* 8676 * ‘f $ % 202611 A £57% 21  Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

SNt MM EERSEERL BN TH=ES D

BB, IR, s K AR REF BT, RERT, KEELY

1. KRERZZ5%508, =/ KE 671000

2. PEESREAR A BT AT 00T, SMAMATRFERAE SRR E, =/ il 666100
3. MMV EE, =r g 655011
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Abstract: Objective To clone three chalcone synthase (CHS) genes and their promoters from Dracaena cochinchinensis, characterize
their sequence features and stress-responsive expression patterns, and provide genetic resources for studying the regulation of flavonoid
biosynthesis. Methods The coding sequences of DcoCHS1, DcoCHS2, and DcoCHS3 were cloned based on transcriptomic data and
subjected to bioinformatics analysis. Real-time quantitative reverse transcription PCR (RT-qPCR) was used to examine their expression
dynamics in xylem under mechanical stress. Prokaryotic expression vectors were constructed, and recombinant protein expression was

verified via sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE). Promoters were isolated using genome walking
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and analyzed for cis-acting regulatory elements. Results The coding regions of the three genes were 1 179, 1 188, and 1 173 bp in length,
respectively. All deduced proteins contained the conserved CHS domain and eight conserved motifs, and were predicted to localize in the
cytoplasm. Phylogenetic analysis revealed that DcoCHS2 and DcoCHS3 clustered together, whereas DcoCHS! formed a separate clade. All
three genes were upregulated over time in response to mechanical stress, and the recombinant proteins were successfully expressed
in Escherichia coli. The promoter lengths ranged from 1 096 to 1 239 bp, with distinct cis-element compositions: the DcoCHSI promoter was
enriched in abscisic acid-responsive elements, the DcoCHS3 promoter contained salicylic acid- and methyl jasmonate-responsive elements,
and the DcoCHS?2 promoter was predominantly composed of general basal elements. Conclusion  The three DcoCHS genes exhibited marked
functional divergence in phylogenetic relationships, promoter regulatory logic, and stress-responsive patterns, suggesting that they play
differentiated roles in flavonoid biosynthesis in dragon's blood. These findings provide candidate genetic resources for further dissection of the
regulatory network and for metabolic engineering applications.

Key words: Dracaena cochinchinensis (Lour.) S. C. Chen; chalcone synthase; prokaryotic expression; promoter cloning; bioinformatics analysis

SRR D. cochinchinensis (Lour.) S. C. Chen
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B, RARRANE des) BRAR M
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1%3 I 6 A FELVK 5 A% R S SR RNA S8 1
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N ¢cDNA.
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MY HEIY (£ D, RAETAEMTE (B B
BIRAF G LASIH IR cDNA AR, KH

&1 FASI

Table 1 Primers used in this study

FH FIEYEZ M (5°—3°)

ElEZE 3 DcoCHSI-R TGAAAGCTTTTAGTTAATGGCCACGCTGC
DcoCHS2-F CCAGAATTCATGGCCAAGAATGTCGCGGA
DcoCHS2-R TGAAAGCTTTCAGTTCACGAGCGGCACG
DcoCHS3-F CCAGAATTCATGGTGGCCATCGATGAGATCC
DcoCHS3-R TGAAAGCTTCAGTTAGTAGCCACACTGCGCAGC

DcoCHS J5 31 F CHSI SP1 AAGATGAGGTGGGTGATGTGGGACTTG
CHSI _SP2 AGGGGGCCATATAGGCGCAGATATTG
CHSI _SP3 TCCTTGAGGTCGGTCATGTGCTCACT
CHS2_SP1 ATGTCGACACCGCTCGTCGTGCA
CHS2_SP2 AAGACCACGACCATGTTTTGTCGTGCG
CHS2_SP3 GATTTCTCGCTTGCACATGCGCCT
CHS3_SP1 GACGACCAGGTGGGTGATCTTTGACT
CHS3 _SP2 ACGGAGCCATGAAGGCGCAAACATTC
CHS3 _SP3 AACCTTGTCCTCGCTGTTGGTAACACG

