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Abstract: Aconitum vilmorinianum is an important Chinese medicinal herb, which contains diterpenoid alkaloids and has
the functions of antirheumatic activity, improvement in human meridians, relief of swelling and pain,
activation of the blood circulation, and inhibition of tumor growth. The biosynthesis of diterpenoid alkaloids
requires intermediate products obtained through terpenoid skeleton metabolism, in order to synthesize diterpenoid alkaloids.
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The synthesis of terpenoid skeletons includes the MVA pathway and the MEP pathway. 1-deoxyglucose-5-phosphate
synthase (DXS) is the first rate limiting enzyme gene in the MEP pathway and plays an important regulatory role in the
synthesis of terpenoids. Objective: To understand the characteristics of the DXS gene in Polygonummultiflorum. Method:
By extracting RNA from the leaves of A. vilmorinianumand reverse transcribing it into cDNA, according to the
transcriptome data of A. vilmorinianum, primers were designed to clone the full length of the gene, and the sequence of the
coding protein was analyzed by bioinformatics. Construct overexpression vectors and inhibitory expression vectors. Results:
The results showed that the coding region of the gene is 1512 bp, with 503 amino acids, molecular formula
Cos08H3820Ne500713S2,, molecular weight 54020.10, the isoelectric point pl 6.29, the instability index 35.70, and belongs to
the stable protein category. Successfully constructing overexpression vectors and inhibitory expression vectors can provide

scientific basis for further research on the function of this gene in the diterpene biosynthesis pathway.
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WEL (Aconitum vilmorinianum Kom.) 2B HEE
5Lk, 4t RAg 350 A, HbE R LN 2>
fi, A5RJEHEY) 200 RFN, =EEEDLEED AT
Huly, 66 Fii. 25 NMEFRIFN 4 ANMER[L, 2], HEELG R
HHE PR X — P R, R R, R
Fh. BEM Z9k. BARESEFRE A E
BFRN3]. B FEMZN T EES. HEEYHER

SRR, BRI, IR, R

BOETEIL. PR SETh 4], HAT, HEHESHIPIE
AR TR R A R ZG B E T J5THT, AR 9T R s 2Rk
VIR AT Bh, SR ESRAEVIA ) A SR L TR
FE IR 7 TR R A SRR

s R FSET IZ A T LEM T — SRR,
WRELEA MY, WY FUEE MVA & MEP
B RERT R 2R AR, 1-
it SE A A -5- T R £ Il (DXS) & MEP AT %
(1G4 RE[5, 6], 7EfLFGIF (Arabidopsis thaliana (L.)
Heynh.) FR &% e h = B REEE, W2 1ZEi
(B A [7]. HRTCM 170 ZREY ek s
255 DXS %K, DXS HEEKIEHLAGHI R 7, BR
W, Hitge. RERKEREMGMAL, ML,
DXS ERFIAZSREMICA R (SRR
# R, WIHEE (RERMAER) G,
T S RS R AR (8] s AR B
B R B[ ROy IR AR =, G RS
i MVA &2, MEP AR5, FDS 7 m
THE A IR, EE Y DXS HEREEN MEP &%
R A PR B B R [9]. AR EH AN IE, R
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WA SCHRIGE AT R B B 5 DXS FEKHEFE . Rk,
A WEIT R D DXS Thae R F ot

RTINS RSP R e R R g
[¥ CDS FralBcit 514, ilid PCR wef#f33) 7 1-it%-D-
AHE-S-BEIR (1, A5 HAn 42y ADXS. HEATHER AT
VAR BT, R T I SRR B AR Rk B
o AW SE S AR A YRR TR At T
AR, A BT HES) R 15 5 5 AR VIR 2 A 2B &
% NSRBI AN AR MRS

