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iz il RT-PCR & RACE # R X L F #& Saussurea involucrata Kar. et Kir.*t k + L4415 3] 3GT A A ¢h 4K 57
(GenBank Accession No. JN092127). 3GT 2 F #) cDNA &K /57| 4H 1/~ 1 548 bp 6447 3L M i£4E (ORF), %
516 NRALE, ZABREHEGHEEE GT6 BGWAMKEA 91%, 5 LM 3GT ehailtth 89%; %
BB I e, BT R L E £ 3GT BA AR B A R Rk A 494543 PSPG-box. ¥ & & PCR #)
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Identification and characterization of a flavonoid-3-O-
glucosyltransferas gene from Saussurea involucrata

Yaping Tang, Hui Yuan, and Jianbing Qin
Research Group of Molecular Biology and Informatics, Xinjiang Normal University, Urumqi 830053, Xinjiang, China

Abstract: The flavonoid-3-O-glucosyltransferas (3GT) is one of the most important enzymes for biosynthesis of plant
secondary metabolites. In this paper, the homology analysis and gene special primers design were used. With the methods
of mordern molecular biology, the full-length gene of 3GT (GenBank Accession No. JN092127) which was cloned from
Saussurea involucrata Kar. et Kir by RT-PCR and RACE. The cDNA sequence of 3GT consisted of 1548 bp open reading
frame (ORF) encoding 516 amino acid, the deduced 3GT protein shared 91% and 89% identities with that of Fragaria x
ananassa GT6, Manihot esculenta anthocyanidin 3-O-glucosyltransferase. Homology analysis showed that deduced 3GT
protein has a glycosyltransferase signature domain PSPG-box. The transcripts of 3GT members were found mainly in leaves
and callus. 3GT gene of S. involucrata was under the control of the cauliflower mosaic virus (CaMV) 35S promoter,
homologous transformation used an Agrobacterium rihizogenes-mediated transformation system. The results on UV
spectrophotometry showed S. involucrata callus after suspension culture that an average of total flavonoids on transgenic

callus was 2.06 times higher than non-transgenic callus.

Keywords: Saussurea involucrata, flavonoid-3-O-glucosyltransferas gene, cDNA clone, homoosis
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U 3GT S PR By gt A VR P R PEEA T 40E
3GT JEIE 1984 47K FHEREFARBEHAR M T K
dor g™, BRI 3GT I TE Tk 1 L fr
A% Anl An2 Fil An3 B 7EREAE 2R th o g oD,
RINFEFSER A 24Tt 2y,
KRB, Rk A KAk T
HOMERA 25 TN A . BB PR R LS5 )
FEZGH MG, TEKBEE Saussurea medusa .
K1 % F#E  Saussurea involucrate 1 H H ¥
Saussurea gossypiphora Wy AR H, K 1LE5 % B
BT PR U RIS AR T R
MRtk G, BABUEA . PURas . PuRssErEN.
B T AR I 3% [ SR SR SR e R, 8
RZYIR G K 2, HRTA RIS & 7B
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BT F/XWEE UDP BEE-LEE-3-0-aBERPHBERNRERINES T

SIHEAT AT, R T IZE AR R G, it
PATRAT I IR E AL, 280t A B e K1
TRERAGAHL, R S 5 W T AR SR A
AR )P E T RINE T 3GT FEN TR B
MA@ R IR, S R IS 25 e
e LEY) WSS PRITES VIATE PN
TAEYI G RIS B8 SRR, DA R 1 5 BT
REZRMtS%

1 #BET®
1.1 RUIEZEM BRI

A RINFER FRETKIL “— 0K
N7, PEEEAFRIILTE R FR T 50 KL, S KRaHEA
172 MS B 7L, FF0 T2 25 K T 45 4
A

KIGHFF I DHSo 324 . LA Tag i . 3'-Full
RACE Core Set Ver.2.0, BRI VIR (TaKaRa
/NF]); TRIzol i5f] . PCR 2.1 vector, PCR Super
Mix . T4 DNA % 5 (Invitorgen 2\ A );
RevertAid First Stand c¢DNA Synthesis Kit
(Fermentas 7y #] ) ; SMARTer RACE cDNA

