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Cloning, bioinformatics analysis and transcriptional activation

analysis of SgTCP6 from Siraitia grosvenorii
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Agricultural Sciences, Nanning, Guangxi 530007, China; 3. School of Traditional Chinese Medicine, Capital Medical
University, Beijing 100069, China; 4. Hunan Huacheng Biotech, Inc., Changsha, Hunan 410221, China)

Abstract: Based on the genome and transcriptome information of Siraitia grosvenorii, the TCP transcription factor family
SgTCP6 gene was screened and analyzed by bioinformatics, and whether it was involved in the regulation of the key
enzyme gene SgUGT94 in the synthesis of mogroside was verified by yeast one-hybrid. The result showed that Sg7CP6
gene CDS was 618 bp in length, encoded 205 amino acid residues, and had a relative molecular mass of 21 942. It was
subcellularly localized in the nucleus and was an unstable hydrophilic protein without a signal peptide or transmembrane
region, thus making it a non-secretory protein. Multiple sequence alignment results showed that the gene was closely related
to TCP in Momordica charantia. The co-expression analysis results of genes in Siraitia grosvenorii fruits at different stages
showed that there was a significant correlation between the expression of Sg7CP6 and SgUGT94. The analysis results of
the 2 000 bp promoter upstream of SgUGT94 revealed that this region contained four TCP binding sites. The yeast one-
hybrid results showed that Sg7CP6 might be involved in the regulation of the key enzyme gene SgUGT94 in the synthesis
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of mogroside V.

Keywords: Siraitia grosvenorii; transcription factor TCP; bioinformatics; yeast one-hybrid; glucosyltransferase

B [Siraitia grosvenorii (Swingle) C. Jeffrey]
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TEVR—FES e B PUBR =L &, B N
REREII30024% , J2—Rlgi IR, HAA KRR«
G RHGEEREE . BN VIRBUIE AR T
IV (4 O P AT 5% o ITKINZEISE 3 pfr 1 B DUR TV
PLEY G BGRRE, RN IRRR FEARE P DOR
B (1) T8 B DA B Ml LAk [ B . SgUGT720-269-15
SgUGT94-289-3(VA T fi Hr SgUGT94)ix 2/ Fk [K F- %L
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P AR DUR T -A LR PURFHFILE; Hk,
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TS A —AN A0, A P DR ILE
M5 4 AIAEC3 . C24457 1) A %65 B S 4 1 BEAIL S
— N E RS DURIV AL B e, 1E
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EE T, AR e 5 AR IR A, e
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cell factor)i 5 K F IR AP R 1975 Sk IRl R
—, ZHREEEK, S KBEZHMEYINE
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CPT M H AT E Y & i A AR . TEASR
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EOROLHIE T, i FRBATCPISIHBIR ST AEE R
R, HAHLHIZ AL R AEY)G U LR 1
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FaTCP11 & [ Al IPUII R4 4 P SIHUDNA, - 1
T BB 1 5 MYBEbHLH R i % [H+ HAE,
AT 428 B i A6 T 2% R T B2 1 5 RO IR 1) 2%
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LrTCP4IEN R , FLA 3t Bz R AE NI 1 TRME S 1)
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annua L.)H (AR FT 230 £ 05 TCP14-ORA K &K
P H R A EW G, 11T AaGSW1-AaTCP15/
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Feal, XSHIAEIERT . S, DRIy . gk
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MFERLE BDUIR SgTCP6 LN vl . AW{s B2 M B 5 S s iR 5 35

1 MRS5EZE
1.1 M8

PR TR BE B6™ HaZ, FTIURE
SEH 2R HWGE, 405 F 0, 15, 35, 55, 75, 85d
BobE, ZJa ARG, PRAET-80 °CH .
1.2 A&
1.2.1 SgTCP6i R 5 SgUCTI4 2 3hF 55 64 1%

MZ B2 RNA $IBGGH] & (919 3R A=)

