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Cloning and preliminary functional exploration of PcCAS gene in Polygonatum
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Abstract: Objective To clone the cycloartenol synthase (CAS) gene PcCAS from Polygonatum cyrtonema, perform
bioinformatic and recombinant protein expression analyses, and determine its subcellular localization etc, thereby providing
essential resources for further elucidating the pivotal role of PcCAS in saponin biosynthesis. Methods Based on the
transcriptome data of P. cyrtonema, the PcCAS gene was screened and cloned, and bioinformatics approaches were employed
to analyze the physicochemical properties, secondary structure, and tertiary structure of its encoded protein. qRT-PCR was used
to analyze the tissue-specific expression of PcCAS. A prokaryotic expression vector was constructed and transferred into
Escherichia coli for prokaryotic expression analysis. Yeast expression vectors were constructed and transformed into Pichia
pastoris for subsequent yeast expression analysis. A subcellular-localization vector was built and infiltrated into Nicotiana
benthamiana leaves for the analysis of heterologous expression in tobacco. Results The open reading frame (ORF) of PcCAS
is 2 286 bp in length and encodes 759 amino acids. The protein is hydrophilic and lacks a signal peptide. The total saponin
content and PcCAS expression level in the rhizome are significantly higher than those in the stem, leaf, and flower, indicating
the expression level of PcCAS is positively related with the total saponin content. Yeast-expressed recombinant protein matched
the expected molecular weight of 86 400. Subcellular-localization assays in tobacco leaves demonstrated that the PcCAS protein
is predominantly localized to the endoplasmic reticulum. Conclusion PcCAS protein belongs to the OSC superfamily of
enzymes and is localized in the cytoplasm, positively regulating the total saponin biosynthesis.
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Z ALK Polygonatum cyrtonema Hua JNK|]
ARLENS R 2 FARAEYN, BETFER . (2
JBL I 2R D, I EAA 2 PR,
LT PRfid s & 7 T BA B S 2 B E A
TR BHE N FEERN -, TR
AR REBM =25, BAAMES. FFifpEe,
JUwET . PR, FTRIOE AR, LS
eI E BRSO, T N TR '
ais VARFEAT L . SBE A G T R b R A
Bl o BB R T A B2 . Ul . PR e S
LRI 2 P 2 BE PR,

R, A 7 i 2 I AR Rt
46 T 48 B B F R R 18 42 ( mevalonate
pathway, MVA) JJsi s e (1) H it e Wi e/ oA Bl R ik
1% (methylerythritol phosphate pathway, MEP), iX
2 NIBRE A R SR RO A R B R  Cisopentenyl
pyrophosphate, IPP) Al FRIG N ZLEBEER (y,y-
dimethylallyl pyrophosphate, DMAPP) 7E£:id— &
BRI NG > TERL T =) R AT AR 2,3-44
thf &% (2,3-oxidosqualene), Bl 54t E L&
I MU (oxidosqualene cyclases, OSCs) ILAE KK,
AR RE A, WA, EEEES, HH
AN (2 BN (cytochrome P450, CYP450).
WESLFEFE R (UDP-dependent glycosyltransferases,
UGTs) AT S RE MBS B 3B B e
02131, SR, KT Z A0 BRI 2 8 AR & oL i
ANERE, BT TR S H A G BRI
T Re Tk R 2408 A0 73 1 B L AT

OSCs J& T HIZ N, F ZALHE B M = mf
R E LS AL, R A 200 22 FhAS [E] A 4
) =i S04, OSC B b1 B BA Fi o [ 4 g
(cycloartenol, CAS) J& T I Kk fa A fLlg, 75 2
A a- IG5 IR 5 A~ QW £:JF DCTAE, HEALFHE
TICRIR N, PR A & T i 2,3- 3 Ak
B8 T 535 10 =il TR PRR e U S-170, A ] e
FEEIEEH M- (chair-boat-chair,
C-B-C) 4 G I wi [ BEPH &+ B 7= A P B Sl
(lupeol) a-F#f 2 (a-amyrin) A B-FHHE (B-
amyrin) 5 TR = 2l A - 20 207
(chair-chair-chair, C-C-C) % IAI L FH &+ 4=
AN8200 H A SR RS I CAS () FED v mt
FLOAEFFZRI, BRRA, JESEEAR, JHE LR,
e A A2 PG AR T R, (H RN CAS FEH

HEAT WA s AL B o BRANE P Ah i TE X £ 1E
HRETT R CAS FER () e b R Th et 7% .