Amplification Kit (Clontech AH]); £t T 7
(Sigma 7~ d)); W% & B (Roche Diagnostics
GmbH, Germany),

1.2 RUEZES RNA 2B K cDNA ¥ —i#
B

KAWL TRIzol IR LS
R E O RE@GAHSE RNA, 7R
RevertAid First Stand cDNA Synthesis Kit $5i B}
4 B cDNA #5—4%% . $% 8 SMARTer RACE ¢cDNA
Amplification Kit % 3'-Full RACE Core Set

Ver.2.0 3580 @ UL 55 hl 53 K 358 2 1 K 1L

EFEM H cDNA 85 —4

1.3 XWEE cDNA K EERIER = &

H4E 3GT A B [R1R ¥ 51 FFH Primer5.0 J%
Oligo6.0 BT IR 5% FGT #1 RGT (3 1),
L cDNA 55— ity 8 R 1L 3535 36T JE K 1Y
PRsF I, AR : 94 °C 5 min; 94 °C 30s,
58 “C 30's, 72 °C 1 min, 30 MEFF; 72 CHEf
10 min, #3411 PCR F=¥)4 Axygen [HEEE R
A & s H 4508 5 1 423 PCR2.1 8k,
LTl D) 4 5 SR A R R B W
14 XILEE 36T £EH 3 RACE #0
5' RACE

HOPE I ¥ AR5 (9 cDNA F B, FHAE9I15 Bk
RIS (R 1), DL cDNA 55—k
ik, 3' RACE outer Primer. 3’ RACE inner
Primer.GTF1 #1 GTF2 J5|¥), #47 Nested PCR,
FRE A 94 °C 5 min; 94 °C 30's, 65 C~50 C

x1 XHETASIMFS

Table 1 Primer used in this study

Primers Sequences (5'-3")

FGT CACTGTGGTTGGAACTCGGTGTTGGAG

RGT TTTGAAATCATCCTTCAAAACTGTAAA

3" RACE
GTF1
3" RACE
GTF2
5" RACE
GTR1
5" RACE
GTR2

FLGTF

CATGGGCTCCAACACCGAGTTCCAACC

TCCAACACCGAGTTCCAACCACAGTG

CACTGTGGTTGGAACTCGGTGTTGGAG

TGCTGGTGATTCAGTTGTAACTAG

GAAGATCTTCTACATGGGGAGTGCAG

FLGTR CGGCTAGCCGTTCCTAGCCCCAAT
hptF AGCTGCGCCGATGGTTTCTACAA

hptR ATCGCCTCGCTCCAGTCAATG
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30s, 72 °C 1 min, 30 MEH (FFAE IR
0.5 ‘C); 72 C#Eff 10 min, 5" RACE Ll GTR1
M GTR2 J51¥), & SMARTer RACE cDNA
Amplification Kit B 11T PCR §"34, [ N 4%
5 3" RACE B s AH A o 97887 W) 48 1% 4
¥4k, PCR M HY) %€ R T

1.5 cDNA £/ &
5 cDNA BHEFS, DIEREHNBR5Y

FLGTF Fl FLGTR, 5|¥+RIkiRsrA Bgl 1l fi
Nhe 1 BVIN 5, XF cDNA FHIHET K 14,
FLR 254 94 °C 5 min; 94 °C 30's, 58 °C 30's,
72 'C 1 min, 30 PM§E¥H; 72 CLEAH 10 min, Jf
X4 3G P

1.6 XWEE 3GT EE cDNA F5I R E 4w
ERRERFIISH

£ NCBI
DNAMAN v fE47 35 R34 9 [R] R L dst , 7 NCBI
H1 1Y ORF Finding #E47H R EHE ARG TN, FHER
£ DNAMEN Xf3E[H cDNA T IRF 5143
Br, ZEMG Clustal W2 (www.ebi.ac.uk/clustalw/)
HEAT R IR T 5 1 [ U85 3 L X I 48 4 R G ik
e