DcoCHS RNE R RT DcoCHSIF GCCTGACCTTCCACCTTCTC
RT _DcoCHSIR CTTGTTGCCCTCATCTTCTCCT
RT_DcoCHS2F ACCGCTACGCCGAAGAACT
RT_DcoCHS2R ACCTCCACCACCACGATGT
RT_DcoCHS3F CCCAGGTGGAGGCTAAGTTGAG
RT_DcoCHS3R CCCGAACCCGAACAAGACTC
RT-ACT-F(actin) ACCGAGAGAGGGTACTCATT
RT-ACT-R(actin) CCAGCTCCTGCTCGTAATC
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MROLE RS (R 1), DIFHAEIA cDNA i
B, SIH IR ILBhE A (Actind FEREEAHN S
[R5 431, {fi B SYBR® Premix Ex Taqg™ II % Y6 7€ &
A& (TaKaRa) ZHRUEH] A0 B S M AK 5 2047
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pMDI19-T Z AR I HEAT I FF . WP &5 RAERW], 3R15
T 3/ DcoCHS FH:H [ 584wt X, 435l w44
DcoCHSI (1 179 bp). DcoCHS2 (1 188 bp) #l
DcoCHS3 (1173 bp).
3.2 BERFIEBREMVERERFS

AW FRIRINFIEE T 3 4> DeoCHS 3R [ 5 A% 2%

A

Marker

DcoCHS1 DcoCHS2 DcoCHS3

2000 bp
1000 bp

55X 104‘

4.0% 1042

IREAR, TR S TR X 7 i — S0
HAEA. Bk, SEaKERHEN TR R
5 TA WP RAEM IS X TG R, B 3 A4
DcoCHS FH 141K CDS F415r 5l N\ pET-28a Ji
BRIEEAR T DI R AT H, s AR
Ki pET-28a-DcoCHS #ALZ KT B DE3 J&3Z2254H
M a2 IPTG W3:3%iA)E, {#H SDS-PAGE
HLPIAI A S SRR (B 1-B), E 3 A&
I 46 KNS TRIAR G 73 7 A A —5, BRI
DcoCHS1 A 42 800, DcoCHS2 4 43 100, DcoCHS3
42700, FRPHEHLAEAFHFRIEBI.

DcoCHSI1

B
Marker 55 # S

—_—

DcoCHS2 DcoCHS3
FESE BN BSE BT

TR

1 DcoCHSI. DcoCHS2. DcoCHS3 EEI 18 (A) MEZIFESRIL (B)
Fig.1 Amplification (A) and prokaryotic induced expression (B) of DcoCHS1, DcoCHS2, and DcoCHS3 genes

3.3 A EETE & DecoCHS ERBIFRIAKE D
RT-qPCR 73 & W, HUbA 35 e 3530t 3 A
DcoCHS I FIAIX A EA BE R, HRIAK
ST A B () R R RF AL B . AR T DAL
P e 75 3 J5 9 AN IE] ARSI R I cDNA Ff
i AP EHIEAT RT-qPCR 4047, &5 WK 2 fs, 3
ANFE B () 2235 7K T35 S DI TR AR OGP e sh . 78
5~20 h WEIA B, =F R EEFRERIK
KFs A 30h EHLRIZEL FF, 48~72h HEAPUE
iAW, Hrh DeoCHSI M1 DcoCHS2 £ 48 h HiHiL &
15

DcoCHSI 15

sk ok

EROESES S
LEROESEN S

DcoCHS?2

t/h

F /K, i DcoCHS3 & 72h A I EZEZ F: 120
h JaRiE#E T4, 240h I DcoCHSI . DcoCHS?2
H DcoCHS3 [ ik 80 mlis £1%7 9.7, 10.5 F
10.7.

3.4 DcoCHS EEMNEYERFE N

341 EAMS T ARSI R 3 A
DcoCHS &AM FAIRHES SR, A AT
T ZFHIXT . RGUR B WA S R SF B FF 347 o
o, ik £ 75 43 BT DeoCHS 1. DeoCHS2 I
DcoCHS3 MR ER T (KF 3-A). g ER, =

Hokox 20 Hokox

DcoCHS3

HkE g

VRO E Sy s

PLOh Rt IR RERACRAEY S EL AR 5 0h thE: “P<0.01 ""P<<0.001.

The 0 h time point served as the control group; Error bars represent the standard error of biological replicates; “P <0.01

P <0.001 vs 0 h group.

