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Abstract

1-deoxy-D-xylulose-5-phosphate synthase (DXS) gene from Nicotiana tabacum was cloned by using
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) and Rapid Amplification of cDNA
Ends (RACE) strategies. The complete cDNA sequence of DXS is 2386 bp in length, and contains an
open reading frame (ORF) encoding 718 amino acid residues (GenBank accession number:
CBA12009). The pI/MW (molecular weight) of the deduced protein is 7.31 and 77.413 kDa. The
protein is most similar to DXS of Capsicum annuum with the highest amino acid identity of 96%,
and to DXS of Solanum lycopersicum with the next highest amino acid identity of 95%. Phylogenet-
ic analysis constructed with 10 plant DXSs showed that the deduced DXS formed a cluster with
those from C. annuum and S. lycopersicum. Northern blot analysis revealed N. tabacum DXS gene is
predominantly expressed in leaf and stem, and expressed at a very low level in root and flower,
suggesting that the gene product is involved in metabolism of allelochemicals in green tissues. This
work laid a foundation for improving the quality of tobacco fragrance by transgene in the near future.
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FIF R #EF R4 B8R B (RT-PCR) 454 PE Y 1 cDNAK 5 (RT-PCR) B R 72 & 7 R E 1 - B E AR ERRE-5-
BEER & RS (DXS)Z: [ K4 K cDNA(GenBank accession number: CBA12009). FH R ZE R L
¥2386 bp, &H — IS 718MNREBRIRE FIFT U LA (ORF) . M4 cDNAFFI B K& B R HEE
SRS TFESHINT7.31/177.413 kDa. #%E A S5HBAEILFIDXSHIEZER 5 1 R BE R
96%M195%. XK H10FEY (B & EE)FDXSHREMTER, MMEHDXSSE HBAIZE I IDXSFH B
—ANX %K. NorthernZXZ T ER, DXSEFEEM FHEFREKEER, MERESEFREK
PRI, XR\ZEFAM =Y RRESEAR TS5 REY R KARY . %2 FE cDNARF S HIFRE T
HTRERAEN B EMESAEREE T 2.
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15 A I (terpenoids) & )2 0 A T AP A — KRR, Toib2 s F5Fms . XL 2 =ik )Y
i, HEEMENEERLEENEH, S5REE. iR, ARKEES . MR 2R AR
AR — RS T B A o i S — R A S R M B B, AR FLE H 22 D] D B
fEfms . Xs . =5, PUis . ZEEAEKRE S Hh=mE. WUs o FAEE 2w EAR =y, Xa
FERHE MR, FER. BER. W, 8BS, REREAKKEILE: MR 5k, X
FEUEACE =, EATT 2 S 3 R A AN R A o s P ) S A Rl o) 5 M B R 2 S 5 )
FHIR[1] [2] [3] [4], 3X A WIS A3 B i 28 2 1 1) & S0k B T3 iR i A ik o EES2IiX — H R,
P& = FL R A M B EE R RR (IPP) I & B2 T2 221 . PP 2 H iR () DXPS @B RIE I, H&5H%
it~ U« DUl AP e DRI 2 R T RE T B g my MR & SOn] LA FE X DXPS I 23047 70 1R 4%
1- it SE A TR % 51 FR & il ((1-deoxyxylulose-5-phosphate synthase)DXS)Z 5iZi& 258 — ML D IR,
AL TR R 5 H % -3-BE R A i AR B B -5 R » DXS 2% E R EM e —, HdERES
EFW E IR TR RS T E R, RS FSEYME SRR/ Er it & R, dhimie
T B A, R A AR A5 3 7RI

EE RV R A T RRETZ, WP EIMREC, X L B . BT
FESEbRAE =R Z B IR B AR AR ES RS s A AR, MAHER TREFERSR
SR A SR B R P A F AR AL — N BB IR A8 . H AT A DXS 5 [R] ) A 2 DRI MH 7 1] P 47 e oA LA o
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2. MRS E
2.1. ¥8l

