PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13 « 5215«

AS CAS EAFRENLEER PgCAS04-5 EEHIThEE T
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# E: B ETASHERABEEES AR GRE SR (cycloartenol synthase, CAS) FKEM R (PgCAS), FHirHT
PgCAS04-5 TEIEZRIE K RNAI BHMERARM R E R I RIAE RN LA S BE A ERFIThEE. ik FIREME RS0
T PgCASs 4 i s A7 RSP IR T ML DG R VRIB I 5 18 1 G BROCHERG JE DR 0 2 B 25 B R AH DG s TR PgCAS04-
SWMEALGHE WA MES, FERN PgCAS04-5 1633 3B & RNAI FHM: R R H O BERG 5L R 10 Rk 5 0 B 1 & 8278
o &R TFEANSHFHYIRE U E H 20 5 PgCAS AR, Yotk M4 R PgCASs R IMAMIENS 5 %Y
b, FEBEGG PgCASs 538 3 AN, PgCASs FEDATAEF A BN TR . PgCASs FEAFE SR, AKFR LA
LU R BAE AR 2R e, HAZ SRS B A OB R L LA M 4% 0 5 Bk B & = R EAH O o PgCAS04-5 1)
WA AL 4RIk, RN ZIE R it %k 5 RNAL BAYER R PgCAS04-5. PgDS-1. PgSE2-4. PgCYPI37 iX 4 NEE
RIEERAEE, ZREE. e $EH 20 PgCAS FIFEM T, PgCAS FKIFEMAIREAEIE 34, PgCAS04-5 HEH IE A1
BAZREHE R MASEH R AR, FHI RS AS 2 Ry FIAS 2 Rd MAEME K, NiEk—DHF 7T PeCAS K
KRS % .
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Abstract: Objective To identify members of the cycloartenol synthase (CAS) gene family (PgCAS) using the Panax ginseng
transcriptome database, and analyze the expression patterns of PgCAS04-5 in overexpressed and RNAi-positive hair root materials),
as well as explore the function of this gene in ginsenoside biosynthesis. Methods Bioinformatics approaches were adopted to
characterize the chromosomal localization, conserved motifs, phylogenetic relationships and expression profiles, and the correlations
with the gene expression of key saponin synthesis enzymes and the content of monomer saponin of PgCASs. The protein structure and
subcellular localization of PgCAS04-5 were predicted. Meanwhile, the expression levels of key enzyme genes and variations in
ginsenoside contents were detected in overexpression and RNAi-positive hairy root lines. Results A total of 20 PgCAS transcripts
were identified from the P. ginseng transcriptome database. Chromosomal mapping showed that PgCAS genes were unevenly

distributed on five chromosomes of P. ginseng. Phylogenetic tree analysis divided the PgCAS family into three subfamilies, and most
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PgCAS members belonged to subfamily II and subfamily III. The PgCAS genes displayed obvious spatiotemporal specificity in

expression across different cultivars, growth years and tissues. Additionally, the PgCAS family formed an interaction network with key

genes involved in ginsenoside biosynthesis, and their content was significantly correlated with the accumulation of monomeric

ginsenosides. Subcellular localization prediction demonstrated that PgCAS04-5 was localized to chloroplasts. Moreover, the

overexpression of this gene was inversely regulated with the expression of four genes including PgCA4S04-5, PgDS-1, PgSE2-4 and

PgCYPI137 in RNAI positive materials, with significant differences. Conclusion A total of 20 members of the PgCAS gene family

were identified in this study, and functional differentiation exists among PgCAS family members. PgCAS04-5 positively regulates the

biosynthesis of ginsenosides Rgz and Rf, and negatively modulates the synthesis of ginsenosides Rbz and Rd. The results provide a

valuable reference for further research on the PgCAS gene fami
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N2 Panax ginseng C. A. Mey N INEIANSE
ZAEEARG A TN AN, WO N CHEZ T, K
G e 2= TN, ASRE R T2
WAS BT, 2RSS, Hh ASEHEA
TR, COIESE B 22y B, 7EBEZ .
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2.1 PgCASs BRRENEE

