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iR L EHREEEFEERE LsUFGT1 K H

BHFEES R

CHTTLARMRR S Mol 5 AWK B8, @i A 311300)
HE: (B8] REeFR MM EH TR RS, £HTELSESH (UFGT) B EF L WAMER T HAEER,
KRBT EFHTARTNIES, B oM B4 Lycoris sprengeri LsUFGT1 A B 2 #, A3t —F AT 848 1048
HEE AR AR, [FE] RAAR LR, #H#FXPCR. £EAT Bk, BAERNFEEF I LETHREE
B¥E LSS TAMWFHAK, AR LsUFGTI ARAAL B H T ok, [#R] O%KFK 1632bp ¢ LsUFGTI £ H
cDNA 53], FF3&d:4EK 1398 bp, %A% 465 MR ABL; LsUFGT1 5 /KA Narcissus natatorium NtUFGT1 Bl R A% &,
X 60.57%. @ LsUFGT1 2k 5 ¥R EF 5T TNAH—5, EIRENPEALERS, AR B P EAATE
FARRH., @ K1F8 LsUFGT1 BT 55K 1184bp, 4 MYB £4-15 .5 K i i Z vh i R i 35 it viy &2 4500 X A
LA, &I Arabidopsis thaliana B-H) ¥ ¥ 8 (GUS) # &£ X AW LsUFGT1 B3 TRHRAH BH T EK, @ WK
& B R 23 K I LsMYB4 #= LsMYBS 4 4% £ & #7 4) LsUFGT1 & 3 T % 1 (P<0.05), [ #&# ] LsMYB4 =
LsMYBS5 A4 4 LsUFGT] B3R & AEHRMGIEEFNRE, B K2 538
KR #shit; XA WA RSE (UFGT); EF; Jikof
FEDHES: S603 NHERERE: A NEHRS: 2095-0756(2025)04-0714-11

Cloning and expression of the gene and promoter of
LsUFGT] from Lycoris sprengeri

YIN Suya, ZHOU Yangli, ZHAO Mengjing, GAO Yanhui
(College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Anthocyanins are important components that determine flower color in plants.
Flavonoid-3-O-glycosyltransferase (UFGT) plays a role in the downstream of anthocyanins biosynthesis, which
converts unstable pigments into stable anthocyanins. This study analyzed the function of LsUFGT1 gene in
Lycoris sprengeri, which would provide a theoretical basis for further studying the flower coloration mechanism
in L. sprengeri. [Method] Several molecular biology techniques such as gene cloning, reverse transcription
PCR (RT-PCR), genome walking, histological staining, and dual luciferase reporter assay, were used to study
the functions of LsUFGT1 and its promoter. [Result] (1) The cDNA sequence of LsUFGT1 was obtained with
a length of 1 632 bp, with an open reading frame of 1 398 bp, encoding 465 amino acids; the homology between
LsUFGT1 and NtUFGT1 in Narcissus ntazettatorium was up to 60.57%. (2) The expression of LsUFGT1 was
consistent with the trend of total anthocyanin contents, and was the most highest at blooming period, whereas
the difference in expression between the pink and blue petal parts was not significant. (3) The LsUFGT1

promoter with 1 184 bp length was cloned, which contained cis-acting elements such as MYB binding site,
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response to light, hormone and adverse stress. B-glucosidase (GUS) histological staining in Arabidopsis thaliana
showed that the LsUFGT1 promoter had promoter activity. (4) Dual luciferase reporter assays revealed that
LsMYB4 and LsMYBS5 were able to significantly inhibit the activity of the LsUFGT1 promoter (P<<0.05).
[Conclusion] LsMYB4 and LsMYB5 modulated anthocyanin accumulation by directly binding to the
LsUFGT1 promoter in L. sprengeri. [Ch, 9 fig. 2 tab. 38 ref.]