SEIAA R g 90, 12K B it A AR e R SR A P , E [ 55 R BT R
2.2. FERF

Trizol (Invitrogen, USA), SMART™ RACE c¢DNA Amplification Kit (BD Bioscience Clontech Company,
USA), SMART™ PCR c¢DNA Synthesis Kit (BD Bioscience Clontech Company, USA), pGEM-T Vector
(Promega, USA); FHo& & Fl 35 o Bl 7= 43 dréll o

2.3. & RNA BUIRENE RACE-Ready cDNA BIE R

FIF Trizol EIRBUBEELH & RNA, H] SMART™ RACE ¢cDNA Amplification Kit 7} H& % 5'
RACE-Ready cDNA Fl 3' RACE-Ready cDNA. A BUHI#H [N AR RN 10 uL, %4 1 uL 1] 5-RACE CDS
Primer A, 1 pL ff] BD SMART II'™ A Oligonucleotide, 1 pL & RNA(1 pg/uL), 2 pL 87K, 2 uL 1
5xFirst-Strand Buffer, 1 pL [ 20 mmol/L —Fi 3 EE(DTT), 1 pL ¥ 10 mmol/L dNTP Mix 1 1 uL BD
PowerScript X #5% . 3'cDNA A MNAKZR A 10 uL, &4 1 pL 1 3-RACE CDS Primer A, 1 pL &
RNA(1 pg/uL), 3 uL #1252 F 7K, 2 uL # 5 x First-Strand Buffer, 1 uL fJ 20 mmol/L DTT, 1 pL fJ 10 mmol/L
dNTP Mix fil 1 pL BD PowerScript 4% %8 4 NAKRLE 42°CilRE 1.5 hr LURIE cDNA 23— 15 %
J5ER. FH Tricine-EDTA S0 [ SR 2% 10 15454 -

2.4. IR 18 cDNA Kim(5'41 3' RACE)

AR R B P 158 A i B -5 - T R 5 R (DX S) 2 RUAZ O [T A (& k5. AJ291721), A Primer3 7E£&
T. H (http:/frodo.wi.mit.edu/primer3/) ¥ 11 & K 4 7 1% 5 ¥ GSP1 #1 GSP2. GSP1:
5'-GCGTCGGACCATCTGCTCCAACAAGA-3"; GSP2: 5-CGCTATGGGTGGTGGGACCGGTATGA-3',

P14 5'cDNA A f S SLEARFA 15 ul, HF 34 10.6 pL ddH,0, 1.5 uL 10 x BD Advantage 2 PCR
Buffer, 0.3 uL /) 10 mmol/L dNTP Mix, 0.2 uL FJ 50 x BD Advantage 2 Polymerase Mix, 0.6 pL #J 5RACE-
Ready ¢cDNA, 0.6 uL ] 10 x UPM, 0.3 puL ) 10 pmol/L GSP1. ¥ 14 3'cDNA At ) ;2 Bk %4 15 pL,
4 10.6 uL ddH,O, 1.5 uL [¥) 10 x BD Advantage 2 PCR Buffer, 0.3 pL ff] 10 mmol/L dNTP Mix, 0.2 pL
f] 50 x BD Advantage 2 Polymerase Mix, 0.6 pL [J 3’'RACE- Ready cDNA, 0.6 uL [ 10 x UPM, 0.3 uL
1) 10 pmol/L GSP2. f# ] Touchdown PCR R FiFE/7: 94 CTAEYE 3 min; 94°CAEM: 30 s, 72°C 3 min,
HEAT 5 BBUEIR; B35 94°C 30s, 70°C 30s, 72°C 3 min, {3 5 %; 94°C 305, 68°C 30s, 72°C 3 min,
L 28 BOAEFR; 72°CHEMH 10 min. FHEFITE 1.0% I EEREREEERS b Rvk 0 TF, AR 43T S bm vtk ) 7 5 1]
W H i) DNA B, # N pGEM-T vector, %“ﬁﬁ%ﬂ:i DHS5o (&2 A48, JRik B 21 IFF . X RIE
T 5'F1 3' RACE B9 3872953 Al 4 A~ DL B soks, Ji i bl 7 45 S BRIl PCR USR] fig H 3R A5 T
Tl