BT AZ CAS KRS OSC F=HF I =4
A OR TR, Sk AR RS S 2R BER (Hidden
Markov Model, HMM) #&% PF13243, PF13249 A
REAE A RO 2 25 R0, R Al ied SR ks 2 A
TRAWERNHFS: (1) #HEAS c4S ZRK
CDS 8l B NI EE E PP A (2) HoAhfd o v
(1) CAS E:HFF . L E P51 Blast Athit,
{75 AR NS s A 80 e LR B o it PR kAT L
XF, BOEBMEA 1X10°0 F SRS 751 EAg
NCBI https://
www.ncbi.nlm.nih.gov/ Structure/cdd/wrpsb. cg) Pukidk
1T, B JE 5Bk A2 ISOPREN_C2 like Superfamily
(cl08267), Prenyltrans 1 (Pfam13243), Prenyltrans 2
(Pfam13249), SQCY _1 (cd02802) 4 Ffi sy £tk
FIFF%, #3t—B7E SMART M3 (http:/smart.embl-
heidelberg.de/) Xk 5 741 AR PG5 AT 2 IR
B, RTINS ffa, FIH NCBI
OREF finder Chttps://www.ncbi.nlm.nih.gov/orffinder/) i
75007, IBRAS S e BRI P41, IR B B Bk
(IFFWE NI IR ASAE, X IR I 7 H13EA T
gi—dEmt, MEMEENE 1.

*1 BATEEAS c4S EEFEINEIIER

Table 1 [Exogenous species for identification of CAS gene

Conserved Domain search  (

family in P. ginseng
YRR Gene Bank ID
6t N2 Panax ginseng y!'¥ AB009029.1
BAA33460.1
YNEIFF Arabidopsis thalianal'> U02555.1
H#E Betula platyphylla!'®) AB055509.1
R HE Glycyrrhiza glabral'”) AB025968.1
R Ricinus communis!'®! DQ268870.1
FFN Eleutherococcus senticosus!') JQ400139
R MY Camellia vietna-mensis!?” MZ497517
#E Trigonella foenum-graecum ") KX148475.1
BIR Siraitia grosvenoriil??] HQ128566.1
H W Astragalus mongholicus!) OM913798.1

2.2 PgCASs FBIREMRILL M

ff A BLASTN ¥ PgCASs 5 ANSERNA
A AT LU, B S B RE NS S tdk E)sE
KA orAi, FIHAEZ M5 MG2C (http://mg2c.iask.
in/mg2c%5Fv2.1/) %4 PgCASs {1E 4 tatk Lo 4

K, RIS R S 2] PgCASs SRR AE 75 AR
NS Et:, DLfE 2 FRAE NS ZE R 2 )
FEIEHIIG .
2.3 PgCASs NARGABERIRTEF T

M NCBI P35t T B 9 L oK
i A NS IEGYME CAS AT (3R 2),
fii ] MEGA-X ¥t iR EH I S5 HMAS
CAS H: Kb i) 8 7 31 kAT 2 3 7 51 LU XS 4
HEARGKEWN, J7iERIEIEREFE (neighbor-
joining, NI), BEEEA 1000, HANERINGEE.
i FH 7E 28 W % MEME ( https://meme-suite.org/
meme/) Xf ZR AR A BEAT IR ST B R A, kAR
BB 10, ORSF 3P 85/ B MR oK B8 52 23 ) 1B
BN 10 M50, HARERIARE

*k2 BATERGHUSTHINEIMNELRFTIS
Table 2 Sequence number of exogenous species used for
phylogenetic analysis
YFp AR
UM FT Arabidopsis thaliana

Gene Bank ID
NP_001325220.1
NP_178722.1%4
XP 010320043.1
BBE00759.112%
ATY33888.1[26]
NP_001168389.127]
XP_008679954.1
XP_008655662.1
XP 023156693.1
XP 044407891.1
=-t Panax notoginseng ABY60426.1
R FLAN Eleutherococcus senticosus AFC67276.1

JHE Nicotiana tabacum

&b Solanum lycopersicum

K Zea mays

/NS Triticum aestivum

W% Panax quinquefolius AGK62447.1
Y1912 Panax japonicus ALB38665.1

2.4 PgCASs B9 GO Thaeim%

{5 FH| Blast2GO *t T3] PgCASs 751147 GO
DR R TETI T PgCASs Mg ik)s,
oMl PgCASs JRHIIELEYERE . T IhRefIan i
gy 3 RIUIgeFnl o FIEE . FRSit PgCASs
JFBILE Level 2 /KF ERIDIRRIERZ R, HE4H R
FL IR i DR R ) & R SR R B 5 D e
R EH
2.5 PgCASs FIFRIEER D