Key words: Lycoris sprengeri; flavonoid-3-O-glucosyltransferase (UFGT); anthocyanin; functional analysis

Y- E ALY AL E R e R AR P20, BESSEE . S8 D R AR IR
AR o A A AR, RIS AT R . EOR . T AEREE . B AR,
Hrpfe R AEY A BGEAED YRS G . LT EY A BRI LSRN — 03, AN
T A (malonyl-CoA) FIZE TN &2 (phenylalanine) MY, 442 /K& Al (chalcone synthase, CHS), %t
IR 57 ¥4 (chalcone isomerase, CHI), i Befli 3-¥2 1L (flavanone 3-hydroxylase, F3H). H#Lefi 3'-¥2 L
(flavanone 3'-hydroxylase, F3'H). ¥ [i-3", 5'-32 1L (flavonoid-3', 5'-hydroxylase, F3'5'H), & ¥ [ i
L5 (dihydroflavonol 4-reductase, DFR) %545 A M A R JE M) 43 BT e (0 R L3 (0 3 | R A4 (0 F
RAEFLOE; 24T E A WU (anthocyanidin synthase, ANS) b4 i AL K, T O RXBILER
fif . WEILAE R A SR R B AL O R E I R R R . REAEER DA RS
Ji 42 28 HE TR B L 5 4 il (flavonoid-3-O-glucosyltransferase, UFGT) ¥ Ao e 10 @ R AR i e i1t
1, HAMEHBK S-#%F4 [ (glutathione S-transferase, GST) #%:iz 2 il P A%AT

UFGT 2B A= 1) & B R iR AR i — A CHE G, T i fk UDP- 2505 L i s 2 W 5L B 2 k(0
R CH Gy REE L, FES 50 R BB R B AL R R4k, A OCHY) UFGT W3k
KA TFRENRERZ, UFGT Al fiEfb L i B i, EREL TR . BN Actinidia
chinensis Wi 5 5% B B 3L K F3G77 Ml F3GGT77 2 516 68 14 W ™; B 4 B Ml Nitraria tangutorum
NtUFGT Pl AT E AL B R A hRE e, BB ORIPLEEMNa";, UFGT 2R 2y
Dioscorea alata B (0,1 S BEREIE N2 Mg Morella rubra UGTT1ANT ] F FH BE AL 25 4= 40 Jfa AE M (i A A 7
BEIEAL ZE AR DRk 5 Begonia semperflorens BsUFGT ReWg e U 46 o (1) & s ATAR B0, 25y
Lagerstroemia indica LIUFGT %} 38 i A6 (L 5L L A MR ME R, fELLbih Rl s, EH6A
iR, KEM IR UFGT W g5 HAE R IL AL B iR B . #i4 Vitis vinifera VVMYBAL
WG VUFGT J sl 11, MR GG AR Z58L Litchi chinensis LeMYBI1 HAE45 45 LeDFR
1 LcUFGT JR s Fiad R ik, dEmisEe ety A ml"; 1558 Mangifera indica MiMYBI1 1] B
458 MIUFGTA3 JR 81, WIS MiUFGT43 ik, MTISE R R 5 22 R AL H 7 895 "™ A1 Punica
granatum % 55K F R2R3-PgMYB il i % PeUFGT ek et & !,

WAL Lycoris sprengeri N 15 FF Amaryllidaceae 1733 /& Lycoris 2= BRIBIEIT, J& B 4RO AL e s
Y, HALCHRRLL R &6, RIRZSOMIEMABIME, B4k, #ETNMIEATIE
BN I B B L R LsF3'H Al LsANS J R2R3-MYB 2 2 5 [R 1) 5 B AL 2R IR TR A HR 9T e AE AL (B R
WAL, TR R T A R TR (virus-induced gene silencing, VIGS) ) LsMYB4 Fl LsMYBS FE[H
UUERJE W] LW LsUFGT iK™, SR b AL B R AE A & 25w 7 — & e JLal . ik —2hf
S MEAT LsUFGT1 X 4585 A6 AL e 52 (AR, AS B 58 SR H 306 % 5 PCR (reverse transcription-PCR, RT-
PCR). RACE (rapid amplification of cDNA ends) Fll ¢ & {& 25 £ (genome walking) $ R 73 & #t 53 4£
LsUFGT1 I R 2l 5 17 51, 9 F TR O 28 B 4l 5 52 56 73 #r LsMYB4 Hll LsMYBS #% 5% 4 7 %
LsUFGT1 2 G s+ 13 Pite, DA ik — D A g A6 A0 2 (i o F LRI SR ALl v asr@te
YR TR A R IR R 8 R

1 #MHS 7 &%

1.1 ##
F 2021 4F 8—9 H, FWITLARMK A A @Y R IR, SR A2 AL W 88 A0 B e AL (R (e
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Wi AR FIAE R B ARIET CMERD . KAGELD . BRACI) A6, WA, T80 C UKFEIRAA T H
F§J¥ Arabidopsis thaliana (2 7 d) FT B-#i 2 M B (GUS) Jefn.