(www.ncbi.nlm.nih.gov/) A

1.7 3GT EERFERER
H 3GT FEH B K59 M FHEAF Primer5.0

J Oligo6.0 #i1, X 3GT RN LUEE Rkt
KHATHr. WSEERN B-actin FER KRS 549

1.8 3GT EFMBTEHANHERRITH
i

HE KRR 36T HH 2K KRk R K
pCAMBIA1305.1 [A]it FH N VI Bgl 1l #1 Nhe 1 1£
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R 37 TR 2 h DL BRI =1 22
IS 2lifb 5 3 A ARG AT Escherchia coli
DH5a, f&EUCKIHFFEERL, FiikAvEwrE, H
W e AL R S AL I AR AR FT I Agrobacterium
tumefaciens WFE EHA105 7, H 3GT &K IR
FEF Wi T PCR KA A AAT R bR, Bt
R B f) R A 45 pS3GTs

1.9 3GT £EMEHAUREFEEBIGHLAR
i 12

RINFEM AR 0.5 cmx0.5 cm K/NAgIF
£, Bz S T RINEES AL RIG R
IR E 2 d, RIS A pS3GT Witk
100 pmol/L Z Bt T 7, ODgp=0.5 i) MS Wik
Rrgpdrh 10 min® ', CKIEEESR 2 d AORFEEEA
A 8 mg/L iFE 2% (Hygromycin, hyg) FJKIL
TR H LR S IR BN AT R R R A 2
Ak, 45 d 5, REEBMER SR AR K
A2 DNA, HEE RIEE MRS 51
hptF Fl hptR (K 1) SEATHHE R A 2H Y i ik
1.10 BEERGALANEZFIERREIIDK
KEENE D EE

Wi e B 00 3GT JEN A At 4 R AR
FER AL 0.2 g 53 5lHE A 10 mL 1Y N6 |
PREG SR AT B IR0, OSBRI 12 h,
FEYE 110 r/min, 53RN 25 C, s ilisss 4.
8. 12, 16 d, I HEL 3 . ¥IEFWAHA
U 60 CHUARNMLT, M1 HE, JFH 80% L
Fist, 60 Ciz I REARBUS B, FH Mot
ezt Kl 510 nm, N T RRES 5
WYGRE R HE T RE . C=0.093444—0.00230797,
1=0.9992 (C JJg ST & HE BRI g/L, A AL
WA ), D S A 2 2 A R o



BT F/XWEE UDP BEE-LEE-3-0-aBERPHBERNRERINES T

2 HER5pH7

2.1 XUWEZE UDP BEHE-LEE-3-0-85
EEIEBESE E cDNA KRS
FRIEF Y 3GT FE R [FE T, 18 AR
PG BB RIS 36T N5
HEATY G, A G P YA TN, 4R
51327 bp B cDNA F B (K 1) 49158
{4k DNAMAN. Clustal W2 & Blast 73471 & P1%
Jr B 48Rk ) F 2K T AT ) R R B T AL il
UGT90A7 (GenBank Accession No. EU561019)
L EE AR, AR R 100%, S REERYIT
3GT (GenBank Accession No. AB161175) FE[EIAH
IPER 88% , FWISLEIRSM cDNA K BCAH
F1%) 5 PRI A - 3 - O- A g W e AL i TR B
22 RWEZE UDP BEBE-KHN-3-0-8%
EEIEBEEEER LK DNANRESFI S
MRE R 1L TS5 %L cDNA R B i A% AT
MR Beit R 519, FH RACE HUR 5ok H Y
FLAY 37F1 S'cDNA K P51k, ¥ 45
FW, HK/NR R 570 bp AT 1190 bp (] 1),

bp M 1 bp M 2 bp M 3

4000 2000
4000
1000 500 500
500

1 3GT EA% 5354 RT-PCR. 3’ RACE &
5' RACE ¥ %
Fig. 1 PCR products of RT-PCR, 3' RACE and 5’
RACE. M : DNA marker; 1: product of primers FGT
and RGT; 2: product of 3GT 3’ RACE; 3: product of
3GT 5' RACE.

