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Abstract: Objective To clone dammarenediol synthase (DS) gene from Beicaihu (Bupleurum chinense) (BcDS) and carry out
bioinformatics and expression pattern analysis. Methods By searching the transcriptome database, the open reading frame (ORF)
and upstream promoter sequence of BcDS was cloned by PCR. The physicochemical properties, conserved domains, signal peptides,
tertiary structure and other molecular characteristics of BcDS proteins were analyzed by bioinformatics online tools, and Jalview
software was used for multiple sequences alignment of amino acid, and MEGA 11.0 software was used for evolutionary analysis.
Quantitative PCR was employed for gene expression analyses. Results The ORF of BcDS was 2115 bp in length, encoding a 704 aa

protein with a molecular weight of 80 770, which was an acid-labile protein with a certain hydrophilicity, no transmembrane domain
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and signal peptide, and BcDS had a characteristic domain of dammarediol synthase. BcDS was highly consistent with dammarediol

synthase of Panax ginseng, Panax quiquefolium, and Panax notoginseng, and they were clustered in a branch in phylogenetic tree.

BcDS’s promoter region conainedd cis-acting elements that respond to the environment and plant hormones. The results of qRT-PCR

showed that the expression of BcDS was the highest in roots, which was 5.81, 10.44 and 7.86 folds of that in stems, leaves and flowers

and was significantly induced by methyl jasmonateand salicylic acid. Conclusion The sequence and expression characteristics of

BeDS gene were obtained, and the high expression of BeDS in roots was identified, which lay a foundation for further research on the

gene in the synthesis pathway of saikosaponin of B. chinense.

Key words: Bupleurem chinense DC.; expression pattern; gene cloning; bioinformatics analysis; methyl jasmonate; salicylic acid
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VBN RAEY) =ik S OB R, OSC /ER T
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IS pMD19-T #AIEZ A KT E E. coli
DH5a, A6 aT R A DR AT R =T .
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Table 1 Primers’ sequences
2tk MRS (5-3) 3K Mop

BeDS-F/ BeDS-R ATCAACAATGGATATGGCAAT/ 2115
CGTACTAATGATGATCATG

AP1/pDS-GSP1 GTAATACGACTCACTATAGGGC/ -
GCATGAAGTAACTGTAGCAGAC

AP2/ pDS-GSP2 AGTAGGATGGAGCCGTGGT/ 1856
GTAGATGTCATGTCGTTTCACA

B-Actin-F/p-Actin-R ~ TGCCTGATGATGAAGATAGT/ 230
GGATTGATGGAGCGTATTC

qDS-F/ qDS-R GGCATCACGTTACTTAGGATA/ 207
CGTGACTGAGTACCCACGC
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F1 pDS-GSP2 73 5l #1523k 514 AP1. AP2 AT %
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P Al TMHMM #4770 #; FIH SOPMA I SWISS-
MODEL 73 #r il & 1 i i) — 2% =451 18 H
MEGA 11.0 # f % F A8 4% 3% $27%  ( neighbour-
joining, NJ) FJEAEY) DS & FHFALHT
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AN[F AL BE ) cDNA /R BRI AT SEI) 2¢O 52 & PCR
N (QRT-PCR) .« ¥4 f-actin IR AN S, FTIA
[FIFEAH BeDS JERIRIA R . AT RO E &
PCR ¥ (Bio-Rad, iQ5) #17 qRT-PCR .o XM
R Z M 20 uL, 7 10 uL SYBR Green II Premix Ex
Taq, 5uL #ikt 50 £51 cDNA ), 3 pLH.0, LA
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I min, 7E¥F 40 K. BAFER 3 ANEE, RA 2704¢
RO S G B AT A B
3 BR59H
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M4 b 48 81 %% 5% 4 %0 38 /7 % Unigene
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S5 cDNA HARIEAT PCR 33 o EIKAS I AT I 1 2%
KT 2000bp & (B 1. K HEMGER: T #idk
HFEAK AT B S, AT PCR, e BERH M R bk
BT, R BRI FH NS EHR G i