1.2 Fik

1.2.1 % RNA #8942 5fe LsUFGT1 AW ¢ L% Rk B 75 kit = LRk &% (CTAB)+Trizol 5™ #2
U B AL B RNA, FH TR VR R 1.0% 19 Byt g W 068 e v Ao 00 L ot et 2 S8 47k . S IR SMART™
RACE ¢DNA Amplification Kit (Takara) 5t ] 454 i 5'-RACE -Ready cDNA 25 1 5. AR 45 #5050 AL AL 4% 5
HAY LsUFGT1 (GenBank: MT664242.1) J¥5 {7 Bkt LsUFGT1-5" GSP1 Ml LsUFGT1-5' GSP2 514 (% 1),
PCR "4 LsUFGT1 J¥ 3 5" AR RF S, FBT R 70 E0CRh 1.0% B9 IRIEEEE R B KA PCR 473574
W H Y R B E#:5) pMD-19T 2% 4K (Takara) I+, AL KIAIR A B Escherichia coli DHSa J& 32 A 40,
PR HRCBH P o R 26 0 R A R AT R w1

&1 59F%
Table 1  Sequences of the primers

BIE7E2iN FIMFAI(5'—3") 1

LsUFGT1-5'GSP1
LsUFGT1-5'GSP2
LsUFGT14K-F
LsUFGT14K-R
Q-LsUFGTI1-F
Q-LsUFGTI1-R
Q-LsACTIN-F
Q-LsACTIN-R
LsUFGT1-R-SP1
LsUFGT1-R-SP2
LsUFGT1-R-SP3

AAGACCATAGAAAGAGGACCCCGC
CGCTCGCTTCCAATCCCTCTGCC
TAGCCTGTGCCACTTCCCTT
GCTGGAGAGTTCGCAATACA
GGTGGTGAAGGATGAGGAAGGTAGG
GTTGAACCGCTCGAACCGCAATC
CAGACTTTCAATGTGCCCG
CACCATCACCAGAATCCAGC
CGCTGATTAGACACGTGATCCTCAA
CTCGAAGATCCTGAGGTTGGGT
TGGCGGTGGTGGCAATCTAATC

LsUFGTIHEH St AN P51 3

LsUFGTI KA 18

LI E HPCR(RT-gPCR)

JashFrikE

LsUFGT1-2-R-SP1 GGGAGGGGAAATATCCAAAATGGAG
LsUFGT1-2-R-SP2 TTCTGATTGGGCCACGTCGTCGTTC
LsUFGT1-2-R-SP3 GGTGAAGCTGCTGTTCGGTGACGTGT
LsUFGT1-pro-F AAATAAAGGAAGGAGGGAGTGG X
$ pro LsUFGTVJRh T3 4
LsUFGT1-pro-R GGCAATCTAATCCCATGGT
pBI121-LsUFGT1-pro::GUS-F TGATTACGCCAAGCTTAAATAAAGGAAGGAGGGAGTGG -

g
pBI121-LsUFGT1-pro::GUS-R CCGGGGATCCTCTAGATGGCAATCTAATCCCATGGT P

pGreen Il 62-SK-LsMYB4-F
pGreen Il 62-SK-LsMYB4-R

TGGCGGCCGCTCTAGATGGGTAGGTCTCCATGCTG
CAGCGTACCGAATTGTCAAACACTACTTCTAAAGTCCAAT
pGreen Il 62-SK-LsMYB5-F TGGCGGCCGCTCTAGATGGGTAGATCTCCATGTTG

pGreen Il 62-SK-LsMYB5-R CAGCGTACCGAATTGCTATCTAATTACATGTGGATTGAT
pGreen Il 0800-LsUFGT1-pro-LUC-F CGGTATCGATAAGCTGTCGAGTGATATGAAAAGTACTCC
pGreen Il 0800-LsUFGT1-pro-LUC-R TAGAACTAGTGGATCGGTGGATGCGCAGGTTAG

