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frame, ORF) 41 1503 bp, #%ifih 500 NI, HEAX /75 55 494.33, MG £08 5.51, NRERRIEEA.
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Abstract: Objective To clone and analyze the full-length cDNA sequence of GeGT1, performed sequence analysis and prokaryotic
expression analysis, and to explore the expression law of this gene in different organs of Gastrodia elata. Methods Gene specific primers
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were designed by primer premier 5.0 software through annotation and comparison in G elata transcriptome database. The full-length cDNA
sequence of GeGT1 was cloned from the tuber of G elata by reverse transcription-polymerase chain reaction (RT-PCR), and the
characteristics of the gene-encoded protein were predicted by bioinformatics software. The phylogenetic tree of GeGT1 was constructed by
ClustalW and MEGA 6.06 software. Prokaryotic expression vector p ET-28a-GeGT1 was constructed and converted to E. coli Transetta
(DE3) for induced expression. The gene expression patterns were analyzed by quantitative real-time PCR (qRT-PCR). Results The open
reading frame (ORF) of GeGT1 gene was 1503 bp, encoding 500 amino acids, the relative molecular mass of the protein was 55 494.33, and
the theoretical isoelectric point was 5.51. It was a stable acidic protein. The protein secondary structure was composed of 49% random coils,
28.2% a-helices, and 22.8% extended chains. GeGT1 belonged to the GTB-type super family, without signal peptide, and was a non-secreted
protein. Through sequence homology analysis, GeGT1 and Dendrobium candidum had high homology. Phylogenetic tree analysis confirmed
the homology of glycosyltransferase genes in orchidaceae. SDS-PAGE showed that the induced expression protein was 63 000 consistent
with the expected protein size. The results of gene expression showed that the expression level of GeGT1 gene was different in different parts
of G elata, the highest in flower, the second in tuber, and the lowest in stem. Conclusion In this study, the GeGT1 gene of G elata was
cloned and analyzed for the first time, and established a prokaryotic expression system, which laid a foundation for further study on the

molecular mechanism of G, elata active components synthesis.

Key words: Gastrodia elata Bl.; glycosyl transferases; gene cloning; sequence analysis; prokaryotic expression; gRT-PCR

RIRGEET (PR ARREZ) F18 L&, FHA
“ORERT, DRIHZERIEE, A AE, mE WEA W
M. RN =BHEY) KRR Gastrodia elata B
T, HH. P, ARE, BREEXIEE. F
I JFF B A RGBT AR R RRAE S 24 6 TRI R
AMRIERZM, M. AR, ZHERE
FREPERCT B4, AP R BER AR BUH. 1R
PRI SO S A 27 5 S 2 B F B,

PEILHEFL G (glycosyltransferase, GTs) J&—2&
BRI 2 B KRG, 2 AEE T,
A, GTs BefALRE L A A4 746 7% 3
R AR5 7, TS PR E A G168, Rk
IR Z 3GV A A2 DB A I % U7, B8 R
ELRIARTT 45 B RS, BEEAG  B R B GTs /i
SHREY R — B E ZL AR AR RS, IR
BAB, BRCGE KRR AWIRIKIETE. ARE A
PR S5

IR, T4 NE A MR, fdnti, 750
HERA OS] KFRARIA, TR SIS 24 A o
WEh T GTs ZE[H . AT LR BRAE Ny sciapt g, F
e s B Al 5E AP 1 Creverse transcription-
polymerase chain reaction, RT-PCR) AR 77 K ik
WEILEE LM FE R (glycosyltransferase, GeGT1) ()
cDNA K75, MEFZRIEBRAIERIE K
R #EATRIE, WA GeGTL ARZS B RIAHR, AN
JEWIEAL GeGTL KIL AW ThaE 2w 1 #LR L.
1 #MHE5RF
1.1 ##

BER IR BERIE T2 S 2l g B4

FER (F) HEFE AR, S2BrhEg R
AP B IR 2 e N = FHEY) Gastrodia elata
Bl.. RFRHEALEWE, WEHERBRIIHRZE, 201K, R
BRI, [RS8 = 5 IR AF T80 CUKAH.
1.2 5

RNA $#2BURG & RAExIAG&. TB Green®
Premix Ex Taq™J H T TaKaRa A #l; & R H A
HF NEB Ad; YR EGAN & . B A M
Trans1-T1. JE&SZ&400 Transetta (DE3) W H Tt
HERSEMEARARAF . ri&sIYE EigET
VAR A A G e
2 A&
2.1 HEEHIEIRE