2.5. DXS ¢cDNA R H iR EERFFIRI 54T

{1 DNAtools 6 AT IZ EH R 7 HIIEH B 1 Clustal X v1.8 [S13K M3 TZELIRIT 51 1 EEXT 73
Mo BB SE H S Ar F 24 Compute pI/MW 7E4k T H (http://us.expasy.org/tools/pi_tool.html)i4T
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T o B AR ATARFME 5 KA SignalP 3.0 Server 7£2k T H (http://www.cbs.dtu.dk/services/SignalP)it 17 11
WMo 737 RZGMAE ClustalX v1.8 BfF i) N-J I H 28K 56 X =1000) AT K2 6] BLAMER 5T 41
FR ] BEAEAE KBS R AL A A4 F] NetPhos 2.0 server (http:/www.cbs.dtu.dk/services/NetPhos/)H#E4T Fiill[ 7]

2.6. DXS EFEpAARIETF RN

FIF Trizol VEHEHBUBEELLIZE . M Fr. MRIRFITEZME RNA. % 3CHR[8]H 71223647 Northern %% 5 A0
A K EFEMIE RNAQO pg)fE 1.5%(w/v) A PEBRE I ik 0 JF, B BIHIR A 4E 3 |, DA
o-[*P]dCTP #RiC (¥ S'cDNA F BONIRER, AT F 258 o 2284 65°C 16 hrs ekt A 1 x SSC,
0.2%(w/v)SDS T 65°C# 15 min, FEH 0.5 x SSC, 0.1% (w/v) SDS T 65°C¥t 15 min; W¥EiF IS X 5t
RRT R, BET-20CHEG7d.

3. BRE S
3.1. HE 1-fRE KT -5-BER & A ER(DXS)EE cDNA BI5EFE

j#iT SMART-RACE ¥ 1#3] DXS FEF AT 5'cDNA A BCfl 3'cDNA F B LK 1, RANVZ128 1.9 Kb
1.2 Kbe JFfEEPHESRIS T DXS FERH 4K cDNA F51.

3.2. 1 cDNA TR ZEBRFIID

% cDNA 44K N 2386 bp, e (I EEHE(ORF)Zw D 718 N IEFRIRIE( 2). 7E cDNA 1)
3K A 28 M EAZ IR poly (A). 1% cDNA 2K JF | C 4% 5% # GenBank ¥ J%E(GenBank ac-
cession number: CBA12009),

LT, %5 AR PSR B AL S AT RE A 19 MLE IR 11 NIRRT 10 MR IR BRIk
PLA, BN RESE 24, 51, 574 59, 87, 107 159, 174, 176. 248. 269. 273. 315. 346, 392. 549.
634. 645 Fl 683 SR RILIE, 5 71. 102, 132, 152, 160, 171, 219, 316, 349. 359 F1 570 Kiff
TERIRIE, 55 64, 65. 128, 178. 224. 232. 305. 375. 553 Ml 678 MG MR RIL . X U7 A
&AL W] Be XS T8 73 725 (ARG R4 HE AT R T 20 T TN B8 B 7 91 th AN AR 5 IR 45
Fapdsl, T RV A L SN SrT&4r A 7.31 1 77.413 kDa.