XA 3 4> cDNA H BEtk AT 5Pk,
BERAAF T 14K 1721 bp 1Y cDNA JF51
fEi% cDNA JFHI st KA 551, 17
PCR 3, WFF, 153 1K/ K1 698 bp
cDNA H B, #1698 bp HBES HIKIEH 1)
cDNA PF2 75 HE 47 LL X 20 BT, 43 A 45 S R
P8 — 3, X R R 1L S 3£ 36T 2K cDNA
PHEFIIIER . RINEE 36T R LK SH
1 548 bp WYITHLBREHE, H 5 S A i1
ATG, 3" 137 bp FAEGASIX, X FMK L
T 3GT HH 1 cDNA JF¥51 565, 343 GenBank

kS (Accession No. IN092127),

23 RWEZEIGT EEBEFET O
HERINEE 3GT 3K cDNA &K F5

ML ZmAS 516 M2 BRI . LUK ARFIYAN T
5 PSR TR -3-O- 1) %5 W5 5L 2 B g 24 JE 1R 1y 9
TP LT o34, K L1 25 S B R-3-O0- 8 4
WA A — W 44 D ZEIEFR TR A Y
BEREIL RS R RO RSP PSPGH, TP 2 Hodal e
O, ZARSEIFFIBOA R RS SRR K 5
R, MR I & e BRI B 36T B
2 BT -3- O- 7] 2 Al e 7% il 5k R < 1k P LA 1)
FEHVARFE | 1 —25E R 2S BR -3 - O -7 e i ik
RS EESEI

24 RWEEIGT ZEFH LR

R 3 2 B T -3-O- ) 760 W 3 e B Wl 5
A GT ZIERRIT 5 (1 R Ge itk b 43 Hr 22 U
(# 3), AN[EPyF Y B -3-O- ) 49 WL A4 ity
BN —28, RIS HA-3-O- ) % BE L 75 Tl
HEMMR 3GT £ M HHH GT6 R L RK
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Manihot esculenta 3GT SDYEDLQEVLPEGFLERTSGIEKVIGWAPQVAVLAHPATGGLVSHSGWNS 347
Fragaria x ananassa GT6 SDYTDYKAVLPEGFLDRTTDLGKVIGWAPQLAILAHPAVGGFVSHCGWNS 376
Saussurea involucrata DDYDDPRSILPDGFLERTNGFGKVIGWAPQVSILAHEAVGGFVSHCGWNS 381
Forsythia x intermedia 3GT =~ ——===—, AMKLLPDGFLDRTSKFGMIVSWAPQLKVLENPSVGAFITHCGWNS 353
:tt:ﬁtt:tﬁ. H ::.tt*i: :* H =.t_:=:t_*tﬁt
Manihot esculenta 3GT ILESIWFGVPVATWPMYAEQQFNAFQMVIELGLAVEIKMDYRNDSGEIVK 397
Fragaria x ananassa GT6 ~ TLESIWYGVPIATWPEFYAEQQVNAFELVKELKLAVEIDMGYRKDSGVIVS 426
Saussurea involucrata VLESICCKVPILAWPMMAEQHLNARMVVEEIKIGLRVETCDGSVRG-FVQ 430
Forsythia x intermedia 3GT  11.ESISFGVPMICRPFFGDQONLNSKMVEDVWKIGVRLEGG——————— VET 396
hadadod ] Aol o we iWr W H ... ..
Manihot esculenta 3GT CDQIERGIRCLMKHDSD--RRKKVKEMSEKSRGALMEGGSSYCWLDNLIK 445
Fragaria x ananassa GT6 RENIEKGIKEVMEQESE--LRKRVKEMSQMSRKALEEDGSSYSSLGRFLD 474
Saussurea involucrata ADGLKKMVKELMEGENGE IVRKRVEGIGEGAKKAMAEGGSSWRILNELID 480
Forsythia x intermedia 3GT KNGTIEALHSVMLNETGKAIRENINKLKRKAQNAVKFDGTSTKNFRALLE 446
- e m =W - e = = =s Wae W e W - =
Manihot esculenta 3GT DMIK-———————m—— e — e 449
Fragaria x ananassa GT6 — QIQTS——————————————— e 479
Saussurea involucrata ELQCVRNSNGGRFPSSEGDSDKSKGESYVPMDNLSLVSI 519
Forsythia x intermedia 3GT LIKSPRGI————————————————— 454

2 RUWEEMEHMF 3GT FEBLFFI LT 247
Fig. 2 Muti-sequence alignment of UDP-glucosyltranserases proteinases from Saussurea involucrata and other
organisms. Q40284: Manihot esculenta Anthocyanidin 3-O-glucosyltransferase; ABB92748: Fragaria x ananassa GT6;