TAABRZ /) IRBOR R B SR S RNA T4
Wy, Il i s i) £ (TaKaRa) 5 A cDNA,
B IRASE DNA @AY DNA $EBGA7] & (b
B AR A FRA FSEA THEE ., JE TR
B 2T e TCP Z5F4 7 S AR PR Y R
X H AT Ay 44 o i SnapGene B4 43 7 1T
SgTCP6. SgUGT94 Jish T (LA FfaiFR SgUGT94pro)
PSR 1), ZJakaifk” 5 pMD19-T ik
e, ¥4k DHSa, BREUSHPERRSCREAY REEFE
A T TR B A BRA R IIT

&1 KT ASSFSY

Table 1 Primers sequences for the test

EIbZE 5191751
SgTCP6-1-F ATGGGATCGGAGATCGTTC
SgTCP6-1-R CTATTGGTCTCTGAAGACCTCC
SgTCP6-2-F GGACTCTAGAGGATCCATGGGATCGGAGATCGT(BamH I)
SgTCP6-2-R GACCACCCGGGGATCCCTATTGGTCTCTGAAGACCTCC(BamH 1)
SgTCP6-3-F CATCGATACGGGATCCATGGGATCGGAGATCGTTCTCC(BamH I)
SgTCP6-3-R TCATCTGCAGCTCGAGCTATTGGTCTCTGAAGACCTCCTCTTC(Xho I)

SgUGTY94pro-F
SgUGTY94pro-R

TTGAATTCGAGCTCGGTACCAATTTGTGAATTTAAGAGAGGTTCGTGGG(Kpn 1)
GAGCACATGCCTCGAGATCGGCAGAGACTTTTTGGGC (Xho 1)

T RPN LTSRS NI .

1.2.2 AMEEaFrw

ARG G B 2E A Rl L2 .
I FIDNAMANZR 4017 A FE R 22 7 51 HEXT 5

i FIMEGA 7.08k {4 ¥ 2 SgTCPORE [k 5 fdi FH
TBools ik 4%t 43 M1 15 ) 1) SgUGT94 3L [R5 )3 50
F DX 3l I A R G EF T RT AR AT

R2 EMEREDIML

Table 2 Bioinformatics analysis website

(=

1k

S FE IR BHi3E (Translate tool)
FERSFES I HIN(CDD)

A FALPE ST (ProtParam )
V24 it 5 43 7 (WOLFPSORT)

B B BS54 T (Deep TMHMM)
EME S KT (SignalP 4.1 Server)
TR LEMTII(SOPMA)
ZREEF T (SWISS MODEL)
HIE 221 (ChiPlot)

A FITCF43 47 (Plant CARE)

https://web.expasy.org/translate/

https://www.ncbi.nlm.nih. gov/Structure/cdd/cdd.shtml
https://web.expasy.org/protscale/

https://wolf-psort.hgc.jp/

https://dtu.biolib.com/DeepTMHMM
https://services.healthtech.dtu.dk/services/SignalP-4.1/
https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html
http://swissmodel.ex-pasy.org/

https://www.chiplot.online/

http://bioinformatics.psb.ugent.be/webtools/plantcare/html/

1.2.3 Lmpegix

5 FH51¥1SgTCP6-2-F/R(F 1, BV 5 BamH 1)
P I SeTCPEYwASIX., i1 OK Clon DNAZ X7 &
(AR SCRHm A=) TR PR /938 =) S 4k ik
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mrheny-NOS) % 75 284} B8 (pBI121-35S-GFP) 7] %

EARFTFIRGV3101, RS OEE TS CmET A
(IR , 7E SRS HP IR 3~4 h)m VRS AS M E - A
48~72 hig il g it iU R, f P AL SR AR
(ZEISSEX ]t 5 £ 1 fU5E Smartproof 5)WREE ¢
HfEZ.
1.2.4 BEEREARKAME

18 FH5191SgTCP6-3-F/R(F 1, BV 5 BamH 1,
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Xho1), LA cDNA WMDY 14 Se TCP6 R 5 2 1T
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TpAbAiRIR T 45 | HISeUGT94pro- FIR(F 1, Y]
fisiKpn 1, XhoT), LADNANHEHR, @A IA
PADbAI-SgUGT94pro.
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BN R IR, 30 °CHEFR2 ~ 3 d, HA7E200 ng/mL
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HpGADT7-SgTCP6, 15 F%4% 3 I ¥ Jo +i B i i e
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Leu(FE & RE AT FR 5, [ AR e il s BAE
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2 HERS55H