B2 HHWBEMET DcoCHSI. DcoCHS2. DcoCHS3 EEMFTIXER
Fig.2 Expression patterns of DcoCHS1, DcoCHS?2, and DcoCHS3 genes under mechanical injury stress



FED 2026FE 118 B57% 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

8681 »

Y01 SRR Chal stisynt N ARSI, %45
PO CHS BERIFFAETEIIREIE, o 2 5B & Ak
e R AR TE M Rz O X Hok, T K EE
BR 7 4R %2 | Al #% (neighbor-joining, NJI) R4
RER (B 3-B). #HbairRe, X 3 MEALE
CHS ZKJGH 51 J& 2 ARk 43 3 - DecoCHS2 il
DcoCHS3 TR —F 3, —#%F—8im, #2
ANEATAT R T I — R R S F A . T
DcoCHS1 MIFMIERL T 55— N, 55&K
RgCHS. £K ZmCHS 554 X R0, RHAE

f

e

e

| S e e

e

DcoCHS2mymr 191
DcoCHS3 | |
Consensus

B s S LB R R R

NtCHS
GmCHS
PhCHS
NtCHS| @@
CsCHS
CjCHS| jgc
RgCHS
OnCHS
ZmCHS| g
AtCHS1
SbCHS:!
DcCHS
DcoCHS1
DcoCHS2
DcoCHS3
Consensus;:

R s ] < o < =

RIS

B FERE SRR

NtCHS
GmCHS|
PhCHS|

NtCHS
CsCHS|
CjCHS]
RgCHS
OnCHS|
ZmCHS;
AtCHSI
SbCHS:
DcCHS;
DcoCHSI1
DcoCHS2,

DcoCHS3
Consensus

NtCHS
GmCHS
PhCHs &
NiCHS [
CsCHS o]
cicHs §¢
ReCHS B
OnCHS
ZmCHS
AtCHS1
SbCHS
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I
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Hik B DcoCHS2 5 DcoCHS3 KA T 8B F-194>
tho 5, SHLHE 3 > DcoCHS ZEMN K 15 /4> CHS
EABAT TSRS (Motif) TN, 3% &L 8 4
fsp 3 F (& 3-C). DcoCHS1. DcoCHS2 #
DcoCHS3 ¥ 8 A&7, HAFIRF (Motif 1-
Motif 6-Motif 2-Motif 3-Motif 8-Motif 7-Motif 4-
Motif 5) S5HAWYF CInFLEGIF AtCHS. AR
PhCHS. £k ZmCHS) [ CHS EAME . %
TR, RETEHRN ESJEAIFS 3, DeoCHSI,

DcoCHS2 il DcoCHS3 ¥R T 5 ¥ 1) CHS Kk

B AAB36038.1 PhCHS Petunia hybrida

AAK49457.1 NtCHS Nicotiana tabacum
BAA05641.1CsCHS Camelliasinensis
BAI66465.1 CJCHS Camellia japonica
ABB30178.1 GmCHS Glycine max
AEN04070.1 NtCHS Narcissus tazetta subsp. Chinensis
ADcoCHS2

AIM54369.1 DeCHS Dracaena cambodiana
ADcoCHS3

AED91961.1AtCHS Arabidopsis thaliana
CAC14059.1RgCHS Ruta graveolens
ADcoCHS!

CAA42763.1 ZmCHS Zea mays
BAB39764.1 OsCHS Oryza sativa
AAD41878.1 SbCHS Sorghumbicolor

¢ 8 Motif 1
NcCHS e - e I Motif 6
GmCHS- e i e Motif 2
PhCHS{ i - e M Motif 3
NICHS—IH - - Motif 8
CsCHS—HIHIE - - Motif 7
CicHs—Hi{i i - - B \otif 4
RoCHS—IHIR - - B it s
OsCHS—IHi - -
ZmCHS— N - -
AICHS—IIHIE - e
ShCHS—IHEN - -
DcCHS—e - -

DcOCHSI-{in - -
DcoCHS2—i. - e
DcoCHS3—{mm - -
% 100 200 300 400 3
K /bp

A-DcoCHS & 15 HAWAEIE K A R IE K 2 7P FI LR, AHEN R <F 45H403%; B-DeoCHS S M HEMM 2241 C-DeoCHS & 1 5 HAR MM

Motif 4347 .

A-multiple sequence alignment of DcoCHS with homologous genes from other crop genomes; Conserved domains are marked with red boxes; B-

phylogenetic tree analysis of DcoCHS proteins; C-motif analysis of DcoCHS and other crops.

