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Abstract: Objective To clone the gene sequence of the key enzyme in synthesis pathway of terpenoids, 1-deoxy-D-xylulose
S-phosphate reductoisomerase (DXR) from Gentiana macrophylla (GmDXR) and to analyze its characteristic and expression.
Methods GmDXR gene was cloned and the sequence characterization was analyzed with bioinformatics methods, then the expression
patterns of GmDXR were studied by real-time PCR. Results GmDXR gene contained a completed open reading frame of 1 428 bp
encoding 475 amino acids, GmDXR has high homology (= 85%) with DXR proteins from Rauvolfia verticillata, Lycopersicon
esculentum, and other plants. Further analysis showed that GmDXR had non-transmembrane domain structure and signal peptide,
which mainly located in the chloroplast. Quantitative PCR results showed that GmDXR mainly expressed in the leaves of G.
macrophylla and could be induced by plant hormone such as methyl jasmonate (MeJA). Conclusion GmDXR contains conserved
structures of DXR protein. GmDXR expresses variously in different organs of G. macrophylla and could be induced by MeJA. It is very
helpful for the future research on biosynthetic mechanism of iridoid compounds in G. macrophylla.
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(gentiopicroside) & T ¥ 2 M RLIR IR Tkl 1 2R A0 5
Y. iR (terpenoids) J&—RULF R 4 b 45
MR ICH S R SRR, WARAE R R M
(isoprenoids)o M) VZAA7E T HAR S, HFRE
Z . A MK G Y AT L B
fE R b ok B &0 e B
(gentiopicroside). 4 3 H (sweroside) . JE4 3¢
i (swertiamarin) 254 J5UHS & T RS W AT
"l

e SR R T 8 S I s AU T i AR A S S
IR FEAEWERR (isopentenyl diphosphate, IPP) J% I
SR AR ORI T JE £ B R ( dimethylallyl
diphosphate, DMAPP). IPP Fl DMAPP {45 Bk #fi
T2 ML AEY B @R IR IR TR (MVAD
M 2-FBE-D-FREFFERE-4-BF R (MEP) &0, 1
5-Hf 1 Mo AA A B 8 I e A4 - (1-deoxy-D-xylulose
5-phosphate reductoisomerase, DXR) J& MEP i&1%
S 2 ASOCHEEY, WAL Ml DXR LN &
Fik 4 GBI IR T 1 B NG Ve A= el e 1 o
T fr vh i 2208 DXR BE DR, A i Ay yift 7 2 B Ak 4
Fy B RERIA DXR FEIN e A A e i
RMED: ERERN AR & AR R
DXR &AL AW o /e R R (AR
R B, RIS AU B2, HHEFK
T2 HMEWZE IU 2R 8 & ke DXR A
WU IR IE o ARSI N R I GmDXR HERIEAT
e B N G 1 H R SRR AE BORIE S 0 A, R A D
real-time PCR E{AXS Z8 JUAN R 48 B () GmDXR Rk
TR, WP T T GmDXR WIRIEEA, K
A JE T2 JUI Ik Ak 5 4 1) A= 2 ALt A
FIFRESTF B PR o
1 #E5IRF
11w

2011 45 7 T BG4 K B B b 25 94 e SR AR
e IAZ3 IU Gentiana macrophylla Pall ¥ 5 N AR A,
FRAS H BR PO R 22 A di R o7 e Se R B AT
HE . AR FE SRRV IO R A . £
BIENAK, 1ANHIE, H 200 pmol/L ¥ MeJA X
YT WAL, R 2 RIR 1R, IRBZR IR
MRS FHIRZEIIR . 22 M 3 DA E

A
¥ o)

P RAEARACBEZE IO IS, T T 2R s B R e bk
Eny iUl I Sl = ST RVAL S B = A8/ S TTD SR VS
AR VKA (=80 C) PYLLAIT & RNA $2HL.
1.2 FEZRF

RNA #2HCAFI &% OMEGA A#]; SYBR
Green II Premix Ex Taq %365 &0 H
TaKaRa WA F] o
2 HE
2.1 FAL RNA MERSRER

