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Abstract: Objective To clone the CglS gene encoding iridoid synthase from Centranthera grandiflora and conduct its expression
analysis. Methods Based on the sole sequence of CglS gene in root, stem and leaf transcriptome of C. grandiflora, a CglS gene was
cloned from young leaves of C. grandiflora by RT-PCR technique, and its tissue-specific expressions were also performed. Results
The CglS gene (GenBank accession number: MH794270) had a length of 1 185 bp coding for 394 amino acids, and the relative
molecular weight of CglS protein was 44 670 with its theoretical pI of 6.17. CgIS protein belonged to the member of P5BR
(progesterone 5B-reductase) family, and might localize in cytoplasm. CglS protein was a hydrophilic stable protein without signal
peptide, and composed of mainly a-helix (40.61%) and coil (46.70%). The SDR (short-chain dehydrogenase/reductase) and P5BR
conserved domains were existed in CglS protein. CglS protein was close to SilS protein of Sesamum indicum. CglS gene was primarily
expressed in leaves. Conclusion The CglS gene is cloned, and its expressions are also analyzed, which will pave a way for further
studies on function of CglS gene and biosynthetic pathway of iridoids.
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HET, T RIEARER D, HEEgedT
W 7y B e AP 25 BE/E . 1984 4, #
BRI S N E IR K AE A R 5 A 4y B9 %5 8 B AL RY 21
A EEHMML S, 2012 4, By
e g A €2 R 92 i IR M KA ) AR B 2 T 4 ) vh
S EAFE] 9 NIRRT AW, 43 ) ke B
. BT, 8-RBAEN. 8-RBEAKR.
KSR PR JE R R e P HIR.
6-O-methylaucubin. KAEHHHR 5 Z 25840 7 R
IHBEERAE . R ORI EY). MR =R
WE P, B A E Y T B P KA B RR 2
) FZL NSy, AT B AR A&
FGE AR S H AL

ZLAIE TR KA SV E T s, YR A
Y& OB R 738 3 MB35 1 B BONRITAERTE ik
B, BG4 2-C-F 3L-D-Jr il -4 2 (MEP)
BAEMMF R RR (MVA) 818, AR IPP Al
DMAPPYL, 45 2 B BN L5 T IR B, 246
TREMIEERR, ETREREARETREREY, 5
3 BB A S gk R B BENY . BRI T
T4 Ciridoid synthase, EC 1.3.1.99, 7£CiRkiE ¢
BRHP RSN IS/IDS/ISY ) & 24 M ks 25 i 42 1)
2 B BEER 5 AMEALEE, R TE IR Bk A% O
TR B BRI, 04 DR 340 i ZRY ORI e i e v — A%
fR1ERR (NADPH) fR7E T, ‘B REMELERIRIY 8-%
# M B ( 8-oxogeranial ) B 10- & #F M- B
(10-oxogeranial) Az B BB % Ciridodial)
AR RIS EE (nepetalactol) B2, HT, 4%
kG S EEER (1S) CAAKFERSL g, &
U N 5 o N 1 el 1= ) R 3 2 2
Yoy B3 IS FER PR E BA H LU 1%,
HHAEEMR RS T . ERKEARFE IR A
PR, SRFIRE R RS 0 K BFAE 1S (CrIS) 2t
PR35 i 35 A0 2 50, ZEhHiE 1S (OelS)
FERER S Rk e m, HUGEM, RO
MERIE, MERBAREM, TR 1S
(SmIS) FEH Hr, SmIST Al SmIS2 - HAE M i Kik,
HxRZM, fEomiid, AmIS FEREAEH h#
%, EAEFIR AR s,

Mz, HRETERANGE Cris LR FE %, Mk
S RACHHIFRE IS (CgIS) FEDKBEAT 70 RN E A AT o
AHIF TR KAE IR EL L S A 1 2% CglS 2
K%, #it514, @it RT-PCR BRI M AAEHH