2.1 SgTCPGELHE 7 /& K Lt R

DL R S cDNA N BAR , XFSgTCP6HEH
(Chr04.g07864.m)HEATH 14, § 3450 KAMFE

1.2.5

@ e — BB g

AL R (E), MFLER BN, ¥ 4075
KEEN618 bp, HAZATIR)F A5 5k R 24 B 3 b
B —2, FIHINIRIGSgTCPRE NP =4

M SeTCP6

El1 SgTCP6EEHIPCRAHIKE

Fig.1 Electrophorogram of PCR product of SgTCP6 gene
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MAG205 AL, BB FEARN
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S5 R BN TS LS M SignalP 4,170 45 SR UESE
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TREER ORI A M (59.02%) . a1 TiE
(19.51%) . FEAH4E(16.59%) FIB—4% £ (4.88%) 2L (1]
2(a)), #EFSWISS-MODEL, PASMTLID }y7vp3.1.B
(I FIIFALTCP15, Class -TCP-PIVE, H ST

— oI
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Fig.2 Prediction result of secondary and tertiary structures of SgTCP6 protein
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FII 5 AN [ U] 2 Sg TCPO#E [ — 4% Fll — 2 4%
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T 25 5 5 A S — AL IR IE

1 3 NCBIMT & B SgTCP6#E 1175 TCP A I
SFOHLHZE #43 (basic-helix-loop-helix)(&3(a)) . £/
G HexF 85 5 B S 5 TI(84.62%) . 44 TN(82.21%)

KB TIN(81.43%) IR AR 11740 = FEARRI(EI3 (b)) - H
W T 5 MANASSEROZE Y| /1 () TCP 2K [ 25 4 dak
FEFIARREEA TR, BB DUR . 35K, &K,
B X 4R TCP AR 11 Bl Xl ik 2k 40> 2
R, £54 Class (TCP-P)FGAHHE . REVALI T
SER(K4)F M, SgTCP6-5H 5 BRI Fl (N T R )
MR N —3, FREXRREE, 5 HADR
FPINFAT . BAREIT . KRGS A 2R SR %

(a) Graphical summary [RER™ I chow excra options >
s oo, e wnsn s R st it S raaseshosm ek
Super faniiios e
List of domain hits L
‘Name Description Interval E-value
I+ TCP super family aiTe3 TCP family transcipbion factor, This is.a family of TCP plant ranscarpbon factors. TCP 53-132 1.878-31
(b) .
BUUR: SgTCP6 7
WK XP_022143970.1 70
%) XP_038882900.1 71
FJK XP_022978800.1 76
F IR SgTCP6
WK XP_022143970.1 ) 1
) XP_038882900.1 147
FiJK XP_022978800.1 152
B SgTCP6 B 204
N XP_022143970.1 203
4J XP_038882900.1 8 203
)N 206

XP_022978800.1 ®

LUFFIARLESO% A B , 14 67 51 RARARIUE R [50%, 75%); ¥ )5 RAEIME R [75%, 100%); & E)FFIZRA IR 100%.
(a) NCBI FRSFEEFIIAINT; (b) FIERRZ 5 FIARLE Hoxt
E3 ZXNRSTCP6EHMRTEMIG N TR EEERS FIILLXTER

Fig.3 Conserved domain analysis and amino acid multiple sequence alignment result of SgTCP6 protein in Siraitia grosvenorii
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Phylogenetic relationship analysis result of SgTCP6 protein in Siraitia grosvenorii

Fig.4

7
=
2
I
2
5 -
E &
&
X 0‘\\@-\
s
\\‘;.; ;\P
it
e \“a“(‘ *
an\‘\ﬁ%%‘\‘:

Cucirbita PEPO S1iby)
Dsp. pepo
XP 023543697, “

P ey
2 f;
2 itz
J 7
B
f,,;%
2
Py,
eﬁﬂ/,-.
2
2, [ ]
- D, %,
b = 2, ‘e
=] LR /’CP =%
= e T0,%,
2 - == v 2,
= & =Ny Y,
s 2 =
LS
T 2 p
2 e