XSGR B A5

FIH Primer Premier 5.0 BT HHER LsUFGT1 KAFHNY #5149 (32 1), LA cDNA 5 1 #% A PCR
PHEEGUE LsUFGT ¥ 8 1EH . 8 EZ 4 F ORF Finder (https://www.ncbi.nlm.nih.gov/gorf/gorf.htmL)
% LsUFGT1 cDNA J¥ 5 JF it [% 22 4HE (open reading frame, ORF); | FH 9% FEWE ARG B PO
(NCBI) #i2 2 (https://blast.ncbi.nlm.nih.gov/) KR EZMF) UFGT I¥51{5 85 FIH ProtParam (https://web.
expasy.org/protparam/) 73 1 & 1 5t BL AL 14 B ; F) F NPSA (https:/npsa-prabi.ibep.fi/cgi-bin/npsa_automat.
pl?page=/NPSA/npsa_seccons.htmL) Tl & [ 5T — 2544 ; i &2 DNAMAN # {4 db 17 2 SR 7 51 Lyt s fiff
F MEGA7.0 # gt R g it A
122 #4836 LsUFGT1 &3k o4 K H Prime Script®” reagent Kit Perfect Real Time (TaKaRa) i 7] & & i
cDNA 5 1 &, FIH Primer 5.0 115212652 7 PCR (RT-qPCR) 514 (% 1), {#i /] RT-qPCR £ AR A
LsUFGT! TE45 5 AL B AL WAL RIS [ A & B B AL 885K, LA Lsdctin NS EEHPY, ] 2749 1
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SRS FE DR ARG Rk
123 RE&EFRFANE FRENIECAEOCRT 7 d GRS, K3 FR LI T8 0.040 0
g, A 2mL &8N 1% B9 CH,-HCL W, o485, %%, 20 C M #2030 min, 12 000
rem” B0 15 min, WOHE B, 0.45 um LIRS 8, I8 T 20 C WKARORAEFRE T, BAHEARES
3. BRI AE J7 2% ] UltimateR LP-C18 column (4.6 mm=250.0 mm, 5 um)®, PIK 42§ % -3-0-
AR sl Ry, FAE 3K, SPSS 20.0 ZLFREHEFI /317 25 5 W24, TR GraphPad Prism 8.0 23]
124 LsUFGT1 B3 T sul&fe ol 541 RGO R 538 LsUFGT1 JA ) 174 . R CTAB %
PRI AL HE N 4] DNA, DAV R 1.0% 09 B HR B EE IS FL UK R DU DNA (1 B Bt . A1) Primer
Premier 5.0 & it LsUFGT1 3 A 8 F s AP 519 G5 1), VIS 1L 35 [ 41 DNA i, RH
Genome Walking Kit (Takara) 9" 3 LsUFGT1 J3 8741, VAT EE N 1% 0935 BEWHEEE R F TR ARSI O (1]
WH M B, #H5) pMD-19T #dk, H AL KA A T8 DHSo JEAZ AR UM, Pk ICH 4 5 R4S U -0 7%
T8 oA v A SR L R 20 550 H (BDGP) (https:/www. fruit-fly.org/seq_tools/promoter.html) Tl Ji5 2 F F% 55 2
A1 5., Plant CARE (https://bioinfor-matics.psb.ugent.be/webtools/plantcare/htm L/) 43415 shF i E ek
1.2.5 pBI121-LsUFGT1-pro::GUS H AWM ELZRAFHZ F M d I RAFREL LM E pBl121-LsUFGTI-
pro::GUS Fak gk ik, F F 4l Bk % ARFT T GV3101 BZ 840, SR Ye 2728 B2 YL 0l g I Al
HA48h 5, VEFIR TR R, H GUS Yt il 37 C Yot iid, RAEk TG (K L EERIK
LRIEFRLE R 3:1) b8 2~4 h J5, B FARFGECN 70% 1) CRERAF, SR LsUFGT! )3 8 F IR IT
TR 2B TFATIE,
12.6 MR EFEHRE LR RHICHE wER AR H pGreen Il 0800-LsUFGTI-pro-LUC Fl pGreen Il 62-
SK-LsMYB4 . pGreen Il 62-SK-LsMYBS5 Fik ik, (i 11 RlEH pGreen 11 62-SK. pGreen I 0800-LUC
75 3% S T 4 TR % AR FT T Agrobacterium tumefaciens GV3101 B2 2540, 1 ST EL I F REHE 5% 24 h
Ja, IEW ISR 48h J5 H 6 mm FTFLAF HUAE s WA W, MR ¥ Dual-Luciferase® Reporter Assay
System 71 & 19 3681 5 FH GloMax 20/20 2020 {427 & SAs Y (Promega) il 45 K B2 R i (Luc) FlifE:
B0 (Ren) 15, FH11% Luc/Ren HfE .,

