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Cloning and expression analysis of 1-deoxy-D-xylulose-5-phosphate synthase 1
gene in Houttuynia cordata
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Abstract: Objective To clone the 1-deoxy-D-xylulose-5-phosphate synthase 1 (DXS1) gene from Houttuynia cordata and to analyze the
expression difference. Methods The cloning primers were designed based on the transcriptome dataset of H. cordata, one unique
sequence encoding DXS! was discovered. The sequence of DXS/ was cloned from H. cordata by RT-PCR. The physicochemical
properties, secondary structure, and three-dimensional structure of the DXS! protein were forecasted and analyzed, and its structure and
function were predicted. And the different expression levels of DXS/ gene in rhizome, stems, leaves, and flowers were analyzed by
fluorescent quantitative PCR. Results The cDNA (named as DXS7) contains a 2 172 bp open reading frame and encodes a predicted
protein of 723 amino acids. No transmembrane region and signal peptide were present in DXS1. The conserved domain of DXS was
present in DXS/. Relative real-time PCR analysis indicated that DXS/ showed the highest transcript abundance in the flowers, moderate
level in the leaves, lower level in the rhizomes, and the lowest level in the stems. Conclusion This study cloned the DXS! gene from H.
cordata for the first time. The results will lay a foundation for exploring the mechanism of terpenoid biosynthesis in H. cordata plants.
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A (AR 1%, plastid pathway ) Fl MVA
(mevalonate ) & 12 (X R4 ML ik 15, cytosolic
pathway). 1-Jli%-D-ARKEiHE-5-B518 (1-deoxy-D-
xylulose-5-phosphate, DXP) & MEP i&42H (1) 55 %L
B, AR 3-BERR H il (E 1-i%-D-AKN
B -5- W R & B ( 1-deoxy-D-xylulose-5-phosphate
synthase, DXS) YEH T (L LR, DXS /& MEP &
PR — AN KB, AR RAL S B R Tk
E AR, DXs XN F A C /R T
Arabidopsis thaliana (L.) Heynh. W01 ¥ 5k Hevea
brasiliensis Muell. Arg.[”] « K&HAE Catharanthus
roseus (L.) G Don.!'"J |
Jacq."*), %l Lycopersicon esculentum Millert V25 4
P s bE . BRI DXS DLEIED Y X AE A
Gb, HABAEY) T B AFAT 2~4 DAER) KR -
Y24 Zi R A IR R DXS F RE AR WA AT A 0

ASHF SN H] RT-PCR Jj V5 5 b £0 [ 5 DXS
cDNA J7 Bl R TCRE v Bedn 4 4 DXST B[,
FRSILRP AU HEAT AL 27 20 W SR A A 7] 20
LU TP ZE R RIL, AR I EER L BT
A R 24 T (B B 58 BRI FEA
1 w8
11 M5

11 W55 Houttuynia cordata Thunb. FF 528
RGP R BE S E, PTG S t f I
Pl bel, RAE[A — MR B N 22, M B2, nt
Fo AEEERER, UEIRE, & ORI AR EIRIR — L
fis (DEPC) ZKARHE, 7RI A PR, ]
SR, 180 CUKMIRAF &M .

RNA #=IGAFI & . cDNA A AR & Taq -
o AR pMD 18-T Vector. Uk HEHUA 7 &5 . DNA
[l AR . PP TM109. DNA FXS 407
bRid, T4 DNA HHEAF. 9968 #ilf& SYBR
Prime Script™™ RT-PCR Kit % LIk iR 714, 10
TaKaRa 3 A) .
2 FiE
2.1 RNA BIIZEL

R R 2, M B2 i JdE RNA I
JiiE A% M Trizol WU REAT, $REBUSIEAT LUK
RrI A A s S Be il g ;. 180 CLRAF#& I .
2.2 cDNA $#& K

WAV kAT, R o B alidk
JAE T-20 CHRAFEH]

W % Elaeis gunieensis

2.3 sI¥igit

TH 3L A B e v A SR AL, ORI 1A
BB R 1-Wi 28 -D- AR EBE-5- W R & i (DXS)
(55 A (Contigd), KJEH 2 700 bp. FJH] Bioedit
BOAE TR 3L A — A 58 B IT IR B2 HE - Copen
reading frame, ORF), FfAK LI I BSEAE 7 41 e vt
191 (F FIRD, L5141 (F): 5°-ATGGCTCAGTGC-
GGGGCTGC-3’; MiFl# (R): 5-TCAAGCAA-
GAAATCTCAGAG-3’[HHAETAM TR (ki) £
B2 F] A
2.4 PCR it