LR}

AAD21086: Forsythia x intermedia 3GT. The identical and positive amino acid resdues are denmed with *“ * * and “ :

Fragaria x ananassa GT6 (ABB92748)
Manihot esculenta 3GT (Q40284)
Saussurea involucrata

_|— Perilla frutescens SGT (BAA36421)

Torenia hybrid cultivar 5GT (BAC54093)
Malus x domestica TGT (AAX16493)
Pyrus communis 7TGT (AAY27090)

Rosa hybrid cultivar 5GT (BAF96596)
Petunia x hybrida SGT (BAA89009)
Eustoma grandiflorum 5GT (BAF49285)
Arabidopsis thaliana 5GT (NP-193146)
_| Iris x hollandica 3GT (BAD83701)

Zea mays 3GT (AAL59228)
Consolida orientali 3GT (AEB61484)
Vitis labrusca 3GT (ABR24135)
Arabidopsis thaliana 3GT (197207)
Malus x domestica 3GT (AAD26203)

_I Petunia x hybrida 3GT (BAA89008)
Ipomoea purpurea 3GT (ABW79915)
_I Gentiana triflora 3GT (BAA12737)
Forsythia x intermedia 3GT (AAD21086)
—
0.05

3 TREYIME GTs RGi L
Fig. 3 Phylogenetic tree of the GTs. The neighbor-joining tree was constructed using the clustal W2 program based on
the full length sequences of nucleotide which were published on GenBank.
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BT F/XWEE UDP BEE-LEE-3-0-aBERPHBERNRERINES T

i, Griesser 2 hs R FIL, TEMKIPRTGH

i GT6 FhWHEM, SHZEAMSITEY, %

HAS 5L

25 RUEEZEIGT EEAMNERERST
WRIEFIH 3GT FEHMLESFS P A H 41

LI cDNA R Bt, MIE 4 il A1,

KRINFIE 3GT HEFTEMFAHLA PRIk R

Hem, ERAPICH DR RIK, 7E2EF LA
ik

2.6 RWEE 3GT ERMRIEHIFTERR
HEiE

FFORAE (8 5), PRIBORIFF# 5
W 7% Bgl 11 F1 Nhe 1 WUBVIE 4L Sk, 1551
WIK/IN 1808 bp 1Y B, 3 3GT ZEH R 55514
4T PCR KA 2 Fii] 1 808 bp Ay F B, 4

dr AL B AT TR e A T i i 18 5 R AT T E 2
¥ A% 21U RN R B

5 4 B e A ]

B-action

3GT

B4 XRILEZEIGTHRAEREHEARHERER
Fig. 4
different organs of S. involucrata. Transcripts were

Transcriptional pattern analysis of 3GT in

amplified using gene specific primers, with the PCR
products separated using 1% agarose gel. Equal cycles
for PCR reaction, different loadings for the different
samples. L: leaf; C: callus; S: stem; R: root.

2.7 RWWEZEL IGT R A GLALEMTF IR

SRFFHER NS EMN 3 150 F, 5T
A R R A 2 e R R R N R R
20 d J5 PR A, 4 45 d }i9%)5, i2H CTAB
AR AL S DNA, BT e
e RV AL BT LS 2 A 1% i 156 SR L1
PRGN PCR R, I8R5 3% B A E S 5
Py e TG T R B e, SRR S 14 AT
(B 6), ZIEHNMFELEN 9.33%

28 HRULEE

EHEREE
B 3 AL T T I S A A L S B

Bige, sl HAE 4, 8, 12, 16d P TH

3GT EEMAEGAELRTER

RB 7355 3GT P35SLacZ P35S hpt T35S LB

Nhel Bglll  BamH 1

Bl 5 3GT RiEHBIKRIE

Fig. 5 Plasmid used in transformation of 3GT
transgeneic. P35S: CaMV 35S promoter; 735S5: CaMV
35S terminator; 3GT: S. involucrata UDP-glucose gene;
hpt: hygromycin phosphotransferase gene.

