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o E: AR 3-OBAEBEIHEMILFTEIE T KA. AR AL 3GT AR 634k,
KA A B AL RS & 15 T — A 3GT A B HF 3K 4 i 4E (open reading frame, ORF)4 % #
Rh3GT, 441, MEFIIET % ORF AL %A & A BAKF . RAKF. BBFARFADFH
M. 4R &9, R3GT 2K 993 bp, %444 330 NAAMR; HAEAAHFKBENEREEES, £
JEAE LA BB Xk (GT-B &), PSPG box ZH#3R T % 44 154 5 A BLIE(Q); A LR UALS AT R IL LA
it AL RS Rh3GT 5 A4i4% VC3GT #= 2 R Ai4E VM3GT 49 F 4 % A & if; Rh3GT AR FILF KL, £
2. ob, LR HA KRR, BEBEFTHEB T RATRG; MBI A& R3GT BANLERF
FRREREH M, Rh3GT TAZE EXMATE BL21 ¥R KL, FULdARBXF4E, KD
#9% 36 kDa, H5ELTNAEL; G EEAAMNLIN, 2T HEFHE T MG R3GT
FUERAOTHENLRE TN EA UDP-RI GBS REAEHR LK 3-O-H AHEF, £URARNEZEAEA 3GT
E . KRR A RNRIT AR F F A DS R T RAEAE R T K38, FABEGAR
T RHARMT ik .
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Cloning, prokaryotic expression, and functional validation of
flavonoid 3-O-glycosyltransferase gene (Rh3GT) from Rhododendron
hybridum Hort

YAN Yicheng, WU Zehang, JIANG Yuhang, HU Gaoyuan, YANG Yujie, XIE Xiaohong,
WU Yueyan, JIA Yonghong’

College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang, China

Abstract: Flavonoid 3-O-glucosyltransferase (3GT) is a key enzyme in the glucosidation of
anthocyanins. To investigate the 3GT gene in rhododendron, we cloned an open reading frame
(ORF) of 3GT gene (named Rh3GT) from Rhododendron hybridum Hort (Red cultivar) and then
characterized this gene and the deduced protein in terms of the biochemical characteristics,
expression level, and enzymatic function. The results showed that Rh3GT had a full length of
993 bp and encoded 330 amino acid residues. The deduced protein was hydrophilic, stable,
weak acid, belonging to the glycosyltransferase family (GT-B type), with glutamine (Q) at
position 44 in the PSPG box. The phylogenetic analysis showed that Rn3GT was most closely
related to VC3GT from Vaccinium corymbosum and Vm3GT from Vaccinium myrtillus. Rh3GT
was expressed in the stems, leaves, and flowers and almost not expressed in the roots, with the
highest expression level in petals during full blooming stage. Introduction of
pCAMBIAL1302-Rh3GT into petals significantly up-regulated the expression level of Rh3GT
and increased the total anthocyanin accumulation. Rh3GT was successfully expressed in
Escherichia coli BL21 in the form of inclusion bodies with a size of about 36 kDa. The results
of HPLC showed that the recombinant Rh3GT after denaturation, purification, and dilution
could catalyze the synthesis of cyanidin and UDP-glucose to synthesize cyanidin 3-O-glucoside,
indicating that the expressed protein had 3GT activity. This study provides basic data for further
studying the molecular regulation mechanism of anthocyanin biosynthesis and theoretical
support for molecular breeding of rhododendron.

Keywords: Rhododendron hybridum Hort; flavonoid 3-O-glycosyltransferase (3GT); expression
analysis; transient overexpression; prokaryotic expression

XA, EERREER ) REEP FRERT, KEEeaY LT

PR Z — o A8 10 B4R Wi R ) ) LB 1k 22
P fE, PR A 0 — R LB PR AR ) AT T Y
Mo SR AE EY PE 23 O PR 85 IR ORI I
R WK FRAFEERA K LR
JEFDERTEAY, F g M S5 NI R
WP BN 2%, AR MISEF . WO A pH
Y. BRMAEOTRR . HKHTE MR
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% (anthocyanidin) & £ A 5T IO E AT, 2 LS
REEMEZFEEC, WL ER EERER
%25 Z (cyanidin) . Aj 25 &K (paconin), KHEE R
(delphinin) . KX #% %% & (pelargonidin) . ## %% R
(malvacin) fil %% 4% 4~ & (petunidin)/ . 1675 £ 1
HYMANA BT EAETE, SSRAEA IR, &
TR AR IE R E YRR Y B . R b
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A6 H (anthocyanins), x5 #7451z 2 41 i
W, (A S B R TR Y e O

