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Functional identification and expression analysis of 1-deoxy-D-
xylulose-5-phosphate synthase and 1-deoxy-D-xylulose-5-
phosphate reductorisomerase in Cassia obtusifia
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" Peoples Hospital of Tongnan Distric ,Chongqing 402660 , China
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Abstract: The specific primers were designed based on the full-length sequence of 1-deoxy-D-xylulose-5-phosphate synthase
(CoDXS) and 1-deoxy-D-xylulose-5-phosphate reductoisomerase (CoDXR) genes from Cassia obtusifia. The OFR sequences
of CoDXS and CoDXR were cloned by PCR. Prokaryotic expression vectors of pTre-CoDXS and pTrc-CoDXR were constructed
and expressed in TOP10 containing plasmid PAC-BETA. The function of CoDXS and CoDXR genes were verified by the color
change of TOP10. The expression levels of CoDXS and CoDXR genes in different tissues and six stress conditions were ana-
lyzed by fluorescent quantitative PCR. The results showed that the CoDXS gene contains a 2127 bp OFR and encodes a pre-
dicted protein of 708 amino acid. The CoDXR gene contains a 1416 bp OFR and encodes a predicted protein of 471 amino
acid. The results of functional identification showed that TOP10 containing CoDXS and CoDXR genes appeared dark orange.

Relative real-time PCR analysis indicated that CoDXS showed the highest transcript abundance in the flowers, moderate level
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in the stems,lower level in the seeds,and the lowest level in the roots. The CoDXR showed the highest transcript abundance

in the leafs, moderate level in the flowers,lower level in the stems,and the lowest level in the seeds. Under salt stress:the ex-

pression level of CoDXS gene showed a downward trend, and the expression level of CoDXR gene fluctuated within a small

range. Under ABA stress conditions ; the expression level of CoDXS gene showed a downward and upward trend, and the ex-

pression level of CoDXR gene showed an upward trend. Under MeJA stress conditions: the expression levels of CoDXR and

CoDXS genes showed a downward and upward trend. Under PEG6000 stress conditions it had little effect on the expression

level of CoDXS gene,and the expression level of CoDXR gene showed an upward trend. Under the heat stress conditions : the

expression level of CoDXS gene showed a downward trend, and had little effect on the expression level CoDXR gene. Under

cold stress conditions :the expression levels of CoDXS and CoDXR genes showed a downward trend.

Key words: Cassia obtusifia ; 1-deoxy-D-xylulose-5-phosphate synthase ; 1-deoxy-D-xylulose-5-phosphate reductase ; functional

characterization ; expression analysis

P SRR i e B sl (e ek v, R A8 RN R
Y PL ( Cassia obtusifia L. ) F1/NgeBH ( Cassia tora
L.) , BA BRI LIS & B3 B L 3 0 DL K
PO ZG A2, 2015 RRQrb 2 ) B, P
AR B 8 2 A 455 8 B T T 3 R R 1y 45 AR
KOG, R G E Y & EZ AT N =
BB, 5B — B B2 R PEP FE4P G 1,4-—0%
BE2-ZEMEREE A, H FE S 5 EIREE YD A 3R
B AL 5 B BOZ h EMA TPP DL B L
HESE R DMAPP (9 4 i 0 3 — BB & TP
SRIRAR , MVA JAR 2 UL S BRI RG A S5 R 285 6
RN, B 1 TPP A DMAPP, MEP i3 1% 2 fL i
i H I L S P AR A 4 L 7 DXS BUFERT R
A1 DXP, [ S 7E DXR AR, A2 i 2-FH 2 o et
WE-A-TEIR , P25 AL W R AL 55 S 0 AR i TPP,
FEMTEM C L., % =BoEFH 1,4-
TYRIL-2-ZEMEAES A 1 IPP DMAPP 3 [R]JE A% R
B, G AL WAL S SO 5 A AR R 2 ALY
B A .

