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RIERT I E . S5/BKPE. ThAagtk. g, =M ARG L B IL ST A AT ; R SEr 3668 /i
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Identification of 1-deoxy-D-xylulose-5-phosphate synthase and analysis on essential
oil in Magnolia officinalis
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Abstract: Objective Based on the data of transcriptome sequencing of Magnolia officinalis, MoDXS1 and MoDXS2 genes were
completed in detail by using bioinformatics methods. Methods MoDXS1 and MoDXS2 genes were analyzed and predicted by the
tools of bioinformatics in the following aspects: physical and chemical characteristics of amino acid sequences, function domain,
hyophobicity or hydrophilicity, secondary structure and tertiary structure of protein, molecular phylogenetic evolution, and so on; The
expression levels of MoDXS1 and MoDXS2 were identified by real-time PCR. Results ORF Finder indicated that MoDXS1 and
MoDXS2 genes were full-length, and they all were unstable hydrophobic proteins; Structural domain of MoDXS1 and MoDXS2
showed high homology with other plants; The secondary structures all were hybrid architecture, and alpha helixes were the major
motifs, tertiary structure of protein was predicted by Homology modeling; Sequence alignment that MoDXS family had relative close
relationship to the DXS of Nicotiana tabacum, Salvia miltiorrhiza, and Arabidopsis thaliana; The results of evolutionary relationship
analysis showed that MoDXS1 had relative close relationship to angiosperm, but MoDXS2 was clustered in a clade solely; The
expression levels of DXS1 in M. officinalis and M. officinalis var. biloba were not significantly different, but the expression level of
DXS2 in M. officinalis var. biloba was higher than that in M. officinalis. By applying the technique of GC-MS, the contents of major
volatile components B-caryophyllene, B-caryophyllene oxide, and B-eudesmol in M. officinalis var. biloba are higher than those in M.
officinalis. Conclusion The results provide theoretical reference for studies on secondary metabolic regulation in terpenoid of M. officinalis.
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(hEZy ) 2010 4FRRMEE RN T A
BHHE Y B AN Magnolia officinalis Rehd. et Wils. BY[Y]
I JE kb M. officinalis Rehd. et Wils. var. biloba Rehd.
et Wils. [T 52 MRB b Bz o JEAN A0 T4
X 2 AN DX, AR X RN A, BT
A G D db st AN (L W
WP BRI 3 B A A JEANEY SR L A
R A, AR R S AT 2 M R8sy B
S HH R R S e ELA R R O KB A
L DARZE it e DA R G S A AR 1) e e v, o R
R 40%~50%", B TR .

WA EDEYE OB F A 2 4, —5%i&k
PSR TSR I R IRIE 4 (MVA pathway) P
Iy AR AR LT TR T ) Y R -D- R 6 I -4- T 1R
1% (MEP pathway) 71, 7£ MEP 4%, 1-fii%-D-
A Wi KE -5- BE R & Mg C 1-deoxy-D-xylulose
5-phosphate synthase, DXS) J 55 —ANFRik i, &5
T FIXnE R 75 . R b (D). VE Al
W2 32 55 T L) 0T R OB AR A e T ABIFST
R FEFIK DXS B, S AR H RS b &R
VE. ABA fil GAs %52 it @2 LS, w7
DXS JERI{EM MEP i A2f A R rmi i L9
AR REAE EEEM. HATRAC, et g
RIS 25 R 1Y) DXS JERIA A 1006 .
AKIEFUE I JF AN s 20 B4 1 A3 21 JE A DXST
DXS2 JEA 41, Tk AP 2 o b He A R kAT
30T, SR SER 2O E R PCR IR T 2 FdE AL 2
AL N AR R I 22 5, JFIlIE GC-MS JIE T
JEAR B [yt JEEAS eh A M A R, D R s R AN
DXS J PRI 28 AR ™ 0 0 AR L2
AErr SE R B ILA o
1 #MR5AE%