FHE R DXS 5 H BN DXS 2 58 77137 FUE P, 45 R R R E) DXS 5B

Figure 1. Amplification of a DXS gene from N. tabacum with RACE. M: 200 bp Ladder
B 1. FIf RACE %MEIRE DXS £E. M: DNA S FEi0E
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1143 CAC GGA GTA GOC ARG TTT GAT OCA GOA ACT GGA MG CAY TTC AW GTT AGT 600 A6 0T

sl H 6N VoK FoBPoA T & kK 4 F K ¥V 5 L T
L2008 CAG TOC TAT MG MG TAC TTT 606 GAG 60T TTA ATT GO GAL GOA GAN GO GAT AAG GAC
wLg o os ¥ T T % F A E A4 L 1A E A E A4 b K oD
1263 ATT GTT GOA ATC CAT GET GOT ATG (AT GGT GGG MO GGT ATG AW ATT TTC M0 06T OG0
2Z?rr oy A 1 H & & %N & & 1 = M &5 1 F W E E

B TTC OCA AAT 66 TGT TTT GAT GTT GiA ATA G0 GRA CAG CAT GOT GTA W0 TTT GOT 60T
MEF PN R U F DY 0 I v H AN T F A y
P33 GLT TTGO 60T TRT GAL G6C CTC AW OCT TTT TGT GOA ATT TAT TCA TCT TTC TTG O Aad
L | e E 6 LK OFOF X vy s % F Lo R
TS GOT TAT GAC CMs GTA BTG CAT GAT GTT GAC TT: O A OT6 O0T GTG A TTT G0 ATG
WA Y D9 VoY W D VoD L g K LF Y R F AWM
1503 GAC WA GOT GET CTT &TT 664 GOA GAT G6T OO ACE CAT T6T G6T GOA TTT GAT 61T ACT
sap R oo Loy L T | I | Ho oo 6 A [ LI 1
1563 TTC ATG 06 TRT CTT 00T AAC ATG GTA 6T ATG GOT 0T 100 GAT GAL WG GAG CTA TIC
a2rrE oM v ! (A A R R L T T E I F
BG2E CAC ATG GTA GOA AT 60T 60T GOC ATT GAT GAC AGA OCA AGT TGT TTC MA TAD €04 ARt
HEH M AT Aa A L RoPros F E 1 F K
PO Gl AAT GGG ATC GOT GTA GAG CTT O0G GTT GGA AW AL 660 ACT 000 OTT GAG GTC GaT
616G N & 1 o6 vV OE L P Y &% N K & T P L E Vo &
P74E AL GGC AGG ATA TTG GTT GAN GGG GAG AGY 616 GOT CTA CT6 GGA TAT G660 TCA GOA GTA
Sk KT LV OE O E R VoA L L 6Y¥ L5 4V
PROE CAG AAC TGT TTGR GOT GOT GET GET GTG TTA 614 ACC OGT 66T TTA A GTA ACYH GTT GOA
g Nod L LI T Y vovod \ I BB g v T v ]
BBGE GAT 604 OGO TTC To6 ALY OON OT6 G 66T GOT CTC ATA AG6 AGC CTC 604 A TOA OM
G2z A K OF OC K P LD G AL T K % L A K % H
BE23 GAG GTG OTG ATC MT GTT GAN GAA Gl TOY ATT GOA GGT TTC Gl TOT CAT GTT GO CAG
sHE vl I T v E E G % [ G L F & % H ° v
PR TTT ATG 00 TEA GAT A CTT CTT GAT 440 AM: TTA A TG6 Al C06 ATA LIA OTT 001
werE oM ol [ | I & Kk L Kk ® B F 1 VvV 1 5
HOUE GAT O6A TAC ATT GAC CAC GOA TOT OCT GOT GAT CAL TG 604 GAL 60T 66T CTT ACG 004
L e T L 2L T I T PR R A T P PR B
2103 TCT CAC ATT GOA GOA ACA 616 TTT AMC ATT OTT GGA CAL A0 AGA GAR GCT CTA GG GTT
mEs H I ] YT Y F N [ | G B T K F Vol E v
ZI6E ATG ACA TAY GAT ATA AL AAC T6T Mad AGT TGT AT A0 TTT AW ATG TOT CAT ToT Tad

z2em T *

2223 ATA TAG TTT TAL GAC AAG TOU CCA GTT AAG 616 AGA ATA GTT GTA A0 THA TAT AV T
FIRE UGT AAN CAN GTT TRA CAC ATA ATA OTT ATT 0T CTA AT ATG TAA AGT TTEO CAT G660 ThA
TR TOC GO0 GTT O ACE CAL ALK ALL ALL AL AR ARL AL ALY A