DXS 1E 5 MEP i 42 b 1) 25 — A~ BR B Bl , 5 1
DXS B AA BIREA MWL, A 05 RPN K
FRR 345 T 45— DXS 2 7Rt 2 5 o A
B S AU RS ST A5 A P b L2 345 DXS A DL e H
RIRILI TS, A7 BF 5T 2 W1, DXS L [H (1 171 2 51
SR I RE R 0 7 2, B an e K RS LA KB A5 2 h
#R A DXS IZRIBIEA " . £ MEP i& 2t DXS
FEPRDO AR AL 2l B A B 5 S R ST Y
DXS 7EIEAC Hh HEAT i i 3R Gk, 45 R R W, Hg e
1 6 452 50 A e B ARSI A A B AL,
TER AT T 538508 N R ARG A KRB
PRl Je DXS Jfe — e i A7 B ek, S BRRE % IR 2
HOINZEAE b R0 & 5 IF B AT LR FH DXS A

kAR

DXR fE > MEP & 42 (1045 — A B ity , 76 40
WA RAEYI A ZB T e Wk (Bl .
IKAE ARG ST LK) 2 rp i ) T 1 DXR SEA 75
KEHHI Y DXR 3 [N 7778 )7 s B IR
T A DXR N AR P P A T 25 5
P A DXR A9 N-3ii &% 4 75 5 DXR 2 {7 76 41 g
A B — B AR SF RSB IR L AR A
LI EHEBRE M 5L DXR (9 33k, il 41 MeJA, St 1e
2l BTt DXR PR 7R AR LA R 5 L v A T
SO o T 1 2 U W e R SR EOR T T Rl
TF50% I Hm i HeIE B , 7% DXR L[
TR AR g (14 MR 3 (AR 6 TR L2 R I e vl AR ) 55
A 225, XA PAFRE IPP UK IR T MEP
AR ¥ DXR JE eI R OF P AT i R R A,
RERBAR R i 8 N R R R a
K, DXR 1E A MEP & g 42 o il — A~ #3E 5
BB AL A Y VE Ry o W v o 2 25 16 M B4, 10t
R BE MR 1 25 PR EG ST Y & AR B T, i
X F BRI R 1 A AL EE AR 88 AT IR A AE 5T,
N T FRAFI I R AL A A B AR P IR R A T e
15 8 AR I B AL &4 MEP & B2 g6
P EE LD CoDXR i CoDXS 479125 (1 T e i
TE LA e b A0 #r
1 ##E5iF
1.1 #

PR b7 28V T 5 3 K2 JE A I R e
FAE T V4 3¢ 38 K22, AR D B AR R B AR L 25 it
TR R A—E R AR, T
¥3%2 7 KRG, B Me]A (250 uM) (ABA (100 uM) |
PEG6000 (100 mg/mL) NaCl(200 mM ) ¥ i 2 1A 1
B5) R w2 P B RLAR A i A L RIR T 4 CREFR,
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i T 37 CHi SR, A I =AM EY iR,
I 0.1.6.12.24 48 h B o DL BT Ay
P AUt AE T80 CARIR VKAH o
1.2 FEiHA

Plant RNA Kit ( Omega Bio-Tek, USA ) ; Prime-
Script™ RT reagent Kit with gDNA Eraser( perfect Real
Time ) ( TaKara, Japan ) ; TB Green™ Premix Ex Taq
™I (Tli RnaseH Plus) ( TaKara,Japan) ; DNA Marker
(TaKara, Japan) ; LA Taq DNA % 4 [iff ( TaKara, Ja-
pan) ; BR il 14 PN V) B Pst 1. EcoR I.Bgl I, BamH I,
Not I( TaKara,Japan) ; MeJA ( Sigma, USA) ; ABA ( Sig-
ma, USA ) ; PEG 6000 ( Sigma, USA ) ; NaCl ( Sigma,
USA) ; it ¥7 pTrc-AtIPT, PAC-BETA ( ADD GENE,
USA) ;&N H R R (Amp) ; W F 3R (Chl) s RIGAT
DHS5 o 1 TOP10 T A S 5 2 R AT
2 FiE
2.1 RNA 2B 4R K%

A Plant RNA Kit 1275 & i Bk 1] 4% 20 2 1%
RNA, 47 HL Pk B 48 B A6 I, 9 ) FH - PrimeSeript™