1.1 X5

Trace 1310 TSQ 8000 “TAH 51151 (3£ [E Thermo
Scientific™ A #); AT HE R0 5=98%). B-
AR OREDE=95%) A1 B-AEiH il (it
T =98%) XTI H £ [E Acros Organics
Ay HAREG o4t

PERARIRIE T2 Bl 2 P L 82, frp[E
PRt ot rh 24 e s v e ) BRI B S R 2%
BHEY JE RS Magnolia officinalis Rehd. et Wils. ai[Y]
I JE kb M. officinalis Rehd. et Wils. var. biloba Rehd.
et Wils..

1.2 EEHHRERN

JEFD 1-1d 5 -D- A 8 -5 - 12 5 I (1-deoxy-
D-xylulose-5-phosphate synthase, DXS) FE K751k
V5T JE AN A (ARSI AR A7), BIURFPH
LbR. FAARE, DhReTEREE . SR HAb A
TR LR 751K H T GenBank £l /% «

1.3 9WAE

i} ORF Finder Chttp://www.ncbi.nlm.nih. gov/
gorf/gorf.html) AT AE (ORF). FIFHTEZ
T.H Protparam Chttp://www.expasy.ch/tools/ protparam.
html) FHEIN A PR G A4 2 1 FRIAFDNS 20 7 . 2 BE TR
BH L B AREREL RITTREL SRKIE/
G 7K g i X4 G AR B M BT SR T CDD
(http://www.ncbi.mlm.nih.gov/Structure/cdd/wrpsb.cgi)
AT E ARG8T K CFSSP Chttp://www.
biogem.org/tool/chou-fasman/) BEAT 8 1 L &5 44
53H71: FJH Swiss Model Chttp://swissmodel. expasy.
org/) FEFP, Mk PRI LM 7 41 HEAT AR, Tt
RN =L . F DNAMAN #AE5 7 Ik T
Z LT, H ClustalW #F5 HABAE ) (K 2 S e
FIHEAT LS, F MEGA 6.06 % ff k4 2 Neighbor-
joining RG], bootstrap T IKELH 1 000 K.
1.4 RNA $ZEUF1 cDNA &%

KH] Trizol 25 DA JSEARFI T i JEE R i v 2 R
RNA, ZEHE B ki E RNA Se80E . ND2000
DUSE S5 RNA (1) Ape0 F Aogo 1 » EF5E Are0/Aso H 1.8~
2.0 [ RNA BEAT Sbeso HIPTHEI & RNA £
TaKaRa S #3417 % (TaKaRa Prime Script™ Ist
trand cDNA Synthesis Kit) & 5% cDNA. Hid
T2 B RNA K 1 pl (49 200 ng), dNTP 1 pL,
Radom 6 Mers 2 pL, RNase free H,O % 10 pL,
B, BFPCRALLE, 65°C. 5 min, ZJFEUKLE
S ARG W N RN : 5XPrimer Script
Buffer 4 uL, RNase Inhibitor 0.5 pL, PrimeScript
RTase 1 uL, RNase free H,O 4.5 pL. PCR 4424
30 'C. 10 min, 42 C. 60 min, 70 C. 15 min,
4 CHEFF, RIFEHEBH THENZOE PCR §7 1 5k
=20 CHRAF& M
1.5 Real-time PCR

MG s Bl SRS AN Z ] B-actin A1
DXS1.DXS2 %R 751, #]H Primer Premier 5.0
BTSN DO E RS Y, ¥ 8 WK AL 100~250
bp, EHAETAY TR (B ARG 5197
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HIWF 1. [MAEZR: 5uL2XSYBR green, 0.2 pL
ROX Reference Dye, 0.2 uL 5[#) F, 02 uL 51 R,
1.0 uL ¢cDNA, 3.4 uL H,O. PCR R N 444 95 °C.
30 s; 95 'C. 5's, 60 C. 34's, 40 M T,
dissociation stage. 7% [ LightCycler” 480 ¢ )&
i PCRAX E#HAT 9O e i, SR 7 Mt 2
BIER RIS B AN ZIER B-actin AF A FrifEIEATAH
X E R, RNV ER 3, AR E R ITERH
N I

