123.

Zhou P N, Dang J J, Jiang Z, et al. Transcriptome and

reduction and herbicide

metabolome analysis revealed the dynamic change of
bioactive compounds of Fructus Ligustri Lucidi [J]. BMC
Plant Biol, 2024, 24(1): 489.

Calderini O, Kamileen M O, Nakamura Y, et al.
Comparative transcriptomic and co-expression analyses
enable the discovery of key enzymes responsible for
oleuropein biosynthesis in olive (Olea europaea) [J]. Plant
Commun, 2026, 7(4): 101713.

Li Y, Yuan M J, Zhang Z Y, et al. The gap-free genome
assembly and multi-omics analyses illustrate the
evolutionary history and the synthesis of medicinal
components of Ligustrum lucidum [J). Plant J, 2025,
121(4): €70029.

Chen C J, Wu Y, Li J W, et al. TBtools-II: A “one for all,
all for one” bioinformatics platform for biological big-data
mining [J]. Mol Plant, 2023, 16(11): 1733-1742.

Letunic I, Bork P. Interactive Tree of Life (iTOL) v6:
Recent updates to the phylogenetic tree display and
annotation tool [J]. Nucleic Acids Res, 2024, 52(W1):
W78-W82.

Tamura K, Stecher G, Kumar S. MEGA11: Molecular
evolutionary genetics analysis version 11 [J]. Mol Biol
Evol, 2021, 38(7): 3022-3027.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Duvaud S, Gabella C, Lisacek F, et al. Expasy, the Swiss
bioinformatics resource portal, as designed by its users [J].
Nucleic Acids Res, 2021, 49(W1): W216-W227.

Bailey T L, Johnson J, Grant C E, et al. The MEME suite
[J]. Nucleic Acids Res, 2015, 43(W1): W39-W49.

Wang J, Hou B K. Glycosyltransferases: Key players
involved in the modification of plant secondary
metabolites [J]. Front Biol China, 2009, 4(1): 39-46.
Gachon C M M, Langlois-Meurinne M, Saindrenan P.
Plant secondary metabolism glycosyltransferases: The
emerging functional analysis [J]. Trends Plant Sci, 2005,
10(11): 542-549.
Krishnamurthy P,

Reconstruction of the evolutionary histories of UGT gene

Tsukamoto C, Ishimoto M.
superfamily in legumes clarifies the functional divergence
of duplicates in specialized metabolism [J]. Int J Mol Sci,
2020, 21(5): 1855.

SR, XUk, AR, S5 LLARTE T JRE A R B ]
CtUGT49 ThRERALE Ml 2Rtk Hr (9], b 228
£, 2023, 48(24): 6624-6634.

Liao B, Liu X J, Li Y J, et al. Functional characterization
of a highly
CitUGT72AZ4 involved in the biosynthesis of flavonoid
glycosides in Citrus [J]. J Agric Food Chem, 2025, 73(9):
5450-5464.

Feng C, Guo Q Q, Wu C B, et al. Identification and
characteristic analysis of PavUGT48 as a novel UDP-

efficient  UDP-glucosyltransferase

glycosyltransferase with dual functions on anthocyanin
and amygdalin biosynthesis in sweet cherry [J]. Int J Biol
Macromol, 2025, 309(Pt 3): 143062.

Ouyang L, Liu Y, Yao R N, ef al. Genome-wide analysis of
UDP-glycosyltransferase gene family and identification of
a flavonoid 7-O-UGT (AhUGT75A4) enhancing abiotic
stress in peanut (4Arachis hypogaea L.) [J]. BMC Plant
Biol, 2023, 23(1): 626.

B, HEW, WRTFE, & EM FsUGTy FER %
Kw5HHT 7). HEZ, 2026, 57(5): 1853-1863.
WuY C, Liu J, Jiao B Z, et al. Genome-wide analysis of
family-1 UDP-glycosyltransferases in potato (Solanum
tuberosum L.): Identification, phylogenetic analysis and
determination of response to osmotic stress [J]. Genes,
2023, 14(12): 2144.

Dai X L, Shi X X, Yang C L, er al. Two UDP-
glycosyltransferases catalyze the biosynthesis of bitter
flavonoid  7-O-neohesperidoside through sequential
glycosylation in tea plants [J]. J Agric Food Chem, 2022,
70(7): 2354-2365.

Gan Y W, Yu B W, Liu R J, ef al. Systematic analysis of



FED 2026FE 118 B57% 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

* 8675

[41]

[42]

[43]

[44]

the UDP-glucosyltransferase family: Discovery of a
member involved in rutin biosynthesis in Solanum
melongena [J]. Front Plant Sci, 2023, 14: 1310080.

Caputi L, Malnoy M, Goremykin V, ef al. A genome-wide
UDP-

glycosyltransferases revealed the expansion of the family

phylogenetic reconstruction of family 1
during the adaptation of plants to life on land [J]. Plant J,
2012, 69(6): 1030-1042.

Yang F, Zhang L, Zhang X, et al. Genome-wide
investigation of UDP-Glycosyltransferase family in
Tartary buckwheat (Fagopyrum tataricum) [J]. BMC Plant
Biol, 2024, 24(1): 249.

Koudounas K, Thomopoulou M, Rigakou A, et al.
Silencing of oleuropein B-glucosidase abolishes the
biosynthetic capacity of secoiridoids in olives [J]. Front
Plant Sci, 2021, 12: 671487.

Chen T T, Liu F F, Xiao D W, et al. The Arabidopsis UDP-
glycosyltransferase75B1, conjugates abscisic acid and

affects plant response to abiotic stresses [J]. Plant Mol

[45]

[46]

[47]

[48]

[49]

Biol, 2020, 102(4/5): 389-401.

Ma Y, Song J F, Sheng S A, et al. Genome-wide
characterization of Solanum tuberosum UGT gene family
and functional analysis of StUGT178 in salt tolerance [J].
BMC Genomics, 2024, 25(1): 1206.

Liu Y L, Patra B, Singh S K, ef al. Terpenoid indole
alkaloid biosynthesis in Catharanthus roseus: Effects and
prospects of environmental factors in metabolic
engineering [J]. Biotechnol Lett, 2021, 43(11): 2085-2103.
Li F F, Shahsavarani M, Handy-Hart C J, er al.
Characterization of a vacuolar importer of secologanin in
Catharanthus roseus [J]. Commun Biol, 2024, 7(1): 939.
Shang Y, Huang S W. Multi-omics
investigations of metabolic diversity of plant triterpenoids
[J]. Plant J, 2019, 97(1): 101-111.

Huo H L, Li J, Tian L M, et al. Multi-omics analysis reveals

data-driven

the role of UGT72 family genes in arbutin biosynthesis in
Pyrus and evolution driven by whole genome duplication [J].
Int J Biol Macromol, 2025, 291: 139005.

[RHEmEE w29



	• 化学成分 •
	红花中2个新的γ-丁内酯衍生物
	三七花化学成分研究 ,
	青钱柳根中2个新的苯醌类化合物(**