RT reagent Kit with gDNA Eraser 325 & #6417 S 55 %
A% cDNA FFHRAFEF-20 C A,

2.1 CoDXS.CoDXR EEMINEELE

2.2.1 Bl NBEbyAx k69 £ 48 B 4Kk pMDI9-T-
CoDXS . pMD19-T-CoDXR 4 #) 3%

B B VIO RS an gk 1 iR, Bh ¢DNA
AR, X} CoDXS (CoDXR K By 4ty X 47 v b
SIABETI 7 550 PCR W AR F& (50 wL):10 x LA
PCR Buffer I (Mg’ plus) 5.0 wL, dNTP Mixture
(2.5 Mm)8.0 pL, E¥#59 (10 uM) 1.0 pL, T iif
2 (10 pM) 1.0 pL,cDNA 1.0 pL,LA Taq 0.5
pl,ddH,0 33.5 pL, PCR #"#4414.94 °C 4 min;
94 °C 30 s,Tm 30 s ,72 °C .1.5 min,30 MFIH;72
C .7 min;4 C o0, PIG=Y2 2% T A5 WEBERE B
KK, PCR 7242 DNA glifk [t 71 & alifb s
53k pMD19-T #H 3% , bifi 5 38 3 Pk 5 AL 2K
FFIR DHS o T, B 3 SR A5 FH R B 028 R A M R
A BRI .

x1 RATHEREREHSY

Table 1

Primers for constructing expression vectors

5|4 Primer

J¥%1 Sequence(5'—3")

CoDXR-F(EcoR T)
CoDXR-R(Bgl )

CoDXS-F( Not 1)
CoDXS-R(BamH 1)

CGGAATTCATGGCTCTGAATTTG
GAAGATCTTCATGCAGGAATAGGA
ATAACGGGCCGCATGGCTCTTTGCACATTCTC
CGCGGATCCTTATGACAAAACCTCTAATGCCTC

2.2.2 pTre-CoDXS. pTre-CoDXR & 48 % 1% 2 Ak 49
3

S3HTBURL pTre-AtIPL i) 22 5 B4 i & 3 2 e il
FHRTHRL pTre e ts) 8 7 A% 3k 24K pTre-CoDXS, H
Pst T lgY) B AUPT B A, 38 i 1 3% 4815 kL pTre,
SRIG W kL PMD19-T-CoDXS #1 pTre A Not T FI
BamH [ JF 47 XUAg U, i ki PMD19-T-CoDXR Al
pTre-AtIPI [} EcoR 1 1 Bgl 11 #E47 WG], ¥ i 1)
P Al AR IS R AT % B S AR B R A A
DHS o H, i 36 B B R 3% 2220w R4 70 e, S K
JE ki pTre-CoDXS pTre-CoDXR #7745 H o
2.2.3 MpERAEKR

H Bk PAC-BETA 3 5o £ 3800k e Ak B K i #F
1 TOP10 /£ 547 Chl(50 mg/L) (i i PkRE 325
PEAT I Ve SRAS FHE TOP10 H 41 1 , 43 SDKr 26 Ik 1A
pTrc-CoDXR ., pTre-CoDXS #:4k 3] TOP10 H 4H &

£ Amp (150 mg/L) Fil Chl(50 mg/L) () X F
1 1t PR SE R TR
2.2.4 MAEBAK
¥ # AR pTre-CoDXR | pTre-CoDXS 43 %Il & A
TOP10 H & Amp (150 mg/L) y-FHx b 55 3%
pTre 554V B 45 4 Bk PAC-BETA (% TOP10 T 4H
FEHTE4 Amp (150 mg/L) F1 Chl(50 mg/L) [ XL
Pk oV M b 85 %5 % #5 4 A Bkl PAC-BETA (1)
TOP10 FAHF T A Chl(50 mg/L) 1)FHr E1EF%;
# TOP10 B T Itk my~F-pl L3555 .
2.2.5 WA A KR AAe TOP10 ¢ A& KiF oL
4% 3] #k B TOP10 , PAC-BETA + TOP10 , pTre-
CoDXS/pTre-CoDXR + TOPI10 . pTre + PAC-BETA +
TOP10, pTrc-CoDXS/pTre-CoDXR + PAC-BETA +
TOP10 (1) 5 50 B AE [i] — A RPT AR L, F 37 CHE
F¢ 48 h WL TR BEE A2 1k
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2.3 (CoDXS.CoDXR E[HEH qRT-PCR RiXx D #r
FIH qRT-PCR £l CoDXS ., CoDXR it [ 7 e
BN [ ZH 2 L) R SRR A W e 250 B ARG ek
i, DL 2.1 TR R4S cDNA AR 4 EF1a2 JEH
YERWNZSEE, i ] CoDXS | CoDXR K& P 1) 45 5
19,3 2 s, F A TB Green™ Premix Ex Taq
™I (Tli RnaseH Plus) i 5] & 76 LightCycler® 9 %