% 1 Real-time PCR 5|¥1/551

Table 1 Real-time PCR primers

ElE R s SIHFEI(5-37)

DXSI1-F AACAGCATGGTTTGCAGATAAC
DXSI1-R GATCAGGACCTCGTGTGATTTAG
DXS2-F TCTTGCAGAGGGCAAGAATG
DXS2-R ACTGTCACCTGAATGCCAAG
B-actin-F GAATCCACGAGACCACATACA
B-actin-R GAACCACCACTCAGCACTAT

1.6 EibRIEL MRS HINE

1.6.1 (a4 KM TraceGOLD™ TG-5MS <
A EFE (30 mX0.25 mm, 025 pm; Thermo
Scientific™, E), FEFTHE (WIEHIRE 80 C,
{#%F 2 min; LL 10 C/min JHEZ 100 C, {f¥F 2
min; FFLL 10 “C/min FHEZ 250 C, {&FF 16 min).
HANEA, HPBURE 0.7 mL/min; SEFEE 1 uL,
Syt 18.5 11, HEFEINRAE 250 C.

JRBESA: B TYRN EL, HEHEIE: 70ev; &
TUHRRE 250 C; WALEIRET ] 3 min; IS G
mz 40~400; F145 51 0.3 scan/s.

1.6.2  FERMERTME 3 R 2 RIS R R
G, BT 10 mL AFEERT, NiE It
PR RZIEE, 1FEN RGBS, B IR TR
B0 ORI, BRI ELIR I, 4% “1.6.17
TR A0 5 DA el o s R A R AR A (X,
Xof B U THT B AR KR (YD, 2o il bt AR £k,
DA LS W I AU AR AR (YD, 43 30 [R1H 5 724y
WA BT Y=1.54X10° X —2.06X107, r=
0.999 5, kY5 100.0~800.0 pg/mL; B-5Afb A
Prid Y=1.05X10° X+5.62X10% r=0.999 7,

&Y 100.0~800.0 pg/mL; B-FZH- il Y=
2.06 X 10° X—6.50X 107, r=0.999 2, VU
100.0~800.0 pg/mL.

TR IRE SR R 100 g, RS FRE, InZ%iEK
1 000 mL, &4 h, % (PEZH) 2010 FFhii—
PR S XD 4% & uhi i v PR RO Rl . R
W B 28 TG 7K ARt R A 3 R R il % il 0.20 mL ' 10
mL BRI, DUE OB EZIE, #£4,
BRI . 2 “1.6.17 TR 44T GC-MS
ST, DAAMRIET &R Mo .
2 HRE5HH
2.1 EEREBUMRINGIES

M AN S 41 58 3k A3 MoDXS 2 45, ORF
Finder Tl ] MoDXS1 JE[X4K:h 2 031 bp,
MoDXS2 FE[K 4K 4 2 160 bp. Protparam &5 1244
BTN, 45 K] MoDXS1 LK 4 i 2 K8 b
677 aa, X HUERHN 72 790, RS HL AT
(PD 4 7.15, HRIWi$a%087.75; MoDXS2 Zifiad It
f24 720 aa, SEEAHXIZFHUEA 78 060, P14
6.15, HEWi+a%091.57. MoDXS1. MoDXS2 #J A
FeE ISRK B o