SRR FR R N 45 Sk i), R
KUEEH 57 Co
25 FHERERTENFE. F35 4 & DXS1 £
BEEEN

X; PCR F=)dtATIR, E#4k pMD 18-T
Vector, FFHEALEZA4IM0 IM109, ¥ AIFE)S,
AT A, RPUTRIFSE, REE Rl
AT AR THREA R o K H] DNAStar #4453 Hr
LB 741, 76 NCBI Mt |- Blast Hxt & BioEdit
BAFBEAT 0T, I Mega 4 #ATHET UPMAG %
M1« K H ExPASy Proteomics Server $H& It [ 7E 2k
T R DXST 3 PR Gl 8 11 1R B AR 0T % 45
¥ 55 Dy REREAT T o
26 RHATEE PCRRIEDH

) FH S 9¢  5E B PCR 5 K DXST HE 4]
AR ER (HF2. 22X G B2, M FEig
AR IA R, K EE ABI7500 SZi PCR Kl &
gt, L5149 qDXSI-F J¥5h: 5°-CCTCTGCCCA-
TTTGTC-3’, Fii51%) qDXSI-R [¥51 K : 5°-CAGG-
CTCTGCGTCTGT-3". S PCR Kl ) s b 4 & 2
N: 10 uL 2X SYBR" PremixEx Taq™, 1E %1054
)4 0.4 uL, cDNA BAR 2 pL; i ddH,0 % 25 uL,
SWFEFF: 95°C 30s; 95°C 30s, 48 °C 38s, 35
MR, S PCR W LA IR 18 S tDNA A
2%, 18 StDNA JPHI¥ it 5[4 18 S-F: 5°-CCTCCG-
GCGTTGTTACTTTG-3’H 18 S-R: 5°’-CCCGACTG-
TCCCTGTAATCA-3’, HANRNER 3 K.
3 HRE5HR
3.1 fJEE DXS1 ERE=E

DL RNA S s TS 21 1) 58— cDNA AR,
H51% F F1 R 34T PCR 7314, 43472 o bk 0
Z97E 2 200 bp A —4kseily (B 1), H B NTGA%,



¢ %% Chinese Traditional and Herbal Drugs 3£ 45% %5 118 20144E6 A

* 1609 -

M A H
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Fig. 1 PCR amplification of DXS1 in H. cordata

Fig. 2 Nucleic acid sequence and supposed amino acid sequence of DXS1 gene fragment in H. cordata

& EE DXS1 A PCR # 18

ATGGCTCAGTGOCGGGGC TG T TIGAGGAC TG TTToCTTCCAGCCAACTTOCCCATGOTOA
[0 o =] [ [c] - - L R T F F F (=] F T = F [ =

TCCoCoACAAGATTAACTCCAATGCTTTTTTTTTTACGTOGGECOAACAAGTACCAGTCATTCGC
5 H K I ™ 5 ™ A F F F T L [=] (=] W P W I =3

GGEC TGO TGO TGS CAGGGAGCAT TATC TAGATATGAGAAATTAGTCGTCATGAGCAAAGCA
(=] (=) (= s =] = A L = =3 hd E =8 L o At ha = ke -~
CAGGAGAAACCCAAAACAGAGT TGGATTTCTCTGGGGAGAAACCGTCCACGCCCATCC TG
L=} E [ F [ T E L =] F i=1 (] E = F i=1 T F I L
GATACTATCAACTACCCAAT TCACATGAAGAATCTC TS TGTCGAAGAGCTTGAGAAGCTTG
=] T | ] b P | H [t} 33 ] [ s W E E [ E 33 [
GCCAATGAAC TGCGOGTGGAGA T TGTATATACCGTATCGAAAACAGGTGGACATTTGAGT
A -l E L =3 e E I W hd T N = [ T (=] (] H L =
CGCTAGCC T TGGGACGGUCAGAGC T TCTGTAGCACT TCACCATGTATTCOCAACGCTLCCAGAG
A 5 L (=] T A E L 5 W A L H H u F ™ A P E
GACAGGATCATATGGEGEACGTCGGGCACCAAACATACGGCCATAAGATTTTGACGGGEAAGG
=] R | | W [=] W (=) H =] T N <] H K 1 [ T <} R