AT qRT-PCR A, S Wi 22 (20 L) : TB Green
Premix EX Taq II ( Til RNaseH Plus) (2 X) 10 L,
PCR Forward Primer(10 uM) 0.8 pL,PCR Reverse
Primer(10 uM)O0. 8 wL.cDNA iffz ( <100 ng)2.0
L K ddH,0 6.4 pL, qRT-PCR Jz b 2514 4 : 94
C .1 min;94 C 10 5,62 C .10 5,40 [EH ;72 C .
20 s, SCHVEEAI 24 S A T G T o

%2 qRT-PCR ETAWE|H
Table 2 Primers for qRT-PCR

5[4 Primer J¥%1 Sequence(5'—3")
EFla2-F TTGAAGAACGGTGATGCAGGTA
EFla2-R CACACTCTTGATGACTCCCACA

CoDXR-qF CATAAACCTGAGATCATCCCTGG
CoDXR-qR GTCTTTCCCTGCTTCTATAGCA

CoDXS-qF GATAAGATGAACACCATCAGGC
CoDXS-qR CGCCAATAACAGCAACTACATG

3 ER59H
3.1 BEZFRIEFM pTre-CoDXS, pTre-CoDXR Hy#4
7

STRIHZER 1 5147 PCR 473 | BEIE HL Uk
FEan &l 1 s, 5 45 5 7R CoDXR |, CoDXS 1)
ORF %351k 1 416 .2 127 bp, ¥4 §ik: pTre-AtlPL |
FH Pst T HATHREGFY], FIH EcoR 11 Bgl 11 47 Xl
I, B IR 25 - i 2A R, vl s 159 38— 4%
850 bp ZE A7 AP £574%, UL & 3 500 bp Z2 45 1Y
pTre B 42, HOUUEG U) 45 1 5 w0 — 35, o B kL
PMD19-T-CoDXR | F EcoRI F1 Bgl 11 #4174,
IR 25 R an 1l 2B Bk, CoDXR H (1) 7 B K/
1400 bp 245 o WARAF Y BRL pTre FiI PMD19-T-
CoDXS 4351 BamH 1 1 Not 1 2847 WUl , Hif17)
JERANE 3 Frak, CoDXS H i B A/ 2 100
bp ZeA7 , 28 J5 S W IS Ak, i 6 Hh BH 2 v Bt TR 3%
O ENN LAARAS A% R A 8K pTre-CoDXR Fil pTre-
CoDXS,

B 1 PCR P43 Rs ¥EEE AL PR ik B
Fig. 1  Agarose gel electrophoresis of PCR products
T :M:DNA marker; i 1-3 (A) : CoDXR; kil 1-3(B) : CoDXS.
Note ;: M: DNA marker;Lane 1-3 (A) : CoDXR ;Lanel-3(B) ;: CoDXS.

<= 4kb
2kb

1kb

A B

B 2 pTre-AtIPI( A) #1 pMD19-T-CoDXR ( B) g1
Fig. 2 Restriction map of pTre-AtIPI( A)
and pMD19-T-CoDXR(B)
14 :M:DNA marker; KT8 1(A) FH Pst T [Y); PkiH 2(A) Fil 1
(B) :#]H EcoR 1 1 Bgl II fiff4]], Note; M;DNA marker; Lane 1
(A) :Digestion with Pst 1 ;Lane 2(A) and 1(B) : Digestion with
FcoR T and Bgl TI.