FKH R 3-O- 0 5t 5% 7% [ (flavonoid  3-O-
glucosyltransferase, 3GT) & S H ALY 46 T K b
AL R, 75 R C 3L 3-OH & L
PG AL, 3GT PR A S 2 6 F
I 3-OH, MALERAET R-3-O-W (K 1. H
B &B, JLFRTAAESH C 3 1 3-OH
AR R BNk 45 Z BELL UDP-
%M (uridine diphosphate glucose, UDP-glucose)
SRR, T 3GT RIMIEAL A IR R
3-O-7 % B 1 (cyanidin-3-O-glucoside)'* "],

734, 3GT RRERE LT HIHRE R
SEAEEAUAE, FII Sun NN 2 (Freesia
hybrida)) Fh3GT 7E%&4: 4~ (Petunia hybrida)
kb Rak, W T FEAEF A A A
S UL R AEE R R, RN EE
A= A6 N O A8 Ry 40 (5 Chen 2117 i
It 22 (Phalaenopsis aphrodite) 1L 2k PeUFGT3
FELL A AALT TSR ERER, NS
et Sun ARV R A0 a2 T T 2R AL B
(Rhododendron delavayi) " i I~ Rd3GT1 Fil
RA3GT6, 4 H7E &L (Nicotiana tabacum)
oIk, fRHE TR E AR T RO R 5
Sb, RA3GT1 TEREA: A4 rhid Rk W AE B R 42
A AE £

LU A s Y R E A b AR A, HAE
ME A 2%, HAR &S f 2 5

UDP-glucose

1 3GT EHEMEE R -O-AEEERIEE
Figure 1

Anthocyanidin
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3GT

B, SR E AT G A UL OG T HE R B AL G
3GT Ry Ze i S XS A8 T 1 5 LA R M B AH S Ak
GTo AWFFELLLL ORI AL RS AL, R HE A
I AL A AL 2 BE SRR ) Rh3GT A& 7
FIER, BitsI1 Y BR8] Rh3GT DY IF
T 5] 2 AHE (open reading frame, ORF)& K ; Bf
FEH G i 2 R BRI B . DRSF AL &
P St s M S 9Ol 5 1 2R 5 i B X R
(real-time quantitative polymerase chain reaction,
RT-qPCR) 73 BT 12 i PR 7 AN (] 41 20 e i) 3 3K 1
Ol T8 5 BRI A 2 K 3 A O A 75 1 AR 5
AR 5 I IR SRR iz R I B 2 H Rk
TG00 ; ) HPLC Sl HARSMiG DhRE, LU
HRARGT Rh3GT M D RE S L8 i Sl , JFoh
FRSAE L0 TR & PR BE RIS S H .

1 MRETE

1.1 B

AWFST T R RE A 5 AF A= £t HE AL BY A6 A9 Bk
BEIFIAEME . AR, 22 (& 2), MWL HE
2= BE b & FE B A A S b 3R ik (E121°27'40"
N29°58'48"), >k Jii 37 BV AR A HP & Rty [l
B J5 i A 80 °CHA T a5 FH o BEANFE S 3
W3 NMEYFRER,
1.2 RNA $2El5S cDNA &5%

DAL LA )AL BT A . AR, =X, 0f
AR, S RNA S 28 2 WA P
RNA #2505 & AR R AL H R A F,

A“ ‘\IH\’/O ) ol AQ/L

Anthocyanidin 3-O-glucoside UDP

Schematic diagram of anthocyanidin 3-O-glucoside generation catalyzed by 3GT.
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Petal Root Stem

B2 ZIHEFIBTHREAELALR

Figure 2  Different tissues of Rhododendron
hybridum (red cultivar).