GeGT1 &K 7 41 K5 T R R s 4 s (A
WE) , KIURTHNER. FHIHEE, ThEeEkE
o3 AP 2 EERR 7 511 30°K H T GenBank £
i
2.2 B RNA BYHEEUFI cDNA BYERR

1% RNA prep Pure Plant Kit {7 & #0F i
FEHCRBRERZE S RNA,  HH 195 8 HE5ER FL KR
M RNA 52%4%, ND2000 (Denovix DS-11+,
S-03512) il 5E Kbk RNA (1) Aggo Al Aggo 8, i%4%
AzsolAzgo A 1.8~2.0 [F] RNA #5538 cDNA. LA
RNA MR, K TaKaRa & # % W /i &
(PrimeScript™ Il 1st Strand cDNA Synthesis Kit) it
TR, 13EIRIRM cDNA, &= RAG7 T
—20 CUKFH.
2.3 GeGT1 EFEAKITE

FRAE R bR s 244 2, FH Primer Premier 5.0
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WA R RS . BUESI: GT1-F:
5-ATGGTAGCAGCGGCACAGAATCCAT-3’; [ ijif
5/ #1: GT1-R: 5-TTACAAAAAAAAGGTCCCC
TTCCAT-3’, HAETAYTE (L) KRHERA
Al A, PLRIRIY) cDNA AR 3T PCR 1,
PCR ¥"#4-%F Phusion High-Fidelity f (NEB,
MO0501S) , PCR &£} 98 ‘CHiZ:t: 2 min; 98 C
P 10's, 60 CiBk 30 s, 72 ‘CHEf 2 min,
40 MEH; fJa 72 CHEfH 5 min, 4 C{RfF. PCR
PR 1% IR e F kRl . =W, SRS AT
EasyPure Quick Gel Extraction Kit $Jfi% [ &
[ H 2T, R 3T 3 7 0k A e R A
pUC-GW-Amp, #AbZ R, PhE TR
T8 PCR B8iE, Hkide 8 /™ BH 1t o [ T 15 22 75 1 < P
B\ 58 N o
24 GeGT1 EEMEMEREN

FIFH NCBI Chttp://www.ncbi.nlm.nih.gov/) 7££k
T.H BLAST XIERZERR T I IR T 54T
AEARLE L X643 41 : ORF Finder Chttps://www.ncbi.nlm.
nih.gov/orffinder/ ) £ #& & K| JF it & B2 HE  Copen
reading frame, ORF) ; ExPASy Chttps://web.expasy.
org/protparam/) Tl GeGT1 & [l 4w it (1) & (A 34k 1tk
Jii ;s NPS ( https://npsa-prabi.ibcp.fr/cgi-bin/ npsa_
automat. pl?page=npsa_gor4.html) #4748 A5 — 2%
45 K 4> M1 ;. Swiss Model ( http:/swissmodel.
expasy.org/) , AT ZYEGEMERL, 455 PyMOL
P B ) = K25 s CDD  Chttps:/www,
ncbi.nlm. nih.gov/ Structure/ cdd/wrpsb. cgi) 1T
7 45 #3520 Hr ;. TMHMM  Chttp://www.cbs.dtu.
dk/servicessTMHMM/) #4785 [ 7 51 (1) 1% JEL 435 A 3,
7+ #1 5 SinalP4.0Server  ( http://www.cbs.dtu.dk/
services/SignalP/) 347 & 1 17 41 IR 5 K F000 43 B
iz ClustalW - 5 HoAbRE P ) 2 2 1R 21 34T
kb %, H MEGA 6.06 # 1 # 2 45 #%
(neighbor-joining) ZR4tiE4L#, bootstrap H & K%L
>4 1000 K.
25 GeGT1 EREKIFEZFIE

XTI P W BT i, ot S A Sk
HICgEdt s Y, LE51Y): GeGT1-BamH I-F:
5’-GACAGCAAATGGGTCGCGGAATGGTAGCAG
CGGCACAGAATCCAT-3’; T 5l 4% : GeGT1-
BamH I-R: 5-CGACGGAGCTCGAATTCGGATTA-
CAAAAAAAAGGTCCCCTTCCAT-3’, DL 5 21 Jii #ir

