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Abstract: Objective To analyze the expression character, screen the core sequence of 3-hydroxy-3-methyl glutaryl coenzyme A
(HMGR) promoter from Artemisia annua, and provide a theoretical basis for the efficient biosynthesis of artemisinin. Methods In
this study, B-glucoside acid enzyme (GUS) gene was used as the report gene and constructed five different length expression vectors,
including the whole length of HMGR promoter, based on the cloned HMGR promoter sequences, and successfully obtained
transgenic plants by the method of agrobacterium mediation transform tobacco, then the tobacco was stained by GUS. Results
The GUS staining showed that the blue color could detect in the roots, stems, leaves, flowers, and fruit pods. And the leaves in the
lower part could easily get the blue color than the leaves in the top part, this may due to that the accumulation of HMGR metabolite
product is more and the permeability in leaves is better in the mature leaves. The results also showed that the color showed shallow
in heat and drought stresses, and with no significant difference in cold stress, the tobacco leaves with paragraph of P-HMGR-1,
P-HMGR-2, and P-HMGR-3 showed blue color but did not find blue in leaves with paragraph of P-HMGR-4, P-HMGR-5.
Conclusion HMGR promoter has a stable expression during the whole growth period of tobacco. HMGR promoter was not
sensitive with cold environment, but sensitive with heat and draught resistance. The key area of HMGR promoter was in P-HMGR-3.
And there are some regulatory elements but no necessary part of HMGR promoter between the non overlap area of P-HMGR-3 and
P-HMGR-2.
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5 % (artemisinin) & —Fh A ik 4 2 11
fErni WEEPUE Y, TERREHR L EEY
WAL Artemisia annua L. 4R HI DY, HE
RAEWACE T YA AT o3k 3 AN B Ak
JE ML CoA & 5 IRIGFEAERE IR (IPP). - HIE
1 3L AL (DMAPP) . V23 e 56 A2 0 R 31 &5 B
FHM-411-20%, K52 NEBEM-4,11- 0% 2
HIAAT &R, w2 MNWETE SR B G 8T
EERDC B IPP R RS RS W E
G ®R, TR E T PP 1B
B R (MVA) @4, Had R
2 MLEE CoA BifRfa S 1 NZ W CoA fE
HMG-CoA & HEIIER N AR 3-F5E-3-H L —
Hk CoA (HMG CoA), % HMG CoA ik 5 fiff
(HMGR) 1k HMG-CoA JE i H 2R IR, H L
i} 20 4 B IR A B W 2 T /K VE FH R ) 1PP™L, iy 1
MVA I RGE — AR, i HMGR #
WM T8 B A b e e P 1 S B i
WEFTUESE, HMGR BWE S 8 2D A
A I Aaquil 21 % ik HMGR JE A
WA T HEER AR & 22.5%M1 ¥ 6 & HE
Bk, Nafis 2520 i 41 8 905 HMGR 3 [K 3173
THEZE A TR 38.9%0 MK, HHHT
WA WA HMGR JH 83 1 & HAZ 0 P 41 (1)
WEFTHRE . ABFFTLL B-HiI %0 T IR (GUS) &
PRI A i 5 S AT, 3 A HMGR A 81 A A K
AR B, CLLEARAT A FIELEEALHE GUS et
Sk, N T Hi 8 E HMGR 3 8) 7 F3s R ik
KAz O H, DL B 8 = s e &
JpeE R AR o
1 #MR5FZX
1.1 #%

Wb B Artemisia annua L. F1EF A YR B
Nicotiana tobacum L. W FE AV K22 2K T H
AP WK, KW E Escherichia coli
DH5a. MR AF H GV3101. A& 35S Bsh1H
T GUS A5 HE K 4 ok PCX-GUS-P il Ak
K2 [ SR ) T e R 23 ) TR 5 ARHIE 9 v o I
IO At PRIE N DIBE . BN S H
Thermo Scientific /A 7] ; £ 7% H Duchefa 23 7 ;
BMPIAEREMBREW A LA T A TRERA
Al ORI ORI B BTG EE R DNA Rl &
WAL XS EVHEARATRAA; 5IEHE