4kb ==

3 pTrc(A)F1 pMD19-T-CoDXS(B) g1 &
Fig. 3 Restriction map of pTrc(A)and pMD19-T-CoDXS(B)
7E :M:DNA marker; 3ki8 1 (AB) : F| 4 BamHI Fi1 NotI fi§4)], Note:
M:DNA marker;Lane 1( AB) : Digested with BamHI and Notl.

3.2 pTre-CoDXR #A pTre-CoDXS £ TOP10 H YR

TOP10 ,PAC-BETA + TOP10 , pTre-CoDXR/pTre-
CoDXS + TOP10 A He7E Wt PEF-# A=K, pTre +
PAC-BETA + TOP10 ¥4 #47 CoDXR/CoDXS JE[AH
REfS ALK AH -8 N R R i BB 48
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%o pTre-CoDXR/pTre-CoDXS + PAC-BETA + TOP10
#E47 A CoDXR/CoDXS FE[A , BefE A= K H p-H % b

R RE L, BB TR AR o (iR B, AN 1&T 4 B o

4 CoDXS #1 CoDXR EFEThAE L EE
Fig. 4 Function identification map of CoDXS and CoDXR gene
:1(AB) :TOP10;2( AB) : PAC-BETA + TOP10;3 ( A) : pTre-CoDXS + PAC-BETA + TOP10;3(B) : pTre-CoDXR + PAC-BETA + TOP10;4 ( AB) ;
pTre + PAC-BETA + TOP10;5( AB) ; pTre + PAC-BETA + TOP10,

3.3 CoDXS,CoDXR EFEERBEARALR P FR
BER

FIIHSEIT 2 7 B PCR A3 CoDXS HI CoDXR
FE R AR He R [R 20 2 b B AR ek i, AniEl 5 P

Il CoDXR
7 | copxs '

Afxf ek i
Relative expression level

L}

3 3
Root Stem Leaf

CoDXS BEH By Rk R 48 > ZE > F+ >0f >
F,CoDXR FEH [ k@i i > 46 > 25 > i >
.

T

&
Flower Seed

5 CoDXS #l CoDXR By RIZER 5347
Fig. 5 Expression pattern analysis of CoDXS and CoDXR

3.4 CoDXR,CoDXS E FE £ R [ il & 4 TR %
EER

X} CoDXS/CoDXR FEPH 7E /SR8 Z5 5 T B AH
X F IR IEAT /AT, 25 AR 6 iR, AR hia &%
fF'F : CoDXS Sk B TREEH AT 12
h B A S 5 (0. 09) , CoDXR JEL[H (1) F2 36 1 F
1.6.12 h By 2 N RS H T 24 h B3Rk &
(1.4, FLU 2l Bl /), 3 3% W R ik 36 g B A1G
CoDXS A 1 #35 H{A X CoDXR & [ 1Y) 22 1K 52 1
BN 7E ABA JHA 4514 T : CoDXS JEH () ik i 7E
1.6 .12 h B354 AR, 7° 12 .24 48 h iF 2 8 |
FHE#HET 48 h A S| (3. 04) , CoDXR (13
PRI T H T 48 h B (3.19) 3% 32

B ABA i3 BEfl CoDXS LR )3 1k H B0 A K Al
B HAf CoDXR LA (k1IN 5 78 MeJA pint 5544
T :CoDXS LB H T 1,12 .48 h BHA Ir T %
HF 24 h B %55 (1. 32) , CoDXR 3 [ [ 2 1k a4
FIF CoDXS FE[H, F 24 h B FL 3R 3k it 3k B Th 04
(2.06) , 1 AT 01 7E MeJA Jilh 38 25 F CoDXS FiI
CoDXR J& [ 1y 32 1k 7K F- I 2l 388K 5 #E PEG6000 iy
HEAER : CoDXS F 6,12 24 h i k4 Fr 51K,
F 1 F148 h B &3 TR K T, CoDXR JE R {4 2
P ETHESE T 6 h Bk 5] T I(E (2. 83) , X Uil
WIFET 5545, CoDXS B By Kk =ik s A
H CoDXR JEH iy ik it A T = ; 76 s A B e
ZAF T : CoDXS JEH Y R B R 2B F Rk % 2L
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T 12 h B £ (0. 079) , CoDXR S F ki T 1
h B BT L TH, 76 6 .12 .24 h BT st AR RAAIG i) 2
B FE 48 h B R A B AR K OF X R TE =
TR BE B CoDXS 3 M Y 3 1k 1 A B B A, 1
CoDXR JE[H B A M XA Aa e . e AR TR BE 3
ZF R : CoDXS M F A B FIE#EHH T 6
h B RIBEE AR (0. 05) , CoDXR JE[H ) 23k 52 B