JPRELIH B3 3] ColS FER, kT 51 M A
GUERIARE 58T, DA ColS BRI D) RERT 7t s
T AR A P A B R 7 B B
1 #RFFEE
11 MR

KACHA IR FEAE R AR T B& KRR TR A
PRAF LS, iz FA R R L2 FEY)
W78 AT & Wi 7t 2 %5 A Centranthera grandifiora
Benth.. RNA $&HUET - LR RIEEHRR S, Jk
DRI 2 38 43 B 48 FH AR D 0K AR DR A8 51 IR B 1)
. 25, HRIHE, RFEEBACN 2018 4211 H 3 H.
1.2 A%
1.2.1 M7 AL RNA 25U CglS H:[Fl ORF (1) he %
Y RNA 25077 & MiniBEST Plant RNA
Extraction Kit (Takara A, X&) Wi HIREUK
16 B R 25 4 i RNA; 1% IR 8 5 R 5 &
PrimeScript™ 1l 1st Strand cDNA Synthesis Kit
(Takara A7), Ki%) Ui &R cDNA. HR 4 5%
Fik 34k pCold™ ProS2 DNA (Takara A#], Ki#)
Z s FERG VAL R RAEARR AR . 25, e rp
ME—IH) 1 2k CglS % [A 741 Cluster-13824.65961, %
%514 CglSBamHI-F: 5°-GGATCCATGT-
ACACTGATACGATGAGCTG-3’ ( %Ik~ BamHI
g )67 &), CgISHindllI-R: 5-AAGCTTTTAAG-
GAATAAACTTATAAGCCCTC-3* ( | X £ K
HindI BEDIAL 85, 5140 _BiEss A9 TREA PR A
FA D BL cDNA NIEREET PCR ¥71, Rk
%N PrimeSTAR Max DNA Polymerase (2 X Mix,
Takara A, Ki%E) 25 uL, R 2 uL, 1ExAE514) (10
umol/L) £ 1 pL, 1l ddH,O #Me 50 ul. PCR J V5%
9. 98 ‘CAPE 10s, 61 CiBk 155, 72 ‘CHEfH 30
s, 30 #¥; 72 ‘CHEff 7 min, PCR F=41in A B,
22 1.0%EIEREEER Ik /3 BS, ANE VIR, A FH R E
WAlE (AZR, dbs) SFHMABO TR, KH
HE4EF] pMDL9-T #ifk (Takara A7), Kif). #A
JFT i DH50 (Takara Aw], Ki%E) JEATIE Ak,
PRI ABERR B SRR R, RIS I
g, ¥ 1 mL A A R T DNA WP AT,
i), MRS IERA E 4 TR pMD19-CglS.
1.2.2  CglIS EFHMEME B0 i Genetyx
Version 6.1.8 FAZEIREH A A, fHH NCBI
W uh b BLASTp A2 7 A7 )¢ Z Lb Xk, fi A
DNAMAN Version 7 #4172 7 5| LLXS s f#H MEGA
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X Version 10.0.5 ¥ M E /) Clustal W 4T 2 )75
text, AEMH N EHERGEKEN, KE
bootstrap=1 000, cutoff=70%; | FH7ELkE¥s =
Chttp://molbiol. edu.ru/eng/scripts/01_11.html) 34T
Fifs ¥ #1. 18 F ChloroP fiR%5#% Version 1.1
Chttp://www.cbs.dtu.dk/services/ChloroP/) #E4T H 4%
PAIESZ JIK T ; 15 FH Interpro #04: Chttp://www.ebi.ac.
uk/interpro/) HEATORSF G5 HIFIIN; {8 ProtScalee
At (https://web.expasy.org/protscale/) #EAT R 7K
I3Hs Al SSpro 4 (http://scratch.proteomics.
ics.uci.edu/) Xf &5 EAT TN fEA SWISS-
MODEL ( http://www.expasy.ch/swissmod/SWISS-
MODEL.html) AT [F 5 E 53 H: FIF Expasy
() TMHMM Version 2.0 fili45#% Chttp://www.chs.dtu.
dk/servicess TMHMM/) TGl & [ #5028 iE [X s F)
F{EZE T. 2. WOLF PSORT fR45%% Chttps://www.
genscript.com/wolf-psort.ntml ) . ProtComp \ersion
9.0 AR%5%% (http:/lwww.softberry.com/) F1 Predotar
Version 1.3 # 1 ( https://urgi.versailles.inra.fr/
Tools/Predotar) il £ 1 ) V.40 i 5 A7 A% 100 o
1.2.3 CglIS ZEH K qRT-PCR 437 43 AIHL 2 F24E
RICHBRERIRR . 22, mHATE, RS EH 3 M
At SRR RNA. A S #5618 7 £ PrimeScript™
RT Master Mix (Takara ~#], Ki&) GREE 1
cDNA. DURTEHAMRRLAL SC2Hh Cgubi 2R (7R
A CgUbiquitin, 2 [ %i'5 Cluster-11710.57591,
GenBank 5 : MK256646) fE N W 2 #it 54
CgUbi-F (5’-AGAAGAAGGT CAAGCTCGCC-3”)
F1 CgUbi-R(5°-GCCACACTTACCGCAGTAG-T-3").
HRAE CglS K cDNA JF 815 HHRE 1% 51 1 qCglS-F
(5’-ATGATGAACAC GGTGAGCAC-3’) #l1qCgIS-R
(5-TTAAACGCCTGGTTCTTCGC-3"). ffiffi#fk &%
AR TB Green™ Premix Ex Tag™ I (Tli
RNaseH Plus, Takara A", Ki%) #1T qRT-PCR,
PCR %~ 95 C. 15s, 60 C. 15s, 72 ‘C. 20s.
JNIAE LightCycler 480 11 )t E & PCR 1% (Roche 2
Al Hi) BHHTYORG, b, EMEihZ. bRk
M2k e & PCR AT Bl K. NS EER
(CgUbi) FIBKHE, AR oty 2745
AR AR 25 mHRIfE CgIS SRR R IA R .
2 FBRESH
21 KTEHARRE CglS EEFFIM = E
PLRAEHA R EL L cDNA SRR, A 5 5 1