H OMGEA 2 ] 1) RNA B & 75 il $2 1
ZETUMRZE I 5 RNA, FF DL R B ™ 4 4 I s
ST B PrimeScript®RT reagent Kit (TaKaRa) i
4545 BliZE JU cDNA 3 — 4k di
2.2 GmDXR EERTE

MRH S50 35 1 18 B 403 7 T unigene 18237 K& A
FF41, K Premer Premier 5.0 7 AFAE 5834 ORF #iE
Wi it 514 (GmDXR-S: 5°-GGACGGATTACT-
ATTGGAATCTTCG-3 #l GmDXR-R: 5’ -GCCCC-
TTCATTCACCATACAAAGT-3" ), LR & i
cDNA K5 . PCR [ N FEE A : 95 “C it 3 min,
94 CAME 30, 60 ‘CiRK 20, 72 ‘CLEMM 105, 45
MER . RNVAAR D ETFHTI% 02 ul (10
pmol), Mix 10 uL, ##% cDNA 4 uL, ddH,0 5.6 pL.
2 RT-PCR #" 1, JZJU cDNA CEP 1413 5] T
1 % DXR N (#74 GmDXR) .
2.3 GmDXR EEHIEWMERFSH

KA 2K A (http:/web.expasy.org/prot-
param/; http://www.cbs. dtu.dk/; http://psort.hgc.jp/;
http://www.ncbi.nlm.nih.gov/) X GmDXR &K 4ihth
RIAER e 9 AT 4 o H o 73 0K Hl ExPASy
ProtParam, SignalP 3.0 Server Chttp://www.cbs.dtu.dk/
services/SignalP/). TMHMM?2.0 Server Chttp://www.-
cbs. dtu.dk/services TMHMM/) . PSORT (http://psort.-
hge.jp/>) F1 NCBI-CDS 45 1 H 1l & (1 52 (1 BRAL
Ji A5 IE EEREE AL A e A DA S AR S 45
;. H{E4 T2 SOPMA L) J SWISS-MODEL 58
HE R R AN = AE SR B3 Hr . T BlastX A
Clustal Omega 5¢ 82 5 1 7 41 1 [P Lo R 22
FPAIEERT . LA MEGAS.2 #i2 K4 DXR 2 F ¥ 411
Iy T IREALH .
2.4 GmDXR EREMFIES

BL“2.17 b 45 KA i cDNA Rk 50 {55
BRI T SE I 2 B PCR Ve PAFFFIEMR actin
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(NCBI %35 : KIJ194570) N N3 (actinS:
5"-CATCTGAAACGCTCGGCACC-3" 1 actinR :
5" TGAAAGAAAAACTGGCTTACATCGC-3’),
M GmDXR R 1R EE . K Premer Premier 5.0
Wk S E & PCR 738 514 ( GmDXR-S :
5-CCTTGTTAGCCAGGGCAATGTC-3’F1 GmDXR-R:
5"-TGGGATGGTCCAAAGCCGA-3’). PCR X[V f
FF: 95°C. 3min; 95°C. 10s, 60 C. 30s, 50 M
AR 3 IR “ LA COVRpIAN s
BRI 74347, 35 SPSS 13.0 H one-way ANOVA
AT N Z 5 225341, FIA Tukey test 73T &A% i
[ BE R FIA IR 2
3 #R545H
3.1 GmDXR EHE2KFI=ERSH
PP A NP RAE, 38 GmDXR FER v B
K 1658 bp (K 1), £ DNAstar X JT I3 EAE HEAT
PR FIRIEE, GmDXR B 1 4~ 1 428 bp I5EHETT
JBOEASHE Copen reading frame, ORF), 4wiid 475 4
AIEMRIRHE -

100 bp
250 bp

500 bp
750 bp
1 000 bp

2000 bp

M-Marker 1. 2-PCR /¥
M-Marker 1, 2-PCR products
1 Z=7L GmDXR EE I 18 F=4 5 A7 B ik
Fig. 1 Agarose gel electrophoretic analysis
of PCR products of GmDXR