2 ERERH

2.1 #4871 LsUFGT1 EE R EMFE 5451
DU ER AE AL I cDNA WA, R RACE i R 7l LsUFGT1 %K ¢cDNA %1 (K 1), LsUFGT1 3t
1632bp, JFHLBUIEHEN 1398 bp, Zih 465 PR IEMR, GenBank #2455 - MT664242.1,

A M 5'RACE B M LsUFGT1

2 000 bp 2 000 bp
1 000 bp 1 000 bp
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp
100 bp 100 bp

A. LsUFGT1YJRACE 59 #7°4; B. LsUFGT1 cDNA PCRY 1747 .

B 1 LsUFGT! B cDNA /%] PCR ¥ 3§
Figure 1 Results of LsUFGT1 cDNA cloning
TE 2L 0 M1 LsUFGTI & F 43 T 2 Ca00Hg014N163202 0308430, 2 T 24 153.4 kD, PRI ZEHL 5N
4.93, RASEKYE GRAVY 4 0.745, AFaE RECH 46.80, AT UL, LsUFGT1 & NB/KMEAFRE R
FIH SOPMA Tiilll LsUFGT1 ¢4k, i o-12iE (38.49%). B-HTE (6.88%). HEAH4E (16.34%) FITCEHLI
Bl (38.28%) A AL (&1 2), FW LsUFGTI 25 [ 325 iy o-BEHE AN G R U] 2 b 4 1l
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Figure 2 Predicted secondary structure of LsUFGT1

2.2 #5857 LsUFGT1 S & 85 5 RiRES 7

FIFH DNAMAN X4 46 LsUFGT1 Z 027 91 R MR T Hexd (1] 3), R 46 LsUFGT1 57KAll
Narcissus tazetta KI879945.1 #H{IPEIR 60.57%, S1EA. Allium cepa KC466029.1 ., faf 225 B8 Iris % hollandica
AB161175.1, /NE&>% Fressia hybrida HM590645.1 A4 Tulipa x gesneriana KF792732.1 #H{I1EZ) 43% ,
573864 Lilium hybrida KX781249.1 MIUYEL 40.27%, (H5HIEGIT At4G01070.1 MYE R 20.13%, 5
JKFE Oryza sativa 0s07g05420.1 FIMEN 32.05%, BiHIERIE LsUFGTs IG5 m ST . KFEEFNE LR
VLR oie EARSCPER)N . HMMER il ?ﬁﬂizliﬁ%ﬁ%%@&lﬁ@{%ﬂ,n*@ X3 FE 220~426 fIKEEIX[H], PR
45K5 UDPGT, Uil UFGT J& T UDPGT BUMEILIL R M 53 i) — D, BTG W RRAIE X

