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Fig.1 Putative pathway for iridoid biosynthesis in R. glutinosa

Hh B 27 e b 2GR B, T R R e U]
BB NZL SR [Rehmannia glutinosa
(Gaetn.) Libosch. ex Fisch. et Mey]. #2HUh % 4= Fk,
BR . 25, MR B, 2R ORE I
B, PRAFT-80°CUKHE . HEIRIFR R B AL
25 S DA B A [ 2H 23 e T ) P A T R RR,
Y5 NPB25. CB40. CB25. GG22. GB43.
1.2 {5

RNASRHGRAG & RS ok
W& H R R AR L) AR A A,
pMDI18-T#if&. DHSa. BL2UKZ 4. EcoRI
SRR PE P VI 5 TaKaRa/A & . RevertAid First
Strand cDNA Synthesis Kit/x # 3% 871 &% H Fer-
mentas/A ] . QuantiNova SYBR Green PCR Master
MixJl) I QIAGENA 7] .
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BRI VIS mmxS mm /B 3w A
AR IR A, PR BRI R 1~2 om, BEEEFTL Y,
HE G100, DAAER N AR LB I R B 20 35 1 A
PR, JEREFR30 dfE, BEALEFRS LR 7R 40 55 1,
T A O A B L2y JRTR G 50, EGE R,
{17 T—80°CUKFE 45 -
2.2 S RNARZES 255 DNAKI S AL

B AN [A] 2H 2 S RN A ) 32 B iR R AR A 4
RNA S & Ut B 520 SR 3T, 1% I e v
VK ERNASE#EE . F|HRevertAid First Strand
cDNA Synthesis Kit& ficDNAZE —4%, cDNAE
—20°CIRA74% H -
2.3 EDXREFE cDNASKHFRE

198 HCHb B8 e 3 A 0N T R R D - T SR T
i - 5 -1l 152 0 J5L S A T (DXR) HL A5 5€ 38 1) Tl 5]
BLHE(ORF)f¥junigene, MORF ) i 4 i [X 15 114¢
ST DA IeDNACH AR, DARE 5 1
5| #RgDXR-FHIRgDXR-R#47PCRY $# (% 1),
8 FH R AR 2\ K B 3 T B 6t JRe DNA [ Wi ik 771 e
TUNR Rl gk, I 5 pMDI1S-TH (A BT E 42, &
BrE WAL K 9 AT B DHS o8 52 25 41, i B 7%
PCR %5 7 1 PH % v 32 28 A8 T AR TARE (i) ik
A BRA = AT .
24 £ EES

) FHAE 28 /9 5 (http://www.nebi.nlm.nih.gov) %
RgDXRi#FATORFEH . SR 7 HIHE S 04T
DNAMAN# A 47 R 1% L 50 B, MEGA 6%
PFESLRG R B . i HProtParam toolfE £ 4
HEATRGDXR & [ 5 A AL 4 57 437 {8 FH 7 2k Tar-
getP 1T RgDXR & [ 0 #4751 IR i L5 {6
HIMEGA 6% ff:(Tamuraz52013)3E47 2 Fr 51| LEXY,
F£ LANeighbor-joiningyZ 4 i R G i AL o
2.5 RgDXREFEFIEFFHESDHT

SEHS 2% )% 58 =PCR (quantitative real-time
PCR, qPCR) 7EApplied BiosystemsZ\ & Step One
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Table 1 Primers used for the study

BlEZEZ s SIFFAI(5—3") Fi&
RgDXR-F TTTCTGCGTGTCGTGGTAAG HEPR e
RgDXR-R CATTGGCATCATTTCATTTC HEPR v b
eRgDXR-F CGGAATTCATGGCTCTGAATATGC JEikz L
eRgDXR-R CCGCTCGAGTCATACAAGAACAGGG JEikz L
qRgDXR-F CAACGAGAAAGCTGTGGAAA PG E EPCR
qRgDXR-R CCAATTCTGCTCGATGCTTA PG E EPCR
qTIP41-F ATTGGGTAGATTGCCAGGAG P E HPCRN S
qTIP41-R CCATTGTCAGCCAATTCATC P E HPCRN S
Plusto il &4 Edk4T . DLSCERIRIE R TIP41 378 h, [RIIN LAIRIREAb PR I pET32a 57 kL 4% 44 T )