3.2 GmDXR EFREMERFD

3.2.1 AN[FEFAE] DXR R T gahd 8 (51 R D8
PEZr#t SRHI NCBI M3 BLAST X fFPatfT & A
FEFI LA 43T 2o, GmDXR 5 A4 ) DXR
HARGREMFREE. P GmDXR HE A
(Rauvolfia verticillata, AAY87151.2) Z i (Solanum
lycopersicum , AAK96063.2 ) . ¥t ff ( Eucommia
ulmoides, AFU93071.1). EEWK (Ricinus communis,
EEF52001.1 ) . K % 4t ( Catharanthus roseus ,

AAF65154.1) . J+Z (Salvia miltiorrhiza Bge. ,
ACKS57535.1) #UFIF (Arabidopsis thaliana (L.)
Heynh., AAF73140.1). EWEIEEIE (Plectranthus
barbatus, AAR99081.1) FI' 5 1 (Medicago truncatula,
AES91160.1) DXR 5 (12 Hlik 2] 89%.
87%-+ 86%- 85%. 88%. 83%. 82%. 81%HI 80%.
KH Clustal W 34T 2 P FI LA 8T LA AR TR
PROSCAN (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_auto-
mat.pl?page=/NPSA/npsa_proscan.html) X} GmDXR
AT IIRAL R AT HOR I, ANSFEIFE ) DXR
AWM R, DDA A% v BEAH AL 2
R4, GmDXR 7 2 4> DXR 454%E)F motif
(LPADSEHSAI 1 NKGLEVIEAHY ) F1 2 Ny
() NADPH 45447 /5 (GSTGSIGT Al LAAGSNV),
I HAEI N SifA e — AN 2R & 5 1) UL ] 471
(QPPPAWPGR) , ixX B J 7 F1I %) T O F g 7% PR R
MmN (K 2). FIF%E MEGAS.2, %
H Neighbor-Joining J77%, DARi@EHERA JTT+G,
AR DXR & H IR Gedbbm (B 3). 2k
P E7R GmDXR 5K FEHE FEAR M) DXR %
3.22 GmDXR HHAMFFES AT ProtParam KA}
T g R 7R : GmDXR A IS S NN 5.66,
K673 TR 51590, & FAIARRRE RECH 36.40,
& TREREA. FIH SOPMA Fi/7%f GmDXR &
FERR T B — dE 5 /AT T, 453 7R, GmDXR
HIE A REER AL, a-l80E 5 36.63%- B-F4 17
H6.32% . AFLIE G 37.26% FIRE B
19.79%. #| il TMHMM 2.0 Server %} GmDXR & [
EAT 5 L 485 Ry I P Tl , &85 2 7R GmDXR £ %
HEEEX B, FH SignalP 3.0 Server -prediction X
GmDXR & TS 5 IR T, 25 5 278 GmDXR
FARAE 5. #H PSORT % GmDXR 4 (13
AT A e, Rz A R T arE (n]
5% 6.0)0 255 L8 AT N iy 5 A2 2 I 1T AR 1)
JEH, HEN GmDXR H [ = ZEAE & SUR I A
HORAEVER
3.3 GmDXR BEFEMFT LS

Wt on, ZMIEY T DXR SERAFAE 1~2 4
FCY, ANTRLESG O3 AEAH AR A AN [R) 2 B AL (1 3R
REALTEAR KA, 1 [/ — A AN R 38 B AL
i AU A (1 S BN B B AR A A AR AR ORI X o DTt
90 GmDXR {EZ8 JURP AN R 35 B Hh IR 2R RFAE 0T
WRAHZH G s By ek A S1EH . B
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JRARRE [ 5] NADPH &5 &1 NADPH 45447 £

FEAP (AFU93071.1) 55 WPGRAVE PGRKEWDGPKPISYV 35TGS 1GT JTLDIVAENPDKFRVVALARG
K-F51E (AAF65154.1) 57 WPGRAVEE PGEKTWEGEK P 1S TV 38 TGSHGT )TLDIVAENPDKFRVVALAAG
HHE (ABHOR964.1) 57 WP:JRAVHEERKTWDGPKPISIVJSTGSIGT JTLDIVAENPDKFRVVALAAG
e : 58 VE PGEIKEWDGPKPIS IV 3STGS IGT JTLDIVAENPDKFRVVALAAG
Fifs CAESO1160.) 59 ¢ WPGRAEFE@GRK TWEGPKPIS IV S8TGS IGT JTLDIVAENPDKFRVVALAAG
UHIIT (AAF73140.1) 57 « WPGRAV|EE

