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YIS R, 53R FcCAS #RiLIX ORF KN 2 271 bp, 4id 756 NMEKEER, 35 NCBI LAAKRIIL. T, HMiESH
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Cloning and expression analysis of cycloartenol synthase gene in Fritillaria cirrhosa

CHEN Xiao-yi, ZHANG Tian-tian, ZHAO Qi
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Abstract: Objective To obtain the key enzyme gene involved in alkaloids biosynthesis pathway of Fritillaria cirrhosa,
cycloartenol synthase (CAS) gene was cloned, and its bioinformatics analysis and gene expression pattern were also performed.
Methods The open reading frame (ORF) of F cirrhosa CAS (FcCAS) was amplified by PCR based on transcriptome sequencing.
The bioinformatics analysis of FcCAS cDNA sequences was carried out by some online tools. Meanwhile, using real-time
quantitative PCR (qRT-PCR) to analyze the gene expression patterns between wild and regeneration bulbs. Moreover, the content of
total alkaloids in wild and regenerated bulbs were also investigated. Results The results showed that CAS had a length of 2 271 bp
OREF, which encoding 756 amino acids. The phylogenetic tree analysis showed that FCCAS were highly similar to the corresponding
proteins in Asparagus officinalis, Musa acuminate, and Elaeis gunineensis from the NCBI website, and the similarities were more
than 80%. The results of qRT-PCR and total alkaloids assay showed that the changing trend of the expression level of FCCAS was
consistent with that of the content of total alkaloids, and higher alkaloid accumulation was in regeneration bulbs than wild bulbs.
Conclusion The expression of FcCAS gene varied widely in different tissues. These findings suggested that FcCAS was a
biological functional protein induced by hormone combination, which laid a theoretical foundation for the improvement of the
alkaloid content by using the genetic engineering.
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BRI, BB AR Oy, B0l H AT DUEE
BN RS SR RS, S EE AR AT
B R R RS RT, R g R
(cycloartenol, CA) NIV EBERMEH), HiE N
B} § AW A R R AR 0N SO e
RS R EMMAT A RS, B R G R
(CAS) B %e¥ 2,3- M ML AR g,
23t — RN IR S 2T A 28 DB W, i
LA CAS #l s & B DB ix — 5 2273 30 AR
BHIRAR RS — ARty FLE R Ry 5 A S
FREFEAR R . XY IR AERBHE R RE T, K
BB R e S DR ot — BRI R # s H
i O MR NSO E % 20 2R b
Bt 4mid CAS [f) cDNA JF41MY, (HR WA DR
CAS MHFKARIE . N THT5E CAS =S 5%
BESC RIS i, BT E Seis o T AEM 8L
Ryake 75 UEE CAS HH, FHisHAMIE R
T Bonk F e B kAT 23 A DA TIOI 3 B B A 1 AR ) o
Thae, FERil 7 5y AR i 20 A0 20 B A i 2K 0 5 1) i A
PH ZABE DR FR AR A A e B B AR E . HIRA
Wt IUEE CAS ZERRIS5i g 5ThRE, Mg
B DLBER A & BRI S .
1 #REE%
1.1 #R
1.1.1 VM kL W DUBE Fritillaria cirrhosa D.
Don BFA A EER B H R = s jE e 3t 2210 1| DUREET A=
TEE M, WG R 2425 5 AR ) TR 2 Bl 0%
B S E . A H SR FREOR PR B B K & A
MR R LI A i 2N A AR, 5 SR A

MS+2.0 mg/L 6-BA+0.5 mg/L NAA 7£ 20 CHIE
B I% [40 pmol/(m®s) IR 12 h] Z&fF FIsgE 24
A3

112 WAEEE RIGAT 3 # R Topl0 HHASEES
FERAF; =T & (Prime-Script RT reagent
Kit); pfu S{#EEF. pMDI19-T #H kW EH TaKaRa
AFE] BENEREEER G &L B RNA $2EUA T
A RRAEN des) BHEARAR; 2ot E
K7 & (SsoFast™ EvaGreen™ Sapermix ) ¥ H
BIO-RAD AF]; PCR 54)& R AN P 7 A6 3¢
ANEERERBRAF 5EM. UV-210A B4k
JeRET (HAREAFD; BS-6KH BT KT (k-
R TR R AT ; DHG-9141 B H #ViE iR T-45
R E R ER A R A FD.,