R T 2R e R AR, 297 1
A B O RIR R I RBEREIE K] PeCAS, F3HZIE A
BTG B0, EARABAERE. VAR
AL HER PRI TS, Nt P RIuEZ
BRE PcCAS JEDREAL DIRE LR AT 2 48 B0k 28
AW B B e A, BT 7T 4E R T A R AE
AEFFERERE U A ZEE RFIEE ARG E
1 RIS
1.1 MR

LR R T db 4 B T B % £ 2 AR
KB AL, 280108 AR A 2B o 25 B 72 P R
G RPA SIS N2V RE P cyrtonema Hua.
FAEHIEIL 6 MR 5. (I 21 F Rk,
KR ZE, 2. M. BB, HESNIANEE,
WA G, B T80 CukM#H, HT RNA ##
HORUS 2 & el .
1.2 KFIS5NEE

Trizol & RNA $2EGRFE . Thermo Scientific
RevertAid cDNA & idifl& . DNA 4k Bt
%+ SDS-PAGE #ERZ il &7 & . BRI N DI
BamHI1. Xhol. Phusion™{#H DNA R &, T4
DNA #&E# . X5 %K (ampicillin, AMP), H
. EESREERFERE GS115. K FFH# ##k DHSa.
K AP A B Ak BL21 (DE3 ). 6 % 4% 4k
pMDTM18-T. FiEH Ak pPICZa ZERFIFEH ) T 2,
W RERHEARAF .

IY-ZY5 BRI (AERE B R T BRIk &
FR /A #] ). NanoDrop 2000 7448 4ha] UL 4 6% B it
(FEER K AH/RBHE A FD . FV3000 BUBEOGHHIILER
R (EMRETARA A ). CFX96 Touch 5L
i 58 68 & PCR AL A SR A R 5= A BR A DD .
2 FHE
2.1 RNA I2EUFI cDNA i#3E R A/

SABUE R 2RI 2 i, e
ZRE i, DOV R TR A S 30k K F Trizol &t RNA
GRS B RNA. ffH Thermo Scientific
RevertAid cDNA & BRI G e il 28, £, .
1617 cDNA, ¥4 cDNA F S IRAET-20 CUKFE# o
2.2 PcCAS EEAZRESNF

MR URELE (1) 2 AE B e s L P 45 5, ik
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HERN CAS [¥) Unigene, Wit 519K 1),
PL cDNA AN AT PCR 744, SRR RN 50
pL: 2 X Taq Master Mix 25 uL., PcCAS-F (10 pmol/L)
2.5uL, PcCAS-R (10 pmol/L) 2.5uL, cDNA2 L,
ddH,O 18 uL. PCR R MiFE[F: 95 CHIA: 2 min;
95 CAEME 155, 60 ‘CiBK 15s, 72 CHAh 355,

PEER 40 K5 Hefa 72 CHEfH 5 min. 4 PCR F“¥H
1.5%Z e b &I Fidk 0 55, VIR [EI S 5 pMD19-
T BMIERE, HAZ K DHSo &S 2540 M,
BRI BH I 7 B 3EAT 1R V% PCR R, 5 BH 1 T W8
. MFESE A DNAMAN v9.0.1.116 %45
PcCAS 1] CDS JP 5T 7 51l Eb X

#z1 S5IER
Table 1 Primer information

EIEZEA S 514 (5°-3°) &
PcCAS-F ACGTAGGGAGGCAAGTTTGG A v
PcCAS-R TGTCCAGCATCAATCAGCGT
PcCAS-PcO1-F  GGTATCTCTCGAGAAAAGAGAGGCTGAAGCTATGTGGAAGCTGAAGATAGCGGAGGG MRFRIAH
PcCAS-POD-R  ATGTTTCTGGGACGAGGGACATAGAA ENiagess
PcCAS-POC-F  ATGTCCCTCGTCCCAGAAACATtggagccatccgeagtttgaaaaaggeggtggtagtg
PcCAS-TYZaR-R AGCTTCAGCCTCTCTTTTCTCGAGAGATACCCCTTC
PcCAS-GFP-F  caattactatttacaattacggatcc ATGTGGAAGCTGAAGATAGC V4 5
PcCAS-GFP-R  aacagctcctegeccttgetcaccat AGATCCTCCTCCAGATCCTCCTCCATGTTTCTGGGACGAGGG
PcCAS-q-F TCAGATTGCACAGCAGAAGGAT LIS E
PcCAS-q-R TGCAACTATCGGATCACCAACA H#PCR
PcGAPDH-g-F  GAGGAAGAGAGAGACCCTCACT
PcGAPDH-g-R ~ GTCTACATGGCAACTGTGAGGA