JI% (ACK57535.1) 57 WPGRAVE

Consensus

kAh (AFU93071.1) 111

K21 (AAF65154.1) 113 Q ELKEALEDVBBKPE I TPGEQGVUEVERHEDAVT
HA® (ABHO8964.1) 112 FKPRLVAVRNESLVRELKBALADMEBKPET 1 PGEQCE TEVARHPDAVT
% D 114 dFRPOLVAVRNERLVRELKEALEDVBMKEE I IPGEQGVIEVARHPDART
Fiti (AES91160.1) 7, . FKPQLVAVRNES EELEEALEDVEEKPEI I PGEQGVIEVARHPDAVT

BT (AAF73140.1) 11¢
JI% (ACK57535.1) 114

[L1LaDQVk FkPgLVaVRnEsLv

Consensus 121 ELkeALaDvedKpEIIPGEQGViEVarHpdAvT
DXR & &3y

A (AFU93071.1)  17: TGIVGCAGLKPTVAATEAGKDIALANKETLIAGGPEVLPLAHKHKVKI LPADSEHSAT

K& (AAF65154.1) 17° TGIVGCAGLKPTVAAIEAGKDIALANKETLIAGEPFVLPLAHKHKVKI LPADSEHSAT

JHEE (ABH08964.1) . TGIVGCAGLKPTVAAIEAGKDIALANKETLIAGGPFVLPLAHKHKVKI LPADSEHSAT
BT (AESO1160 1 ) } TGIVGCAGLKPTVAAIEAGKDIALANKETLIAGGPFVLPLASKHKVKILPADSEHSAT

UM TT (AAF73140.1)
1% (ACK57535.1)
Consensus

KA (AFU93071.1)
KA1 (AAF65154.1)
JHEE (ABH08964.1)
H#E (AES91160.1)
R IF (AAF73140.1)
F¥& (ACK57535.1)
Consensus

[FS VY]

[SSTRRSTN ST ST RS I

.
[ERN N N

F qCIQGLpEGALRriILTASGGaFRDWPVekLKeVEVADALKHPNWNMGKKITVDSATL
DXR 45537

AR ON AL AR Ol NKGLEVIEAHY LYGAEYDDIE IVIHPQS I ITHSMVETQDSSVLAQLGWPDMRLPILY TLS
N ROV L L ROl NK G LEVIEAHY LFGAEYDFTHTVIHPQS T THSMVETQDSSVLAQLGHPDMRLPTLY TLS
RN TR DAl NKGLEVTEAHY LEGAEYDDTE TVIHPQS T THSMVETQDSSVLAQLGWPDMRL.PTLYTLS
N TSt A E - "< GLEV IEAHY LEGABY D TP IV IHPQS I THSMEETODSSVLAQLGWPDMRLPILYTLS
I W YA Ll - < L.V TEAHY LFGABYDDTHTVIHPOS TTHSMEETODSSVLAQLGWPDMRLPTLYTLS
i ARl NKGLEVIEAHY LEGAEYDDIE IVIHPQS I THSMIETODSSVLAQLGWPDMRLP TLYTHS
S VNG CYRX AR DI RN 1 FV TEAHY LFGAEYDDTETVTHPQS T THSMVETQDS SVIAQLGWPDMRLPTLYTLS
Consensus 301 LfGAeYDdI%:'\J:HPQSI:HSM‘JETQDSSVLAQ;GWPDMRLP:LYTlS

2 &7 GmDXR 5REEYHH) DXR #IFF5! tbxt
Fig. 2 Multiple alignment of GmDXR with DXR proteins in other plants

WK (AAYS7151.2) ZRIUHIMR 25 MONMPRL, E#HEZRTU actin A S,
4|£ KA#1E (AAF65154.1) SHEIAFISLE T GmDXR FPR3 15 7K AT Sz v

GmDXR . X . .
— i (AAK96063.2) PICERRM . 455 R GmDXR Y HEAEZE LM
i (ABH08964.1)