AGGTCGAGAA TGCATACAATCAGGCAAACC TCCGGA T TGGCAGGC TTCCOCCAAGAGGGAT
R = R ha H T I R (=] T = (] L o L] F P [ R =)

GAGACGCGTGTATGATGCTTTTGGAGCCGGCCACAGTTCTACCAGCATATCCOCGCCGEEOETA
E 5 W ~ =] A F L=l A (] H 5 5 T 5 1 5 A (] L
GGECATGGOCGTGGGGAGAGAC T TGCAAGGGAAGGC TAACCACGTGATCGCAGTGATTGGG
(=) ] 2 W <} R [=] [ =1 <} 34 2 ] H W 1 2 W | <]
GATGGGGCCA TGACCGC GGG TCAGGCC TACGAAGCCATGAACAACGC OGO T TACCTGGAC
=] () e ha T - [c] L=l o hd E - ha ™~ 8] o [ hd L =]
TCoCCoAACCTCATCATCGETCCTCOCAACGACAACCGCCAAGTCTCCCOTCCCOAACTGCOCACAATG
s ] [ | | e [ ¥ [=] [ R =1 e s [ P T ey T T
GATGGCCCOCGC TCCACCGGTOCGGAGCCCTCAGCAAGGCCC TCACC OGO O TOCAAGCCAGC
[=] (=) P A P P W (=] A L = ke -~ L T =3 L (=] A =
ACCAAAT TCCGCCAGC TCCGGGAGGCCGCCARAAGGTAT TACTAAGC ARAATCGGGGGC T A
T = F R [=] L R E Fa F [ (] I T |58 [=] I (] (] i=1
GCGoCAAGAAGTCGCGGECOCAAGGTGGACCAGTATGCCAGGGGAATGATGTC TGO TCCOGEGEGG
A =1 E W A - 33 W [=] =] R A R <} n [t} s ey P <}
GCC TCTC T T T TTGAGGAGC T TGGGC TCTACTATAT TGGGCC TGTGGATGGCCACAGCATT
A = L F E E L L=l L hd hd I (=] P S =) (] H = I
GAAGACC TG TCCACATAT TCAAGAACGTCAAGTCCATGCCCGOCSCCTOOGGCCAGT CCTO
E =] L e H I F |39 ™ W [ 5 hd P A P (] P W L
ATCCACAT TG TCACCGAGAAGGGCAAGGGCTACGCOCCGGCCEAAGCCGOOCCAGACAGA
| H | W T E 24 (=) 34 <} e A P A E A A P [=] R

ATGCATGG TG TCGTGAAGT T TGATCCGAAGTCAGGGAAGCAAATGAAGGC TAAGACGC TG
[0 H (] e W [ F [ =] F [ = (] [ (=] [0 [ e [ T L

ACTCTATCCTACACACAATACTTTGCAGAGTCTCTGCGATAGCGGAGGSCGO AGACTGACGAC
T L 5 ~ T [=] A F A E 5 L I A E A [=] T O O

AAGGTTGTGGCCATCCACGOC TGO GATGGGTGGOGGEGGACCGGCCTCAATCTTTTCCAGAAA
K W W A | H 2 A ] <} <} <} T <} [ ] [ F =1 34

CAATTCCCTOGAGCG T TGO T T TGACGTGGGGA TAGCGGAGCAACATGCGE T TACGTTTGCC
L=l F P E R [ F =] W [ I - E (=] H o W T F -

GCAGGEEATGEECCECTEAGEECCTOAAGCCTTTCTSTGOAATCTACTCTTCTTTCCTTCAG
A <} [ ey A E <} [ 33 P F =} - 1 N s s F [ @

2 @PEE DXS1 EEMZEERFTI RHENMEREEEFT

Mopl A 6.57. % HATEE 240 (instability
index) & 4022, WM DXS1 Ak . NEM &%
(aliphatic index) & 87.36, DXS1 [f3E/KME R %
( grand average of hydropathicity, GRAVY )
—0.059. K H] Prosite 3R TN 2 B 11 A 5 I 1

322 DXSI1 [ gt S =g 45k Tl
DXS1 HEEAM _gai e 3, ZEAM R
T o-BRTE Y 38.45%. B-HTE (T 6.92%. JERILNIAS
7 38.73%. I HZEH 15.91%. 1 SWISS-MODEL

bl

3.2.3 Ml DXS1 55 AT 40 i e 47 T
I FHAE LA 45 SRR W 40 I DXST AN S5 5
R o XHZ AR A0 e A TN W, H AR Sk
(e R ECH 8.0 RIZRIAR K L RECH 6.0.
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Fig. 3 Two-dimensional structure prediction of DXS1 protein

