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Abstract; Specific primers were designed on the basis of transcriptome sequencing of Prunella vulgaris. The full-length
nucleotide sequence of PvDXS was obtained by reverse transcription PCR and the bioinformatics analysis of the gene was
conducted. The expression levels of PvDXS in different tissues and exogenous substances were detected by real-time

quantitative PCR. The results showed the ¢cDNA sequence of PvDXS contained the open reading frame which had 2 181
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bp and encoded a predicted protein of 726 amino acids with a theoretical molecular weight of 78 040.47 D and a isoelec-

tric point of 6.75. The protein had Transketolase_C domain and Transket_pyr domain. Phylogenetic tree results showed

that PvDXS protein was closely related to DXS (SmDXS2, CrDXS2) from Salvia miltiorrhiza and Catharanthus roseus ,

and it was inferred that PvDXS belonged to the Class Il DXS protein type. Tissue expression pattern analysis revealed that

PyDXS gene in leaves was higher than that in ears and stems. After treated with seven exogenous substances for 24 h, the

expression of the gene increased in GA; treatment group and decreased after treatment with the others. The expression

level of the gene decreased significantly after CaCl,, SNP and SA treatments. The expressions of PvDXS were variant in dif-

ferent tissues and varied greatly after treatment of exogenous substances, which laid a foundation for further study on the

function and expression regulation of PvDXS in the synthesis pathway of terpenoid components of Prunella vulgaris.

Key words: Prunella vulgaris, 1-deoxy-D-xylulose 5-phosphate synthase gene, gene clone, expression analysis
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Table 1  Primer sequences and use
BEIH 44 SIMFESI(5'-3") g
Gene name Primer sequence(5'- 3") Use

DXS-F 5'-ATGTCATCGTCTTGTGGAGTTATC-3' HL K L Gene cloning

DXS-R 5"-ATGTTCGTCTTGTGGAGTT-3'

qDXS-F 5'-CTTGCTCAAGGCTCCAACGG-3’ 7¢)6E i PCR Real-time PCR

qDXS-R 5'-GCCGGATTCCTCGACTCCAA-3'

qactin-F 5'-GACCAGCTCTGCTGTGGAGA-3’ PG 5E NS L
Fluorescence quantitative reference gene

qactin-R 5"-ATGGCTGGAAGAGGACCTCAG-3’

JFHEE F] pMD19-T # 4K I, i H BEH 18, 1# 7% &
PCR 0 5 1) BH 44 5 B 18 1 = PRt 5 A R R A
PR w0 e R A7 00 o 2H Y 3R IR Y actin FE A
(KJO10818) 1E NN 2,
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iz FHTEL T HXT PoDXS FE R K 4t 88 (1 2647
W5 B2, FIF ORF finder (http://www.
bioinformatics. org/sms2/orf_find. html) 7 £& #1443
BT FF 5 ) B2 4E 5 32 F DNAMAN B0 5035 B 14 5
AL 7 5, Hoxt W IR & H A9 515 ) T ExPASy
Proteomics Server Protparam (http://www.expasy. ch/
tools/ protparam.html) 43 #7 H 89 & A A B AL
F i SinalP4. 1 Server ( http://www. cbs. dtu. dk/
services/SignalP/) il Ml {5 % AK; A H SMART
( http : //smart. emb-heidelberg. de/) 4347 H 89 & H
Uy g 3k; A F§ NPSA server ( http://npsa-pbil.
ibep.fr/cgi-bin/secpred _sop ma.pl) T & [ i —
9% 45 ¥, F) F Swiss-Model ( http://swissmodel.
expasy.org/interactive ) I & [ BT = 2 4544 ; F) H]
BaCello (http://gpcr.biocomp.unibo.it/bacello/) #l
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1.1, PoDXS 3£ PCR §" 4774 ; M. DL10 000 DNA #5ifE Marker,
Note: 1. PCR amplification product of PvDXS
gene; M. DL10 000 DNA Marker.