HRAFHUXRSTER



38

BRI AOI Iz 2R (H ARRHEIR)

http://xb.hunau.edu.cn 20254 6 H

2.3 SgTCP65SqgUGT94EFFRIE X BT ITLER

SR HRIE SRR, SgTCP65 % U]
VAR BIL R SgUGT4AERTZ(0 ~ 85 d)A[R]H
IRy B B C(K5(a)), Son HonT fEsd
HAERERI VA G TSgTCP6 S HAh G HOC
PR IR R IO EARSG, 5 SgSOSHAE &

()

SRR FR o SgUGTI4HE N5 I E et
2R EoR, HAAE103 0, & CAAT/TATA-
box(524). AT~TATA-box(114). ARE(6~)}TCP
ZELNI @A) ANTCPEEA S EHETHI1 300 bp

X I (&5(b)), $RnSeUGT94T] fit 5% TCPH: 55K 1
Y5, ZHUEER T REIR I DURET VA L

SgCYP87D18

< N3
L g 9 T & &
© &)
P 5 U= S S & & A
1.0
M s.TCP6
B (-
0.5+
SgSOE
0.60 SgCS
0.0-
-0.65 SgEPH
0.60  1.00 1.00 SgCYP87DI18
-0.5-

I 0.97 0.77
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(b)

SgUGT720

SgUGT94

N 1 1 1 1 1 T
s R LR A
5'9 290 400 600 SOIO 1 QOO 1 %00 1 4039
FPHIK g bp
TCP binding site MBSI ARE "WRE3 ™ AuxRR-core TGACG-motif
TATA-box Box 4 P ERE 3-AF3 binding site |7 TCT-motif ™ myB
AT~TATA-box WUN-motif ™™ W box MY C ™ CGTCA-motif T Myc
™ MYB-like sequence | CAAT-box 7 TATC-box ™ as-1 P TC-rich repeats ™ LTR
P GATA-motif " TGA-clement MRE

(a) SgTCP6'5 B I RFITF £ AL IR 263K B G HEAMHT (AR P<0.05; R P<0.01); (b) SgUGTO4)R B TRl A R el #L el
E5 SgTCP65ZT X REEEREEERE XIS

Fig.5 Correlation analysis of SgTCP6 and mogrosides synthase gene
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Fig.6 Subcellular localization of SgTCP6 protein



555145 3 0

MERE  BUUR SgTCP6 FLH il . A WE Bf o0 b B S0E F o 39
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1575 ) B P A A%
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\)Y*
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N i
\¢ \
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PAbAI-SgUGT94pro

®) ODsoo

(pAbAI-SgUGT94pro 5pGADT7H4E L ) FI H AE 5256
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BIE# 4K M7E200 ng/mL AbASE R, FATERT IR
ZHAE M ODeoo=0.02 R BE 1045 f LE A SZ B4
i B SR AATs Re I —E P AE KRB 1 (B17(b))
UFSESgTCP6 Al 7 — & FE i b ¥iE SeUGT94)3 8 T
FSRIETE
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S &S S S S
N} S N
Xﬂ" X X )Z\

\ \ \ \ \Y
S R
- . . . . ODGOO:OAZOO 0
. . . . . ODGOO:OAOZOO
P,
:* s . . . . . ODGOO:OAOOZ 0
i

ODsoo

0.2000 0.0200 0.0020 0.000 2

PAbAI-SgUGT94pro ‘
+
pGADT7
PAbAI-SgUGT94pro =
+ pr=
pGADT7-SgTCP6 =iy

0.2000 0.0200 0.0020 0.000 2

SD/-Leut+0 ng/mL AbA

SD/-Leu+200 ng/mL AbA

(a) SgUGT94pro HIIH/MT; (b) SgTCP6 &Y SgUGT94pro HAFKIIE
El7 SgTCP6EM 5SgUGTI4proftiis & & 3z KILER
Fig.7 Experimental result of yeast one-hybrid between SgTCP6 protein and SgUGT94pro
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