DNA W7 4 TAY TR i) ROERA A
SEM e 5-UR-4-50-3-M WA A B IR (X-glue) T
H Sigma-Aldrich 2w ; H A4k 2% 24 5 320 08 [ 7= 53
Hratdi,
1.2 HMGR BahFRIIREKRERIREREHRK
EA=OEAEE

A HMGR Ja 81741, KH 50 5 516k
JriEPL B s xRS (SIS D, L
WAL DNA BRI AT PCR, RNV 14741,
RN AR : 94 °C. 5min, 94 C. 40s, 55 C.
1 min, 72 °C. 1 min, 3£ 30 MiF¥F; 72 °C. 10 min.
0.75%35 NE B Bt e vk [ alifk B As v Bre AR
WAlE T EEEE RS Xem 1 B DI H)
PCX-GUS-P JitkifE 16 “C N H T4 i/ ERS 0,
P A TR o SR Pk s AL R A K
¥ DH50. [E44 LB [100 mg/L K8 %] 37 CH
ERFE A PRICR BRVE AT PCR B0F, § 48519
“h HybF (5’ TGTCCTGCGGGTAAATAGC-3"), HybR
(5’-GTCCATCACAGTTTGCCA GT-3’). #kH{ PCR
6 G (R BH P v B AT W 2 B, W B 5190 R
GUSP-seqF (5’-ACCAGACGTTGCCCGCATAA-3"),
GUSP-seqR (5>-GCAAGGCGATTAAGTTGGGT-3").

#1 HMGR BHTAEKERERSIMFIIR K/
Table 1
fragment of HMGR promoter

Primer sequence and size of different length

JHENT I B

514 FH1(5°—3") i
P-HMGR-1 AATGCATTGTTTGCCTTGATG 1357
P-HMGR-2 ACAGGAAAACTTATTCACGGTGT 922
P-HMGR-3 GTTTTACACATATCTTCTTCGGGA 413
P-HMGR-4 TCAAACACCGTCTCAACCGT 249
P-HMGR-5 ACAAACATAAACAAAACAACCACG 174
P-HMGR-R CTTATGATATGATATGTTTTATAAAA-

CTTTTG

1.3 RIEHKBIHEE

AR TR B R SR A 1) 7 V2 D e T 1
T TCR WK AT 1 DHSo PRI R, 4303 N
AKFE GV3101™, T[4k LB 55773 (50 mg/L A
#8225 mg/L JRRFEZ . 100 mg/L RIFEER) L,
28 CHMEEFE 2d, H2KHIEMNT AT L R
Ph I B V5 BEAT PCR ¥ 3G Uk, 51N
P-HMGR-1~5 5 GUSP-seqF-
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14 TIEHARELIEE

¥ PCR 4 G5 1A IR AT B R AR AT B A
PRI, B A SR TR A MS 3R
25 CWEHEFE 2d, FANHARTFRE [1 mg/L 6-BA,
0.15 mg/L W|Wk Z i (NAA). 30 mg/L i 5% 2 (Hyg)-
400 mg/L SLIFE %], 25 °C, 16 h /8 h BEHEAT T4
%, &4 AT, K4l N AR
RigE3 (0.15 mg/L NAA. 15 mg/L Hyg. 200 mg/L
CeD) FRH/EMJEBA LT, & 2~3 Ji LRI
B JE R CTAB ARG TMERRH - DNA,
HEAT PCR Y73, §7 39519070 HybF (R). ekt
y
1.5 HMGR Bz FEHRHEERREEBALATEE
ik