1 EAE DXS B vk
Fig.1 Cloning of DXS gene from Prunella vulgaris
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7 5 404 (LF)EE 569 7, % 2 1 T AE ek 3 ) H: A
A5 IPP 4545 1Y PR <F 45 44 3 ( DXP _synthase _N) ,
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Fig. 2 Prediction of hydrophobicity of PvDXS protein
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Swiss-Model 7E £ R4 T I £ 1 = 2L 2548 (&1 5) 45
R R, PvDXS 5 KW ATH DXS & 1 (201s.1.4)
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22.4 At A 2 pH T i
BLAST J¥ 41 b XF, )\ NCBI #5 4k 2 b °F 2% #0 5 JF
(Arabidopsis thaliala, AtDXS) F}+2 ( Salvia miltior-
rhiza, SmDXS ) . & & f& ( Catharanthus roseus,
CrDXS) MW ( Hevea brasiliensis, HbDXS) | H 15
( Medicago truncatula ,MtDXS) | K ( Zea mays ,Zm-
DXS) . VT % ( Aquilaria sinensis , AsDXS) | i %j
( Vitis vinifera, VvDXS) | 5 3 ( Sorghum bicolo , Sh-
DXS) . & K 2 (Alpinia officinarum , AoDXS) | 48 7%
( Ginkgo biloba , GbDXS) | /N 5T. 1 #% ( Physcomitrella
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PvDXS) . it #% ( Elaeis guineensis, EgDXS) | 7 #i
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Fig. 3 PvDXS functional domain prediction
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Note; Blue. Alpha helix; Red. Extended strand; Green. Beta turn; Orange. Random coil.

Kl 4 PvDXS 1 &5t Bl
Fig. 4 Prediction of the secondary structure of PvDXS protein

5 PvDXS 3 [ =g 45 1 B
Fig. 5 PvDXS protein tertiary structure prediction
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DU J T4 11 25 DXS & 1285, th 2R DXS 1
ZH5RBERG =Y EY A K
( Miziorko,2011) ., PvDXS 5 SmDXS #H Bl JE
=, LA — B 56 R e L X R B B &
RSP,
2.3 AL RERIMNEEYRFSERIE

FIH qRT-PCR J7 3540 PuDXS 3 [H 78 B A
TR RN 25 b ) SRR DL R X B
& 8 5 R PuDXS JERITE 3 DHEA i ik i
JEH 0.671 ~753.296, PuDXS K 7F it h i &
ik, HUORRH, 22 iy Rk B AL, PuDXS 3E
FEW: T AR e TR LR AE AR T Y 753.2 4%, HiR
FLZEL T 30 S A R SR A 4 R — B

7 T AR U M AL BE S 4 B A B R
PuDXS FER Y RIKEaH, B9 45 R KW, GA LB
J& PvDXS (132355 538 w5, X BRAL 1Y 32.8 1,
HAl 6 FhAMNEEY) AL B S PuDXS 235 U Fl N
0.005 ~0.260, H:H+ CaCl, .SNP & SA Kb B f5 %} 1% 3k
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PVDXS wq NSSScavi }.I\II PSLLHSCHDSSL IS'RYTAAM PFRRHELCVCASLOCENSNEVVASCE \RCKTR 3]

E.cotDXS =2q siaia ««« « ECRI EXSMS, 19

Conserses

NDXS2.3eq

HONS252q

MIDXS1 52q

SmDXS2.509

ZmDXS1.soq

PVDXS.52q

E.COEDXS.seq

Conwrnses

MIDNXS1.52q
SmDXS2 g
ZmDXS1.50q
PVDXS. s

L cokDXS »eq
Consensus

AIDXS250q
HUDNXS1s2q
MUDXS1 #0q S S NK . VIEKRI
SmDX‘S:.wq K » h Ec.
ZmDXS1.50q vV { ECS\
PVDXS.22q r RKFR MIKGMEAC
E.cOMDXS. seq N XLYS (VFSGVP. PI
Conseres #

ADXS2 50
HOONS2s2q
MIDXS!.58q
SmDXS2.50q
ZmDXS1.5eq
PVDXS.5eq
E.colDXS »eq
Conseraes

) = o
AIDXS2 5eq - + ARCHAVTT AACK A < CREY D \BCKL PY 7 AL o BT ¥
HONS2seq I A NTEA LA S » RACIR T p \

MIDXS1 s0q
SmDXS2.50q
ZmDXS1 g
PVDXS. =2q
E.COMDXS.52q Fi8t \ TFAA S :
Conwenses vt f2 E qr ydqv hdv

ADXS25eq
IOXS2 =q
MIDXS1.52q
SmDXS2.50q
ZmDXS1.509
PVDXS.5eq
F.CORDXS seq
Conserses

(=
w

[E===s==

AIDXS2 seq
HONS2seq
MIDXS1.30q
SmDXS2 w0q
ZmDXS1.s0q
PVDXS. wq
E.colDXS . =2q
Conwenses

ANDXS2.5eq
MRONSI sq
MIDXS1.52q
SmDXS2.50q
ZmDXS1.50q
PVDXS.58q
E.CORDXS seq
Coasensus

T SCEAE ) IR BRI A, M A Ay e B e 45 A 3o 5 3k o B A 2 R Rz a5

Note : Solid frame is thiamin ediphosphate binding site; Dotted frame is transketolase domain; Arrow is plastid transport peptide cleavage site.

