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Abstract: UDP-flavonoid 3-0-glucosyltransferase (3GT) is one of the important catalytic enzymes in the anthocyanin
biosynthesis pathway. To study the function of 3GT in anthocyanin biosynthesis of Magnolia liliflora, M. lliflora
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¢ Hongyuanbao’ was employed as materials. Primers were designed based on the 3GT sequence obtained from the
transcriptome database of M. liliflora ‘ Hongyuanbao’ , and the structural gene MI3GT1 in anthocyanin biosynthesis
pathway was cloned by RT-PCR (reverse transcription-PCR), and its bioinformatics and expression pattern were
analyzed. The results were as follows: (1) The ¢cDNA sequence length of MI3GT1 was 1 863 bp, and the open reading
frame was 1374 bp, encoding 457 amino acid residues. The relative molecular weight of MI3GT1 was 49.37 kDa, and its
isoelectric point was 6.04. (2) The deduced amino acid sequence of MI3GT1 contains a conserved plant secondary
product glycosyltransferase signature sequence (PSPG box). (3) Results of the phylogenetic analysis showed that
MI3GT1 protein was closely relative to 3GT proteins from Freesia hybrida, Petunia X hybrida, and Ipomoea batatas. (4)
Results of fluorescence quantitative PCR ( qRT-PCR) revealed that MI3GT1 has spatio-temporal specificity, with the
highest expression level in flowers, the lower expression level in young leaves and old leaves, and little expression in
roots and stems; With the development of flowers, the expression level of MI3GT1 gene decreased first, then increased,
and showed the highest expression level at the fully-flowering period. These results suggest that MI3GT1 may be involved
in flavonoid 3-O-glycosylation. This study will lay a foundation for the flower and color breeding of Magnolia plants.
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ANTRIRERE 0 TR A T ok, AL [FIA R T A AR B 6 Fh
FEAEAR (RIIESE,2012) . X AEF R oot
WEEEAL B, nTE iR E WAL RPN 2 0 B
HEAEH (HFIES,2017)

TER YA I G FE b UDP-2E B2 3-0-7) %)
Wl 3E 7 7% 1§ ( UDP-flavonoid 3-O-glucosyltransferase ,
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1.1 K56 41 #

R LOUE AR A S R T TR
AROR A SF 1 B B b (119° 427 54. 67" E|
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flowering period ) ( S3) . 2 FF # ( half-flowering
period) (S4) BT ( fully-flowering period) (S5) 5
AN B S AN SR (18] 2) , 8 A0 A 2 WA TR
BFE, W TE8E 2 Lons et R, [ R
B 25 B O S SO AR R AT
-80 CUK#, T RNA 4 BUR T2 BT,

1.2 5 RNA BB &5 cDNA B& K

i FH ¥ 7K B J UltraClean Polysaccharide and
phenol Plant RNA Purification Kit ( DNA free ) RNA
PG & (NHUC002S ) , 8 BU% 2% 410§
S1~S5 W HHAEAAR 25 B o 25 20 2L AL Y
A RNA, [ PrimeScript™ RT Master Mix ( Perfect
Real Time) (TaKaRa code: RRO36A) #4750 4% 55 [
N, S5 SRIEASFRIE cDNA fRAFTE-20 CUkA & H .
1.3 MI3GT1 B E T

R A SR80 2H i SO AL) A ) 58 2 £00 s Ak
TR SR LB P (45 R R & 3%) |, L) anthocyanidin/
flavonoid 3-O-glucosyltransferase A5 2 1] , X v Ff )