2 MBS T

2.1 R

HESSIRMERERHERME, MiET 2
BT R A SRR Bl i, BRIk
Vet oK VI /NG a8 TE AR AL 4 57 RN
B SE, ORAE-80C VKT H T 5 85550

2.2 SERRAH

AR RNA $2HL Trizol 3877 cDNA [e#Esi
. DNA JEMeas &, FOREREGA7, DNA Marker,
SRR, HeilA. B ANUIEE. DNA &I
H TaKaRa A, LB 5373440 4) v NaCl 10 g/L. Yeast
Extract 5 g/L. Tryptone 10 g/L. [FElA£s 773 75 20 1.5%
FEsiEkY, 115C 260 T KB 30 min. Hithil: HW
HER (Spe). AN HHER (Amp). FIER (Kan) K
JE£ 100 mg/mL, I Hy 100 pg/mL.
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2.3 WhREEAE

AT IR DHSo 225 RATFHE
GV3101 H2&W T R\ EAY R A, T #ifk
N pMD-18T. AT1#ifA pENTR2B. il Fik ik
PK2WGT7.0 FII| ik ik pKTGWIWG2 Jy A 528 %
R AT

2.4 B RNA FI32EURI cDNA A R

RNA 2BCRHA] trizol . #2208 trizol 27748 FH ik A
PRI M RNA, JEHEUISREER (1.2%) HIKE:
M RNA g fEfnse st 28 B SaR 7 & i B
W& FRF S, 37T, 15 min, 85T, 5 min, VK-

4TI E AR CDNA, RJATRAF-20T vKFT /5 825556

2.5 5|t KEE PCR ¥4

IR S F3R1510 AVDXS JE R 8133514
7L s ) I (VAR = U SO S| B /B
GGATCCATGACGGCTGGACAAGCATA , [ilg 1] fi7 &
BamHI ( GGATCC ) ; K % 3 # R
CTCGAGTCATACTTCCATGACATT GAAC, Fi1J)fir
& Xhol (CTCGAG). PCR Witk & EAAF 50 pL:
21 pL DDH,O, L FiESI&AIN 1 pL, R 2
uL ¢ DNA, 25 pL Taq Master Mix. PCR 3 ##2&f1:: ¥
AVEZEAE 94T, 90 s; BMEZRAF 94T, 40s, B KZ%
- 51<C. 30 s, ZEfHZEAF 72T, 90s, SMNAEFA 35 4>
JG, HEAZEAE 72T 10 min.

2.6 HEIEFFEE TA FE

Fae HRUJE Im SR ) & i B S B A BT PCR 724
DNA, [Eli=#pi%R: PMD-18T #E4T TA s, 1418 4
uL B 1 pL #0044k, 5 pL Solution T %57 WA
Z, RAEEETG 16T EH: 2 h, UK E DHSa
B S HHATIR AL, 37T 5537 el AN B K
BrgR, RBURKL, #ATNFRAE, 5HRTAATHT
X, 733 PMD-18T H H5ER 1) v B A o

2.7 BHIEFEKEB RN S0

B 725 R H DNAMAN B3 i H i 2E A
& Ry A, 8 It fE £k protparam K
(https://web.expasy.org/cgi-bin/protparam) X H (1] 4]
MEABEE . SRS FUAT 0, B AT

( https://www.novopro.cn/tools/secondary-structure-

prediction.ntml) #EAT R &EM oA, I = YELE R R pE
( https://swissmodel.expasy.org/interactive ) % 7 & AR,
o A £ W fE C https:/Avwwinovopro.cn/tools/
tmhmm.html) TR & A FESHEX, K& 7415 uniprot
EABIEZE Chttps:/Amww.uniprot. org/blast) HEATELRT4)
1, H MAG7.0 3t B R RGK B