RN, HEAT PCR ¥ 38, £ 1% I5 B &t i H 9k
e, HREAT IR E . B BamH TIRR §4E A )
Mg ¥4 pET-28a AT HEGY), HFAT VIR E . H
LR B R Rk ik b AT s P4k, %
e ZE K AP E Transl-T1 B2 S0, BE R
BRI RE AR R b, PRECRE TS, Wl PCR
AR 8 NIIMER IR R A F T . KT
FH P4 1) 25 20 o R % 4k K % AF B Transetta (DE3)
A, T LB WifkREFE T 37 C 200
rimin #RZ 578, % Aeco (AN 0.6~0.8, N 0.4
mmol/L IPTG T 28 Cif T 12h, WERME, i
47 SDS-PAGE il
2.6 GeGT1 EFEMFRIXKFES

iz FH S %6 52 & PCR (QRT-PCR) 546
M GeGTL JEKAERMILZE, Z£. TEMMHNTRIEE .
DL R B-actin ZE K4 N 224 A, i2 A Primer Premier
5.0 A w it seml Rt E &GP, GeGT1 A
gRT-PCR L 55/ #1: GT1-RT-F: 5-TGTTGGC-
GTTAGATGTTTGGA-3’; Fiif5#: GT1-RT-R:
5°-ACCACCCAAACAAACGGA-3’, B-actin JE X5z
W 9%¢ % & & PCR b 5l ). B-actin-1-F :
5°-GGGGATGAAGCACAGTCCAA-3’; Fiif5¥:
B-actin-1-R: 5-GCCGTGGTTGTGAAGGAGTA-3’,
HAETAY TR (B BROAERAF SR, %1
“2.27 W5k, FEBURBRELEE . ZEAIEH AL RNA,
S A R ¢ DNA, #1054 F - B2 Mx3000P
SER O ER PCR X (&4#1e, ED #HT PCR
P4 ONAR 2N 25 ul, fL35 TB Green Premix Ex
Taq Il (Tli RNaseH Plus) (2X) 12.5 uL.. ROX
Reference Dye (50X ) 0.25 uL.. ROX Reference Dye
11 (50X ) 0.25 pL. GT1-RT-F 1 pL. GT1-RT-R 1 pL.
¢ DNA 2 pL. ddH,0 8 pL. PCR %kf4: 95 C. 30s,
95 C. 155, 60 ‘C. 30s, 72 C. 155, 40 M
Wo Lo ER 3 K, SRz, R 2704
5T BT B DR (R AR N R IA
3 HR5HH
3.1 GeGT1 EE=EFMFT ST

PLR R[] cDNA Jyftk , it RT-PCR 47
HE SR 1, PCR =4 1% g B & vk
e, ¥k &4 1503 bp (K 1-A) , 5H
FREE AR BRI A . BEHFK pUC-GW-
Amp-GeGT1 £ Mlul Al Ascl XUE§Y), 2585 HE
R F KR I 7 H 1R R 2% 7, 2920 1503 bp (A
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1-B) , #/f DNAMAN ¥ {454 ORF Finder 7£
AT GeGTL K cDNA 751 #E47 70 ¥,

GeGTL1 J: K JF i %) 2 HE (ORF) 4= 1 503 bp,

b 500 MR . @id Genebank Ht BLASTX
DiRe, % GeGT1 & H FHIHEAT FIUHEL X 404, EE
XS5 R BN, GeGTL J: K 52k & 1 fift Dendrobium
catenatum Kimura et Migo [7] Y5 #H UL v 58.56%,
5 /N2 5555 = Phalaenopsis equestris (Schauer)
Rchb. [&] 5 A 8L 24 55.48%, 5 Y148, >~ Apostasia
shenzhenica Z.J.Liu & L. J. Chen [RJ5AHEIE A
55.14%. LEXS & REHIFaRIL N R T GTs KKk,

¥ iz Ky 44 GeGTLl, GenBank M5 A
MWO015078.

A

M 1 B 23 M
2000 bp
1000 bp

M-Marker 1-GeGT1 H[F 4K  2-pUC-GW-Amp #Hfk 3-Z
Mlul A1 Ascl XUEELI#) pUC-GW-Amp-GeGT1 S A

M-Marker  1-Full length of GeGT1 gene 2-pUC-GW-Amp
3-GeGT1 in pUC-GW-Amp digested by Mlul and Ascl

3000 bp
2000 bp
1500 bp

B 1 GeGT1(A) # pUC-GW-Amp-GeGT1 (B) BIEH
g

Fig. 1 Cloning of GeGT1 (A) and pUC-GW-Amp-
GeGT1 (B)

32 GeGT1EBHBUWMRS

FIFAE LR T 2 EXPASY X GeGT1 it [K 4 i 25 1
BT R b, S5 R BN, GeGTL 4wmit & (1
500 M AR IRIRH A, BRI S AN 5.51,
FHXF > TR BN 55 494.33, AFasE 2¥0N 40.12,
R E4y 80.34, W14 K GeGT1 HH NEaE
MRHEEA.
3.3 GeGT1 EHZKM=RLEHITUN 5

FIF NPS 7E£Z 816 GeGTL & M 1) 4 &%
K AT B A . 5 R EOR (K 2-A) , GeGT1
EH LG (random coil) it
G B, A 245 NEIERR, & 49%; a-
IR AL 141 DMEEER, & 28.2%; EAREEE
114 N B R, 5 22.8%.