(TIP41-like protein) Ay N 3 K (Sun%5:2015) . £A
FE S E3ANEL A, R+ 2 5 b < 6 30 35 F0 A th
AR, 2. MEARAL, AENAEFERRT
A 35 M p S v T RgDXRAE R 557K~ F
AT R IE . qPCRASTIN 1 e WA 2820 pL, 4%
HEDL N #HAT7ECE: 10 pL 2xQuantiNova SYBR
Green PCR Master Mix (QIAGEN), 1F < [\ 5|4
qRgDXR-F. qRgDXR-R¥J40.4 uL, cDNAHT2
ul, MddH,0%20 pL. ¥R 95°C, 3 min;
95°C, 10 s, 56°C, 20 s, 72°C, 30 s, 35MEH . ¥ 1
SERUG AT I R R s, SR 27 b vt
AT AENT 58 B RIK T
2.6 RgDXREFE[FEiZFRIXEAME

HR H5 b 55 RgDXRFE [KIORF [X [ 51| J J5i A% 3 ik
HARPET32a(+) 1) 2 s BEAL ST F B TH— X 5140
eRgDXR-F, eRgDXR-R (1, k20 NIz
A, AR IE #6625 ORF [X 3 41) 1) o ks A A i
ITPCRY Y, ¥ 3G /=i £ pMD18-T#H 4, 133
20 i kipMD18-T-RgDXR, EcoRIFIXhol XY fif 1]
A F KipMD18-T-RgDXR A1 1A 4 /A pET32a, 7£
T, DNAEHEFGEH T AT ER R &%)
AN KT B DHS g 52 A5 41 i, 18 i PCRAT WL 1)
W15 97 326 PV T B, S0 B e R W B i, 4
J TEf ) KL% A K I AF B BL2 LK 2 A 4 g, 3Kk
f3fil & 2L #fApET32a-RgDXR .
2.7 RgDXRMFE#ZzFRIZ R BRI

PRI 45 5 R BH 1 e B B B, #1710 mL
FA S0 pg mL E R B R IALBES 7RI, 37°C
200 r-min" 5% 7% 2 600 nmALTE G E (Agy)is F0.615F,
7£0.4 mmol-L" IPTG. 28°C. 150 r-min" &1 T 55

M. 2 BICE R W2 mL, B O UER K, 7 i,
HIA100 pL SDS EFEZZ M, =i, &3 min
J&, 12 000 r-min ' B0 1 min, B Fi#%20 pLik4r
SDS-PAGE/H#7. Hi4ENi-Agarose Hishn2s ik (46
T & (R A A w]) i B 5 2k RgDXR E 4]
A
2.8 Gt 59t

A $04E % FHSPSS 18. 0% 41 33E47 e 1+ FlAH 5
PE AT RgDXRIER AH X Fih 5 2 F- R H #. [
% 77 %> H1(One-way ANOVA)FIDuncan's 37 & 1%
LTRSS .