Nr( non-redundant protein database ) (¥ /2 %) 3 [H 73
REHEAT IR , X5 75 2 (14 )7 51 CL3388. Contigl i#f— 4
i 1 NCBI A9 BLAST 3 fig ( https://blast. nchi.
nlm.nih.gov/Blast.cgi) #£47 blast FeX}, 76 FF 5 52
HE (open reading frame, ORF) HE f%) % M {# FH Prime
Prime 5.0 FAFBGHT 19 (K 1), 519 Bibi A BR AR
PIARARAF G, HEEZ LA AT
1) S1~85 415 ANIFIIAY cDNA 25 RORA) Fike 10 4%
YEARINR , #47 RT-PCR 4734, 20 pL PCR J Wi {4&
ZUWT . E RIS (10 wmol - L") % 1 pL, cDNA
Bt 1 pL,Premix Taq 10 pL,ddH,0 7 wL, W
J¥:95 CHENE 5 min JFi247 35 AMEH (95 CANE
305,59.6 C 305,72 °C 2 min) ;72 °C 10 min, 10 C
5 min, PCR R AR, It 19% (w/v) B EE
JBers vk o> B H By v Bt YIS JE, ff ] TaKaRa
MiniBEST Agarose Gel DNA Extraction Kit Ver.4.0
(TaKaRa code: No.9762) ia 71| &5 ¢ B (i FH 158 BH 43 2
I I i, Inl e e, B3 & 0 [l e 7 ) o =
pMD™18-T Vector ( TaKaRa code: No.6011), %%
FEW AL KIGFTF I Escherichia coil DH5a Competent
Cells( TaKaRa code: No. 9057) , & 1 3xE i 1% i Pk B
SEREVEAT I T& PCR Y08 | 4500 IER Y36 AT A
A WHEARA PR A 3547 DNA )

R1 EFZ"LARLEM3GTL EH
EEREIFRXEEESIY
Table 1  Primers for cloning and real-time quantitative
PCR of MI3GT1 in Magnolia liliflora ‘ Hongyuanbao’

ElE/E S

Primor F51(5'-3") JHi%
rimer ’ ’ N 1
Sequence (5'-3") Function
name
MI3GT1-F  TACCCCAAACCCCATCCCACC ¥ H#% ORF
MI3GT1-R  CTTCTTCCGCTTCTTGCCCAT To amplify ORF
MI3GT1- GACCGCTTCGCCCACAAA S 9 RE
qPCR-F Real-time
MI3GT1- CAATCCCTCCCTCGCCTTCT quantitative
qPCR-R PCR
MbTEF-F  AGGTTGAGAATGGTGAGACTGT  ¥"# &3t A
MbTEF-R TCACGCACGGAATCATTACATT To amplify

reference gene

1.4 MBGT1 R EMEBFZ ST

i SnapGene 4.1.8 342 bRk 731, 345
H 3 5 315 ff ] DANMAN 7.0 3744 4 41 iR
e 0 5 R 1 405 R NCBIL $2 5 ORF
finder (https://www.ncbi.nlm.nih.gov/orffinder/ ) 43
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BEF 5 4% X5 KR CDD 8 [ R <7 45 48 380 50 0
J& ( https://www. ncbi. nlm. nih. gov/Structure/cdd/
wrpsb. cgi ) 73 A & 1 89 & ¥ 5 A ProtParam
( https://web. expasy. org/protparam/ ) TE £& X 14 X
F 2 LI0E MIBCTL & FUF A 4 71 55
L ANERE ZRB N 107 8 RO 2 i K 1 A PR A 1 S
PEAT T K| A protscale 7E 2k W w43 AT 1% & H il
B/ 8% 7K P (https : //web. expasy. org/protscale/) ;
FIF SOPMA 7E2k 84 ( https ; //npsa-prabi.ibep. fr/
cgi-bin/secpred_sopma. pl) il MI3GT1 & H J¥ 51
() = 9% 45 #y; B ] SWISS-MODEL 7 £& I it
( swissmodel. expasy. org) THill MI3GT1 & H ) =2
4546l DNAMAN 7.0 #8040 3E47 2 )7 91 LU X, 9F
i/ MEGA 6.0 B H 3 R 50 6 & B, REER
AR Y 48 HEAE Y 51 LU XS IS R 4B #5205 A g
( neighbor-joining,, NJ) , bootstrap HL & 1 000 K 3K 15
Oy SR
1.5 MI3GT1 e FF KA RE B S AR R RIE 74T
i Light Cycler 480 I ( Roche ) 5EZ i & &
PCR AT HE PR R IR AR X S 1 40 AT . SO AR R - A
B2 L, BRUES P45 0.8 wl, 26k BCG Qper
Master Mix(2X) 10 pL 1 6.4 wL ddH,0, i@id P4
AT qRT-PCR, ¥ 4270 95 C HiAE M 30 s /5
BT 40 MR (95 °C 55,60 °C 30 s) , 2RI FFE1T
(95 %C 55,60 °C 1 min,95 C 155s), X153
() cDNA 735l EAT 5 AE R LA B, L MOTEF
ZHEH (ETHUEE,2019) , AR E 3 MY
FEE, R 27T H AR AR R kA
fdi ] SigmaPlot 14.0 AR AFHEATEIE 43 T s 15