cDNA & 1 ] NovoScript® Plus All-in-one 1st
Strand cDNA Synthesis SuperMix (gDNA Purge)
(M R B AR Ry AR A A, 1538
cDNA F—40 °CIR-AF 5 H
1.3 Rh3GT EFEM=E

ffi JH} Primer 6 #RX{F7EZE 11T Rh3GT HL 1A (1Y
b RS9 Rh3GT-F1 #il Rh3GT-R1 (£ 1)
DLEL LG A K RS 48 % cDNA H iR, fii
2xFast Pfu Master Mix &% B i EfT PCR §7 1%
(50 uL SRR ZR), 10 umol/L . FiF5|HH
50 mg/L cDNA #5 2 uL, %2 ddH,O % 50 uL.
PCR W ARE N : 94 °CHIZZME 1 min 30 s;
94 °CAEME 20 s, 60 °CiB:k 20 s, 72 °CHEfH
1 min, 35 MEF; 72 °CAIEMH 5 min, FH 1%
TR AR FL TG PCR P28y, 1 e (BT i H 1Y
FMt)E . K H5 pEASY-Blunt Zero [ 2 4 )%E
1%, Gk, TRk, RGN T R

*®1 AMRFFASIY

VSIS
14 £MERESH

E S5 B BT B NCBI-CDD  (https://
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 7 £& 43
Mroe s H SR A AL P B g B Expasy-
ProtParam (https://web.expasy.org/protparam/)5¢
i HEE TR TIIR T SOPMA 1E4F &5
(https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.
pl?page=/NPSA/npsa_sopma.html)73#7; &H H
S YA RTINS B SWISS-MODEL (https:/
swissmodel.expasy.org) 7E £k V- 5 ; £ 7 41 L X
% DNAMAN #1750 41; &G T R
F MEGA 11 5%,
1.5 RT-qPCR 7 Rh3GT EFEEA[E]
RO RRIEER

fdi [l NCBI Primer-BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi)i% il RT-qPCR 5|¥)
Rh3GT-F2 #1 Rh3GT-R2 (¥ 1), LI ACTIN AW
S LRV DLLT ORISR B BT 100 A6 S AR
25 . iy cDNA AR, f# ] NovoStart® SYBR
qPCR SuperMix Plus i3] & (750 1 2 25 TR
ety AT FE R, RT-qPCR [N, SOWARZR K
35 uL, H:H Tip Green gPCR SuperMix 17.5 pL,
10 umol/L I, T#5|4# S 50 ng/uL ¢DNA %

Table 1  Primers used in this study

Primer name Primer sequences (5'—3")

Rh3GT-F1 ATGGGGGCAGAGGAGATGGGGGTGC

Rh3GT-R1 CTAAAGGTTGTACCCTGCTA

ACTIN-F CACTGGTGTCATGGTTGGGA

ACTIN-R CTCTTCAGGAGCAACACGGA

Rh3GT-F2 GTGGCCCGTTCAACTCGATA

Rh3GT-R2 GTTCCAAAGCCGATGTACGC

Rh3GT-F3 acgggggactcttgaccatgg ATGGGGGCAGAGGAGATGG
Rh3GT-R3 tactagtcagatctaccatgg AAGGTTGTACCCTGCTACAATCTCC
Rh3GT-F4 aatgggtcgeggatcc ATGGGGGCAGAGGAGATGG
Rh3GT-R4 gotggtggtectcgagaagGTTGTACCCTGCTACAATCTCC

The lowercase letters represent primer adapters.

http://journals.im.ac.cn/cjben
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0.7 pL, #h5¥ ddH,O % 35 pL., RWFEF N
95 °CHIZE M 5 min; 95 °CAEME 20's, 60 °CiE k
1 min, 40 MEFR. SR 2744 15 3 R A X
Fiktt,
1.6 Rh3GT 7& & il o b At 1 FR ik