2.8 WRZFBIEHIHE

% Gateway HiAR, WiltEYIRIEF A PK-35S-
AVDXS ik, MERIAEAE. B TIA SERA
pPMD18T-AVDXS #ifak, HATIFIUESE, TEHURRL. *f
pPMD18T-AvDXS £l pENTR2B #4347 A% . At LA
RO, JBEEIUR. K AVDXS SRR F BEE e B
PENTR2B A [T#fk L, #E$#: 12-16 h, LAKHFHE
DH5a /B2 AT HAGIRAR G « PR B 78 B VG 77,
SR G PEHUTRLN PP A, 19BN T bEA pENTR2B-
AVDXS. #RJ5, 7 LR Mix Enzyme WI{EFH T, #
PENTR2B-AVDXS FIEAS FKIA# A pKIWGC2.0 HHAT
LR I 12 h, ¥4 AvDXS FE[AE 40 J5 i NHEIRIAHAA,
FRIZFFR DHSo FEAGIRI . B mTERE IR BRI
PCR WIFF, Bk iEmh/EHEiUsih, 13 2R Ris % 4
PK-35S-AVDXS Jiiki. $&MREVREEIIEAE, ¥ PK-
35S-AVDXS JFRIEEFIR AT GV3101 B2 Ad, iRtk
PATHVR TS IR . B PCR MIFFIAIE IERE, 315 PK-
35S-AVDXS it FRIBHAA Bk -

2.9 RNAI #if|ZRI8 E0 Ak i 2

71 Gateway FOAR, HEEER] RNAI (RNA 4D
TWYIF LA pK-35S-AvDXS-I-AVDXS. i T/A Taf3k
13 pMD18T-AVDXS #fk, HEAT I FFIRIE IEA Jo R EUTRL .
%} pMDA8T-H [k /4 A1 pENTR2B A& BEATHI 5N (1 g
DAL s AT 0D, BRI K H R BOT e 2]
PENTR2B A [1#ifk L, &EH: 12-16 h, fHHKHITE
DH5a 1L PR RVERE IR . BRI PCR 56
WEIERAfS, FHERUTTRL, 15BN T3e %8k pENTR2B-
AVDXS. #RJ5, 7E LR Mix Enzyme HI{EFHT, A T70k
FARFN RNAI HEPIRIEE A pKTGWIWG 2.0 #H17 LR &
N 12 h, ¥ H SR AR IE AT e ) S ZH N RNA A
VigisEAE, TRIRIA R DHSo it Phem
SR IR PCR MIFU0UE IR, FHRIUTURL,
A EEPN | FIE AR pK-35S-vDXS-I1-AVDXS.
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3 ZGREHT
3.1 HHIZ 513 1 i H ksl

s N s, 3R48 AVDXS FAI, it
PCR 5%, #HATW{#E PCR 4 &A1 s vk A6 (&
4A), PCR ¥ 1t AvDXS JEK 574 — 4w 1)
it MIBHIIAN AVDXS 2R 51

3.2 BHIFFIRIERTS

[ H N S pMD-18T ekt irids:,
KIHFFH DHSa #AbiRt . PR ssss. BRI PCR
JE I FPUIE IR $RHUTRL, 3R13 T AVDXS ZHF51.
f#iF DNAMAN 7T RNA 7515116455 ADXS
FHERFF): MTAGQAYEAMNNAGFLDSNLIVVLND
NKQVSLPTATLDGPATPVGALSSALSKLQASTKFRKL
REAAKKVTKQIGGQTHEVAAKVDEYARGMMSAPGS
TLFEELGLYYIGPVDGHNVEDLVKIFQNVKSLPAPGP
VLVHIVTEKGKGYPPAEAAADRMHGVVKFDPPTGK
QFKSKAPTLSYTQYFAEALIREADVDNNIVAIHAAMG
GGTGLNYFQKKYPERCFDVGIAEQHAVTFAAGLATE
GLKPFCAIYSSFLQRGYDQVVHDVDLQKLPVRFALD
RAGLVGADGPTHCGAFDITYMACLPNMIVMAPSDEA
ELIHMVATAAAIDDRPSCFRFPRGNGIGAPLPSNLKGSP
LEIGKGKILMEGTKVAILGYGSIVQNCVEAAKMLKTR
DIAVTVADARFCKPLDTELIRRLAKEHEYLITVEEGSIG
GFGSHVAHFLCLSGLLDGNLKLRSMALPDRY IDHGAP
KDQIEEAGLSSWHISSTVLSLLGRSKEVLQFNGMEV*