B3 31 DcoCHS ERFHLIHT
Fig. 3 Evolutionary analysis of three DcoCHS proteins
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RAF e S P R, B E DR 2 Bl &
Bt 11 535

34.2 3 > DcoCHS HEFFES T % DeoCHS1
DcoCHS2 I DcoCHS3 4t (1) Hi T | KRG
FURFIE 0T, EFEEL MR Bl ahi . 5 =2
S e TV 40 i S TR - 3 ANFEDR 43 5 i 3924 395
A1 390 MR, HIGHALMERWNE 2 R,
JEESE R TN s, = ARSI X3, 1 B 1%
HOAONEEZAREND, SHRGESH SR EOAM

TREMTIN (SOPMA) & (] 4-A), DcoCHSI
DcoCHS2 Al DcoCHS3 ¥4 PATCHUNI A - AT a-bEie 3
BEER TR Horh, TG 5 s (DeoCHS:
46.43%, DcoCHS2: 45.82%, DcoCHS3: 46.92%), H:
AN a-1JiE (DcoCHS1: 39.29%, DcoCHS2: 39.75%,
DcoCHS3: 37.44%). Ff Swiss-Model X} =& 37 T
R, PR T HEO R =R (K 4-B).

WHHME AL TN (PSORT) 4553k, iX 3 4>
DcoCHS e TAfs .

R 2 DcoCHS BB R
Table 2 Physicochemical properties analysis of three DcoCHS proteins

HH AEX ¥ LS A ¥ N SCPESEKE P H/h
DcoCHS1 43.105 81 6.28 C1911H3060N5240564S22 41.01 —0.100 30
DcoCHS2 43.177 92 5.97 C1906H3060N5220568S25 35.57 -0.059 30
DcoCHS3 42.659 38 6.22 Cis88H3046N5140563S22 39.66 -0.051 30
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Fig. 4 Prediction of secondary (A) and tertiary (B) structures of three DcoCHS proteins

343 JAZ T IBE RGN AR G
S RE R, @i 2 DeoCHS K 75t 3
RIS S S AR IR S AT A PCR ¥
W18 3 NMESTFH] (DcoCHSI+ DcoCHS?2,
DcoCHS3). &1t 3 B8 U PCR 1, JHxf%E 2 &
FEE 3 F =i AT IR S S I, A& XT3RS 3
A~ DcoCHS B 20+ 7 51, K0 MlHN
DcoCHSI(1 860 bp)DcoCHS2(1 743 bp)DcoCHS3
(1 698 bp). W SR O 1L R4 7 7347 E
XIE, 23 Ae 2] i R38N DeoCHSI (1096
bp). DcoCHS2 (1152bp). DcoCHS3 (1239bp).

A 2 4T PlantCARE 437 3 A~ DcoCHS J&

T, sRER=FHEA oM. #oE
KMIhRE A PR E S (R 3) o DcoCHSI

DcoCHS2 1 DcoCHS3 53 A T 23 B (77 1) &
16 Flt (203 4 128 Fft (82 4 N AMEH e, 3
MNE BT EH TATA-box M CAAT-box &5 3L Al
SKAHKAZ AR S TCAT, Hort DeoCHS?2 ) TATA-box
(110 ™) K AT~TATA-box (48 A) %8 5 2
L, Bz E SR T 77.8%, RN HE
T FH P AT EHEER X X THENE
Juf¥, DcoCHSI &+ ABRE (6 ) . ABRE4 (1
AN Je ABRE3a (14N ik ERm N oo, $nit
T RESZ VAR (abscisic acid, ABA) {25 A% S,
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Table 3 Analysis of cis-acting elements in three promoters
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Box 4
ATC-motif
MRE

I-box
GATA-motif
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AAGAA-motif
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CCGTCC-box
CCGTCC motif
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TC-rich repeats
ARE
Myb-binding site
MYB recognition site
MYB-like sequence
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1
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0
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1
1
1
1
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DcoCHS3 WM &= i Re MR | v+ 5, Wik
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M. KFMRMFHEREFEZMEEGETWHE: M
DcoCHS2 1 %5 i 1 /4~ GARE-motif, 21N 7t
PEMCAIE Z o 55 AR AW 38 I S AH 2 (1) T A 20 AT
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4 Tig
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45 K 385 R IR 3 7 2 4 B LR B Th AR I 45 4 2
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o346 5 N B AR SRR IEA A R R Py Ah SR G 3 —
WIEGIE .

BRI FEE AT R R R AP 5 S, 3T
18 SR R A RIB B S AW D Re . ARTFAT
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TR R EYMFE R IE . RGRKE W H
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TSR ML PR SR K AR A, 1 A 7 26 T 2 A i
Y&, KM AEEIESE DeoCHS BEAEA S 5 EiY)
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HA X KFE 519 1 179 bp. 1 188 bp Al 1 173
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