Iy 21200 bp B B (B 1. it TA 8
BRI B AR pMD19-CglS, B4R 45 H % 1A
MEFTIRRAFI 2 v BOR/N 2 FNGE T 5 lig vl i Bek
N, STRHALE AT .

4500 bp
3000 bp

800 bp
500 bp

200 bp

M-Marker [l 1-FA {5 B CQDLGT2 £ A 9 145 SR 2-CglIS 3
[KIf¥] PCR 4 145 R

M-Marker 111 1-Positive control amplification result of CgDLGT2
gene 2-PCR amplification result of CglS gene

1 Cgls E[EH PCR #1845
Fig. 1 PCR amplification result of CglS gene in C.
grandiflora

22 CglS EEMNEMERZENT

FIFH Genetyx 1 DNAMAN #Ex CglS 2 [H
cDNA JFHIHAT 537, S5 R o CgIS BRI bl 13
HE (ORF) 4% 1185 bp, #fi% 394 NEFLR . fi
Fi NCBI MusE#R LR Bankit B K iz 58 4L &
GenBank %¥5 /%, 3R15E %5 MH794270.

1 F Genetyx 3 FK; CglS 3 [X (1) 1% H R %)
MEREA R, REMH NCBlI B4k Edm
BLASTp 27 Xf CglS & [ M & SR 7 5133 47 AH AU
PN, ERFW ColS & A EA M EE M A BIE
JilE (SDR) K IEIR T 45 IRAZE 5pPR R 5T
ghitig, H CglS FH5ZRK 1S (SilS, 75.38%).
EAE R AR ISCHILS, 82.23%) . &% 1IS(AmIS,
79.95%) & P AIAMAER &, 5 R AR 1S
(AclS, 55.32%) & H AL UK . ] DNAMAN
A ColS EEEEEMRIT A5 M BLASTp 45 R
HRORE B B IR 4y 2 S A AT 2 7 B LK
B, @R Eox Cgls EEH5 2 A IS B H 75 AHA
PR, #EA 8 MRS SDR 27 (Kl 2) Al
P5BR X M i 4 B 2L 2 LR, KRB CgIS FEH
J&T PS5BR KGR A . FIH Mega X ¥ CglS &
1% 17 %) 5 SClk CARGE 53 7 51 . BLASTp 45 5%
AR AR 5 v BB 40 T A AT RGR E AT
gE ]I oR ColS FH 5 SilS. AmIS. HilS & H4b
FHE—# e (F3), REENELRRBIL,
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KIEHIREE (MHT794270) el
2k (XP_011069777.1) LED,
BN AR (PIN02150.1)  LED

he k lvy g

St B (ASM61954.1) LED
&AL (KTWDL7.1) EAE
£H4E (AMB61018.1) LAE
WRIE (AKI87774.1) MAE
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consensus

Motif2 GxxRR

Motifl

:DTPGGPWKVYGVARR 70
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SEILOYTDTPGGPWKVYGVARE 72

Motifs TGxKHYxGP

€ pl d th
Motifé NEY YxxED
L VHOTAT \ ] "GEE ~vigH 234

LVEESAL | "GFSPCS| Y 207

i kmr fi

gf gf:

B -FAUMESET 100%; AL E-75%< AHLIME <100%; 714 (5-500% < F U1k <75%; RFRILMRILTF R FRILIRH ; MAE B0 LR

L EHERR

Black-homology=100%; pink-75% < homology < 100%,; light blue-50% < homology < 75%; Conserved amino acid motifs are underlined; catalytically

important amino acids are indicated by red frame

E2 Cols EZEES5HMEY IS EANSFIILLITLER
Fig. 2 Multiple sequence alignment of CglS protein with ISs in other plants
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BREHk (PSS31471.1)
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K#1E PSPR6 (AIW09148.1)
PEHEIRE PSPR3 (AIW09151.1)

PEHEITE PSPR4 (AIW09152.1)
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KA#1E PSPR3 (AIW09146.1)
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Fig. 3 Phylogenetic tree of CglS protein and ISs, P5BRs in
some other plants

f# Fi§ EXPASY ProtParam # 4%} CglS & [t 1T
HALPER /0T, 455KV ColS 2 A SR 41
JFi Rl 446 700, RIS pl N 6.17; FFIE R IERRIR
3 (Arg+Lys) Ay 40 45 1 LR SRR TL 3L (Asp+Glu)
N 44, 7373 CoozoH3003N5230s855100 A2 T £L
93167, EBTHEEH: TEifa%Ch 80.38, &
BigiktE (GRAVY) AH-0.260, N3E/KEE. CglS
HESA 20 AR, HbraREEReE,
N 9.1%; HIKZETNARMBEAIR, 758 7.9%FH
7.6%; FRCER AR RERIK, BN 2.3%.

FIFH SSpro #EXT CglS & A HEAT &5k oy
B, SREBEWZEAZREMWF o-iBlE (HD 5
40.61%, B #1& (B) 5 12.69%, L& (C)
17 46.70%. M Swiss-Model Workspace 1 F H 7]
P TN CglIS 8 I = sh e, 455 WP 4, %45
B K ARG BE B S B [Sdow.1.A] NI, 7E
% 33~394 GIELMRAb M, YA R RN
91.88%, 741 —%Mt N 65.93%. f# [ InterPro 7E £k
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fh-o-iRNE  EEO-B-HTE  E-3
red-a-helix yellow-B-fold green-loop
4 CglS ZEEEIRE_RIAFR) =S TN
Fig. 4 Prediction of three dimensional structure of CglS

homo-dimer

T.RAX} CgIS EE#AT AT AAZE, 45REKH CglS
EHHET NADP)-Z &S WEBRIER A, A&
NAD (P) 45474 (41G. 42V. 43T. 44G. 45l.
46A. 70A. 71R. 72R. 88C. 89D. 90I. 112V.
113S. 114W. 147Q. 148T. 184Y. 208P. 209A.
2111, 218S. 219M. 220M. 328E ) AP f7 £ (151K
184Y).

FIF SignalP 4.1 k55285341 CglS & H, KK
WAESK, RAZEANESTWEESD. FH
TMHMM BAFF CglS 25 A 1 IR e X, 455
R ColS AN F IS IR E X 5 (K 5), IR
FH. [ WOLF PSORT #cft:33: 47 I 2 i 5 437 73
M, S9N CglS FEATEAIMIT . PR R AIIH-S44
(FENL R EU A 10, 2 A1 1. f#H ProtComp 9.0
Xf ColS H BT AN E Ar 7, 45 R W&
HE AT 45 . {8 Predotar #f4E%t CglS A
HEAT AR H e A T, &5 R I A A AR AR
WM. ZekifkEfr. {#H ChloroP 1.1 Server X
ColS & H I Sp ik i kiR AT T, 45 SRR BH CgIS
T AL SRR IERE

X ColS JEFFATH A HI T, 4R EKH

— R — — 4k
10
3 ~
g9 08¢
5
Z 06}
=
s 04
=
£ 02¢
= -
1 101 201 301
IEIR I

5 CglS ZRFIREFERIZRERI AN
Fig. 5 Detection of putative transmembrane helixes of CglS
protein

ColS F: R #A ZET1 1.78%, HIG —HkEi =
A A D ISR LG O, PRI RT3 F R AT
[ %514 # BL21 B Rosetta (DE3) HHT R I%FIA .
2.3 CglS EERALFTIESTHT

PR AR R B RR B AR . 22, HHRIAE, @i
gRT-PCR 43-# CglS 2 R /EA R ZH A H (1) R IA 1
SRR, ClS HRF LM H Rk E i =, ARF
1) 103 fi: HUGZZE, AT 6 £ ZEERELE
HFRRIE (] 6),