||j|

AL Lycoris sprengeri MT664242.1 = == 5 REVA] i y F GHVAAFEHPQEEV 88
Narcissus tazetta KJ879945.1 . - s ! (£ G FSL, D E 2o 85
% Freesia refracta HM590645.1 = s Bl v A {F Gl L R . b ¥ 80
é Tulipa*gesneriana KF792732.1 8. { 5.4 i EGYVLPVHDPEEEV  §§
25 )2 Iris xhollandica AB161175.1 sl s ‘ IAAASGMLEDPEEEV 90
llium cepa KC466029.1 h oo SSP. F {F Gl S . VPR TPGHVALNESPHLKV 84
Tulipa*gesneriana KP036453.1 ~ M SSELNRSS. . . . s VLAF[gF GTJ ‘ .. PA A ... PPPVSVEEQI 88
Wbk Linum usitatissimum JNO88345.1  ........ IPPPATTPDG. ‘ v e INASA. FKNQAAAVSESPNLRAHNV K 'QEAI 92
AL TG Lilium hybrida KX781249.1 - B. ... sTGD. ‘ i IS. . LSKAI SSVPSGVKI RVYDLS] Vi 88
K% 51 Consolida ajacis AEB61484.1 { SA. d
0L 7F Arabidopsis thaliana ATAG01070.1. 1 Exe A . ] VDLTDLSSSTRIES 84
4 Oryza sativa 0s07g05420.1 e \Y i A NNN DQ. . EETWPVVRRM 86
onsensus :

i

WHRAE Lycoris sprengeri MT664242.1
7J<1UJ Narclsws tazetta KJ879945.1
/IME 2 Freesia refracta HM590645. 1
84775 Tulipa*gesneriana KF792732.1
T“ @E IrxsX ollandica AB161175.1

% /\EA Lilium h}brzdu KX781249.1
Consolida ajacis AEB61484.1 LEI
?‘iﬁ‘ﬁmabtdopsu thaliana AT4G01070.1 RI SLTVIRSNPE
i Oryza sativa 0s07g05420.1 EMEVEAAEGGGLRR] : < 3 GS
Consensus tpgn fr a caav g g rvtelv dnf w g a emgvpw valwtggp sl ahlytd Ir ig a de fipgls Irvrdl

ERAE Lycoris sprengeri MT664242.1 .. INS@DI .
KAl Narcissus tazetta KJ879945.1 DG. .

NE2E Freesia refracta HM590645.1
82 4F Tulipaxgesneriana KF792732.1

Ilium cepa KC466029.1
%7t Tulipa*gesneriana KP036453.1

5
AEJRR Lmum usitatissimum JN088345.1
AAC A Lilium hybrida KX781249.1

K455 Consolida ajacis AEB61484.1
7T Arabidopsis thaliana ATAG01070.1 an
JKHE Oryza sativa 0s07g05420.1 BFG
Consensus pdg

KLPQPEPKDPNG. . . .
L YPSPASKEQQQQPSD.
LTQQPPEPADRTYG. .
VAPSI S. . . DQHDPHG. P . \ FTNA
VGPLVN. . . I GKQEAKQTEE. . . . . . L 2 280

T}
\AAVFI NS
TAVALR:

. . 1)

JAEGIL
. AATAVAT .
fallh ma lp a ava at

WHFLE Lycoris sprengeri MT664242.1 . QPP S N BRAR. -« v vosivsins SAGEIDRTKOR. . . . . . E

7 Alli Narcissus tazetta KI879945.1 i S \ 0357 R AW LAGY K rssil P

ﬁ Freesia refracta HM590645.1 . TE P

?Efﬁ Tulipaxgesneriana KF792732.1 P

JE Iris xhollandica AB161175.1 P}

V12 Allium cepa KC466029.1 P

ﬁﬂi‘zé Tulipa*gesneriana KPO36453 1 . APA F & % GR. -6 R E P F

MEJR Linum usitatissimum JNO88345. s A L BHSE, . i3snnsin i L 1) R i i P} F 384

: H -

I

I

P

P

AAC G Lilium hybrida KX781249. l
Consolida ajacis AEB61484.1 ,

i) ~ Arabidopsis thaliana AT4G01070.1 8.
KA Oryza sativa 0s07g05420.1 . PED K AA . BT, . AA ;

Consensus 1 pp =la=lﬂegl=l\1g\pﬂ\\n]k vl h avgafvthcgwnsvles tggvpnver

#%% At Lycoris sprengeri MT664242 1
Narcissus tazetta KI879945.
g Freesia refracta HM590645 1
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