E 4 DXS1EH=RKLEHMTNE
Fig.4 Three-dimensional model prediction of DXS1 protein
324 fMflERL DXSI1 ¥kt N LKA
iPSORT Chttp://ipsort.hge.jp/) 7 B AT, £ I &
DXS1 & A E NIk MAQCGAALRTAFFQPTSP-
CSSHKINSNAFF. %75 Ry g k3L F ai: &
TEAREN L E RN AR, AR K
REMRNAIR, NE SRR
33 fjEE DXS1 fEMFIIMEIREMHERFELX
RO

HEF IR A LU A AR ], falEs DXSI
(Hct DXS1) 5 # K (XP 002533688 ). 7 4j
(XP_002271585). 4 fa i (AAW28999). Fif %
(ACI43010). A 1] (EOY31729). /KAl (CAC08458) .
K& (CAA09804). HeH (BAF98289). Flfi
(AFU93069) FIHH% (AFM78321) [f) DXS &[5
I3 F BIFACLEE 5353k 77.0%- 75.9%- 75.5%- 75.7%-
75.0%- 76.0%. 75.3%- 75.9%. 75.6%A1 75.5%,
KW DXS ZHERR 7B E, vl AL
R, BT oRsetE (5D, Xnlfe 5 HAE
YR N T REST 5, H] Mega 4 #1347 UPMAG
TR, WK 6.
34 ffEE DXS1 EEMBIESR

RISz 262 8 PCR Al DXSI 414 %%
RIS, B TR AR, 2E, wh, fErh
PRIk, ZRRIIZIER A L Rk =R,
HuoEn (8.

4 g

i A A5 W) S 2 R 43 T 2R 1) T 2 R
5% o DXS TE i A G ) G TR A% T R 3 OGB4
f, DXS f#fk MEP &2 URifkigfd) KIS —2P K
I, 45 TR R T 3- Tl - T Y R 400 15 A O IR AR 1 T
TR DXPY, il A A WA R A A Rl
OCHEN . (O LLER KR IE ) 2 A2 1E, 15
T A B AEAE B h R G EAE I, SR kA
WIE AR T A AR PGS o A
FA A WA R MEP 42§44 it DXP (1) JCHE R,
BEnr e IS = NE 2N e <Y Es st/ SN E N
B ARG IS A B MEP 3842 HhAH G 1) 20 25 5 %
S, R RRIA AL R I e AR ) =, K
SEUR TR S R A T B L

AWFFERIH RT-PCR i A B Ik v b Tl &
DXS1 FEH 4K cDNA 4. Fiol% i DXSI
FER T — A SE RIS AE CORF), 4f 723
AR o X HE T W2 LR 7 51 1) 45 74 R D) e
ITHEE B oM, RIWHEAF SRS,
gl R eR VAR R 2 SRS R N SR S ey WA T
XA NI Al A R gD, LA N i A7
037 18 K7 51 9 T R e A T R S gl s b . 5
A 2 LR T HN AT IR, 4R EoR, f
JEE DXS1 & A R H ALY DXS AR A
PIARALYE , 1 B % B 1 70 B A AR LA IR T
X AT g5 LA A W AR A g Bh sk B BT Ok HE I A
HEPSE

ANFEDI) DXS BRIk A& — ARt £ 1ok
Wt lle % (thiaminpyrophosphate, TPP) [J%% i ig!'®),
A ER DXS1 S E T, iF e Al
DXS1 2 12— Rl i, X 5 Eubanks 25! iX
G R ZE AT HA 5T s e
FEIEFA, IESE T 5 DXS1 & A5 A
Y DXS HE—FF, Bz g, HEE N
R R |y NS 71 ST ey ek VAR RDIC NG LIS i BUR 2T
HEE T, MIRE DXS 1E4E 2 DKW D DXSI
A DXS2, FUHA K/ R an el v 77U O g et
K2, i P T 4 AR L. WS R,
HY) DXS ZGE 0] 53 2 25, 43 Sl gt 2 FlAN )
FKIN) DXS M, & HAEA RS0 =P &
R IETHEENT, [, AT A X 2 BRI
R, RS RAF R REER, —28
SR A A R b I R BRSSO, T
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Fig. 5 Homologous comparison of DXS amino acid sequence in H. cordata and other plants
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