SRR LER

1 RgDXRE X5 [

WE2 PR, B PERER UK 5 15 3] —2%1 700
bp /e A7 B2k, 4 sl Fr )5 Fr 411 HJORF Finde
FRIIT TR BEHE, S BTS00 & — A RN
1 425 bp) 58 B K TG AE, HED 9 id4 7472
SRR, HIF R SHEN, T-23~1 447 bpX 35, F A1
1~22 bp AS-AERHPEIX, 1 448~1 774 bpJy3'-FEHHFE
X EIBLASTREFR %, Z B 5 5 2 #R(Sesa-
mum indicum, XP_011071850.1). 4 a5 (Antirrhi-
num majus, AAW28998.1). 11 %5(Camellia sinensis,
AKE33276.1). WHE(Coffea canephora, CDP12403.1)
HIPF2(Salvia miltiorrhiza, ACK57535. )4/ Y)
DXR & A 5 FI AL e e, — B 23 70 893 %
91%-+ 90%-. 89%F190%, H k4 Wi Fir 515 1) ¢ %71
RS — B DXRE H . FH3RAF K EEDAXR
FE A 77 41 #258 GenBank, fir 44 ARgDXR, FKHLEE K]
¥R 5 NKX058461
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Fig.2 PCR products of DXR gene cDNA
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RgDXRFL R 9 i 2 FHAH XS 7315 51.48 kb,
TG 25 L 595949, 35 FITMHMM Server. v.2.07E
2L s L 4 R I TN T L & B RgDXRE (A AR5
JEEX o i FH Signal P27 TRgDXRE AN A A (5
Shk. FFEL T T ASOPMA X RgDXRE H
HAT M, 45 REWRgDXRE A H
30.59% o-MEE. 23.48%IEMIEE . 11.18% B-#% Ml
34.39% AN HUI 2 i 25 ik o
2.2 RgDXRZE HINEELEIRY TN

K InterProScan T 2% 45 #4358 Fi T H X 1o 3
RgDXRE [ IR F 45 M 33047 704, 45 R0,
RgDXRE A4 BB Dy e 45 M3, 1E71~226/7 %
FEFE M AEAE —/NNAD(P) 45 4 45 #4315 (IPR016040),
80~208 10 2 Jik i 4 47 7E — D XR & [ N i 25 14
I (IPRO13512), 222~30517 F1337~458 i 5 HE 1%
Ak 43 A7 AEDXR B [ Cify 45 #4 38 (IPRO 13644 1
IPR026877)., TargetP 1.1 ServefEZk T H. ¥t
RgDXRE 7 HI KL, HAFE—B53 bp i f&
I KT, It & R iE IR YA 2, B ]
HEWTRgDXREE AL AR S & G, 5k iE
JR B AE T 3a i B v AR S AR AT RE,
W7 55 i A\ 8 FIMEPIE AR A7 AE T 544 o i i AR

V)& o

2.3 RgDXREH % FHILLRS KL B 534

{8 FIDNAMANE AR AN [\ )RR IR T DXR
| AT 2T HIN, 4558 BoR(E3), HiERgDXR
EHEBEAE2NSRYWDOXPLE &3 F 454 FF 5
(LPADSEHSAIMINKGLEVIEAHY). 215
NADPHZ: 4 J7 5 [GSTGS(I/V)GTHILAAGSNV],
PA KN & 55 i 2 K 7 5] [PPPAWPG(R/T)A], X 4F
A Y DXREE [ 5 1 25 F R IE(Wus52009)

fE FHIMEGA 6% {4347 Clustal WELXT, SR H]
Neighbor-joining /7 V2, #4EE A [F] 4 Y DXRIE K 34k,
B, I G BT AN R0 e (1 DXREE TR 22 18] 1 3 A 5
Ao WIE4PTR, HiRgDXR 5 X7 HHAEY) 2 R |
P12, AR, BGHEESEY FIDXRE A5
GRFRRIE, MEKFEERTHEY . 405
PETFHEY) . DNOIBisEE S EE . RESER. K
FRBSEABR L AN 22 A% B 5 R IDXRER IR &
3 MR RgDXREEHIFRIEFFE S

I S ¢ g S PCRAST I RgDXRAE B AE Hh
TR B SR L35 A RIH A RIS E T, 45
R (E5-A), PERPAS[F] G b 3 A [7] 21 23
BIReAs M B RgDXRII KL, U8 TAH A%
ik, AEERIBHHLRE Rk Fss i Fp b 53
SO RARER S, BAEMET R HREER
o TN AN [t o e 8 AR o Rk 2 T 25
M, X AL b 25 i B DU N 25 AT . R 3T
A R3S BRI R, P A2 R R, B
WG T R A B2, HRgDXRIFRIL &AL
HU35 AR 2 T B AR M