A NG FRFORRIEE ) A TGN NG FRERORAYIREAL A A RIS 7 RER R ER TS .

The lowercase letters are the homologous arm base sequences, the underlined lowercase letters represent the endonuclease recognition sites; and the

underlined uppercase letters represent the liker sequence.

2.3 PcCAS EEMEMERFESR

{5 FHTE 2633 EXPASy ProtParam  Chttps://web.
expasy.org/protparam/) 74T PcCAS & H 7310,
Xy, FHAESE: R TMHMM 2.0 X
PcCAS i H MBS BELE T ; F SignalP 4.1 Server
T & A5 5 ks FIH ProtScale  Chttps://web.
expasy.org/ protscale/) fEZ Fililll PcCAS & H 255/Hi /K
P {# ] NCBI M %% Chttps://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) CD-Search ) g Tl i
PcCAS R H &5 ¥ 3 ; M 1£ £k W 35 SOPMA
( https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.htmD) 731t PcCAS & H —H 455
ffH SWISSMODEL-MODEL Chttps://swissmodel.
expasy. org/) TEZE Tl PcCAS F H ) 3D 451 ¥
PcCAS 5 FIZUBE R 7 41 b A% 2 NCBI U4 FEEAT LL
X i 12 B Y5 A B A 51, R DNAMAN
v9.0.1.116 FI Clustal X2 #AFHEAT 75 LLXT, H
MEGA 11 #AE%5 U P 51 8 RS B o
2.4 PcCAS EFEBRREH AHERIZ

2 8 A5 B AH vk o A RN B33 51 4
(1), VLTCREFANF LK cDNA 751 A5,
B 2 pg ZeMEAL PRI N RIS R GS115 (X33) 1,

A G IR A YPD HilE TR (300 pg/mL kK%
%) IR 2~3d (28 'C), PREUAREIEHTY K
BEFR, BB FHZGREE DN 20% 1) H I ORAF B
P4 B ERERD T 50 mL ) BMGY 85773 b 5% 24
h (28 °C) Kify, EOWERFE, H BMMY #5775
FRGER, YIRAEERRESE 2h, N 1% s S
K78, ZJafEkE 24 h #MIN 1 IR %A EEE, 755 48
h JEHC 1 mL B A ERE 738 BiE DL i
Sy AN, I SDS Sample Buffer (5X) &
%], 100 ‘C4JEI 10 min, #5.05HET SDS-PAGE LA
M Western blotting il 25 [ FRIA 1/ »
25 REFFENE

ZACTRE BB S B E 715 S R B R
I TC. T2 AETRIRZE. 25, mh. TERIRE S R
BB, 0 BIFRELZ) 0.1 g FEAS, I 0.5 mL 80%
ClE, FACIHKIGHE 2 h, 8 000X g F iR E O 10
min, BUEIERRBEERA. B 25 pL FEARRIE,
70 CHERZET, I 10 pL 5 %7 HRE - UK B B VA
140 pL =EE, WS 60 C/KH 15 min, A5
WL 35 ul & 1.5 mL 08 H, N 175 L UKES
B2, W51, T 589 nm NistHUE(E (A). LUK
TR R T B IR B AR AAAR (X0, A E R ALFR (YD,
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ZeHIbRME 2R Y=1.2391 X+0.095 7 (R*=0.9986),
R4E 4 EAHEME T EERSETEE, H
Origin 81 £l AHX KL E K. RHMEKEZE (least
significant difference, LSD) a0t 17 &3 57
2.6 PcCAS EFBLFRMRIAE