3.3 EERRHAR L EMFR

I LR EXPASYProtParam A% AvDXS FE[RI%
R E AT M, GREN, AEREEHN 503, 7

T 54020.10, 73 3K: CousHasoNes20713S2. i ¥ A
K. 7617, SGHLA pl: 6.29, EIEMRAEL: HEMR Ala
(A) 11.1%, RABH Asn (N) 3.2%, &R Arg
(R) 3.8%, KR&ZHE Asp (D) 54%, B Cys
(C) 1.6%, #H&EEHE GIn (Q) 3.2%, A& Glu (E)
5.6%, HZER Gly (G) 9.3%, &AM His (H) 2.8%,
AR e (D) 5.2%, &R Leu (L) 9.7%, MR
Lys (K) 6.2%, %R Met (M) 2.8%, KHNZR
Phe (F) 4.0%, &R Pro (P) 54%, Z% [ Ser (S)
5.6%, AR Trp (W) 0.2%, 7&ER Thr (T) 4.8%,
SRR Tyr (Y) 3.0%, 4R Val (V) 7.4%.

AVDXS F:[K gt (1) 8 H 7 AT ik g 65 A~y IR
HLf AR 50 A~ THEREN 280 nm, Al 3E =
30 h (f&4h), #&{>20h (FEEE) F1>10 h CRIBFFED.
AVDXS HEHAAAFEMETE#=35.70, JEfaEEH. NEl
TeHly 90.62, SE/KIEESTIAME 9-0.030. BEERALAL A
67 1, Z2ZEBR (Serine) MBRILFEE R (K L.

3.4 BHHEMSEATN

Bt 7E 4R Chttps://www.novopro.cn/tools/secondary
-structure-prediction.html) BEAT 45 R TM, AvDXS
REARM a- MR HEL5H b7 46.89%, FEMILEH L 14.67%,
TR M 254 15 49.56%, TGRS &%,
AVDXS 5 H 5T I R a5 A B AR o i 45 .
= 4 45 WO fF C https://swissmodel.expasy.org/
interactive) TR AR (1) = 4E2E 44, o R [R) R A ) 22
K, HESL T ADXS BI=4ESE A (& 2). @il
fEZE T H (https://www.novopro.cn/ tools/tmhmm.html),
T EAFESEEX (F 1, S5REW, rg & meE
a4k, AVDXS & H Al e VRS R H .

TMHMM posterior probabilities for ljjin]
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HetFhos 3.1a: predicted phosphoryglation sites in Seguence

Serine
Threaonine
Tyrosine
Threshaold L
188 f=3se] 3688 406 S0HE
Sequence position
A: Serine: 2% [R; Threonie: J5&ER; Tyrosine: 4%R; Threshold: BI{A-
B: SN, WA, AN,
Kl 1 AVDXS £ [ IR BEBR A 20 A 125 JIEE 45 44 Tt 4 B
Figure 1 Phosphorylation analysis transmembrane region prediction of AvDXS protein
— TR S— ) T
input MTAGQAYEAMNNAGFLDSNLIVVLNDNKQVSLPTATLDGPATPVGALSSA 5@
S 0 Y Y e
input LSKLQASTKFREKLREAAKKVTKQIGGQTHEVAAKVDEYARGMMSAPGSTL lee
b L e S|
input FEELGLYYIGPVDGHNVEDLVKIFQNVKSLPAPGPVLVHIVTEKGKGYPP 15
S AP LA el
input AEAAADRMHGVWWEKFDPPTGKQFKSKAPTLSYTQYFAEALIREADVDNNIV 288