Figure 2. Nucleotide and the deduced amino acid sequence of DXS cDNA from N. tabacum
[ 2. 1HE DXS £EH cDNA F5I XS EEBLFS

DXS (&35 : 078328) AR A

ik 95% (£ 3).

o
=
=]

TR [FIJREIL 96%; HGE T DXS(E %5 : AAD389%41),

HRAE R PP 41 73 5 DXS 5 9 M) DXS B OC &R . MBI (E 4)rT BLE SR E
PIE 10 4> DXS " 7304 3 K36, HHHE R DXS 5 4 FHE ) DXS J& 1A — K2, mEX— KK,

JRE S ML A DXS % RSV, SATER MRS X, BoR T eI R

— IR PR SR

TR8] [9] [10], FERKIIRI M RE AR 2 ORSY . RGP TS RIE KB, W DXS £ S H b i)
|ARE TR R A T ERME.

3.3. %t DXS EFEFRIAM Northern ENifEZ3Z 434
Kl 7 DXS BETEME R . 25, HRAITES B R EKTF(E 5). MES

i@ it Northern EJilF 48

AU, fEM A, DXS SERMRIE K frim, HIRARELZEF, TEARANTE S B %2k R i RIA K

PR, AR B R A

4. it

T

HRT, HEY R A R B IR P B AR AT, AR I6 7 AN DR {5 T A Rk
BEHANATITAR . SRR I AR AR R SN, A SRR DXS I TR AT 10 R4
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MALCAYAFPGILNRTVAVASDASKPTPLFSEWIHGTDLQFQFHQKLT-QVKKRSRTVQAS
MALCAYAFPGILNR-TGVVSDSSKATPLFSGWIHGTDLQFLFQHKLTHEVKKRSRVVQAS
MALCNYAVPGILNR——TVASDYSKQSPLFSELFHGTDLQYQFQHKLT-RVKKRSRGVQAS
solclok dok, dolotokdok sk, cdok ok dolkk  folololdlok: k: sadiok | sololololok skdlotok
LSESGEYYTQRPPTPIVDTINYPIHMKNLSLKELKQLADELRSDTIFNVSKTGGHLGSSL
LSESGEYYTQRPPTPILDTVNYPTIHMKNLSLKELKQLADELRSDTIFNVSKTGGHLGSSL
LSEKGEYYAQRPPTPLLDTINYPTHMKNLSVKELKQLAEELRSDTIFNVSKTGGHLGSSL
sk, sokokok ; Lodek: : :

GVVELTVALHYVFNAPQDRILWDVGHQSYPHKTL TGRREKMSTLRQTNGLAGFTKRSESE
GVVELTVALHY VFNAPQDRILWDVGHQSYPHKTL TGRRDKMSTLRQTDGLAGFTKRSESE
GVVELTVALHYVFNTPQDRILWDVGHQSYPHKTL TGRRGKMSTLRQTDGLAGFTKRSESE

YDCFGTGHSSTTISAGLGMAVGRDLKGRNNNVIAVIGDGAMTAGQAYEAMNNAGYLDSDM
YDCFGTGHSSTTISAGLGMAVGRDLKGRNNNVIAVIGDGAMTAGQAYEAMNNAGYLDSDM
YDCFGTGHSSTTISAGLGMAVGRDLKGKNNNVIAVIGDGAMTAGQAYEAMNNAGYLDSDM

IVILNDNRQVSLPTATLDGPVPPVGALSSALSRLQSNRPLREL REVAKGVTKQIGGPMHE
IVILNDNRQVSLPTATLDGPVAPVGALSSALSRLQSNRPLRELREVAKGVTKQIGGPMHE
IVILNDNRQVSLPTATLDGPAPPVGAL SRALSRLQSNRPLREL REVAKGYTKQIGGPMHE