FH NCBI ] Conserved domains £F £k T. B
23 MoDXS1 F1 MoDXS2 & 1 () ) fig 45 1) 15, .
4E JLR W] MoDXS1 I MoDXS2 #i5h £ 45 ¥y 48, &
(1, H4gifiEy g T TPP % . PYR-TPP i
FG LA S W I B -C K%, IR 2 A TPP 45
G AT PYR/PP 45 i 1t FH — 28 A 2 fiok 1 5 2y g
ghiy (B 1),
2.2 TEREEMFN =R TN

MR EAN MoDXS1. MoDXS2 JEN I SLIRIT
F, FIH CFSSP TELAM) 2 1R 2 ke h 2
FRIFHII) 2R 2sk) (B 2). 459 87K, MoDXSI ] a-
WREAE 2 IR AL 442 A (65.3%), B-FEFAN 252
A (37.2%), FEAEEILTT 87 4 (12.9%); MoDXS2
1) a-BRELE 2 IKEEHH AT 503 4> (69.9%), B-H4ffdt
it 445 4 (61.8%), ZEMFEILTE 88 /> (12.2%).

{fiH] ExPASy 7rk/Ix%5#5 ") SWISS-MODEL
Homology Modeling %/ MoDXS1 . MoDXS2 .
MoGCPE 1 MoLYTB #& (137 [FIJR AR, 38T
T AN = B, a3 R . ExPAsy structure
assessment F£ )7 PFIHE T, MoDXS1 £ [ # Y
201s.1.A #3534 0.86, £ 17 FI AU 4 50.09%;
MoDXS2 & AR 201s.1.A #3534 0.83, E R4
(PRI Dy 43.19%
2.3 DXS ZEEFKERIREFTIRTEE

| DNAMAN % f4:%) MoDXS & A 2 A1 g
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Query seq. Pr—
W-hinding sila i k Y W bimding lll- l .
P obelos L 0 L A4 4
il m
Specific hits i
Superfanilies TPP_enzuiies superfanily TP sz PR
Hulti-donains PLNOZ22%
1 ERYEEEHE S
Fig.1 Conserved domains analysis of deduced proteins
= o-BEE
- B-¥AM
- GEEE
ToHA

2 REBREMH L

LEraTAm

Fig. 2 Predicted secondary structure of deduced proteins

MoDXS1

B3 EH=

MoDXS2

REEHITAI

Fig. 3 Predicted tertiary structure of deduced proteins

It Arabidopsis thaliana ( NP_193291.1 ) . JH #
Nicotiana tabacum ( CBA12009.1) . % Salvia
miltiorrhiza (ACF21004.1) [ L8 55T 2
HIxEL, ANFEYIF DXS gifil 74 gk Rl 4 pr
Mo AT MoDXS1 5 MoDXS2 &) 75113
5 Y DXS 8 IR TPP 456087, MERE S
A 5L R IR C AR R4 3 MRS, 5
HoAl 3 BHRHIYIE . FFSRRIRIT DXS Kk Al
IR RIJEYE . S5 9K H 25 A~ DXS 3 AL b H
B 14 DA R IERAL A, 5 FhiFYE DXS
J¥ 5 2 H LG O G AR TR RS R A R 346 A
MoDXS1 5 MoDXS2 Z [HAH[FI 47 547 383 /.
24 RGEHMAK S

¥ MoDXS1. MoDXS2 5 GenBank [ HiAth
R () [R5 B L EAT LEXT, 7R3 MEGA 6.06 ¥ &5
R AR AR B A A, AT SR R T
iR 5, MEAA Rl LAAS 41 MoDXS1 kL,
W 530S Artemisia annua L. 55 R 5T, 7]
f5 ik 38%, HIRE5EEEMNMNZS Savia

miltiorrhiza Bunge. % /0>% Andrographis paniculata

(Burm. f.) Nees 5G4 K R, HIHAP THYIE
J KI5, {5 MoDXS2 B EE A —
25 EBEREFTEDH

KH Real-time PCR 735l 73 A T JE AR AT U] I )5
Fh R DXS1. DXS2 K RIEZFIE L. 4%
7R, DXS1 Fl DXS2 75 &AM [ JE AR rh 3447
AR Rk, JLrh DXS1 78 JEFMRI i JEpb Rk 22
AR, AREESICT DXS2; 1fi DXS2 {11
SN R ) Feak B B TR A . 45 R LK 6.
2.6 EAPIELMENRDERIS T