) R~ TSI —— BT
input ATHAAMGGGTGLNYFQKKYPERCFDVGIAEQHAVTFAAGLATEGLKPFCA 250

LA e A=
input IY¥SSFLQRGYDQWVVHDVDLQKLPVRFALDRAGLVGADGPTHCGAFDITYM 388
e S
input ACLPNMIVMAPSDEAELIHMVATAAATDDRPSCFRFPRGNGIGAPLPSNL 358
A e 8 e
input KGSPLEIGKGKILMEGTKVAILGYGSIVONCVEAAKMLKTRDIAVTVADA 488
WAL sty e PR =l
input RFCKPLDTELIRRLAKEHEYLITVEEGSIGGFGSHVAHFLCLSGLLDGNL 45@
o M LT e —
input KLRSMALPDRYIDHGAPKDQIEEAGLSSWHISSTVLSLLGRSKEVLQFNG See
-
input MEV ce3
M - —

Alpha helix ( o-385E ) Extended strand ([ 3£ ) Random coil { FHER)
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A HZE, B: MESHKE, C: BRI, D: BHRE, E: g, Fo KA.
Kl 2 AVDXS £ [ A A = 4L 1 TR
Figure 2 Secondary Structure and three-dimensional diagram of AvDXS protein

B = AVDXS 5 uniprot & H B ¥

3.5 [EIVREESHT Chttps://mww.uniprot. org/blast) #E47HLx, il 52
7517 g5 R AN B m AR 2 (Manihot esculenta) . Jik

@ KM (Jatropha curcas). #-=}2% (Aquilegia coerulea).

L ADA2G5E912 Aquilegia coerulea EFRFFEME (Thalictrum thalictroides) . 3F 5 (Malus

AOA2GSE920 Aquilegia coerulea domestica). %L (Pyrus ussuriensis < P. communis)-.

g . . wiE HZ= (Rosa chinensis). ¥F#5# (Prunus armeniaca)
— ADATJEVDLO Thalictrum thalictroides . - -

8 MY, I35 AVDXS EAMILEHY DXS &
HRFH, M T R2RAKEN (B 3). ADXS HHY
— ADA498HX09 Malus domestica ILSEH DXS &EHA (i'5: A0A2G5E912) B AN—2K,
_1A0A5N5F8M7 Pyrus ussuriensis x Pyrus communis ﬁflﬂu tﬂﬁi&%%%%% o

AO0ABJ5SXRB2 Prunus armeniaca . . .
AOADBTKD90 Jatropha curcas 3 ' 6 jii%ji%n jﬂ]f‘ﬁu ﬁﬁﬁ%ﬁ‘J@

AOAZCIUW20 Manihot escalenta 218 Gateway A I F 1A FAAR AN KB AR
| Forkns, DIFE L CDNA HRIBGEAT PCR 474,

11593 AVDXS FER KX, IS EEYIL 5 1)
— cDNA H i B, i S Hmg RV 5 pMD-18T e fE#K
G, AL DHSa B4 W5 IR I IE
f) pMD-18T-AvDXS Fl pENTR2B %44 J5i % 3 51 FH BIR 6]
PN VIEE BamHI A1 Xhol XUEEDT, 4373 [A11s AVDXS

ADAZ2PBRPV0 Rosa chinensis

lAOAZCSUQBS Manihot esculenta

] 3 ADXS ZGEHEAL I 73 H7
Figure 3 Phylogenetic tree analysis of AvDXS
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H ) F BRI 2R M8 v B . K RN AVDXS £
BRI 28 PR T RL 8k R 3 AT % B2, M T pENTR2B-
AVDXS FiL#H k. ¥ pENTR2B-AVDXS ik KM B
AT PCR RGN, M. I0AFIER H ISR 5. @
it LR B, ¥ AVDXS H [ 4 i B 4 215 R I8 4.
& pK7GWIWG2.0 FIHIiIERE & pKTWGC2.0, fi&
DIk T i ik 44k PK-35S-AvDXS Al #e ik Hifk
pK-35S-AvDXS-I-AVDXS (F 4). $RHUF K, &K
GR B B A, 8 H BB A B AT B 2 S
GV3101 H, 73k T # PK-35S-AvDXS Al
A pK-35S-AvDXS-1-AvDXS AT B i bk o

A D

1500bp

C

1500b,

W A: AVDXS FE[RKYHE, B: pMD-18T-AvDXS FikilFt); C:
PENTR2B-AVDXS fff1J]; D: PK-35S-AvDXS i# % PCR; E: pK-
35S-AvDXS-1-AvDXS T PCR.