2 HEXRERM

2.1 MB3GT1 EEARERF 545

22 4TI (19 RT-PCR 45 5 R, 9 4
P 1 863 bp (1l 3) Wil P A5 2 (1Y 7 5138 5 5
S 4 CL3388. Contigl HEAT LU AT, 4% 15 R ¥ 51
AL A 99.84% , F| ] NCBI (1) ORF finder 43 #f7
S B H e K IFCRIEHE 1 374 bp, gt 457 AR 3%
2 S 1 WY 9 5 % S A F 8 AR L R
100% , $5i%IEH A 4 A MI3GT1 ,{F GenBank % 5%
5o MW454862

i 2 NCBI % CDD £ R 57 45 48 58 72 | XoF
R LT E MIBGTL 2 AR SF X R A7 T, 45

R MIBGT1 H A bR W8 e — 1 IR - W S 55 8 il 245
F38 (PLNO2670) , UDP -] 7 Al T8 12 ik / ) 40 W i 5
RGO SFIR (UDPGT) , 2B MI3GT1 J&§ THE L5 75
BB %, BA GT1_Gif-like Z5 438, 2 W H 8 T4d
PR R KB R 1 BESEL RSB (GT1s) , HeIRAR
HBT ) =4 r &5 = BB A R i v LA KB 4
GT-A GT-B #l GT-C = K& (Coutinho et al., 2003),
TS5 BN, MIBGT1 i GT-B ML R

FIH NCBI B9 7E 4L Blastp M€, ¥ MI3GT1 (¥
QIR T 55 H ALY 1) & TR 7 51 T 4R
XF, 45 B R B, MIBGT1 5 UL 7K 4% ( Cinnamomum
micranthum ) 3GT B HI LM 5% &1 , 15 60.35% , 5 fof
A€ ( Nelumbo nucifera) %% g ( Morella rubra) | &
( Phoenix dactylifera) 3% % %] ( Vitis labrusca) | B
WK ( Ricinus communis) 25 %) Fh 3GT B AL 45 &
9 49.00% ~54.27% .

f#iFHH DNAMAN 7.0 246 MI3GT1 S 19 2
FEMR T Y 5 HABY A C L R 3CT 2 FLW 7 51 i
T A X, B 4 455 Bos, MIBGT1 5/
IR EOK B A S AEJEE 3GT
B AR L M 2 B S 46.20% . 44.20%  41. 60%
38.40% \47.20% .41.80% , H MI3GT1 5 H At 3GT
FEZML,H C oo A SRy 44 A2 LR 4
PGS T 5, RIVRE W Ok A= 7= ) 0 6 5 B i 15 5 )%
H( PSPG box ) , 7 ] MI3GT1 H £ i ¥ b 3L 55 74
i FFAE , FT6E 2 5 A A 9 00 W R Ak 18 1
MI3GT1 () PSPG 3£ J5 5 WAPQTMVLGHVALGAFV
THCGWNSVMESITAGVPMICRPFFGDQ, E A 1 it
FERM B S 0t PSPC &P M i )5 &
LR AR FLH A, 2 Q Bt FH 46 28 B AR Sk R4
25 H OB fd 2 FLOBE (Kubo et al., 2004),
MI3GT1 9 PSPG ¥ i J5 — Mk Q, & B
MI3GT W] g J& F UDP-2& B i b 58 5% 7% Wil , ff
UDP -4 2 A R AL A4
2.2 MI3GT1 EEMEYEBES