43t PCR %52 FHYER) P-HMGR-1-PCX #44k
JHEE B R . AR 2R fE. RIEEAR
B EAT GUS Befs, %42 HMGR J3 8)) R0 5
RIS DL GUS Bty /7: 0.2 mol/L WEIRLE
I (pH 7), 15 mL; 0.5 mol/L EDTA (pH 8), 600
uL; 20 mmol/L ZkFALHH, 750 uL; 20 mmol/L MF£k
AL 750 uLs; 20 mmol/L X-gluc 1.5 mL; Triton
X-100 30 pL; #hARZEIRAK A 30 mL. KA AR T
Petairh 37 CABIER, FHLPRBal,
1.6 FHiBEEH3 HMGR B3 FRIE00

Pk it GUS b gt % HRIEF O I
P-HMGR-1-PCX AT, HEATHRARKT TR, il
ARG (25 °C, 16 h /8 h i), BUEKSRWATK
ANFHIE PRI LR AR AR AT A0 3 (1) MK Kb 2
PR FRIE IO, BT Egl b, 25 C,
IYRDEETE 6 hy 16 h /8 h G h kg%, Mi/KALBE )5
AT GUS Befi, (2) FAbPE: B E T 35 C,
16 h J6/8 h W 5557, #Ab #1547 GUS 44£1.(3)
AhbEL: B HEE T 4 °C, 16 h 6/8 h R,
A REHLEHEAT GUS Heal'™20,
1.7 HMGR Bz L F 3L

I RIEEUE S 5 A HMGR 301 BLitE4k
JHE A RIS AL RN HEAT GUS Y, g
YLt gL, 3T HMGR J3 84007 51 BT A X 3
2 “BR55H
2.1 HMGR B#sFRIIRKFERIREREHR
A= OpAEE S

K1 EoR, £ PCRYMSE, 15287 5 MR
[ HMGR 33T RAE KB, sl

P-HMGR-1. P-HMGR-2. P-HMGR-3. P-HMGR-4
HIP-HMGR-5, Kt 1 5754 PCR 43 My 4k 5eair,
A HMGR JH 37751/ 1500 bp, PIHUE/N
B kLR Bt PCX-GUS-P %, % BOER:
FEVEAC KGR IS, BT PCR 45 RLIE 2. Bk
BH P AR VR BTN PP IGAE, A3 5 A F Bk
I3 1357, 922, 413, 249, 174bp, 5 PCR ™
WK R 2 B Ok O R

= 3000 bp

— = 1000 bp

- —— 500bp

= 100 bp

1-P-HMGR-1 2-P-HMGR-2 3-P-HMGR-3 4-P-HMGR-4
5-P-HMGR-5 6-PCX-GUS-P M-marker
1 HMGR BHFRIIRKFEKE PCR FHEERK
PCX-GUS-P B Xeml B/l 4%
Fig. 1 PCR amplification of different HMGR promoter
deletion fragments and verification of PCX-GUS-P by Xcml
enzyme digestion

1 000 bp
500 bp

100 bp

1-P-HMGR-1-PCX  2-P-HMGR-2-PCX 3-P-HMGR-3-PCX
4-P-HMGR-4-PCX 5-P-HMGR-5-PCX M-marker

2 #H HMGR B FRIIEARKM XS E R ET
PCR #&:37
Fig. 2 PCR detection of E. coli with recombinant coli

carrying HMGR promoter deletion fragments

2.2 EARREERITE GV3101 BYE%E PCR &
00 P L R ) AR EUTORL, A A AR AT B
GV3101 &4, rhldnsa s P-HMGR-1-PCXG.
P-HMGR-2-PCXG. P-HMGR-3-PCXG. P-HMGR-4-
PCXG f1l P-HMGR-5-PCXG, kI E %A B %
PCR &, HEyk&s Rl 3 frox, P PCR BT
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3000 bp

1 000 bp
500 bp

1-P-HMGR-1-PCXG  2-P-HMGR-2-PCXG  3-P-HMGR-3-PCXG
4-P-HMGR-4-PCXG 5-P-HMGR-5-PCXG M-marker

3 #% HMGR BEi TR R BRFIEHEH KT ERIE
F PCR #:

Fig. 3 PCR detection of A. tumefaciens transformants with
expression vectors carrying HMGR promoter deletion

fragments

¥ P-HMGR-1~5 L GUSP-seqF, JTf3Hiik 4 R
Eb & F BRAKE K 200 bp 224, 5% H B PCR
FVK &S B3, R 5 AN BUIE4LTOR 25y
ARSI FHALBIARATE GV3101 H,
2.3 HEREIEE PCR &N

SRR, MBS T B 4~6
PR RE RE L % B R Ay il dr &k
P-HMGR-1-PCXDG . P-HMGR-2-PCXDG .
P-HMGR-3-PCXDG . P-HMGR-4-PCXDG .
P-HMGR-5-PCXDG # M it P £k - A o 32 B
DNA H4T PCR #7314, MK 4 v[LLEH, & HE
PR R I — 2R e 38 45 i B A 00 A O
W)UK IE B AT 19 4507, 3 B IR 1k 385 7 2 b0
I BHPERE R IO R R . 5 AN BT

600 bp
400 bp

1-P-HMGR-1-PCXDG  2-P-HMGR-2-PCXDG  3-P-HMGR-3-PCXDG
4-P-HMGR4-PCXDG  5-P-HMGR-5-PCXDG ~ M-marker

4 FHEFEEE PCR &N
Fig. 4 PCR detection of transgenic tobacco

A BLR AT 3~5 DNFHIYERE R
2.4 HMGR B3 FEFUEE D ARREELIATE M
Fzix

EHL P-HMGR-1-PCXDG J B MR SR &
PR 3 S AT R R, BOS BOR,
P-HMGR-1-PCXDG {4 AR . 25, fB. R
e A £ 85 (1, U] HMGR )3 8 1741 5
Ol I AR AT B A 2 JH 5 DNA f, HAEEAR L 25
mL e, RFEPRRERE, HSHMEENEK
FURARUE S [, R b Bt 5 e
RO YA, XA e R R AR R R 2 K
BRI A K. WA, fEferh g th 3 BRI
HAC AL .
2.5 BHBEMEXT HMGR B FiE MR

K 6 %7~, P-HMGR-1-PCXDG £ 6 h fl 24
h WK A Gt 38 B 2 AR v, HL2& 24 h K
AR A AR R E R T48 6 h i /K b 3 (1)
s FEm A EE T, e AR R, T AR R Ak
HEp e ok W B ARk . sk Rl WL, K RE %
ik HMGR J& 8l 135 1 H B 7K i 1)K 6t 3 37
RS- ATy NP TR - L= ) R AR T o 1 X (A
R I AL BN 3 3l 3 P i s AN B SR, 0 B
% JH B 7 R A BE AN BOBE, 0] eI R K 4%
A 1 5 ) 5 UK
2.6 HMGR BaFZLFFI S

X HMGR AN A JE 81 7 Bt st g
e (K 7)) nLUEH, P-HMGR-1-PCXDG.
P-HMGR-2-PCXDG #iI P-HMGR-3-PCXDG &
moR 2B 4, 1 P-HMGR-4-PCXDG .
P-HMGR-5-PCXDG F5%J f ()M i o iz ¢
B, U S) T Bt AaGPX1. AaGPX2 Fil
AaGPX3 HAUKEN GUS R IE R RKIE TR, M
AaGPX4 H1 AaGPX5 AN REURB) GUS ik 7 JE A Kk o
H L HERT HMGR J5 301 4% 0 7 414 P-HMGR-3
X 4k o MR HE A D) O R T BLE
P-HMGR-2-PCXDG 4 P-HMGR-1-PCXDG it
¥ M &, P-HMGR-3-PCXDG i 1 &
P-HMGR-1-PCXDG ¥, ¥i# AaGPX2 F B 5
TiEMEYS AaGPX1 B3 FisTEA 2, 11 AaGPX3
FBEAMY A s, I AaGPX2 B H
AaGPX3 ;B AEE S X A/ 5 HMGR JH3) 1
PR 50 55 AH G R 4% oA, (HAS 2% )8 3 TR IE
CPIW oo
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- BfM R 2- R 4-5R3% 6. 2. e 8B 3. 5. 7. 9-XH
1-leaves near top 2-leaves near root 4-friut pods 6-roots, stems, and leaves 8-flowers 3, 5, 7, 9-controls
5 GUS FE#HEFRE F REEAAFRIE