iR R 1H S MNE A S A EE iR
PgCASs 1E 42 MR Fh, 14 ANHFFALK 4
A (5. 124 184 254F) MiRIA=, I TBtools-II
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(v2.210) i fE45y ] PgCASs 1E 3 AN FE )
Tk EME, B PgCASs FIR I S RE P Fd
ZURE 1L
2.6 PgCASs SEAEEHESEMHEXMST

f#iH IBM SPSS Statistics (Version 25.0) 115
PgCASs 1 42 MR F iMrh RIS E 5 NS 9 Fih
KBS R A Pearson fHE R AL
W3k ChiPlot Chttps:// www.chiplot.online) £z il #4[&]
ik 5 NS 2 &8 WK R
2.7 PgCASs SASEEARXBEBERRENE
{ERIEE 53 T

i R B S 42 PgCASs UL K 16 Fh A S B4
BB RE 42 DMRE P RIEE IR
S 1) Spearman FHK REL, 43 HT PgCASs Fl 2
A MO H R I BAE R R, A BioLayout
Express 3P (Version 3.3) Z:ffill {5k ik K 5 St g B
VEM 25 53 5T o
2.8 PgCAS04-5 EEWEMERFE S

A& PgCAS04-5 FER R FL TR T 51 2 AE 26
vl ExPASy Chttps:/www.expasy.org/ ) J&, &£
ProtParam Tool #4178 H BRI IS 40 #r: A%
W F Y EAE L M 5 SOPMA  Chttp://bioinf.
cs.ucl.ac.uk/psipred/) J SWISS-MODEL C https:/
swissmodel.expasy.org/) Ll &5 [ )5 (1) — 2 4544
R =iy PR EIERR Y 5% TMHMM (https:/

services.healthtech.dtu.dk/services/T MHMM-2.0/) [%
uh N S A K B AR R R A B AL
P %t Plant-mPLoc ( http://www.csbio.sjtu. edu.cn/
bioinf/plant-multi/) PAFIN & 5T 19 40 i 2 7
2.9 PgCAS04-5 BRMEM BRI RIES

SKISHIHIRE T PgCAS04-5 1) Ik A LA
Jo RNAI #iff, DURFFR A 3008 2 DR 2=
NS AEMR S, @R FRA PCR Kk & IG5
PgCAS04-5 (13 15 % RNAI FHMER R

B PgCAS04-5 13755 RNAI 12 HAEEL FA
AR LLAS PgCAS04-5 3 FiE 5 RNAL (A5 3%
FRERXIE (CKD, #E4T qRT-PCR 4347 1§/ RNA
SRR I [ BEH ) RNA, 1] All-in-RT
MasterMix for qPCR {71 G0F H & 4% 56l cDNA LA
TR R Rl . N S 2 KB NS CYP-
N R, WitZzEE R FRL & RNAL B2 E &
PCR 5% (%3, HAETAEM TEBRBAERAREG
i%). f# F§ UR SYBR Green gPCR MasterMix 17| 7E
ABI7500 %6 & PCR SUGHAT RO E &, RIAER
A: SYBR Green qPCR MasterMix 10 uL, 1E[H 5|4
0.4 puL, &IA5/% 0.4 pL, ROX Reference Dye 0.4
uL, cDNA2pL, ddH,06.8 L. MNFEF: 95 C
A 3 min, 95 CAEME 5s, 60 ‘CLEAH 305, 40 4
T . BRAMEMER 3 KBRS, St Hdha 1
FI 2788 B A4 B 2R

%3 HT qRI-PCR 5|15
Table 3 Primer sequence for qRT-PCR

B [K 44 K EmEY (553 KI5 (5°—3")
PgCYP-N CAGGCAAAGAAAAAGTCAAGTG AAAGAGACCCATTACAATACGC
PgCYP-137 CGTCCGCAATATCCATTTCGC TGGTGATAAAACAGAGGAGAAGTGA
PgSE2-4 TGTCCGACAGAGCAACAGTC ACAGAAGCATGCCAGCTGAT
PgDS-1 AGTATCCACTTCCGGCCTCT TCAGCGGAACGATTGACACT
PgCAS04-5 AGTACTCCAGGGGCCATCAT TCGACCCAAGTAGGAGGAGG

2.10 PgCAS04-5 TR RN EE S ENE

KH ODS (4 )\ bidkrt i st S HERE, ostade-
cylsilane) JEPSHREL PgCAS04-5 1 ik J2 RNAI FH
MBI AS B %8 Yo SRR, o
AE NS B2 Rbyy ASEH Rg,. ASEH Rd.
NS BH Rf KRB
3 RS9
3.1 PgCASs BERERIEHTHIE