FH Nco TR VIREE pCAMBIA1302 ik
HEATEAREY) NS 4lifk . {#H] CE Design it 4H
JFCKLT |4 Rh3GT-F3 Fil RMi3GT-R3 (3 1), HidtH
#HFk: pCAMBIA1302-Rh3GT J4410 2 AT B
DHSo B2 AU M b, W05 1 B e R 2 Bk,
pCAMBIA1302-Rh3GT FIZs ik pPCAMBIA1302
Iy iEE ARATE GV3101 F, FFPRECSH T va ks
#E47 PCR, K IERG A BHE R T LB WAk 573
% 20 mg/L F| 45 (rifampicin, Rif), 50 mg/L filig
FAPEE 2 (kanamycin, Kan)}53%, TR ELIX
B, HEYW[10 mmol/L MgCl,, 10 mmol/L
2- Ny ik £, figh iR (2-morpholinoethanesulfonic acid,
MES), 200 mmol/L Z T #fliil(acetosyringone,
AS) A, FFIEYY ODgoo £ 0.6 754 . i HEr
AR 2 B H IR R R e R R E
A6 Ik R 56 B 2T A s RE RS AR AR . Ak B
48 h JE RIHAEMIEITE RNA $2HL, [FEsth
cDNA #E17 RT-gPCR A ik & , [
— AL AT ST T A i R SR S I
MFEMIRE 3 WA ESE , LREE 3 4
W, arnh CK RIS 25 8 MsEgndd
1.7 BHEFEFMEISNE

% 7% Mehrtens SR SZI0 T 1, IR
WS 0.2 g FEMAE S B LT, A 1T mL
1% Eh - BEE W, A= TR 18 h,
12 000 r/min &[> 5 min, B 400 pL EiH®INA
600 uL 1% R -FFH BEIE W, 430 e D 4 7
530 nm F1 657 nm WO, SAEFH &&=
y‘j(A530_0-25XA657)/mo Hrh m R E, $
ik go

&: 010-64807509

1.8 Rh3GT EHZFBTAMEIERIF
SFERMHRE

R IR AR S P HE PR
J#5. H CE Design BT 841 ki 54 Rh3GT-
F4 F1 R\3GT-R4 (% 1), PIFEE cDNA AR i
T PCR "1,

W5 B 40 iR pET-28a-Rh3GT Fll 45 48 i Fi
pET-28a [ BL21 I 7% HLR 7% 73 Pk HL 2 50 mL
TH 50 mg/L BilR RIRE R LB WAL IR
i, 37 °C. 200 r/min U FP 8. M E K
ODgoo i85 E] 0.6 ZEA4T BT, i A S5 3 -B-D-fi AR
2k F, B 4 (isopropyl-p-D-thiogalactopyranoside,
IPTG) R HZH A 0.5 mmol/L, 7E 28 °C.,
200 r/min 551 FibRE T AES AR,
BT 0.01, 005, 0.1, 03, 0.5, 1.0 mmol/L
IPTG W BERE B, 20 5I7E 20, 28, 37 °C&AF
T LA 200 r/min WIS AR . 3 AR AEAR
. AR IPTG ¥R . AR WK ODgoo 551 T 1K 5
SRS ATEEEANIES . BRSNS
16 °C. 100 r/min., IPTG ¥ 0.01 mmol/L .
W ODgoo A 0.4, EIBTHEIBE R 12,
24, 36, 48 h, IFEFE5HRE 4 °C. 5 000 r/min
B0 10 min YK, JH 3 mL 0.1%ER2 522 vh il
(phosphate buffer saline, PBS)&FILIE; Xl
VEVEAT B S A R AL B, S ST S min,
TAERTE] 1.5's, [AIBREFE] 6.5 s; Kb FRATAYFE
fin 4 °C. 10 000 r/min #.0> 10 min /5 HEIE
W, F3 mL 0.1% PBS B IFULIE. 4 ik
FPLEE, SRIGHL 32 uL HAMEMIIA 8 uL 5x&EH
T REGE R (VR S R A AR B R F)
PR, 100 °CKBMFA 10 min, i
P, BAIRERE, #17 10% SDS-PAGE 717,
1.9 Rh3GT 8FFERAGHLREM

