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Gene cloning and sequence analysis of diketide CoA synthase in Amomum villosum
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Abstract: Objective To clone the full length cDNA encoding diketide CoA synthase (DCS) gene which plays an important role in
curcumin biosynthesis pathway in Amomum villosum, and to provide the basis for the further studies on biosynthesis and gene regulation
of curcumin. Methods According to the annotation of root transcriptome of A. villosum, primers were designed and cDNA of DCS gene
was cloned from A. villosum by PCR. Results The complete coding sequence of DCS gene was 1 170 bp and it encoded a protein of 389
amino acids. The deduced DCS amino acid sequence exhibited 96% identity to the DCS of Curcumae Longae and 66%—69% identity to
the chalcone synthase (CHS) of Narcissus tazetta. Phylogenetic analysis on the amino acid sequence of DCS with those of other plants
showed that DCS was closely related to Curcumae Longae. Conclusion The DCS gene is cloned from A. villosum for the first time. This
research lays a foundation for studying the gene expression pattern and regulatory functions of DCS in curcumin biosynthesis.
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PKS). DCS H T4k A - BE4#iE A (malonyl-CoA)
5B RS A (feruloyl-CoA) BN 7y 5 LA A
(p-coumaroyl-CoA) 4 A= i S BRIt — M4t il A 5%
O G ARG A, N EEERNE YA T
(7= 7ESR ML Y6 O i S N AT A
REEMER, Yo GRS L1 N
RUHEAe L ), PRSI AEY S L
TR AR 1A X T T RS il

DCS #RILE 7 —F £ K AH (curcumin
synthase, CURS) JL[rlf FH I ] OK$ = Z2 30 3 11
FeiE . MEEARM ARKEAPR . Préafh. busiE,
FUIR SR TT A A R B IR FHIERN PR TG 9595
XECPT IR RO T 22 3 =AY, G 2R
ZHSEEL R, D EPEEEER. HiTCAaMN
LW B IRk T DCS N, XfBHER DCS
e DR 1 e A AL SRR ™

ARSI T T FHARRD DCS FE N, HEE L AW
R INERI 30T T B 5 i R pe, X ik
— PR EA BN DCS [RARSMNEE LR 5 96
e B DRI R SR B A S W) A W B R TR i 4 B
T Al
1

FE G AR SEIG SR8, Zerpl 2 R Rl 2
P2 %58 M P4 P Amomum villosum Lour.; PCR 4lifk
R ORGS0 A b AL AR
i A7) Ex Taq B4 . pMD-18T. cDNA Synthesis
Kit J& [1 Takara A#]; JrAEREEAMEAR: 5149
HRT BEIR A ] AR A A 4l
2 FHiE
21 sl¥git

HRAE A S5 % CRAFIBHARRD S 71, F
ST, SRS YA Primer 6.0, XFEH
BTG DCS B FEAIH5 ). 1E1
514): 5°-ATGGAAGTGAACGGCTACCGCATG-3’,
S5 #): 5°-CTAGTTCAGTCTGCAACTATGGAGG-3 .
2.2 RNA B RER

FHAERP I - RNA 8GR R J5 1) CTAB
VEIEAT o 5 RNA IR 5838 F 4l B 5 ik EB-3 IR B 6t
Jid UK A AZ R B 11 5 5 A (Bio-Rad) #ll. HL 1 pg
& RNA, DL Oligo (dT) A5|#, #% M-MLV RTase
cDNA Synthesis Kit Ui #1F, Sl cDNA.
23 PCR¥ K=

PCR VAR FR K : 10X ZZh 8 pL, 10 mmol/L

dNTP 8 uL, 20 umol/L 1E A 54 2 uL, 20 pmol/L
K519 2 uL, ¢DNA #ift 1 uL, Ex Taq R &1
4 uL, /K% 80 uL. PCR SN 4t Ny : 94 CHi
PE S min J5, AT 32 MM 94 CAEYE 30 s,
60 CiB-K30s,72 CLfH 1 min10s, &5 72 C
A 7 mine §HIFEYILE 0.8% B g B gk Jg HL ik 43
B, BEIRDicalif G & 2 22 pMD-18T #idk, IR H
CaCly V5L KA AT B DHSo A2 540, ¥4 T
GHATERE (Ampicillin, Amp) ) LB ¥ 3%
BV, 37 CREFR R, BT s T ks /4R
IRA IR DNA, F4 74 ikl PCR %5
Je IEAL bR A F T
2.4 DCS FIEMERFEN

RTINS R, HER IO A AE S Copen
reading frame, ORF) K4uhik [ 12 EER T,
A H] ProtParam. DAS TMfilter 1 ProtScale i47 4
T 2 PR 5 A A ARG 355 5 8 ey Sl A i /K
50871, A NCBI (www.ncbinih.gov) ) BLAST
TEL 40T T HAY 9% GenBank [IETL AR £
JEFIAEIC A B B0 P e 0 04T Lot 43 B R
Clustalx Fl1 Phylip-3.69 #7741 £ & LW e Rt
bt . I FTEZ MG Psipred F1 Phyre2 Xf 1%
FIHEAT 0 S5 KRN = Y S R S
3 HRE5N
31 R RNARE