Wit PcCAS ¥] qPCR 514, WZH:K GAPDH
RRFEFINE 1. IRZE. 2. B, 78 RNA )5
) cDNA NI AT qQRT-PCR, @It 2-2ACt Jyyk27]
X PcCAS FRIE Z e B 2R 250 L FERIAEXS
FIL BT, 55 A Origin 22 Hil A X ik & .
2.7 (RAERRR LSRG

PA pMD19-T-PcCAS RN TH PcCAS 1]
FYREHSY) (K 1), %5 BamH IRl BsalfFE X
YISL A, % pBWA(V)H2STMVQ-eGFP 3445347 XU
1, ®ygEHFLE A pBWA(V)H2STMVQ-eGFP-
PcCAS, &8 FIR T AL W% PCR K758
E o eI IR N B ZH A AR R (GV310D),
25 CHiFR 2d; FHEMIRELARAT B A B fARE 77 0|5
T, BT 10 mL 4R ARE 7% 170 t/min 5557
1 h; 4000 r/min 250> 4 min, 2 Fi#&; F 10 mmol/L
MgClL (% 120 pmol/LAS) EVFl A F A, U Aeoo
£ 0.6 it BREAKRN REFIEEREM, H 2
S 1 mL VES SR EE R RS, FRE bR
s KRS e R R SRR IR 2d, BRI,
HARIC IR B S I, WIFERREE F, B0
R TS, JHAM. 53— AT B
(R R i AL B S &, RUTATALEE

Al2
¥o06
=
J! AA -
0 100 300 500 700
JiEE BN JEi b
0.8
%04
0 v
0 20 40 60
EAFF

[y e R

3 ER59%

3.1 PcCAS BRARESEMERESH

3.1.1 PcCASHRMIFLE  PAZIEH K cDNA K
Ry 345212 2200 bp 1257 (B 1D, 5 HREER
FFPBIR/ANEAR—B, ¥ HAR RN B S pMD19-T %,
ITERE G e N KA # DHSo 3275, ik 75 2 bH
PETERE, B PCR AN BH P 5 I 3830E 177 51K/
2 286 bp, %4 DNAMAN Ebx} 5 5% St AR 51
VLHC. i8)d ORF-Finder 73 4T PcCAS N2 K] CDS
5, KA 2286 bps

M 1 2 3 4

2000 bp

1 000 bp [R—
500 bp

100 bp

M-Marker; 1~4 /R PcCAS 1) ORF J7 Bt
M-Marker; 1—4 ORF frame of PcCAS.

1 PcCAS E[E PCR 18 (n=4)
Fig.1 PCR amplification of PcCAS gene (n=4)

3.1.2 PcCAS HE AL  ExPASy ProtParam
SIATR I PcCAS 4t 759 NREIERR, 55 AAHX 70T
JREZIN 86400, 731 A C3014H5954N104001097841 5
FIREEH N 6.22, AMRETRECHN 39.67, AfaEE
Fl. TMHMM 2.0 X%} PcCAS & [ 1) 5 JIE 45 #4) Tt 45
KK, PcCAS b AN HAE R (B 2-
A).Signal P4.1 Server X} & 115 5 BR 70 45 SR & 04,

C
ProtScale output for user sequence
Hydropath. / Kyte Doolittle

y
w5
o = N W

—2

" N S S N N S N
0 100 200 300400 500 600700
{7 E/bp

A-PcCAS HEABHR ; B-PcCAS HFAMH SIK; C-PcCAS & FR/K /G
A-transmembrane region of PcCAS protein; B-signal peptide of PcCAS protein; C-hydrophilicity/hydrophobicity of PcCAS protein.

2 PcCAS EMERENN
Fig. 2 Bioinformatics analysis of PcCAS
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PcCAS & M AFAEAS S IKFH, AR B
H (& 2-B). | ProtScale fE £ il PcCAS £ H
IR, BCFHISEKERN-0.246, JETRKEA
(K 2-C).

3.1.3 PcCAS HHALMBM . =HE5H T
f§ F§ NCBI M3} CD-Search LJBETHI PcCAS EH
gERtg, W 3-A WA PcCAS AR TEMAAE
IR R, BA &G LEE SQCY 453 Al

FAEIHIMUEE OSQCY Z54id. SOPMA R4k %
T (B 3-B), PcCAS R H 45 o MEHE &
Eb 44.94%, FE{HEE S 13.67%, B #£ N 6.96%,
ToH G dh 5 HE 34.43%. ] SWISSMODEL it
PcCAS £ 1) 3D &5itg AT 7l (&l 3-C), 4R
i E VLTS 7 (global model quality estimation,
GMQE) 4 0.96, 5/NFEF£EREAR g & i 25 5
i RS M AR AL B 84.17%.