10 11

bp 1 2 3 4 5 6 7 8 9

1 000
500

100

El6 3GTEREFERMGELRIN

Fig. 6 PCR analysis of transgenes in S. involucrata
callus, hpt gene. 1: DNA marker; 2: positive control;
3: negative control; 4—11: S. involucrata callus PCR.
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A
O Flavonoid [ Dry weight 7110
40
5 +H H1'a
g3or 6 2
=1 iR
s 20 14 ®
§ 2
w b
= 10F 12 A
0 0
1(d)

7 BERAEERGEATERLHEIISE

B
OFlavonoid  ODry weight

80 . 7110
_ - 1g
20 60 + a
b e
£ 16 2
T 40 f )
g e Ea R
& 20F 1, B
3 A

0 —— 0

1(d)

Fig. 7 Dry weight and flavonoid content in S. involucrata callus after suspension culture. (A) The control of the S.

involucrata callus. (B) 3GT gene transformated of S. involucrata callus.

KRR & B AR R 7 B, ME B IE RS
A (B AR 34, 25 3 A A5 2 2 ) T L B 1
WG, 55 12 KA A T8 O B 5 )
IR AR AR /N (B 7); Horp 3k N @ i 41
P18 R ] 5 2 ol 2 5 DR o 40 4 0 B T
SEHIEI 2.06 £%,
3 9tk

REHH ZNhE b2 AL n e
28 KB T3 v 43 U TR A A D
3B K 1L 3 b AE T R A R AR 00 G il L ]
3GT MIBFSY, % SCE MK IS 3% 5 15 5]
3GT HEMH o AHIFEiE o [R) I S b 1) ik AR 1L 2
FEM R IS8 3GT HE N A K F 5 ARYEHE
()2 150 8 e BT S R TR, 32 IR FE A 1Y
Ty e UE T B DR S A 2H 2 b i R
o R R, X2 TR A
T %ot 25 -8 2 i 05 61 g 2 O 1) 3% 0 B
58 3GT LA 3 R RE % 2 H A ) v S T
KPR Bk — e 45 3 — 2

U JUAE [ N A 5 2 38 6 i A 0 B 5
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AR . (EFEZMEE B (GT) X T
EFET ZFEE TR R B2, RN
P TR A A R A AR gt A b
SEH R Bl EL A AR ™R BB R W O sk 0 &2
AT 2 nM S R o W A R
3GT LB o HETHFSE B WARY) GTs 2 A H IS
Y C-33 N-WEEEAIE iige e ™4 .
RINTIER 36T 5HMYFE 36T 1 C i BA
AEAE , REAE R IAH RIS ALY A2 44, 1 N Y
AP LT C ¥, VAR I IEAL T 2= A0
FALTTRE B2 B . RINEE 3GT fi4%
FAE Y WE R AL B ) AL 2, R E55% 3GT
HARYME 3GT EEXREE, SEMHN
3GT AHAPERL

3GT HEDH 2235 BAT b B TS () 45 S 42k
3GT HEPNAELL K A% i A Vitis vinifera 3R
KU A58 Gentiana triflora v, FRELEAL IR
RN E 3GT EN R RL, FEA AR
B, M 3GT RPN RAR, LSRR
AN AR R SR AR R
3GT FERTEM KA 2 p ek i fe i, TEAR



BT F/XWEE UDP BEE-LEE-3-0-aBERPHBERNRERINES T

Tk, EEPILPARIL, X% H A
ML A Ry i — DA 5R

HAl, 75 GTs KIGEHiEA 95% R Mk
FIR R EEE D) BEFRRIE , SRt R ot 1148
TR AR AR X R 3GT T RE R
AT A, T i DR A 4 4 v S R ) A R
ARINEHESAE 2.47 %, RINEE 3GT &5
FER IR T — A OGS, ARAS ML B
B AER NS AR, X 5 H7 A B
FELEIR—E, PIL, 123 P7E S S R B A it
PR EEAER . 12 I TRFBok R 1L
B[ HIW 3GT HHEFEAHE AR INTEE 4
SR RERS 4R = K 1L S Y B B R A A LRE T, OB
R A JE 2 B R 1 25 R B R 2 ) 5 ) N T
77 1 A BIFSE B i, R AR R L R =
ABITIEZ —
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