FIF SWISS-MODEL Workspace 7 £& % {4
X GeGT1 HH AT FIH AR, 454 PyMOL 3
PEFINAS B GeGTL =4S MIALA (I 2-B) K&
GeGT1 WHMHH LA T (K 2-C) , @i
ExPAsy structure assessment F2 5 iF il # &,
GeGT1 EHKEM 6lzx.1.B 55 MHLLME 42%, 4
BROME B R & 5 W global model quality
estimation, GMQE) f& 4 0.68.
3.4 GeGT1l ERLHMITIREE. BESHBIRE
SEa

F|H NCBI f#) Conserved domains 7E2& L. H. %
GeGT1 & HIFATE M (B 3-A) , GeGT1 (1)
17~418 aa B A UDP-GTs MR sF 45 ki, 45 558
GeGT1 &g T GTB HHZxK K. FIH TMHMM2.0

b b

[t e

bl

50 100 150 200

250 300 350 400 450

A-GeGTL E AW R&5H (HERE o-iliE, AEMRRLEMEE, KEARLHE) B-GeGTL EHAM=HLIM C-GeGTL &AM =H45H

(AL EERIB A M7 BB A R D R )

A-secondary structure of GeGT1(blue: alpha helix; red: extended strand; purple: random coil) B-tertiary structure of GeGT1 C-tertiary structure of

GeGT1 (red spherical structure indicates the active central amino acid of the enzyme)

2 GeGT1 EAK KM= HLEH
Fig. 2 Secondary and tertiary structure of GeGT1
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A-Functional domain of GeGT1 structure  B-Transmembrane domain of GeGT1 C-signal peptide of GeGT1
3 GeGT1 HLEHINEele 5 SRR 45 M 1E;
Fig. 3 Structural functional domains and transmembrane domains of GeGT1

TELR T BN GeGTL HEATHS 45 4 X 3 Tl (& 3-BD,
GEIRRE, GeGT1 HWHAGA —A W& M g e
[X, 460~482 aa i T #5418, 1~459 aa fii T
JEEAMI, 483~500 aa £z FHE M, HiH] GeGTL &
TR A . A SinalP4.0 Server Tl /> 41 GeGT1
EBARESI (B 3-C) , 4R ERIFEESIKK
EE )Y 0.17%, HEN GeGT1 & A AR Sk,
A WEA .
35 GeGT1HIREERFFIENEL 3T

FIH DNAMAN #f5t GeGT1 &SR F 41 53
TAE)EERIAT LR 7 H1 IR AT . ¥4 GeGTL 7
B 5 % KA i obE 3 ¥ B B ( DeSGT ,
XP_020677364.1)  HYIFLEREILHFENG (ASUGT,

PKA65321.1) . 4L {LHE H % #2 B (CsUGT,
AIF79773.1) AT ZFHILL 0 (B 4) , S55R
WoR, X 4 PR FIEE Y 60.25%, Hoh GeGT1
5 DeSGT W F M =, A 58.56%.
36 GeGT1HIARLHILM I

HHC GenBank Hid# 1 25 FMHEYK GTs
R EIER F 5. H MEGA 6.0 3 1F 5% F 4k 2
R GTs AEM T A Rt (5 .
SRR, RETAEYF GTs H & H b
RO FHHEY) . By RrEd. 3
FKMEE, Hrh GeGTL 54 A M. HIIM 2
RN 2G> GTs FPHIM TR — X, &
BSEG R M, - DUEsL T 2 RHEY GTs &

Conserisus s |

5

D
LGEMAOKANDE:
1

OMLRTR-VDYE}
<MLKTRVVDEN]
EMEWTRTLOLE
[EVERSEI PEYE)

0 RSN k3 t
S a

r W vy cfg
GeGT1 g 1y aEKeEoRr 1l-G: afc e BRRRVR: Bl B¢
DcSGT g g e Bl lean sl el
AsUGT ¢ eGP WA AR A A

Ve Al < R

CsUGT
QODSeNsUs |5 g yne

a

ARBEFRF IR RIEE 100%, HE=75%, HifE=>50%
Different colors indicate sequence similarity: dark blue 100%, pink=75%, light blue=50%
4 RER~ BKEARL RYI=ZFIFELE GTs SEBLFFIEIR LT
Fig. 4 Amino acid sequence homology alignment of Gastrodia elata Bl, Dendrobium catenatum, Apostasia shenzhenica and