PACB25. CB40. GB43. GG22. PB25%5kk
WAE B WAE RS T, B S22 % 2 EPCRA T
HouP b # RgDXRFIA I FE M . 45 K W (KI5-B),
BRCB25 4L AhAbk N A= B 1 3 e £ s RgDXREE [l
Rk, o EEAG R P 2R H R GG22 b B 5 A
TR 2208 B de v, A R A1 1.64 4%, 11T CB2S B i U
REMH T EEFRRIL,
4 MERgDXREFWEIZFILEEAEK

ot 20 J5 ki A1) EcoRIFNXholidk 47 XU g 17) %
€, BEVIE153] 11 400 bp/e 43 H (13 K B
Bk R B, K g D) I A 0 B A FORDIE i AR T
J, WP IR i E B R D) M i 2 T pET-32-Rg-
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Fig.3 Multiple alignment of DXR amino acid sequences from different plants
SmDXR: J}Z(Salvia miltiorrhiza, ACK57535.1); SIDXR: FEZLHi(Solanum lycopersicum, AAK96063.2); SIDXR: Z Jik(Sesamum indicum,
XP_011071850.1); OsDXR: /KF&(Oryza Sativa, AAL37560.1); CtDXR: K:FF{E(Catharanthus roseus, AAF65154.1), SZLGHE P N2 5 M)
DOXP4E & 5E 7 4545 ¢ HILPADSEHSAIFINKGLEVIEAHY, JE 43 HE 4 A2 5 NADPHZ; & % 5|GSTGS(I/V)GTHILAAGSNV, T RI4: K5

VI ThfE AR L A CS(A/M/V) o

DXRJGEZ R L H M . FEAHF A pET-32a-RgDXRE%
WIRZASANMIE. coli BL21)5, FHIPTGE S B 20 &
H 21k, #E47SDS-PAGE HL KR ll, Hi bk Bk 22
Quantity One (BIO-RAD)¥ A0 #fr, W6/, &
pET-32a% # 44 (W HR & IPTG S )5, T pET-
32aT AR P FRZE Fr 5] (Trx-Tag. His-TagflIS-Tag)
(115 3RIE, 7618 kDakh tH Bk & 25 A %A1 o T &
pET-32a-RgDXRJFKIfHIE. coli BL21 E R AL IPTGiF

FJ5, 1E70 kDaZe 45 b — 5 B R %7, H T3
IRFREE P B HI Rl 05, %460 LERgDXRE [ 1l

M45rr&m=18 kDaZk 47, R RgDXRE H I/
KA s RIL

RIERgDXR H A | H 7T %A, § KEF*
AR, R R AR, RN E &0 BT, R
AN SERZE N4tk H & A, & B840
RegDXREHHE . 4ifbMRgDXREHEA NG
SR A ARAMETIRERIGIE. ERARE M. T
A B A I S5 7T, 3 — 20 W R g DX R7E Hi 5%
PRI Tk 2 o AR )& G (R B ARAE R 3558 7))
At o
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Fig.4 Phylogenetic analysis of RgDXR protein
F¥%: Salvia miltiorrhiza; BWEHESAE: Plectranthus barbatus; FASYH.: Lavandula angustifolia; 2 Jk: Sesamum indicum; 3 35K Rauvolfia
verticillata; K:F1¢: Catharanthus roseus; ¥ 8 W: Hevea brasiliensis; WKW :Jatropha curcas; BRK: Ricinus communis; /KF: Oryza latifolia;
Vi3 Aegilops tauschiiy /INK: Setaria italica; £K: Zea mays; w1 %E: Sorghum bicolor; 2L E.4%: Taxus chinensis; /NSLIit¥: Physcomitrella
patens; AX#E: Chlamydomonas reinhardtii; 4035 BRE: Staphyloccocus aureus; KT #: Escherichia coli; kS #2¥% W : Rhizoctonia sola-
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Fig.5 Expression patterns of RgDXR
A: RgDXREEH AL ZVRE 5 53 s B: RgDXREEIMEA RN AE R T FEH RIS ARVNE FRER R I KA Rk B 5
7 5(P<0.05), ANF) KRS S BE S R £ B S 35 1R 72 3 (P<0.05).