L] ORF, & 2115 bp, 4wt 704 NEILR,

14N BeDS (GenBank JE5 ON755157).
M 1
[T —————

2000 bp
1000 bp o

M-Marker  1-BeDS 5T IROSAGHES 184 74)
M-Marker 1-the PCR products of BcDS ORF

1 Jt5e#A BeDS EEY G =48 ik
Fig. 1 Electrophoresis of amplified BcDS products
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3.2 BcDS wESERBUMRST

BeDS FFRGERSHEX I, 2115 bp,  4ifid 704 N Jk
g, Tt AR 73 BN 80770, SFHLEUN
6.61. AN EFRE stability index (11D 1A 42.46,
EAENE T AR EE R, HHRIH —ErskEK
PEo A4h, BIREMIRS I ER o RZEANEAE
JEZE a8 SignalP 4.1 Serve Tl &3 BeDS & AT
TEESIREE R, JBTAE R . BUSCA Tl iR
BeDS FEFEAL T AR o B AR 76 MR
BT ST, AR A v I 2 R R N S R
(10.1%). BER (7.5%) AHER (7.2%).

TREER T R BeDS EEH o-1Z .
BE R HAN B A ARG, 5 EL AR 42.61%
13.64%- 36.93%A11 6.82%. R4 SIWSS-Model LAl
R R AR YDA % —REA B (1wej.1.AD OWESR
MERREEAT IR A, 25 R BoRdLSEsA DS 2 1 i i3
BEs MG A R, 5 REEME, Tl
HILE 2.

ik

LSS
§ G P\

2 Jb4edA BeDS EHR=RLEMTM

Fig. 2 Prediction of tertiary structure of BcDS protein

3.3 BceDS ERZFFHIELX SR 4

Btz H] Jalview BAFHEAT BeDS 5 HAbiAFY
W BRSO EE 2 PRI . 855R B (& 3),
BceDS 57472 Panax quinquefolius L.« N'Z P. ginseng
C.A. Mey.. = P, notoginseng (Burkill) F. H. Chen ex
C.H. Chow ] DS & FIAHILUE 3 7104 85.19%.84.97%.
78.95%, JFHBA WA FBFDIRESS M 8 @A
WBES R ThRe At (B 3D, [R5 A s DR ST Y
DCTAE FHIFFIE (495~499 £i).

120

3 LSS HEY DS ERREER S FIILEX 5

Fig. 3 Alignment analysis of BcDS with counterparts from other plant species

FIH MEGA 11.0 84, 1% 42442 BeDS 5
17 %A DS EEWS TR . R ER,
BeDS 5HMEHEYIFUHES . NS, =LRI DS EHAEK
N3, RFICLGEHARIDIR R A RS T ARMEY)
IRILNE RE A RS R RGO RIE (4.
3.4 BcDS EEBEFRIGNAER TH2

B ERMRLE R R % BeDS HERIFIL, 7

7 K21 1800 bp ) BeDS JR N T IX B (| 5).
550 M 45 B &R, BeDS JR 37 X & TATA box
LSRG BB M SR Moo (R 2,
Biltn, RIS e LTR. AR IR AT 5 N & ot
CRT, REFESFHIAEMIGH ARE, B A1
18 J6A4 TC-rich repeat, [f 1A Bl iE mp 3 o i H-
box; I MeJA i 64+ TGACG-motif.CGTCA-



F8 B 2023F 128 $54% $238  Chinese Traditional and Herbal Drugs 2023 December Vol. 54 No. 23 - 7819 -

o8 MivEZ (AED99864.1)
100/ A% (ACZ71036.1)
99 ﬂzﬁ (AED99865.1)
Jb4eiH

JILAERA (UMZ08743.1)
8 i (AHF22084.1)
‘ | 100 A% (XP_022035133.1)

d:ﬁmé (QIA18436.1)
10 PRk (PSR92771.1)
W (QIB85401.1)