BREF S E RN SR AR ES &

JREIEEE L S, % 163 FKHERATH. S
NCBI CD-Search i % ¥ 55 A 1) 45 M 38 5 07 16 3745
23 4556 ARFH, i H ORF finder Al SMART ¥
AT RSP EEMIRI IfIL fe , A8 20 DMEsgAR
AL SR RS A M. TR X 20 MFESAR
VE g B AT I 8200 H . AR S A EAR

ANFFER G5 AE, [ E A R SR AT 5 A
[F], PRIHEXTX 20 26 EEM AT Hap 4, B HH N 4 4
PgCAS #: X, %N PgCAS0I~04, [A—FRHHIA
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) s AR DL S5 S8 AT X 43, BN PgCASOI-1 .
3.2 PgCASs BIAEMR LS

IR PgCASs fE NS IR AP AL E, Xk
RS TE W) PgCASs BT Ye ta A e o 3L 26 14 7
Wro SRR PgCASs A A BI ST ARTEH AR
Z1) 5 &Gtk b, HA PgCASOI. PgCASO2.
PgCAS03 iX 3 MR R AR AL T NS5
2.5, 19 SY(aik b, 1fj PgCASO4 iXZ&FE A ) 9 A

A chrl chr2 chr3 chr4

0Mb ' Fecasizs T ppcasons
24 Mb
48 Mb

7 Mb B

96 Mb

120 Mb
144 Mb
168 Mb
192 Mb

0Mb
24 Mb
48 Mb
72 Mb
96 Mb
120 Mb
144 Mb gy e
168 Mb e gEe

192 Mb

chr9 chr10 chrll chrl2

chrl?7 chrl8 chrl9 chr20
0 Mb

24 Mb
48 Mb
72Mb
96 Mb
120 Mb
144 Mb
168 Mb
192 Mb

B ARA I S ) ATAEAH SRS 11 5 12 544t
&b (B 1-A). BRFFRE, EMIRIKES A
ST T BT 2 YOS I 4 35 R A 0 A4 A
Ko NEIR PgCASs MEEIMG, XFHATHE M
3N, SRR PgCASs R bR & 4E T 2R
HEF R, fAAE 6 ML, Hax B [F)y5 L A
3 77> 30 0 R AL 33E — 25 AE WA A T 2 A AL Bh g
(K 1-B),

chr5 chr6 chr7 chr8
HELR

chrl3 chrl4 chrl5 chrl6

chr21 chr22 chr23 chr24

A-PgCASs tE N YLtttk L1534, B-PgCASs HIFELEMEHT .
A-distribution of PgCASs on P. ginseng chromosomes, B-collinearity analysis of PgCASs.
1 REBEEMRIELEMEDI T

Fig.1 Chromosome localisation and collinearity analysis
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33 PgCASs NAZAXERIRTEFTH
Hitk— B HIE PgCASs W RGN, FidksE
IANRE CAS EEHFHIS 20 44 NS CAS EHFS
AT ZEFAI G, W RGKE R (& 2D,
PR TF HE, oK. =B, PHESSINEDRT
15 % E AR5 PgCAS H A JFH|— B BEM 3 4
-3 (I, 1. 1D, FKE) NP_001168389.1 K
NP_001152006.2 HA LR — 53 Chrfa),
PgCASOI. PgCAS02. PgCASO3 ZFEK & A /41
R (F), PgCASO4. NSiEGHY=

1I

preesil dN

:
§I

L PERES R HAmANE CAS 2558 B AEAE B4 2
(Ght), X—45 BRI PgCASs (EREAL A B AR 5F
H I — eI ThRE /b . PgCASs HITRTFRF
SR (B 3) G5REW PgCASs R AW G HIFF
BN 8~10 4, R4 N #— PLN03012
superfamily, #f—31EN] PgCASs & BE LR o
3.4 PgCASs B GO ThEE I

FIH Blast2GO %} Fi{3{) PgCASs FEI#ET GO
THREVER T 22t 4E B A (B 4-A), S5 R LW IX 20
% PgCAS RN 45y ER 27 7 2R (molecular

Zea mays

® Panax ginseng
Triticum aestivum
Arabidopsis thaliana
Solanum lycopersicum
Nicotiana benthamiana