LAAKVDEYARGMISGSGSTLFEELGLYYIGPVDGHNIDDLISILKEVRSTKTTGPVLIHV
LAAKVDEYARGMISGSGSTLFEELGLYYIGPVDGHNIDDLIATLKEVRSTKTTGPVLIHV
LAAKVDEYARGMISGSGSTLFEELGLYYIGPVDGHNIDDLISILKEVRSTKTTGPVLIHV

VTEKGRGYPYAERAADKYHGVAKFDPATGKQFKGSAKTQSYTTYFAEAL TAEAEADKDIV
VTEKGRGYPYAERAADKYHGVAKFDPATGKQFKASAKTQSYTTYFAEALTAEAEADKDIV
ITEKGRGYPYAERAADKYHGVAKFDPATGKQFKVSAKTQSY TTYFAEAL TAEAEADKDIV

ATHAAMGGGTGMNLFLRRFPTRCFDVGIAEQHAVTFAAGLACEGLKPFCATYSSFMQRAY
ATHAAMGGGTGMNLFHRRFPTRCFDVGIAEQHAVTFAAGLACEGIKPFCATYSSFMQRAY
ATHAAMGGGTGMNIFHRRFPNRCFDVGIAEQHAVTFAAGLACEGLKPFCATYSSFLQRAY
seiekiclelelekiokokekok 1 3k siekokek, H < skfelok
DQVVHDVDLQKLPVRFAMDRAGL VGADGPTHCGAFDV TFMACLPNMVVMAPSDEAEL FHI
DQVVHDVDLQKLPVRFAMDRAGL VGADGPTHCGAFDVTYMACLPNMVVMAPSDEAEL FHM
DQVVHDVDLQKLPVRFAMDRAGL VGADGPTHCGAFDVTFMACLPNMVVMAPSDETELFHM

: dedelek
VATAAATDDRPSCFRYPRGNGIGVELPAGNKGIPLEVGKGRILVEGERVALLGYGSAVQN
VATAAATDDRPSCFRYPRGNGIGVELPAGNKGIPLEVGKGRILIEGERVALLGYGSAVQN
VATAAATDDRPSCFRYPRGNGIGVELPVGNKGTPLEVGKGRILVEGERVALLGYGSAVQN
. skddekok :
CLAAASVLESRGLQVTVADARFCKPLDRALIRSLAKSHEVLVTVEKGS IGGFGSHVVQFM
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Figure 3. Deduced amino acid sequence and homology of N. tabacum DXS. Shown is the homology of the deduced
DXS (CBA12009) with the other two DXSs: Capsicum annuum DXS (078328) and Solanum lycopersicum DXS
(AAD38941). Identical amino acids are indicated by asterisks and conservative substitutions by dots
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Figure 4. Phylogenetic tree of N. tabacum DXS with other plant DXS sequences constructed by the neigh-
bor-joining method. Sequences used: Nitab: N. tabacum, GenBank accession number: CBA12009; Caann: C. an-
nuum, O78328; Solyc: S. lycopersicum, AAD38941; Samil: Salvia miltiorrhiza, ACF21004; Arann: Artemisia
annua, AAD56390; Metru: Medicago truncatula, CAD22530; Pumon: Pueraria montana, AAQ84169; Glmax:
Glycine max, ACO72582; Ricom: Ricinus communis, EEF45457; Elgui: Ricinus communis, EEF45457. The tree
was constructed with the highly conserved region of N. tabacum DXS. The bootstrap values with 1000 trials are
shown on branches. The scale bar represents 0.01 nucleotide substitutions every site. The name is composed of a
species abbreviation (the first two letters of the genus plus the first three letters of the specific name)
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Figure 5. Detection of DXS gene expression by Northern blot hybridization, using the RNA samples extracted
from the indicated tissues of N. tabacum, respectively. S: stem; R: root; L: leaf; F: flower. Total RNA acts as in-
ner reference. The italic words “DXS” represent probes used in the hybridization experiment. “28S” and “18S”
represent “28S rRNA” and “18S rRNA” from total RNA are indicated
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