A 1 100 200 300 400 500 600 ~ 700 760
- - PLNO=ZO12 =
s — > |
sghc 1
[ Ho
............... PLNO3O12
‘ ISOPREN cC2 like

T R o LN R LN
LY JAAE/ELE | LK. Bl E W
0 100 200 300 400 500
! Pl i W "hf ;X
lrﬁﬁfd“ it .“U‘ufﬁ e pL \“.lj‘lj_. ’{" ,-lul& ‘i' ‘ | K'. iwh
R Vi A
0 100 200 300 400 500
J¥ 507 B /bp

A-PcCAS HHALHIK; B-PcCAS HH 45 H; C-PcCAS A =H 4.
A-domain of PcCAS protein; B-secondary structure of PcCAS protein; C-tertiary structure of PcCAS protein.
B3 PcCAS EREME. ER_RFEURER=ZREHTN

Fig.3 Domain, secondary structure and tertiary structure prediction of PcCAS protein

3.1.4 PcCAS HHFAMARGHA I AMH
NCBI-blast 73 #1# PcCAS & HFHIHHAT R T4
EExt, B 4 25 3R I EERE 2 a7 MRERYF 31,
KR K14 Asparagus racemosus Willd.. A1
M Asparagus officinalis L.« F15E Anemarrhena
asphodeloides Bunge. 25 Aloe vera (L.) Burm. f..
WHEM Paris polyphylla var. yunnanensis (Franch.)
Hand. -Mazz.. % Paris polyphylla Sm.. /NFHEF#E
Musa acuminata Colla, J¢HIAHLMEL H] | 84.45% LA
Eo 3R MEGA 816 PcCAS H H 5 [HK
HHENFIMERFEREN (B 5), 285
KRR M MBEROA—K, RERXRHK
i, MHSE. NG 2 R8O R
32 MERERIEATRPEEFSENNE

T8 3 W I 2 08 R AE M B b e R R A
PcCAS, B PcCAS REFHEZALHRE EH G . |
B 6 &N, SXTRHLE, SRR PeCAS FETH]
RANEZR R ER S Tt B R E S, R PeCAS
PRS2 AE RS o B O Th R B AR .

33 PcCAS HRFFRMRIZMEF SRS

NHT PcCAS FEAN R ZH 43 JE IR 3R /K-
B EAKNE, ML Z BRI ZE 2, it
WS B SR PcCAS {EAHA P £IEE
BATREE T Z 0. B 74REH, REhag
HEEEESTZE M. 1844, H PcCAS TEMRZE
HIAEN REERE S T2 i fE4H, R
PcCAS Fik &5 B & B E—E I IEAH .
3.4 PcCAS EERIEERRIA

T BE PeCAS 2R RegmtS B An 8 H LA &R
FRTia M, A R A R IAHAR, AL RIB R
GS115 (X33) W7 HEgsE SRA, K H RS S
PR s B3 BB RIS R R TvE, 3T
Western blotting 25 FH HLUk, WKl 8. H&5RAT I, 7
W ETE A S B ivE R R I E R kT, A
HEE SFUTE R A D BN HEERE, 1%45FH3
S S R A A B RIA T B
H, KNS T 86 444.1 4, B PcCAS E A
AETEERA,



« 4806 F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

PcCAS LR C 0 2N T AVDK
ArCAS WLR ( i 2N H EIER.
AoCAS ; GROWgW INjElC EIEK
AaCAS WLR 0 2 AAVEK.
AVCAS < WLR 0 2 AATEK
PpyCAS | < WLR GROJM g EAVEK
PpCAS 7 ; i W] EAVEK
MaCAS WLR ) AEVERV]
Consensus mw lkia wlr nn h grg we p g eeil r r khs d mr gf ke p e pil e vte a 1

PcCAS
ArCAS
AoCAS
AaCAS
AVCAS
PpyCAS
PpCAS
MaCAS

Consensus_i r stlgahdghwpgdyggpmfl pgl i 1 vtga n vl h e rylynhgn dggwglhieg stmfg 1 y 1lrllge g gam k