i His #r28E A2l il & (A H)
(LI R et A= R e A BR A 74 Rh3GT
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LR T ok, BEfS 4T 10% SDS-PAGE
ol R TR P R IR ARl /) B =
Hl5%A 50 mmol/L Tris-HCI. 0.5 mol/L NaCl,
2 mmol/L B-%ii#k £ FE(2-hydroxy-1-ethanethiol) |
1 mmol/L 5+t H ik (glutathione, GSH), 0.2 mmol/L
AL H BR[glutathione (oxidized)]. 1 mmol/L
CaCl, WM BEEYEW, Z218 maifb =P homA
o2 AR R W, 4 °CUKFHIE 24 h
J& 13 000 r/min B5.0> 5 min, R SEE
P, F Bradford 8 ¥k BN 50 & (AL T
FIRFERHA PR ml )R 2 R
1.10 Rh3GT EHZEHAINEER
TR AN K 2 2 1 (U2 O R RS 118
M. UL UDP-# % Wi W BEER, R4 E N
ZAR, BAF Rh3GT =4 A1 HA R IMi
fLBE T . WE KIGK Rh3GT A . KE4H
% . UDP-H#i#& MR & IOVAE A XT fid, ZE
i) Rh3GT. KA4Z . UDP-#H AR A K NAE
RN, BARR VKRR : 1 mg/mL UDP-
HZEBE 300 uL. 2 mg/mL K43 E 100 uL .
SR EL 100 °C/K I NFA 10 min K3 Y Rh3GT
FAHHEM 100 ng, #p7E 0.1 mol/L [ Tris-HCI
Zhi (pH 7.8)% 600 pL, 30 °C&A:F R
1h, F 100 uL 10%ERFRZ 11, 13 000 r/min
Bl 5 min, FIEWRZ 0.22 um A HUAHJE AR S
ESEFRS R BRI ] HPLC XA 7 4 ik
75001 g+ i ZORBAX Eclipse Plus
CI8 ., WM A: 0.1%HRR/KIFEW, s
B: 100%Z &, ##fE 5 ul, ik 1 mL/min,
FEUR 35 °Co SRAMEBEVENE: 0-1.0 min, 5%
B; 1.0-2.5 min, 5%-50% B; 2.5-3.8 min,
50%-70% B; 3.8-5.0 min, 70%-90% B ;
5.0-6.0 min, 90% B; 6.0-6.2 min, 90%—5%
B; 6.2-8.0 min, 5% B. KK 530 nm,
T AR 0 B TR A R A BRA

http://journals.im.ac.cn/cjben

2 EREM

2.1 Rh3GT £FR=ERIEERFT
vkl

AR SRS Y A — AT ) 3GT
H ORF &1, 744 b Rh3GT, HEACHLIK s,
ZIEH PCR =250 1 000 bp, H &7 i i
(Bl 3A), it P & B Rh3GT 2K
993 bp, KJESHIKERIEAR 5, AN
Hifih 330 LR (K] 3B).
2.2 Rh3GT EHMIRLEFE R

fifi H Expasy-ProtParam 43 #1 Rh3GT 2 FH )
PRAE R, 255 B8 Rh3GT 330 P2 SE R4
A, AT TN 36 018.47 Da; FREZEH SN
6.02; MMALBRE(KLAAR+TRAR)N
344, BRIEE SRR AR R) Y 39 1,
SRR SRE N ; TREMERECN 38.55,
Rt NEIGE AR R BN 91.82;
FAKYEN 0.039, AEiKMEREM, 45, Rh3GT
s e MK

% NCBI-CDD X} Rh3GT #H H #4175
SERE T, A RFIZE Y UDP-Hi 4
WH L B B ST B (UDPGT) LA &2 GT1 Gtf-like
FRIRZE RIS, BT Glycosyltransferase-GTB-type
LR 5 51 (18] 4),  GT-B BUBESLH RS il
2.3 Rh3GT EBMEZFIILLT R RS
ZEOh

e B 2 SR B A (Vaccinium myrtillus) B 4%
(Vaccinium corymbosum) . H AR Bk (Actinidia
chinensis). fi %' B ik 1115 8% (Cornus florida) .
= & (Panax notoginseng) . 2 i1 3% (Lobelia
erinus). ¥4 (Eustoma grandiflorum) . 4%
(Nicotiana tabacum)f 3GT [F]JR# 15 Rh3GT
HATZ P I MR GE KT 38T ZIF5 At
KI Rh3GT 554 8 AR KIER 3GT