Fig. 5 Expression of GUS in different parts of transgenic tobacco leaves

1. 4. 7. 10-P-HMGR-1-PCXDG [E# 4l 2-P-HMGR-1-PCXDG Hi/K4EEE 6 b 5-P-HMGR-1-PCXDG Hii/K4b 2 24 h  8-P-HMGR-1-PCXDG %
WALEE 24 h 11-P-HMGR-1-PCXDG (il 402 24 h - 3. 6. 9+ 12-Xf

1,4,7,10-normal group of P-HMGR-1-PCXDG 2-P-HMGR-1-PCXDG dewater treatment for 6 h  5-P-HMGR-1-PCXDG dewater treatment for 24 h
8-P-HMGR-1-PCXDG high temperature treatment for 24 h  11-P-HMGR-1-PCXDG low temperature treatment for 24h 3, 6, 9, 12-controls

B 6 MBEZMHI HMGR BahFiEERS M
Fig. 6 Effect of stress on activity of HMGR promoter

1-P-HMGR-1-PCXDG  2-P-HMGR-2-PCXDG 3-P-HMGR-3-PCXDG 4-P-HMGR-4-PCXDG 5-P-HMGR-5-PCXDG  6-%f [l
1-P-HMGR-1-PCXDG 2-P-HMGR-2-PCXDG 3-P-HMGR-3-PCXDG 4-P-HMGR-4-PCXDG 5-P-HMGR-5-PCXDG 6-control

E7 GUS EHERBEHHIRIEA

Fig. 7 Expression of GUS in transgenic tobacco leaves
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3 it Artemisia annua L. plants [J]. Acta Physiol Plant, 2010,

HHFE bR 7 HAT S BB I B AE s e ok
FE X, DRI, P T 2 A A )
BRsgmi o BRandpzesesh, SMFIREEE R MG
IR AL B3, MR RIS, (e
WERAZ), PRI K R bt
FRL R TR VA 8 B 1A R T2t 7 R R
F ABHAE B P K PATS SR I R S ™ E 5
TH R IRSAA " . ABFAER HMGR J33) 1
(R T 0 A R R IAZ 5 B X IR AN U, AT RE
U IPUIENE, XSRS 2 H & =Y S )
WFFTEE B, R B S B e R 4 R
PEW] BRI B AR Ly B 6 SR A B T 5T 25
FARE P, SR AR T R A R R
HRFRERAERI R B TAECIRAEEE 2 440 T IARIA
REPEAN AR AR AT S 5 758 3 A5 A
KA Tk PR R

[FIIF, 22 GUS Bt ptfr, HEWT HMGR JA )11
O HIE P-HMGR-3 XA, 115 3) 7147 AR
W ICMHE P-HMGR-2 &5 AaGPX3 A B HAEEEX
W, A AR TR FARYE I 22—
WFFTIE . HMGR B34 At A B 15
B E B ADGR I T i — R

T e 2 ARG o B i AR N A2 AR 3))
W25, AEAIFISRAES, AL IPP JIRAAT
FIFHERNAEDS . Bk HMGR Jo8) A
AIXE IPP (ARG RS AR AT, T
BB S PRI I IPP ke, A B T
RN, i e e h T E RN, AT
R I DM A R SR
S K
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