HY 2 pL $2HUIAE & RNA JT] RNase-free 7K FiBe
10 fi5, MEEAZRAFTIE, Ao/Aso=1.967,
ZHEBEE T 2.0, UiWIFREUE) RNA 284 s .
RNA 28 HL U I 5 m W% 2135 I 2 1 28S rRNA
FT18S rRNA 4717 L J— LBl [l 8% rRNA 45745, 4
WHSICHIRE, RNA $EBO RS
32 DCSERHkE

RT-PCR ¥ /=& Ik Ja I H 1 4K 1.2
kb 24 (R e F B (B 1, K JE S TR
ANFARF, 23 P A3 3] T IS DCS KEH (1) it
b 2). M4 e384 2 GenBank, H &%
J& KF225598.
33 FIEMERFENHN

W7 AT A4 BHAED DCS A Mgt LR K 1170
bp, H4uh1) DCS 7 389 N FE IR LI, #H
X TR 4.22X10%, S RREEE NEIERZ Leu,
i 12.05%, & BRI IE R Trp, H 1.03%.
PS5 2 5.97. FIH SignalP 4.1 7347 T BHA D
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Fig. 1 PCR amplification of DCS gene

DCS [R5 Sk, 4R RWFHFHFR DCS 2 FE R
FeHUTEAE 5 K, HH A DCS 25 R Ui s AW 4k 1
EIRG e, WREATE s, 2 R AR
JE B o P B AL A A A . M
DASTMfilter £k T H A 2 HE MR ¥ 51 1) 5 16 4 R 4k
HEATTIN, 45 R DCS AAFAE RS IS fIae 1E—
AAER], DCS e ik Bt & s, AL s
18, R E T B T B E FA AT AL
Difig. J ProtScale f:4k T H73#r, DCS Bk
4 130 {7 Ser (1.956), SR/KVERIMA 118 7 Arg
(=2.556). AL IREERBL N GUKIE, (HEA Y5
R /K X3
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M E VvV N 6 Y R M T @ s A D ¢ P A T 1 L A I ¢ T A N P T N V V¥
ATG GAA GTG AAC GGC TAC CGC ATG ACT CAG AGC GCC GAC GGG CCG GCG ACG ATA TTG GCT ATT GGC ACG GCC AAC CCC ACC AAC GTC GTA
D Q N A C P D F Y F R V T N S E H L Q E L K A K F R R I C E
GAT CAG AAC GCT TGT CCC GAT TIC TAC TTC CGG GTC ACC AAT TCG GAG CAT CTG CAG GAA CTC AAA GCC AAG TTT AGG CGC ATC TGT GAG
K A A I K K R H L Y L T E E I L R E N P s L L A P M A P S5 F
AAA GCG GCC ATC AAG AAG AGG CAC TTG TAC TTG ACG GAG GAG ATT TTIG CGG GAG AAC CCT AGC TTG CTIG GCC CCC AIG GCG CCC TCG TIC
D A R @ A I Vv vV E A V P K L A K E A A E K A I K E W 6 R P K
GAT GCG CGG CAG GCG ATC GTG GIG GAG GCG GIG CCG AAG CTIG GCG AAG GAG GCG GCG GAG AAG GCG ATC AAG GAG TGG GGC CGC CCC AAA
s b1 T H L Vv F ¢ S A S ¢ I D M P GG S D L @ L L K L L G L P
TCG GAC ATC ACG CAC CTC GTC TIC TGC TCC GCG AGC GGA ATC GAC ATG CCC GGC TCC GAC CTG CAG CTC CTG AAG CTG CTC GGG CTC CCG
L ¢ vV N R V ¥ L ¥ N V G €C H A 6 G T V L R V A K D L A E N N
CTG TGC GTC AAT CGC GTC ATG CTC TAC AAC GTC GGG TGC CAC GCC GGC GGC ACC GTC CTC CGC GTC GCC AAG GAC CTC GCG GAG AAC AAC
R 6 AR Vv L A VYV C S E VvV T VvV L s Y R G P H P A H I E S L F V
CGC GGC GCG CGG GTG TTG GCC GIC TGC TCC GAG GTC ACC GIG CTC TCC TAC CGC GGC CCG CAC CCC GCC CAC ATC GAG AGC CTC TTC GTG
Q AL F 6 D GG A A A L VI G S D P VD GG V E R P I F E I A S
CAG GCG CTG TTT GGC GAC GGC GCC GCC GCG CTC GTG ATC GGT TCC GAC CCC GTC GAT GGC GTC GAG CGC CCC ATC TTC GAA ATC GCC TCG
A S @ v M L P E S E E A vV 6 6 H L R E I 66 L T F H L K s Q L
GCA TCC CAG GTG ATG CTT CCG GAG AGC GAA GAG GCG GTG GGC GGC CAC CTC CGC GAA ATT GGC CTG ACC TTC CAC CTC AAG AGC CAG CTT
p s 1 I A s ~NTI1 E Q@ G L T T A C S P L 6L S D W N Q L F W A
CCG TCG ATC ATC GCG AGC AAC ATC GAG CAG GGC CTC ACG ACG GCG TGC TCG CCG CTG GGA TTG TCG GAC TGG AAC CAG CTG TTC TGG GCG
v H P 6 6 R A I L D @ V E A R L A L E K D R L A A T R H V L
GIT CAC CCG GGC GGC CGG GCG ATC CTG GAC CAG GTG GAG GCG CGG CTC GCG CTG GAG AAG GAC (GG CTC GCC GCG ACG CGG CAC GTA CTC
s E Y 6 N M @ § A T V L F I L D E M R K R $§ A A E G H s T T
AGC GAG TAC GGC AAC ATG CAG AGC GCC ACG GTG CTG TTC ATC CTG GAC GAG ATG CGG AAA CGC TCG GCT GCG GAA GGC CAC TCC ACC ACC
¢ E 6 L D W 6 V L L 6 F G P 6 L s I E T V vV L H S C R L N =*
GGC GAG GGG CTC GAC TGG GGC GIG CTC TTG GGC TTC GGC CCG GGA CTT TCC ATC GAG ACC GTC GTC CTC CAT AGT TGC AGA CTG AAC TAG