B-AT I B-AEAATNT IR B-Al -yl e oAy JEE A
bR e (R B A gy, o R AR 50%
) O S N Vot = S R (B (= i 9 R NP O S K
T LSRN T JEEAN R B BEAT I E , 45 R WK
20 MR 2 AT CUE 78 AN T AR i,
B B-AT i > B-SA AT 46 > B-Fe il s 78 )%
AT AN B b, 3R B4 K > A il
e > B-SE A AR, B B-A T R e T A 2
Fheaye WeAk, 3 FPFRFRIE Lo 7E T RN S Bl
A v TR AR
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NIDXS  eee-- MALCNYAVEGILNRTVASEYSKQS Pl FSELFHETBLOYQFQHKLTRVK . ERERCY QAISEKCEY vAQREG GGHE 113
SmDXS PEAFSGSLVAADAQKETNECSQWLEGADLPFHPFCRNSQIR . BSSTCICATMSERGEY FQR GGHL 110
ADXS SSAEAFPSYIITRGGLSTOSCKSTSLSSSRSLVIDL PSPCLRENNNSESNRRARVCASHAEKGEY YSNRHS GGHL 116
MobXSI i MALATFSFPGQLIGVAASNLQKSSILSSHLLEGVOLGHFFHEKLFKG . RXRSCYCARISE SEEYHSQRA HIGEHL | |
MGAASAQCPSGIRALIQGCETVLFFXLEFSKL SCNPRGESLELGECPSSDSVSSSEGEGRRVSA RREE |5
MoDXS2 A
NtDXS VA 1 G S TIfE
SmDXS 1
AtDXS il T £
MoDXS1 b i & i R
MoDXS2 L = RERCIREE
NtDXS N pTATLIE A PEVEYE R RIPENRE; K THY IGgeMHAL
SmDXS N ETANLTeFTARVEIA: SHE RINENRE! K L
AtDXS 1 Evran stvgs RISEN PR 3 i %
MoDXS1 ! ETASLIEF PPV SHIERIIE SRE! K
MoDXS2 2E - ‘QPH?E SEMATNMAE STIS R I SE S fiF
NDXS YEYAERAADRYHGVARELFATGKQFRVSAKTQ AERDRDRVARE GETGHN
SmDXS Y EYAEKAADKYHGVTRECEATGKGFRSSAFIG v GGTGIN:
ADXS YEYAERACCRYHGUVRECEATGRGFRTTHETG: y SETGLN
MoDXS1 Y PYAERAACRYHGVVRECPATGRQERSSTPTQ! GGTGMNIHL
MoDXS2 SEEGHKNGMTVKHQGLSPSYS . . SLLSSSLSR MEPSLG
NtDXS
SmDXS
AtDXS
MoDXS1
MoDXS2
NtDXS AAVEVTH FIVAECR 1CHG SEADGLAEAGLTRSHIARTVENILEGTREAL 713
SmDXS BALVETH ELWEDRNICHGAEVEQLYERGLTESHIRATVENILGEAREAL 710
AtDXS AVMLEER FDRYICHGAFACGLAEAGIMPSHIAATALNLIGAFREAL 716
MoDXS1 PO REN: T THMITSER . . eveveeeenieneeeeeeeinneeaens 677
MoDXS2 FERSLLANLETQVEY] B IVMBONRIEQH SEXEQLA LAGLT GEHTARTALSLEGRTREAL 716