1.2 7%

1.2.1 /& RNA (J3HS cDNA &R FRIRA
A HIAEYD S RNA FEBGAF G 2 HCE - DUREET A=
KIS RNA,  FR4% B8 s % 5380 70 8 10 B A R
cDNA 2 1 #, REE™YIIRAFET-80 C&H.
1.2.2 FcCAS BRIl 5500 MR A S
36 =2 W15 5 - DL RESRE S 2000 e £l %8, F primer
primier 5.0 AR EEERRIESI Y, WK 1. LA
SO cDNA NAEAGHAT PCR 9738 Fifd =4
22 IS ek R pMDI19-T #idk |-, %4k E. coli
Topl0 BEZ M. H% % PCR LS, HREXPHM:
B 7E A AL S A R KRR A BR A 71347 T
Bre ¥ TP FcCAS &R gt X B 3 s A LR 7
5|, {4} NCBI 7£2k T. &L BLAST #T CAS KR
P BIRVER (55 5 1 R 4T KR DNAMAN
6.0 M, ¥FTf3 ORF S NE IR T 53T 2 &
FEHILLXS s F MEGA 5.1 R R G0 & HEALA
Predictprotein 7£ £k 7l Il 25 = 1 Th AEf7 &0 Chttps:/
www.predictprotein.org); F ExPASy 7E4 k5545 11

F1 5149F75
Table 1 Primer sequences
7| EIEVEA S 5 (5°—>3)

FcCAS H:[F vz FcCASF ATGTGGAAGCTCAAGATCGCCGAGGG
FcCASR TTAACAGAGTAGAACACGGG

FcCAS ZE [ qPCR qFcCASF CAGAGCGATGCCTTTAGTCCT
qFcCASR CTTTTTCAACCGCAGACCAC

Fcl8 S W& 4L Fc18SF TACGACTCTCGGCAACGGA
Fc18SR CAAAGGGGCAATGGGAACA




* 4382 -

¢ £#% Chinese Traditional and Herbal Drugs

H49% F 18 201849 A

ProtParam ( http://web.expasy.org/protparam/ ) X
FcCAS 5 H B 4 s st AT FEAR B ML BT 0 A s 20
A X H SOPMA ( https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=npsa_sopma.html )
SWISS-MODE (http://swissmodel.expasy.org/) 7E£k
SIHTRAEXS FeCAS H|H = —REEMEAT TN
3T o
1.2.3 A5 DUREJE PR 308 8 sl AR Wi & 0 A
DL DIRE 18 S FEH (AY616727.1) NNZ, FIM
primer primier 5.0 #4111 qRT-PCR #3454, 0
R PR, L “1.2.17 B & R % FE i cDNA Hi
B 50 f% KRR, % H SsoFast™ EvaGreen® Sapermix
BT &REAT QRT-PCR A&, BENFERL-TAT i 3 I,
P S4E 4% Bubner 12 € (274 VBT H 1
SR AR ik o i DU 28 5 A el 5
5T, SR TR B R A Yot A
BEAT IR
2 HBRE5SH
2.1 FcCAS EFEMTE

WA 2 LR S A0 e il vt 514, LB
Az 6% 25 RNA S s 13 2 H) cDNA YRR, F1 i PCR
BARY W3R 1 A 2 200 bp 72 A7 HITF U B AE
(ORF) ([ 1), ¥4 4 FcCAS, HEN 44t
HAGA 756 MEIEMRISE .
2.2 FcCAS ERRIBEBSMEDT
221 FAEMERT  FJH ExPASy Proteomics Server f
TELRIRAF Protparam X FcCAS Zwfid & 1 I ERAL 14 i
BEAT T, HEW = E A Ko T A
Css60Hs866N 102601007841, FRVRAHRS 70 &M 85 511.71,
RS A (pD A 591, A IEHARIE (Arg+Lys)
69, FHRIEE (Asp+Glu) N 84, ZEHEKA
Fa5E 2% (instability index) A 36.39, #i#] FcCAS
AkasE. B 2% (aliphatic index) A 83.39, /Kl

M 1

2000 bp 2271 bp

1 500 bp

1 000 bp
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100 bp

M-Marker 1-FcCAS

1 FcCAS ORF #1835 HE S A FL ik B
Fig. 1 ORF amplification of FcCAS

Z# (grand average of hydropathicity, GRAVY)
H-0.204.
222 T RE T RS RS MAE
L RER (B 2), FcCAS HAM . =
WEER R & KEMN o-M2E Calpha helix) 5
40.74%, B-#7& (beta turn) 5 11.64%, IEffi%E
(extended strand) 5 20.37%A1TCHIE I (random
coil) 1 27.25%, KM a-BR e S TG 2 M B 1A
HEFE P EEA RS o, s, p-iE
AE AP EE BT T B E A B .
2.3 F[EBSFFILLXTAEE B 5747