2 DCS EARRIBXFIIFIREELFT
Fig. 2 Coding sequence and amino acid sequence of DCS gene

I ClustalX /7%t DCS {124 FE R )T 41 55 22 3
Curcuma longa L./ DCS @M 741, /N R4
Musa acuminata 48 4728 7 = S il 5 1 5Ctype 111
PKS5) ZJEMRIT41, &R Populus trichocarpa.
fif 2% 1 4 Lilium hybrid. %&7%Zf Petunia hybrida.
T [E 7K Al Narcissus tazetta var. chinensis. EA&7E
Hi 3% Digitalis lanata. f£4f %% Nicotiana alata ] 7t
B & #§ (chalcone synthase, CHS) Z LR )T %
BATZ P AN . &9 REW] (K 3): DCS 5 %3
DCS 17 96% 1Al YE, 15 /NREF4E type 11T PKS5
1 88%MI L, 5& KW CHS f1 67%~
69% 1 [A] 1% . DCS AT fiEAL =1k 4k Cys163.
His302 . Asn335 A1 IL At 5 36 P A7 0 5% 2

Phe214, UL K HE P28 1Y — SR Wi 5 B (1) A 25 )5 51
GFGPGP ',

h T HE— W5 DCS 5 H A kW IR
R 35 65 &, ] Phylip-3.69 %k 4 5% JH 4% $22 iH
%75 (Neighbour-joining, NI) & R 4 &k E
A B CE 4D, 7T LLFE H DCS 5 23 C. longa.
NI FE M. acuminata S5 % 55 R T .

iz Psipred 7£4: T H FMIBHHE S DCS & 1)
TR, RWZEASH 12 > o 1B0E (alpha
helix), 7 39.59%; 12 MME{HHE (extended strand),
17 16.45%; 87 NCHLNEEH (random coil), 7
43.96%. F|H Phyre2 $24¢ DCS H ¥4, frik
145 04 e T 8 SRR, e DCS 5 75 111 CHS
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Fig. 3 Comparison on homologous amino acid sequences of DCS for A. villosum and other species
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Fig. 4 Phylogenetic tree based on DCS sequences
from different species
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Fig. 5 3D model of DCS
4 itig

DCS T R AT W i 2R 854 fy vh 1l 4,

LB RGOSR T CURS W, i CURS
WAALEY), 5 CURS HL[RMEHI AR KI5
H U o I W, DCS 2 AEP R B & Y6 )
BN, 75220028 O O R b R A SR A
BEA ) DCS HEDA (73 2 F0 s e, A T Blg e ib AT
FHSC LY HINE PR TR A SN B B s AR 1) S 2
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JIURSCh BT RE .

WA B I ATE A e Ok D e 2 TR 41 2 (R I
FRAE T SR T B, R A E B2 ik
XoF T I 1 35 BRI AT 3 fie T fi S 38 25 1= Th A5 1
Ro Hur, ETHEYFREHIE S EEAMLS S
A XEEFCLIB TR I s DR ZH AR P o R
WA, L A R R AR AT AR
BRI AU B2 T B DCS s E P At
ITFRIEFE IR b, AR, X L4y
AL REREAT T 00 o A By 48 7 & DSRH A o {1 162 Y58
Lk, KL DCS HAYEE, RT3 — DR AR
RIS T-BF MY DCS HI AL PE TR 231254
PR, DA S YGRSt [FERTE AT
B RBUHT DCS JE o 11 8 11 50 17 F1 T i 45 4 35
(RHERT, R & PEDRE AT o R D TR FIAR
W TREERAE, o DCS JERIEAT v Bt T4 b 275
PR R EYD B EELAEH .

A AR RD v 73 B f DCS HEA, 1%
FEPHE S 1 FUKP B 5325 DCS BAT 96% A1,
HEMPBH AR DCS W g5 23 DCS HA AHIR AR,
(WA D) BE N Ja BT SERG L E ft T B 5%,
IR B R A ORI 2 25 e it o

B 3CHR
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