—
0.020

4 JtLetA BeDS A RFUH T
Fig. 4 A neighbor-joining phylogenetic tree analysis of

BceDS with various proteins

M-Marker 1-BeDS 2K )3 37 X4 3 74
M-Marker 1-PCR products of BeDS promoter
5 JbSE#A BeDS BahF X 18k
Fig. 5 Agarose gel electrophoresis of the amplified BcDS

gene promoter region

=2 dtiedA pS REBEFXIRNAEA T

Table 2 Cis-elements analyses in BcDS promoter region

TSR o755 JFBIERIE o
TATA-box 56 TATATA RNA R &4
ARE 147 AAACCA REHES
LTR 1216 CCGAAA i =
TC-rich repeats 1365 GTTTTCTTAC biE I EZ IS ]
H-box —712 CCTACG 97 TR0 3 i 57
CRT 1430 TGGCCGAC R A2
TGACG-motif -877 TGACG MelA i 7
CGTCA-motif -720 CGTCA MelA i 7
TCA -1082 AAAATGATGG SA M v
W-box -781 TTGAC SA M v
TATC-box 322 TATCCCA A K F I Y
TGA-element -1012 AACGAC A K F I Y
Chs-CMA2b -1019 GAACCTACACAC b T)A
I-box -332 AGATAAGG b T)A
Chs-CMAla 244 TTACTTAA F
Box II 947 TCCACGTGGC S R
G-box 431 TACGTG F
Box 111 883 ATCATTTTCACT EAYSE
Circadian -1052 CAANNNNATC BRI

motif, SA WM G/ TCA. W-box, M4 K 2N
Juf TATC-box #1 TGA-element; X6 04 &~
BeDS B35 ] g 52 P55 DR 1 R P s 1 4
3.5 BcDS ERFRIEENX S

i& il QRT-PCR &l BeDS F [RIAEAS [ 20 4R 7
MZRIERA . B 6-A 45 R EIR, BeDS FERTEA L4
M 2. HRTER A RIE, (EAERPRE 5,
Iy RIRZE . HFIE T BeDS k&1 5.81. 10.44 Al
7.86 fi5, WEZERF.

BceDS FEAfEM N MeJA Fil SA &b (14 6-B.
C)o 24 MeJA CHEEZN T 4 h i, BeDS FRik®ESZ0h
1) 5.65 &%, IABIBLHIS R 3.80 £F, —FH HAWE

ES. FRE, 7EALEE 8h I, BeDS Kk 8 LM
XTI 2.34 £, HAGWMEEZER. 24 SA b
JLLeHALN IS, BeDS SERTEALER 5 8 h ik F W {H,
52 0h 1 4.25 %, AR 2.43 £, HAGW
BEEER,
4 Tig

WA SR 2 FIAE 2L R 4 2 2 i, [ A Ak
ZIFRANS. 15, HE. =t 555225
TEPII G S 20 5 FE R A D et 220, SR 2 R 24
RS 6 BOS AR ARAT J 53 7 4 B & P 48 41 B0
fitho JEIE XS IR LSBT e S P LA R 2 A
SRR, WIS E T 5 S R A R DG i
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Fig. 6 Expression patterns of BcDS gene

DR, A cAb S A S8 A 2 A A 1 A 08 B A AT B8
THEEARD32123), 2022 4F, JSelA g A g R R A
W fd AT 24, If 45 & A KRB R T P450 F1 UGT
FERAELE B A S R R . X s
LRI A AT, it DY YE G LR K T Re i
VIE, 3 T 4 7~ AL SR 250 R R B 43 AL K
A B AR IE RIHLE R AL S ¥ . 6SEEH SE. CAS.
B-AS S5 FE PR A 4k 7o P (825201, Sy o7 Th et Fu Ml
SRR BRSNS E Bk, EAh, FEALSERHE
RAR A I FIA ERF % 53 K7 5K R BeERF3 5.3
Wahn 7 SeEHEAF AL C AL D PR ERT, MEEdLSEEH
Hid RIE BebZIP134, W T AEEHREEH AL C I D
AR, RIZFE A T OS2 H M &
BR8N ThRE IR 7T, tONSEEH R A
S ART AP ER A T EIR ik -