PcCAS
ArCAS
AoCAS
AaCAS
AVCAS
PpyCAS
PpCAS
MaCAS
Consensus

PcCAS
ArCAS
AoCAS
AaCAS
AVCAS
PpyCAS
PpCAS
MaCAS K LRIsfK AN

Consensus_ar cakedlyyphp gdilwa lhk ep 1 wpg klr ka t hihyedentry cigpvnkv nmlccw e p seafk hlpr dylw

PcCAS
ArCAS
AoCAS
AaCAS | \ :
AVCAS & g ) 7 \ SEEFG
PpyCAS | N \ SEEFG
PpCAS
MaCAS
Consensus aedgmkmqggyngsqlwdtaf gaii t seefg tl a k qv c gdl wyrhiskgawpfst dhgwpisdct eglka 1lls isp

PcCAS
ArCAS
AoCAS
AaCAS
AVCAS
PpyCAS
PpCAS
MaCAS
Consensus._ vg y avnv lslmn ggfatyeltrsy w e inp fgdividy yvectsa igal sf klypghr eei «ci k fie iq

PcCAS
ArCAS
AoCAS
AaCAS
AVCAS
PpyCAS
PpCAS
MaCAS
Consensus dgswygsw vcftyg wfg lag vy s kac fllskqgl sggwgesylscq k y n egnr havnt wa 1 1i gg «rdp pl

PcCAS k MGV

ArCAS N \YRNIFPI
AoCAS NIIC AYRNIFPI
AaCAS ; o

AVCAS B > NR QWYRNIFPIW
PpyCAS \ AYRNIFPT
PpCAS

MaCAS

Consensus h ak lin g enge pggeimgvfnrncmisys yrnifpiwalgeyr rvl

4 PcCAS EBS5%MiEY CAS EBFFIELXT

Fig. 4 Sequence comparison of PcCAS protein with CAS proteins from various plants
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KA K114 Asparagus racemosus (AYR16641.1)
A7 A Asparagus officinalis (XP020243911.1)

PcCAS

F1BE Anemarrhena asphodeloides (XNZ42211.1)

HIBE Anemarrhena asphodeloides (XNZ42216.1)
FiZE Aloe vera (Uxx25229.1)

VAE A Paris polyphylla varyunnanensis ( AFS49705.1)
VAE A Paris polyphylla varyunnanensis (QIN54760.1)
% Paris polyphylla (UHB15501.1)

% Paris polyphylla (UHB15502.1)
BT Cocos nucifera (KAG1332016.1)
Wik Elaeis guineensis (XP073116803.1)
1 Phoenix dactylifera (XP038985713.1)
9 N# Cannaindica (WOL08535.1)
AN RBREE Ensete ventricosum (KAJ8471616.1)
FEWR Musatextis (CAL9106097.1)
INREFRE Musa acuminata (XP009409584.2)
INREFRE Musa acuminata (XP064973398.1)
T Musa basjoo (CAL9196031.1)
T Musa basjoo (CAL9211774.1)
%% Dioscorea alata (KAH7671930.1)
L /N2 U5UAME2 Phalaenopsis equestris (XP020599641.1)

5 PcCAS ZERS5ZMEY CAS EHRGZ R BN
Fig. 5 Phylogenetic tree analysis of PcCAS protein and CAS proteins from various plants

4t
i

CK PcCAS

ANFEVING FREFRIRAE 0.05 KT EREZE, P<0.05.
Different letters denote significant differences among values at P < 0.05.
Ee6 MEFERIINEHHFREEESE =3)
Fig. 6 Total saponin content in tobacco leaves before and

after heterologous expression (n = 3)

A B
167, 2.0

12 15 @

Do i)

& b b X

E 3 ; g 1.0

i) < b

41 c z : c

ﬂﬂ 4 0.5 C

i

£

W= = ® % iRE-S S

AR NG FRERIRTE 0.05 /K PERLZE, P<0.05.
Different letters denote significant differences among values at P <
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Fig.7 Total saponin content (A) and relative expression
level (B) of PcCAS gene in different tissues of P,

cyrtonema
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Fig. 8 Electrophoretic analysis of recombinant PcCAS

protein expressed in yeast
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Fig. 9 Subcellular localization of PcCAS protein
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