i# 1 ProtParam 7EZR X AF 0 A MI3GT1 & FE R
B BRI T, 45 L B MIBGTL i i 457 4~ 3k
M ,ﬁj\%ﬁjﬂ C2216 H3457 N601 0638 Szo s *H Xﬂ-ﬁ%ﬁ%
9 49.37 kDa, BLIR 45 HL 53 (pl) 4 6.04, /T 7,15
WIS IR Pk 2R b Al B H far 2 B R AR O
(Asp + Glu) Bh 50,7 IF H faf & JE PR 5% 3 (Arg +
Lys) #0045, WA R &%, fi 10.9%, BEETR

i, 5 0.9%; mEAATRERZECN 4071,
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A R
General phenypropanoid pathway
A U5 WA p-7r E AT RRA 3x7H - RESIARA
Flavonoid pathway p-Coumaroy! CoA 3xmalnoyl-CoA
CHS
fill B 2 A /R FLS > DUMHEL
Naringenin chalcone Flavonols
l(.‘lll
Narmgcﬁin
F3H
Fﬁi’ﬁﬂ- — ........ ;fﬂmﬁgg ....... S . ’m;?-ﬁfj ....... s %m# ...... R
lavonols i Dihydroquercetin Dlhydrokacmpicrol Dlhydromyncclm ! " Dihvdrofavonols
l DFR lDFR lDFR
R LAR Lﬁ%i%f‘ﬁn ............ ]f, 1'&,&%5‘5#?}’;_{; ........... iﬁﬁﬁﬂ'#ﬂﬁ: St 6 &
: ; Leucocyanidin Leucopelargonidin Leucodelphinidin : Leucoanthocyanins
l ANS lANS
........ St s l’t’ﬁ:ﬁ}# f_\-;u; ‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘Egd'e?,-'i;}iﬁn. ,,,,, JE 7 AT
: “yanidi Pelargonidin Delphinidin Anthocyanidins
\J ks
JRAEHH REHHI-O-MHEHE  REBIOMUGME  wles-ommmy —JeaRld

Proanthocyanins Cyanidin 3-O-glucoside Pelargonidin-3-O-glucoside Delphinidin-3-O-glucoside Anthocyanins

CHS. /KB & LM ; FLS. 8B e & UM ; CHL 5 /K AR 57 4 W5 F3H. BUGEAR 3% Sk i F3'H. 28 3¢ BH-3'- 1 S L
F3'5'H. ZEHH-3" 5 -5 HALNE ; DFR. S B EIRGA 5 ; ANS. /67 K6 G ; UF3GT. UDP-28 3 i) 3-0-#) 2 i B 4% L I
LAR. TLIEH 205 ; ANR. 167 20 JRHG,

CHS. Chalcone synthase; FLS. Flavonol synthase; CHI. Chalcone isomerase; F3H. Flavanone 3-hydroxylase; F3'H. Flavonoid-3'-
hydroxylase ; F3'5"H. Flavonoid-3',5'-hydroxylase ; DFR. Dihydroflavonol reductase; ANS. Anthocyanin synthase; UF3GT. UDP-flavonoid 3-
O-glucosyltransferase ; LAR. Leucoanthocyanin reductase; ANR. Anthocyanin reductase.