AN I P2 = 2 AR R DR D

PR, A SR A AR T GE A — i B AR I 43 SR
e AR ) () B B A i PRI, B FE b SE
B AN [ B R AU S M B R R R E 2
& . HAfCHET 80 FhaE b & IF AL /EAE
VI AT T DIRESRAERY ., fltn, A HEIR B R RIA M)
PR SR T 0 A B 0% A4 A A RS 0 R R 1) =
FKAbEP0; T FRik PeDS MASBIRIBH, P450
R K PgDI12H 338 i [ i B AEpEE NS B
BB, Jf HAE MeJA ACBE R 3 L R R A T
MYB2 1] BAIE [l 5 N 215 3 I — T & Wl Ak IR 1 36
KRB, A 7 T AL SRR RE s H 7 91 43 A, B RT-
PCR o[58 3)1bL5H BeDS #H, 5=t. AZ.
VOVES S BRI A B R 7 1) s
FEAL, gt B 0 2 i e R A A S 0 T L Bl
I TIReSE IR, [R5 @ AR SF i) DCTAE J#%)
RHIE, AR5 R R4 G A O3, Rt
S3HT IR, BeDS 5 TUINBHER 4% — i & B 1)
RGRFRIUT, HEMARA T BE R FEAR I AL DI RE .
HRIE DS M =tHENE#RN Lo TS ER
EHR ALY T R AR N AR A =R e SR
HEAEAR R, DS 5 CYP716447-like FeHAI =1
HRREAGEEMCHE, HIRereE 53 7k
WEBSL, 1f7is FH RNAT FARVTER A 2 )ik 3 ) —
GHGHERH, W25 RAS B H 2K 84.5%P0,
XL AR R T IR TN A BRERTE = B A
HRIEAEER, MR BeDS FER AT RE IR IL 4
H=nE B HAY SRS R A A EEEN, AT
P D REIIE .

FEAD IR A AR S AR OB g 1Y) 2 R FRAA e P 2
U= R B E R 2R, YA B
AL 2 B 5 FR R AR A AN = AR B R KR
W, BFFLREH, —-G. PUEESSEMEY = nha a6 K
i, #lhn DS, SS. SE SEIERITE L s Rk 7380,
MERTZH CAS. DS 5 g 55 K U 8 s 3Rk B9,
AN AR b R A RO AR A A [ SRk A5
Ko AT FHILSEH BeDS FEFEM hRIAH,
HBHEHMALEMAREEZR, X515
HMGR. f-AS FEPRIFERR TR i 20 AR A AL,
FOAL LA 5 R A A G ) B B R Rk
=, HEAR 2GS A B & e S R B AL

AT 7R R, MeJA F1 SA REH SALSEHIA &
MR A BT S ) B R U4 AR AT B SR A
BeDS FER A 81 X v B P8 o0 M 4 R om A
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MelA Fll SA Wi B2 76, B BeDS #£ K 7] 252 MelA
A SA fIE. [FIFE, Jb4¢H] HMGR. FPS. IPPI.
UGT. MYC2. WRKY70 %5132 3] MeJA Fl SA
PR RE M6 1021, X USR] 5 BeDS FE R B A 2K
BARIERA, R BeDS HEH W] e 5ix te gt #4y
FF BRI E S 55 R H S M. qRT-
PCR Z5 R 7R, BeDS RFAE MeJA. SA 3 4h
B2 2% B, X 5 A ootk ot s SR v &
WL BeDS 15T TR LS 2 A R0
FaRECE Gy

gi LPnd, AWTTT AT R AL SEHIA T I Ry

G RG] BeDS, FER BT T A AR AE )

P BT ToE 5 RERE DM, NEEERAN

WHIT BeDS J K D BE SR AL AR

RBAR AL F ARG EA AR
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