0.201
i J
ﬁ 0.16
= 0.121
% 0.08
0,041
0 ==
R E S s 1%

6 CglS ZEEFEXREAMER. =, M LhaIExRIEE
Fig. 6 Relative expression of CglS gene in roots, stems,
leaves and flowers

3 g

IR GG 1S 8 T B AU/ 18 )5 i K
WRIAEYIEG, Bets =L IR PR 2578 I B A %
FhZGPEE R N ARG 4L, DR & 52 09T
FEANGEDS, BrR RV 1S &N
Tk inki 28 A= W OIS A7 T AR T8 TR AN BB 2R EAE )
KM, KRR S R ColS FEM A
UL RENS B e PR MG A 5 2R 1 AR B e Ttk
MBERE, IS BYE T PSAR JEH, HAE#E{L
I TD R A O A4 1S BERNE LS. ABF R
PERACFARREAR . 25, MR A B T ICHE M 14
ColS ZERH P4, Wit LR R 514, ke CglS
R, FEX gAY & A AT R A AT, g5 SRR
CglS ®H 5 SilS. CrIS. AmIS. HilS & A AE L
435N 75.38%. 63.05%. 81.40%7F1 82.65%, i H.
BA 8 AMRAT 1) SDR 27 H11 PSR S i il e f v, 2 2
R (& 2) B, X% cgls EAJE T P5BR
FIRM L « RGRE /i 45 R R RAEHA R EE CylS
EHEEZM SIS, &/ AmIS. KB HIlS
FEAEG R ARG (F 3), BT At H A A R E A
USSR RE . [ERERERE, fE2 75X
RI, ZRE SilS T H HERAE EA R A S5 oAt T LA A
1S EEAE N sk 25 N ERR (K] 2), KR



746 ¢ ¢ &% Chinese Traditional and Herbal Drugs 35 51 % %5 38§ 202042 A

FHRACHRRE CglS B 52K SilS B F{E45 Al
Ui BAAAEZE S o AT, {8 F WOLF PSORT 4k
4. ProtComp 9.0 #f4-F1 Predota 1.3 #f+:X} CglS
A E AT b, A5 HERE CoIS EEEh
YA A, X 5 KFETE CrIS 8 A e 7 T 41 B it
g B, Xk R W AT 7 T8 I S
RN KAE R CglS HE [ .

TEAFEEYH, 1S FEF I FIJEEREE A .
ERKFAFN TR H, 2RI T 2 F13 % 1S
JERECM, Horfr CrP5BR4 Al CrPSPRS (CrlS). SmIS1
A SMIS2 YA BEAAAEThBE TU A% St &
B BRI i RE VR R, A R AE R
SRR T 1 4% 1S JEIK, KB EAEIRIR bR &
R R EEAEA . EARFEDIFH, 1S B RTEE
FERWAE . fEKFELF, CrIS EAMIEHEEAN
[ BRI, R, ColS B A = Zifi A
TR &5 SRR, Zd A s o AR R ik
(K 4), 2pRixFH2iE Native-PAGE B BF X 4
A SERS AT HE— D IRAIE .

EKFAE CrIS | A REE O, EURE T
SDR F 5 s b0 i Tyr178, 3 H. Ser349 Al E
A EH AR LR 57 U R 4RI B 7K S 28 TR 8 S A I
S, 7 Cgls A h, hAFEfE SDR KRk ~F 45
R Tyr, (HHEBKCR S8 A AmIS FI%
TR K HIlS M, RE T CriS A K
lle145. Leu203. Met213, #f/> CrIS & 1 H1 1) Ser349,
X 1S WA SCHR SR IEA A, FEAS [F A Ff
Fovh e RS e L AP 22

TE A — A FE R B, 1S FEH A 21
SEPEFIE AR, FE AR S SR 41, CglS
FERAEMR . ZERI ) FPKM (BF— 5 I B
K H FE—FE R — TS B R 7 B D PIE
3N 297.73. 2.63 Fl 7.14, FIAEAKIZIER
FEAEMHRIE, KGR, REERENEZE.
TEARMI A, HERIARE R i 45 SRR B E A
CglIS BFfEM i RIA E s, HIREZE, ik
R (E 6), MEfEHARIE . XLegh RRIEAK
WIFIAER, CgIS JERIER L ZAE M RIE, 7EZEFR
HE D ERE. RSP 2T, KIEHME 2
4> R LT A IR, DR LA DU DA W JRR 1 BRI Tk
T A 1 S e A, AR eI 2 s B
AT R

AW CglS EF ThReffdbr s at. T

—IBHERT ColS FEPRIBEAT IR . S aifL A
TIEHT, W RAEHA R G Bk 2R A ) 5 ilig A%
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