Kl 6 PvDXS Z 74 X}
Fig. 6 PvDXS multiple alignment of DXR amino acid sequences
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83 —— XP 010938854.1 EgDXS
66| L ACT32136.1 ZmDXS1
CAD22530.1 MtDXS1
91 OAP04569.1 AtDXS2
XP 001756357.1 PpDXS
o3 AAS89341.1 GbDXS
39 AlY22670.1 PkDXS
100 L ACJ67021.1 PtDXS
Y XP 002437810.1 SbDXS
o = “\ OA090594.1 AtDXS3
23] ————— XP 002282428.2 /'vDXS
84l AFU75320.1 AsDXS
68 AEK69519.1 AoDXS2
L ABF18929.1 HbDXS2
78 94 ACC54554.1 PdDXS2
63 ABI35993.1 CrDXS2
24 — @ PvDXS

100 L—— ACQ66107.1 SmDXS2

91

EWM22144.1NgDXS

ACI45959.1 PyDXS
ANKO05763.1 E.coliDXS

ADQO01827.1BIDXS

I ZERATIE 755 8 NCBL &R 5,

Note: Previous gene sequence number is NCBI login number.

Kl 7 PvDXS RGE I

Fig. 7 Phylogenetic tree of PvDXS

PR 8 I FE F B & TAA MeJA J ETH 4b 3 RS, HZ 5 Z Y 2R BN 3h ot & Al

I,

3 it

I I A ] ( Xiang et al., 2007), DXS 7Eii b &
Y& W 2-C-H E-D-7% 3 4% -4~ ( 2-C-methyl-D-
erythritol 4-phosphate, MEP ) 348 % $ 3CB R
PT35I - IR T K A 40 4 BT T B

RGP — R A TR KA Ry EZ & DXP (Krushkal et al., 2003)
R, 4G AR BRE I M REAMEY  Zhou et al. (2016) KIS BRM it Kk P2
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Analysis of expression pattern of PvDXS gene
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Effects of seven exogenous substances
on PvDXS expression

Ko SMEY AL B PoDXS J N Rk i
Fig. 9 PuDXS gene expression after treatment

with exogenous substances

Sm DXS1 1 Sm DXS2,FHSH Y & 2 B 35 4 5 oF
DIEANNE 5 wmol «+ L MeJA [ ETFIR R B3 24 h
Ja P SO TE N R B N 5.25 %, 5 DXS 3
.E/‘J%i_ﬂ(qzbﬁﬂi*ﬁﬁ(Sharma et al., 2015),
MTF T A DA% S DXS1 KL PR I A Bk i
M2g R A N R B 3 (Henriquez et al.,
2016) , XFEH] DXS ZEii Ak & WA E RN E
SR Y W HOR) LR Gk AT e AR i 2R AL B Y
T,

DXS FED By ik BoA U 18 38 H DXS

FERIFENT 2500 2 (0 4 A Hp ek B, HL At % 41 41
PR IR B (Sawitri & Wallie, 2005) , A BF5E
FIH qPCR BoARXT H AR 25 SREA L8 E
PuDXS W3R R AR AT 5387, 45 S R W PuDXS %
WEARAL h B A RIL, HREEZEFBRK,

PuDXS F& PR M Hp ) 2 35 K OF- f i, S SR R R
KB 753.2 1%,

FRAE PP 512k 4k 5 22 nKs DXS JEK 50 DXS T,
DXS T A1 DXSI =26 (K155 ,2018) , KRGtk
BEorHr 7R PvDXS 8 H 582 K EAL DA
11 2% DXS % 11 (SmDXS2 ,CrDXS2) 4 % R 8k,
P UL HED PvDXS J& 45 125 DXS . DXSI &
F1 A 2 B A 0 R 1) AR AR P 0, BB PuDXS
H5EMBEEMN RS (iR A ) FRA X,
DXS e e ik i 5 H R AR ™= 9 & & e A
2%, i Munoz-Bertomeu et al. (2016) 41 18 7F 3 4K B
ot BRI R ST DXS FE IR Sk 3 18 A 3 DR A Bk
R AR PRSI Y & . GALANHLS PuDXS )3
A A X AL 32.8 fif, Hifth 6 F4b
JRPEY) AL FRIS PuDXS X% 56 R ) 26 15 5 05 S /Y
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