Crocus sativus L.glycosyltransferase
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Hifd (BAG80536.1)
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HEE (XP_002507460.1) BFEES
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5 GeGT1 5Efb¥#h GTs [EBLF I ARG H UM T

Fig. 5 Phylogenetic tree analysis of GeGT1 and other species glycosyltransferase amino acid sequences

AT F7 7] 951
3.7 GeGT1 EEME#FTIE
¥ B 4 Bk pET-28a-GeGT1 # A K i #T
Transetta (DE3) 2540, il PCR &l
FH 4Bk . DL pET-28a # A Transetta (DE3) /&
ZAMMAE NXHEE, fE 0.4 mmol/L IPTG. 28 C
S 12 h ZF P E ARG EANEE. [N E
HEERRIL G R AR R AT IR R, EIE VRO
17 SDS-PAGE Hiikkailll, 455 Wox (B 6), & IPTG
%35 pET-28a-GeGT1 @ Hk Al _LIiHWHAE 63 000
Akt I BA 1 B 2R
3.8 KMAFEIERER GeGT1 HEREEF NI
2 gRT-PCR fuill 7 RERHZE. 220 6
GeGT1 HEHFFXEER (K 7) . 5RER, GeGTl
FERERRE N E A RIL, GeGT1 ZEHK{ELL

FHRIE K ieE, HUURzE, EEPRRIEK
Pk
4 1ig

RIKAARE AT, LRI, SHH
BIS. AR, AR, ZWEREZHY, BN
RRZAPZ” MR FER R,
CNIEZE BRI 2, i RERZRFNZ B[RRI S b
e BUCZGBEREFERY], RIREATHEE. HUlRK.
S AERGE B H R SSES 2 S DR, SRR

M 1 2 3 4

1.2X10°
1.0X10°

7.0X10*

5.0X10%
4.0X10%

3.0x10*

2.5%10*

M-Marker 1-75% (pET-28a) 2-AKi%51 pET-28a-GeGTL itk
3-IPTG i & I pET-28a-GeGT1 K #  4-IPTG i & M
PET-28a-GeGT1 ik

M-Marker 1-empty vector (pET-28a) 2-pET-28a-GeGT1 without
IPTG induction 3-pET-28a-GeGT1 with IPTG induction
4-pET-28a-GeGT1 supernatant with IPTG induction

6 GeGT1ZERBEREMKIENT

Fig. 6 Prokaryotic expression of GeGT1 protein
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Fig. 7 Gene expression levels of GeGT1 in different organ
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1R 2235 M Bl & AR AL A e, B 46 R R
. ERIFRTS IR . R R RRpE 25
1B AR G 8 AR B R (O BTE 08 1) 3 v KRR 24
YRR N . GTs fE R MW
HOS AR, EEZCEZEMEM, BHarfEHmE
LEHTZMGE, AT, RIS TSR
TR o R HI7E T 1 % GeGT1, ORF 4K
1503 bp, 4ifi% 500 MMEIERR, B AT T s N
55 49433, B AEMEEF S iZEDRA
UDP-GTs HIfR5F4i#Ek, J&T GTB BB KMk, #)
&7 EA KL pET-28a-GeGT1, 7E KIghT itk S
AR A, Nilt— D0 GeGTL JE K (1R 4h Tl
AE B AL Al

GTs MR Z N 2 BURFER KR, 4
HEERR T AR, Rt BIHLE]
RERRIRI =45, ¥ GTs 708 97 MEk (GT1~
GT97) , M GT1 &&H GTs HEmZ Mo,
GTs FEAULHE 2 Mpzal 2. GT-A fil GT-B, GT1
YIRH GT-B i &45H. MM, GTL £
X/ INKE K 437 R TR K A TG 1 R AR P A T
Hetk. BT KRI, GeGT1l BT &H GT-B 45
1) GTL K%k. GeGTLl REMSMEIL RIRE . ERIFREF
2 MR AERBT PRI OB, H I8 2
VG RGBS R BRA R A Ak
AT HIF T 3 RIS, TR R K 17 PP LR AL AL R
T EK/NT AT > 22> 12K, 5 GeGT1 fE{L A
2 P FRIA B A AR

TERIE G T, A R B R AR | %
2, b feFE RIS, R RIRIAE RS, 1R,
i 2 AN TR R FRIARO) FEHNE Y, Hh SRR RS
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