K FeCAS 2k PRI 1) 2 2E R 5 51 £ NCBI _E ik
17 Blastp # R KB, FcCAS HEM 5 15 ks Elaeis
gwineensis Jacq. (XP_010906067.1), 8 Musa
acuminata Siebold. (XP_009409584.1), J& M 2 %5
Dioscorea zingiberensis C. H. Wright. (CBD47302.1),
KX 11 % Asparagus  officinalis  Lour.
(XP_020243911.1) SEHEHYIN CAS & AR
80% LA o

b
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2 FcCAS S|EERFFIF ZHLEHTM

Fig. 2 Secondary structure prediction in FcCAS amino acid sequence
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F DNAMAN 6.0 {4347 [FIJREL X, FcCAS 9 WM IEIERR T P THE X, B RS R B
B EEEA 1 4> DCTAE Z5H380F0 4 > QW Z5k3s B (& 4D, 255K, dHAUm SR8 B it ALt
(FE3).7E Blastp 23 AT i3k Aik I, AR4E 8 FIEMI FcCAS WK, B VRS [F AR PP T3P N E
(a8 E 8 7 71 FIVEYE, R MEGA 5.1 84 FcCAS & H I RTTA CAS B HES K AR .
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Fig. 3 Comparative analysis of amino acid sequence between FcCAS and CAS from other plants
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Fig. 4 Phylogenetic tree of amino acid sequence of FcCAS

protein of F. cirrhosa and CAS protein from other plants

7t SWISS-MODEL Ak #i& {7 ~7 &5 #4384 B T &
L, BT HETC ST E) CAS HEFEEA R,
MAE Y HIE WA B 3R1S CAS EE M =485
€, LACFTIIANZEN CAS A NBAR TR 1 %5
M- ULBE FcCAS AWM =445 (K 5O, @it
SWISS-MODEL #47 = 2% 5 ¥ 1) R PR e 455, 4K 2]
FcCAS [f)[FJE# A PDB: 1dce.1.B, J:=4i45yiE
b X ORI R Ok L 2 X, FeCAS Al Tw6j.1.A
LR 74— B =ik 48.07%.

5 FcCAS ERM=REEHTM
Fig. 5 Tertiary structure prediction of FcCAS protein

2.4 FcCAS HIRIZR DEMHEEE 0

FIFH qRT-PCR 5 A I 12 355 [R] 75 1 AR ik 25 5
AR R IETE M. 45 R BoR, FcCAS fE&f
HAh R IR EE E (B 6-A), LLEFA 525 4E Jyont
BA+NAA M E T TR E 420 LUE FeCAS Rik
EIEE PR 9 £,

bt Ji5 SR FH B E2 BR A o DL RE ST A i 2K R ol
P LR S AR I s S B, e i s R
6-B n. FILLE IR S FIRE M B4
BAVIS BN 0.57%, 1A S AW S &
7 0.25%. BFAEEZE S @ HAAHEL, R AR
SEME, WHEERAAN FcCAS L AEYmm
A M IR RS RN

121A B
0.6
104 05
i | .
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Fig. 6 Expression variations of FcCAS (A) and total

alkaloidcontents (B) in wild and callus bulbs
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CAS #\J B T BEAE M) iiX — B 435
RGHBRR I — ARG, FE MRS S A
IRZ SR B R R A e
R E BRI, ST E] CAS HERH, X FHFFAE
AR & &R T . CAS 1] cDNA 7
FIfEHAbRE Y H CARIE, (HEMDIRE CAS &
WA HE A e 10 AR g P e B R
AT ULREEL B e, e %] FcCAS
FHXFHHEAT — RHIIE T . ANFALURE T FeCAS
(I8 Mr, &5 AR LLET AR i 2 0t I
BA+NAA M E %R @A L] LLE FeCAS ik
IS BEOR 9 . AW EGEAL R T EY
MEIFESOIL RN, FcCAS @44 (1) 2 2
FILTTRERE BA+NAA WERAEGHFHE,
BWERH A X FeCAS BA — 2 MBI, 1Ak,
M 7 B A A A A R B A R, BoE
EREAHAF B AR BT EGEEEN
2.28 £ 45 UL A X0 FcCAS FLE A A
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