4 FRiXF A P K-355-AvDXS Hl pK-35S-AvDXS-I-AvDXS
AVDXS [ 7

Figure 4 Vector construction of PK-35S-AvDXS andpK-35S-
AvDXS-1-AvDXS

4 Prg

RN EMPEFEE, EEDEANF 5 TfzZ,
AFERRE . ffmE . i, =BE. DURE ARG, BE
WAV R 2 MY — R EBERRAERE Y, &IF%
WA R 25 T 2 R R R . 2R R B
FRILME MVA 4%, EEH TR SRS R
[10]. MEP &AM HAE MR Hms AR & %
KRAEY), EMRBFREEGHN MEP &%%, DXS B
BRI AN IR BEIE R . DXS FE DK 5 9] K AT i

3RS, J5 KRS (Ginkgo biloba). 7 (Mentha
canadensis). =-& (Panax notoginseng) %5844

EW ST [11-13]. BER. BEE. IS5
EwET iz AT IR HBA B 897 28

DXS #HN%miGX K 2100 bp £4, 4wt 700 A
FEAEMR Y, M F&E 70 kD A, H%E
(Solanum tuberosum) DXS %X cDNA 41 2421 bp,
midX K 2160 bp, 43 719 NEKER, ST EN
77.8 kD. ¥(B (Rosa rugosa) DXS FE[K4K: 2 091 bp,
55 1494 bp (FF IR SAE, wis 498 MEERR. K
3% (Pelargonium hortorum) DXS ZE[X] cDNA 4K
2505 bp, AL&K 2157 bp HIFFARE EAE, 4afidh 792 A
RHERR, T ENTIS5 kD [8]. 4R1f, ¥ L) DXS
i[X A 1512 bp, H 503 MEIEEE, 7> TE 54.02
kD, AeRMmiLIX . HEFFIMGFEE/D, XAHE
5Ykh 256 K.

AVDXS #H B A e E k5 # oy 35.70,
( Artemisia annua ) . 2 & £ fff ( Dendrobium
officinale). #:ff (Eucommia ulmoides). #R#. J}&
(Salvia miltiorrhiza). % {£ (Catharanthus roseus)
—HEYRRRE R . Bi/K MR e B R = 4R R R
FI—ANEERER, BKEE4ERE AR S
FEEH. FE. B (Amomum villosum). 4k %4
fit . YL & (Aquilaria sinensis ) « AL Al . 5 0 3

(Andrographis paniculata). 7. &, KELM
DXS AE/KEH, MY DXS & AR {E
N-0.030, 5 PE (Rosa rugosa) —FENB/KEH.
TEER TR, TEE S DXS W R ERATEE . i
=3 B AR, #LL o-RR e A TC R Mo .
LY DXS B E S A I, AN B A RS
M, X5HEE. . BRI HEY) DXS 1)
5 B 435 e S A [14] -

It DXS ZEERR T A o TR R 04,
24 I HE 4 DXS A #Rs RS 1 [15]. AVDXS tEH 5
L DXS EEARA—K, RIBULHIESG KR,
SR, AR, HE. B, V& . g0
. FFS. BN DXS SRR RBE, BAAH R
. KAL) DXS SEZ X R [14].

5 &

BRI T B 5 AR R RO BE TR AVDIXS R B
VNE B M AR B B B TT, 315 T AvDXS
FE R IE A K P A LT 751, #1731
TR R A E R, BT getway FEARME T

== ki
= H =
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AVDXS J [A] (1 2 AR AR I AR . IXRA
WEFC S AVDXS S ThfE . BEHetb. —wiRAEY
BRI AU TR S B E A
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