NGRS Smofts

AT

Nt-Nicotiana tabacum  Sm-Salvia miltiorrhiza ~ At-Arabidopsis thaliana

& 4

Fig. 4 Multiple alignment of putative amino acids sequence of
I
PERE A
BB AT
e R
A
_i E%ﬁ%fﬂ%
i 2# 5
LA
[E_—
JE4h DXS1
J1%

JEHh DXS2
5 SEBFIINRFHEK DT

Fig.5 Phylogenetic analysis of amino acid sequences

» 0.05 = A R
X 0.04 T
®0.03
&
= 0.02

001 : -

0

DXS1 DXS2

6 EFMNMAEF R DXS1 0 DXS2 A FRIKKF LLE
Fig. 6 Expression levels of DXS1 and DXS2 between M.
officinalis and M. officinalis var. biloba

MoDXS &R EBRFI| S5 RIRFFIM S EEL3

MoDXS with those of cloned DXS involved in other plants

*2 BARMMHEHPIZERERSNE (n=23)
Table 2 Determination of volatile components in M.
officinalis and M. officinalis var. biloba (n = 3)

T KU (ugg )

A B-ATTkE BTG AR IR
JEAN (1D 17.06 16.02 15.65
i JE AN G 17.52 16.09 15.79
JEAN 2D 56.32 17.81 24.56
MmHEAN () 62.63 18.08 27.54
3 it

JEAN B2 SRR, 25 sy
FER ML DA G200 5, Wik e, A
L5 ARSI RN E AN A B MEP 42 1)
DXS FEFFIEAT T AV B F AR Rk K
537, ORF Finder Tl W] MoDXS1 Al MoDXS2
SRS A AT SR MoDXS1 .
MoDXS2 L5 HABA ) DXS Fe KA R i (1 TRl P
I FH TR Y8 AR VL IR AN DXS FEREAT 07, fil
T ILEAR A G580 RIS 0 LG 277 MoDXS
K ) MoDXS1. MoDXS2 57+ M AT
2] DXS SEARAREMFEELE: RIEHEHE
KM iR MoDXS1 5 A B TSRS R
I, {H MoDXS2 HhEE A —37,

AWFFOE L S 72 i PCR W JE AR S [
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JEAN ¥ DXS EER AT T RIAZE R oM, Hrp
DXS1 L = H 2 ML R E E R, RIEEIHRE,
{H & DXS2 JE AT M JEAR o i s i B0 6l v 1
JEAN . fEDSEE AL L, EE GC-MS X JE AR
LU JEE A B A T 3 b R M R A 1A T
S5 R WMt AN ) Bz frh B T B-AEA A
VIR B-k i i3 IR AR, X IELFS DXS2
SEDRIAE (U] JEL AR Hp ) Rk 1 ) B8 v 1 SRR A 45 AR
Wit o — MO RG2Sk 8 A s A oG
il (1) i AT LB R R, Rk JEE D R [ e JEE
DXS2 JE [RIR A 1) 22 57 1T e 2 5 i 21 Ll 24 1 73 w1
1 TPP BIA G, JETTRE MG S e AR . H AR
LW RIL DXS HIgihs R AN 2 3 R Kk
Y, Walter S5 BB 15 70 BE %02 T DXS 1 3
A~ cDNA JE%1, i%X 3 /> ¢cDNA B4R g 2 A4
PR ¥ J5 % R IE 7= B A5 DXS 35 1 o P01 5g I+ L 1A
USTT A 3 A DXS A, HSZIIE] A 1
A~ DXS HAAIRE. PIHET JEANFI M JE AR
DXS1 1 DXS2 KEAIFeik 72 5 it I8 DA e D e S ik
AR T PRI

R T REHE DA 1) = iR 55 52 W] AR 5k (R Bl
R =5 STCRIPTEE S I T R T s, AR
WU R B T )RR AP e MEP 1842
DXS LRSS RIRIE I ZFEE, HIRAERIT DXS
TEEAME R G b i R IR D REIR L T —E 2% .
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