I CoDXR
B CoDXS |

8
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4
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A ek dt
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(=]
oc

e
e
(=

1h 6h 12h

E

24h

FREFESEET 12 h BFREZEIEL (0.51) X R ATEAR
TRIREE R, CoDXS I CoDXR F A i 2 15 #1552 Bl i
REAREa . 25 [ 4rMT, CoDXR JE K] ) AH X 3R 38 1 7E
PEG6000 ,ABA Jifjifl 554 T ¥ 2 8L BT, 74K
T30 55 2 BT B B CoDXS JE H 7E
NaCl fIGH = P38 251 T ¥ 2 Bl TR

2 3.5 [mmCoDXR
2 [ CoDXS
-

=225

AL ek At
Relative express
) D 1= 1

) Sl Sl e b
o wo hwo o

A ik At
Relative expression level

I CoDXR
B CoDXS

A ik it

Relative expression level

= ol
o Vd oo v

(=3
=
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(=)}
-

12h 24h 48 h

Bl 6 CoDXR #0 CoDXS FE A FiE &M THIRIELX 4T
Fig. 6  Analysis of CoDXR and CoDXS expression patterns under different stress conditions

##:A:NaCl;B: ABA;C:MeJA ;D PEG6000; E . 551 ; F o AR .

4 itig

AHFFEE O P B R S 16 & ) MEP i 12
IR SR CoDXS Fl CoDXR #4744 1)
UIRe % , 4 g i A% A 2 AR By i FH T PAC-BETA
1 pTre-AtPL BANFRE . B 98 2% BH 7 KA AT B Hh A7
TE MEP 12, BB A U T A -T2 MR 1Y
DMAPP IPP fH X Z J5 ,B-TH % bR & U A
e I, KT A SR BEA L 8- 2 N
£, HAERBITRETEIA S A& B-AE M EMK
LG, A RE4T 8 1% . PAC-BETA Jukr 447
TAR B NRAFHIER , EREE KT WA
AN BRI B-HE MR (HR IR =B, Y
HMNRIER AUPT 56 A, el 7B 2, -5 b
FORK o FE AT A K A T BB A R TR AR B

Note: A:NaCl; B:ABA;C:MeJA ;D :PEG6000; E ; Heat; F; Cold.

02 T X A L, O AOPT K R e
CoDXS 5% CoDXR K i 2 ity X, DA T AT LA 56 iE &
IR T RE , W57 25 R R LI 1Y) CoDXR 1 CoDXS
JE R g tis i 8 2 A A DXR AT DXS I RE, iX
K I SRR A I B h BUER AL S A 0 5 A Sk
AR T B AR

FIFH qRT-PCR 3K K CoDXS Fl CoDXR #: [
eI LR RN L, CoDXS PR 7E AL FI 2L 4l
FhK, CoDXR K7 0 DA R AL H AR 3453 3k, #EDU
XA] BB S R ok A g B AN [ 9 AR K B Bt CoDXS Al
CoDXR JLH fir & 5 iR B A ir 22 5, B nT g S5
CoDXS F1 CoDXR JEH7E MEP 4= 1) & g iz h i
St B LA B BT R AR D REAE A K

eV AP AL FE b, B TR e 2k A
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[F] 2R B, X T g S5 A W iR N A5 5 s S
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CoDXS FlI CoDXR & PR £ 19 15 Jilp-31 (%) 9 4 HIL ) LA B2
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