i (DMAPP) ) & Jil 2 38 1 1 26 A7 T AN [7) JE 240 Jfg = 1]
HAT, T2 % BT (CS) I 50 3 — B IR AR HEAT I, 43 ) 2 A T 40 B 5 A 1Y) DA 20 1k 4l
(IPP)MI L F M A —— W RN B R BANERIRIMVAIRAR, DAL T B i AT A
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Fig.6 Prokaryotic expression and purification of recombinant RgDXR protein
M: E AT ERME 1 ARG EpET-32a BAKKIE. colitithk; 2: IPTGIE 31 & pET-32a UK E. colitk; 3: AR5 31 & pET-
32a-RgDXRFKIFHE. colilfikk; 4: IPTG S & pET-32a-RgDXR i KL E. colifi #k; 5: itk IRgDXREHEH .

P 0 H I -3 - B R O SRR I MEE P i 45 (&) 46 5%
2014). MVARAE T BAELS & et . =Hi L
Je S BESR (D =% 25 P R TR (FPPL C15), MEP
AR AT e B ARG R . PR TR i 1 A A
(GPP. Cl0)LA S & ik HERE. 5% AR
% N EHIHTA(GGPP, C20) (Vranova%$2013). 18
Vs R AE W, TR AU S 16 R BEAE A
Mo K PA50. WEIL LI SRR E R N K
A, Ak, BEREAL . PR, B
. BRI EEE2014), 1% 88 5 &1 5B IR
FEHBIG I T W5 KRG RIFIE . S5 M 2 A DL
KAWiEYE . DXREE K R MEPI& 1% o 8 B 1) 1 4%
FE K (Zhao%52011), Hgmi () 2 1A 76 A4 s 254 i
(1 3 [R] BT A —— 57 M FE B RR (IPP) R S b 2R
Z G I 5 R 5 28 0% E B4 (Brown Al
Parish 2008; Carretero-PauletZ:2006). ¥ ki
TEDXRIL R [ s K 5 s K= & E R AA
& 1 —F Pk (Hasunuma®42008; Liu%%2015; See-
tang-Nun52008). DXRIE K7L LG TF h KA B
FEANFZIA b3 DXSHE PR 14 1 AT 42 T 3 i ik
) A s 24k & W) 1 77 & (Carretero-Paulet %
2006). ¥ Synechosystis sp. strain PCC6803 "1 DXR

B N R o Rk, TR R - R |
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Cloning and expression analysis of 1-deoxy-D-xylulose S5-phosphate reduc-

toisomerase gene in Rehmannia glutinosa
ZHU Yun-Hao, DONG Cheng-Ming, ZU Meng-Hang, LI Pan-Deng, ZHAO Le

School of Pharmacy, Henan University of Traditional Chinese Medicine, Collaborative Innovation Center for Respiratory Disease

Diagnosis and Treatment & Chinese Medicine Development of Henan Province, Zhengzhou 450046, China

Abstract: The RgDXR cDNA was amplified from Rehimannia glutinosa by reverse transcription PCR. Bioinfor-
matics analysis was conducted to analyze the properties, functional domains and evolutionary relationships of
the gene. RgDXR was inserted into the prokaryotic expression vector pET-32a, and then transformed into E. coli
BL21. Gene expression in different organs and inducing conditions were detected by real-time quantitative
PCR. The RgDXR cDNA sequence contained a 1 425 bp open reading frame and encoded a predicted protein of
474 amino acids. Bioinformatic analyses revealed that RgDXR exhibited typical features of the DXR domain
and belonged to the plant DXR superfamily. Phylogenetic tree analysis showed that RgDXR had the closest ge-
netic relationship with Sesamum indicum. Tissue expression pattern analysis revealed that the expression of Rg-
DXR was tissue-specific, and accumulation of transcripts was highest in roots of cultivated varieties ‘Beijing
No.3’. After induced by endophyte fungi, the mRNA expression level of RgDXR was tightly correlated with the
abundance of iridoid, such as catalpol. It is speculated that RgDXR might participated in the iridoid biosynthesis
in R. glutinosa.

Key words: Rehmannia glutinosa; 1-deoxy-D-xylulose 5-phosphate reductoisomerase gene; bioinformatic
analysis; prokaryotic expression; expression analysis
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