B F | LEFIRALRE R R 3-O- AR BHBERNRIE. ERRERIES T

A Z B A ARLE A F 42.18% M 60.39% 2
], Hr, Rh3GT 5405 N3GT AU &A%,
J 42.18%; Si#itE Ve3GT MM ERE, N
60.39%. AFPFCEIER 3GT EAHEE—1
HI 44 A2 5 R 1 B 1 i 35 2 A% i 1 O~ 1k
PSPG box, ZIRSFFHIPIN A R L, A B AL
B X3 . Rh3GT &1 PSPG box 155 44 v & 3
M2 o A% S W Q) — FBEIA Ay 3 b 45 ) 1 4 )
UDP-#j A M A LAY (I 5A). RELER
SIATEE SRR, HRIETFERS Rh3GT 525
Vm3GT Flili Ve3GT WIZEZ R R (& 5B).
24 Rh3GT EHWZ. ZREEETUN
TRLERTIN R, A 143 DNMEERS S5
BTCHU R, R IEER Y 43.33%; 140 P&

HRZ 5 o- M8 HE, B EIEFRM 42.42%;
A 471 MRERERSHIER p-IrE, H AR
B 14.24%. Z5RFK, Rh3GT HHAFEZEHA
B . o-B2E RN B-H7 B &5 H (K] 6A),
=AU B R, Rh3GT & =945t
5 A A AR, FE AN
N o-IR e A . HoH M7 5 PSPG box F71E
F—A~ a-BZHELEF P (& 6B).
2.5 4£IEEFIB AL RS TE B FF BRTE ¥ R AR
Zfith Rh3GT EFIRIEE S
DLET AL B BT HAAE R AR . 25, 1)
f) cDNA Mz, ACTIN NHZSIHN, i
RT-qPCR $ A A6l Rh3GT Ji PRI 7E Fb il bisf At B A
FIALUh A, 450 W, Rh3GT H7TE

4 M G A E EM G VP W VVLWVS G AC S8 A A H CY T
Rh3GT Rh3GT Marker  bp Bt
1 ATGGGGGCAG AGGAGATGGG GGTGCCGTGG GTCGTGCTGT GGGTGTCGGG GGCATGCTCA CTTGCGGCTC ATTGTTATAC T
4 G R OQ D E I V KF V PGF 6§ EV R LG D LPS G VV Y
2 0(}0 121 GGACGTCAAG ACGAAATCGT GAARTTCGTC CCGGGATTIT CGGAAGTACG ACTCGGGGAC TTGCCCAGCG GGGTCGTGTA T
4 M 6 Q@ V L H R AT A ¥ A I N SF D EL E PEP V KV L
241 ATGGGCCAAG TTTTGCACAG AGCGACCGCA GTTGCCATAA ACTCCTTCGA CGAACTGGAA CCTGAACCCG TGAAAGTTCT O
993]:) 4 N 8§ | 8 P L P S S N SDE Y 6C | PW L DRR K AA 8
P 1 000 361 AACTCGATAT CACCACTGCC GTCGTCCAAC TCGGATGAGT ACGGCTGTAT CCCGTGGTTG GACCGGCGTA AAGCAGCTTC A
750 o« P V E L A A L AE A LEAS ST P F L W BLRDNTEF K
481 CCGGTTGAGC TAGOGGCGTT AGCTGAAGCA CTAGARGCTA GTAGCACTCC GTTTCTCTGG TCTCTCAGAG ACAATTTCAA A
500 L G K | ¥V P W AP G VAV L AHRSVY G VFMNIUHCG
601 CTAGGGARAR TCGTGCCGTG GGOGCCTCAG GTGCAAGTTT TAGCGCATCG CTCAGT G GTTTTCATGA ACCACTGCGG T
_ | 1 6 R PF F GD G Q VD G VR V
230 721 ATCATCGGTA GGCCGTTCTT CGGGGATCAA CAGGTGGAC! GGAGAATGTG TGGAAGATTG GGGTGAGGGT &
M L EL V¥V L 8§ H EK G KOG L vV 6 K Y R EF A L K A
100 841 CTTGAACTGG TTTTGTCCCA TGAGAAGGGG AAGGGATTGA GGGAGCAAGT TGGARAGTAC AGAGAGTTTG CCTTGAAGGC T
4 L L E I VA G YN L °®
861 TTGCTGGAGA TTGTAGCAGG GTACAACCTT TAG