7I‘I i (AFU93071.1) Tk, R LPARE (K 4).
J1% (ACK57535.1)
Gt (AAW28998.1) 14
HIBE (ABC74566.1) 12
% (CBI15031.3) i 10
[ WA (BEE96268.2) X
Bt (ABD92702.1) RS
E EEJR (EEF52001.1) 7 6
ELE (ABO38177.1) m oy
P (AAF73140.1) 5
EF (AES91160.1) o
Ui £ I
3 GmDXR SEEFF| 5 H ) DXR SIEE
75180 R et L i B4 GmDXR EZAARRINLFRIFKIE
Fig.3 Phylogenetic analysis of GmDXR protein with Fig. 4 GmDXR gene expression in different organs

other related proteins of G macrophylla
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RAMREN AV N AEKY) T, A
AELENABER, RN, ZRBRETUR T2
MR EA A A 2L seifsE R PCR
mai R (B 5) Wor, SRFMRATAED KK T NG
(methyl jasmonate, MeJA) 4bEE 2 d J5Z& 1)
GmDXR iKW Th i, MAEZE T K0 B
AR, (AP 6 d JGRT GmDXR ik &R T

7 a

LRSS uN

iz
= 20

MIES

H
s

=7

CK 2d 4d 6d 8d

10d

ARFRER R ZE R 3 (P<0.05)
Different letters mean significant difference (P<<0.05)
5 MeJA %325 GmDXR R M (A) IR (B)
H Ry FRiIX
Fig. 5 GmDXR gene expression in leaves (A) and roots (B)
of G macrophylla under MeJA treatment

4 g

AR MEP 1R T ik, SR iER
AR 4 B iR, DXR 7F MEP #4212
AEEAME . Tk, fEpEIrt, a gl
L AR B Kt Vs 2 Rk b
SUREH T DXR KA, FE0T L 55 A5 P45 ) 5%
FRUAT T AR ARR T2 DXR BER J Ho
B B A G TG AE DGR o AR T2 50 %
JIT 3 ST 1) 2 T o 0 S AL A, R e B
— &S IEARMKENL DXR FEIR & AR P )
GmDXR 3L . DXR [ il & R & & ¥ 5
(QPPPAWPGR) FAT FUARE [0 TR, FFRTORAF BT
Pk ARG PRk 2 T BV TS Sk AR R b
DXR JPHIRHT L, RIUIZP SI4E 5 — AN o B 5F
e (BB IFFZETN Q, HAE N G, WA

A, A0 P, XATRET AR DXR & 4T
TANA B4 A A A 5% DXR H 2 4~ NADPH 45
A7 5L GSTGSIGT [P FIEA R FEY) DXR & H
EER A CEAE RS 2 21 S C B4R KFEfet
I V&M, % 2 4~ NADPH 4417 mi)¥ 7
LAAGSNV @IS 2 > DXR 455557 motif
(LPADSEHSAI FI NKGLEVIEAHY )% T E %% DXR
A RV — NS, RN DXR 454
B e R

GmDXR {ERY) 8 By e AR _E 4 200
ZPU AR P R R 2P, 4 R
BEE TR, SRR A PYA R A A
DXR WRIEF G AR, HRFIRA R DXR ¥
TEZE T A B f e, I AE AR o () 2 0A S LI
BoRH DXR FEAERIE B4R 28 R N 4%
TRy AR 2R (i S E A PO, AR 2RI
e SR E R s AR 2R, B RIA, [
I TR GmDXR W] GeAEZ% JUMH v BRI kit 240 Jot
(A B S E AR A

MeJA {Eh—F &MY R, MUGES 5
PRI A1 S5 I, 3 R DA 5 R A 1 O A A 3 B
HHFF 7 MeJA Be B s R 2R 25 4oDXR 113
EEPL A2 MeJA WANH PaDXR
[k, B ARZEM T SmDXR HIFIEMAZ
MelA 15 SPY, AU B4 (AT 5 &5 SR 36 W 7E 52
MelA 155 5 /RN TR N Z2 JUrh GmDXR [R5
HRET S ZBIRF GmDXR £k % MeJA 1
FHSIEA G, A HEE GmDXR EZE JUMR h ik i
(HIEE 388

SE R
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