. Panax notoginseng
Panax japonicus

* Eleutherococcus senticosus
Panax quinquefolius

B2 PgCASs WRZA B
Fig.2 Phylogenetic analysis of PgCASs

DA -
DA -
T
DA -
PRI -
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PCASIIS -
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PCASTI -
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FRARRRN
ARRRN]

i

M motif_10

PLNO03012 superfamily

5" 100200 300400500 600700 3’5

KB /bp

100200 300400 500 600 700 3°
K JE/bp

3 PgCASs R-FEFFRTEMIZ 7

Fig.3 Analysis of PgCASs conserved motifs and conserved structural domains
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function, MF). 4HffiZ 4 (cellular component, CC)
NAEWDEFE (biological process, BP) 3 KIJREZ
H1o 1 Level2 bt —B0Hr, PgCASs RS
5 AR L (B 4-B), BP i 40 it f2
( cellular process ) X #ll ¥ (] )< B (esponse to
stimulus) A=Y A AR ARG AEY) 2l 1R

PgCASO1-1

PgCASOI-4

PgCAS04-8

| PgCAS0I-3

(biological process involved in interspecies interaction
between organisms), MF B & #ELIENE (catalytic
activity), CC ‘.7 40 B fi51 4514 (cellular anatomical
structure) o IXEETIREL TN BB FCAHY) &, R
s Sl T IS i b, RS S5HEY) IS R
SR A ) DS S i I L 7 g 2 A7 SR T

PgCAS04-7

PgCAS03-1 PgCAS04-2

B [ Pgcasol-1
[T Pgcas01-2
[ PeCAsO1-3
[ PgCASOI-4
[ PgCASO4-1
[ PgCAS04-2
[ PgCAS04-3
[0 PeCASO4-4
[ PgCASO4-5

| PgCASO4-6
PgCAS04-7
PgCAS04-8
PgCAS04-9
PgCAS02-1

PgCAS02-2

=

=

[

|

l

l

[ Pecasos-1
[ pecasos-2
[ Pecasos-s
[ | Pecasvz4
\

PgCAS03-5

BP

cellular process T MF

cC

catalytic activity

cellular anatomical structure

response to stimulus.

biological process involved in i ies interaction between

A-PgCASs ] GO MREIEREHIF B B-Level 2 I GO g R AISEE,
A-Venn plot of GO functional annotations for PgCASs; B-sankey diagram of GO functional annotations at Level 2.
El4 PgCASs B GO IhEEEBRN R
Fig.4 GO functional annotation analysis of PgCASs

3.5 PgCASs MIFRIXEX 717

NN PgCASs FEE KNS TR, AT
FFH R B S REIGRIEEHAR I ohE . 45
], PgCASs FIERA REN TR HIRAEER
Ko E 4 NMEAAF (] 5-A), PgCAS02-2. PgCAS04-
5 HRIERIL, PgCAS04-2 FENAE 12, 25 FFEEHE
KB, 9 FIERTE 4 MEAEFIAFKIE. TEASH 14

MHLENH (B5-B), ZAEME . SR, ATas
IFIE, PgCAS04-5 FIEFFITE 10 LA EHARIA,
H o HE U AERE E S =R IA, AR T BRI e Rk
MFIEAFAEALUE T 7E 42 NMRE R 4 4R
(B 5-C), 4 REREARF mApHIRIE, 15
EBDE TR RIE, 5 56IARIE, $&7R PgCASs
Fok 5 A E KRR DI
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| PgCASO2-1
PgCAS02-2
I PgCAS03-5

S—=NWhwU00

PgCAS04-8

PgCAS01-4

l PaCAS03-2
PgCASOI-1
PgCASOI-2

L

PgCAS04-3
U0 Bl pecasoss

| PgCaso4s
Ul B pecasos2
NN Pecasos:
WRERRIY Pecasoss
WRRRL Pecasoss

PgCAS03-4
| Pgcasos-3

st
i

A-PgCASs 7E 4 MAFEEANZ RN IS E ;. B-PgCASs T8 14 NARIHSFRALINFRIEME; C-PgCASs TE 42 MR F AN RIE A
A-hatmap of PgCASs expression in four different annual P. ginseng primary roots; B-heatmap of PgCASs expression in 14 different tissue sites; C-heatmap

of PgCASs expression in 42 agricultural cultivars.
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Fig. 5 Expression pattern analysis of PgCASs
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