& 3 Rh3GT PCR & =4 p AR B kA M A 4R AL S B BL 751
T A5 09 Rh3GT 731 S H 4 i & JE 182 17 41

DL2000 DNA marker, B:

A :Rh3GT % B H, 3k 5715 Kl . Marker :

Figure 3 Gel electrophoresis detection of PCR amplified products of Rh3GT and encoded amino acid
sequences. A: Rh3GT electrophoresis diagram. Marker: DL2000 DNA marker. B: The Rh3GT sequences
obtained from sequencing and its encoded amino acid sequences.

1 25 50 75 100 125 150

175 200 225

e S R BB E S S e = BB BB B BB S BB m S8 S EB BB S Bl = ]

CQuiery el [DP-binding mite 4 AMS
specific hits N
Non-specific ! PLNO02410
hits UDPGT ]
| Yiie
QT
Superfanilies Glycosyltransferase_GTB-type superfamily I
| Yjic superfamily
MGT superfamily

B 4 Rh3GT ZEEHRTLEE
Figure 4 Conserved domain of the Rh3GT protein.
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RW3GT
Ve3GT
Vm3GT
AC3GT
Pn3GT
Le3GT
Eg3GT
C3GT
NGBGT
Consensu

167
293
293
292
292
291
289
293
291

RW3GT
Ve3GT
Vm3GT
AC3GT
Pn3GT
Le3GT
Eg3GT
CHGT
NBGT
Consensu

266
392
392
391
391
390
388
393
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Figure 5 Alignment (A) and phylogenetic tree analysis (B) of 3GT protein sequences in Rhododendron
hybridum and other species. Ve: Vaccinium corymbosum; Vm: Vaccinium myrtillus; Ac: Actinidia chinensis;
Pn: Panax notoginseng; Le: Lobelia erinus; Eg: Eustoma grandiflorum; Cf: Cornus florida; Nt: Nicotiana

tabacum.
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Figure 6 Secondary and tertiary structure
prediction of Rh3GT protein. A: Secondary
structure prediction of Rh3GT protein. Yellow
represents random coil, blue represents alpha
helices, and purple represents beta sheets. B:
Tertiary structure prediction of Rh3GT protein.
Band-like represents the protein backbone, and the
chain is the PSPG box domain part.
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Figure 7 Expression profile of Rh3GT in different

tissues of Rhododendron hybridum (red cultivar). a,
b, ¢, and d indicate significant differences (P<0.05).
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Relative expression level of RA3GT
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CK: KF4t;

pCAMBIA1302: 1545 3 ; pPCAMBIA1302-Rh3GT: 15 1% H A9 3L Y2814 ; a b R 2257 13 (P<0.05).

Figure 8 Changes in the relative expression level of the Rh3GT (A) and the total anthocyanin content of
petals (B) after transient overexpression of Rh3GT. CK: Not injected; pPCAMBIA1302: Injected with blank
vector; pCAMBIA1302-Rh3GT: Injected a vector containing the gene of interest; a and b indicate significant

differences (P<0.05).
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Figure 9 Analysis of recombinant Rh3GT protein by 10% SDS-PAGE. A: Identification of the protein of
interest; B: Different concentrations of IPTG were set up to induce soluble target proteins at 20 °C; C:
Different concentrations of IPTG were set up to induce soluble target proteins at 28 °C; D: Different
concentrations of IPTG were set up to induce soluble target proteins at 37 °C; E: Different induction times
were set up to induce soluble target proteins at 16 °C, 0.01 mmol/L IPTG, a starting ODgg value of 0.4, and a
rotation speed of 100 r/min. Red box: Rh3GT recombinant protein. M: 250 kDa protein marker; Su:
Supernatant; Se: Sediment.
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Figure 11 In vitro enzyme activity detection results. A: Color comparison of different groups under the
same reaction conditions; B: HPLC analysis of cyanidin 3-O-glucoside standard product; C: HPLC analysis
of the mixed reaction of inactivated Rh3GT protein, cyanidin, and UDP-glucose; D: HPLC analysis of the
mixed reaction of renatured Rh3GT, cyanidin, and UDP-glucose.
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