K1 e R a R
Fig. 1 The biosynthetic pathway of anthocyanin(Petroni & Tonelli, 2011; Liu et al., 2018)

K2 AFEJFER B S £ 2 4o’
Fig. 2 Flowering stages of Magnolia liliflora ‘ Hongyuanbao’

SUE RECKRT 40, R HOM A RS ;S
IR PR FUE 7R B KM IEME E R sk, HIE
(B R R B K P 85, MIBGT S 2 25 K M. DL2000 DNA Marker; 1. MI3GT1,

0.090, Ui I &R & B K 1 3 EEE L CLTI0E MIBCT JEH sipk
L SOPMA FEZ Ik %48 % % 4T 50% ° 3GT1 Fig. 3 Gene cloning of MI3GT1 from Magnolia

HEHEP " REHBI (K 5), L5430 MI3GT1 & liliflora * Hongyuanbao’
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P Arabidopsis thaliana (NP197207. :) MTKPSCPTRES] NSSLFSSGLE. ATRP
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WM& Vitis vinifera (BAB41024.1) ----- e . ‘\SCITT'\. : F AAAP F i ;I;’;:E
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MI3GT

TIGV. . KEVGERMEETI 177
TICT. . GCI TGREMELT 192
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W Zeamays (AY167672.1) EESVPV '\CLF\E G CVC. . .CGAANRVLEFL |83
ﬁﬁ‘—# Petunia * hybrida{ ABO27454.1) MCXEPVI cL B e NCETSL 161
i Vitis \mgfrrﬂ (BAB41024.1) ¥VEA KIGV. . SCI QGRECELL 173
=R Gentiana triftora (D85186.1) FVESC g I‘ L L .FLCIAEKAEETI 171
MI3GT1 YVPLG KLGTC'II:\LATRIU:EPL 174
PTLTMNERSRFER. Y GLLSSTLCCLVC. 267
LFI PX SKEVAE. [SAVASPLPPLP. . . .. FS 284
¥ Zeamavs (AY 167672, ]] IS.. LA. SYRV PPCVTAALAEILPM YHLLLAECCACTAAPALCPH 278

FSSTLEI
AS. EVRF

ES
B ag Petunia * hybrida( AB027454.1
j 8 Vitis vinifera (BAB41024.
ZHE RN Gentiana tr !_,I’Faru(DEIISII;i(Q

PTI N ‘IICK W I\I VLCPTSPEEVLEA. CEER 253
CSLTNCUKSELET. YENIEFNLITP. . PPVVP.  NTTC 261
PII TN Si\CL\I \I QILSSSIP. ... .. PELN 259
EESTIL SEFRS. SLMSPLPCET. . 262

LW IF Arabidopsis thaliana (NP197207.1) 6v. .. 1SEME. KIRV y
W Malus domestical AF117267.1) VCENVAL (LS. NVRI

= l= a4
=
'ai-..--.

o

n

£ =

w

=

il IF Arabidopsis thaliana (NP197207.1
£313 Mr:{m domestica(AF117267.1

EH Zeamays (AY167672.1

ﬁﬁ“l— Petunia = hvbrida( AB027454.1
Hi# Vitis vinifera (BAB41024.1

SRR Gentiana triflora nss | 86. Tl

LI Amhm‘ufmv thaliana (NP197207.1
Malus domestical AF117267.1
EHNe Zea mays (AY 167672.1
Az Peiunia = hybrida( AB027454.
# Vivis vinifera (BAB41024,

)
)
)
)
=ik (:r.'im:rna.rri_,r‘-‘ﬂra(DRSII 86, ll

’E AEGRV

I
I
I
3GT

SR AL IR R M B S 43 ) e 2 AR [R) FUARBLAY 2B R , B RIZkRIR PSPG fRSFET
Black shaded and other shaded boxes show identical and similar amino acids, respectively, and the underline indicates the PSPG

conservative motif.

Bl 4 T MIBGT1 Z LR 751 5 HALY F 3GT Z I 74 Xt

Fig. 4 Multiple alignment of deduced MI3GT1 amino a(31d sequences and 3GT amino acid sequences from other plants

O Giaa L L mau 1 umi aia iy

350

50 100 150 2

50 100 150 200 250 300 350

BL. o WE; E& TMNEINN,; 5k EMEE; R B-HAM,
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Fig. 5 Results of MI3GT1 protein secondary structure prediction
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Fig. 6 Results of MI3GT1 protein tertiary structure prediction
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