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Abstract: Objective Based on the Panax notoginseng root transcriptome database, the key enzyme cytochrome P450 (CYP450)
gene of P. notoginseng saponin synthesis was cloned and bioinformatically analyzed to clarify its response to the induction of
arbuscular mycorrhizal fungi (AMF) and to lay a foundation for the further study on catalytic properties. Methods The clone of

PnCyp450 3 ORF and the construction of cloning vector were carried out according to the corresponding kit instruction. The
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positive clone was gained by chemical conversion and ampicillin screening. Bioinformatics analysis and phylogenetic tree were
generated by a series of online tools or software, while gene expression characteristics were analyzed by real-time fluorescence
quantitative (QPCR). Results A P. notoginseng cytochrome P450 superfamily gene, PnCyp450_3, was successfully cloned with the
open reading frame (ORF) of 1617 bp, encoding 538 amino acids. Predicted molecular weight and isoelectric point (pI) was 59 690
and 8.50, respectively. The results of tissue expression characteristics showed that the expression level of PnCyp450 3 was
significantly up-regulated by Glomus intraradices (P < 0.05) in the rhizomes and fibrous roots with relative expression levels of 1.85
and 1.22. Conclusion PnCyp450 3, a CYP450 superfamily gene encoding 538 amino acids, was significantly up-regulated in both
primary and fibrous roots in response to the induction of G intraradices. This study provides data to support an in-depth study of the
regulatory mechanism of biological factors to key enzyme-encoding genes on the notoginsenoside synthesis, which has important
reference value.
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&l (farnesyl pyrophosphate synthase, FPS) .
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(PITE 28 A 5E . PnCyp450 3 4t & (13 B K
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1 58, AR P 51 LL XS 70 A AT 4 A DNAman

R 1 PnCyp450_3 ORF I 1% qRT-PCR 5|4
Table 1 Primers of PnCyp450_3 for ORF clone and qRT-PCR

EIk/EZ S SIS (5'-3") ik
PnCyp450 3 F: ATGGATTTGAGTGTGGTTTCA ORF #14
R: CTAAGATGGAACATTCCTTGTTATG
qPnCyp450 3 F: CTCATCTCTTCGCACCCCAG gRT-PCR
R: TCCTTAACGTGACCACCCCG
2682 (WZEFD F: CAGTATTTAGCCTTGGACGGAATT gRT-PCR
R: CGGGTTGTTTGGGAATGC
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Sigmaplot 12.0 #AT/ERE.
3 @#RESH
3.1 PnCyp450_3 ORF EF 7% [E. SERFFILLST
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2 PCR 488, W F7 73 #r A1 NCBI LX), 3R15
T PnCyp450 3 ORF, 23t 1617bp (K 1),
Zitd 538 NEIEER, B CYP450 fR-F 4511,
IESEH R T CYP450 BB KL . 5 H A
G T AR AT &3 (B 2) , PnCyp450 3 5

PnCyp450-3

Mark | Mark

2000 bp 4
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1 PnCyp450_3 ORF PCR #1845 Rz Ae i8R Bk &
Fig. 1 Agarose gel electrophoresis of PCR amplification
results of PnCyp450_3 ORF

1JAS/SHLF). PRI RQL
1 .~\\‘\’HLI- PISRINVAHE  RQL
RQL

KLSE
RKCN
QQLS
RLGE

RIE N 100%AHA, BELLEN T5%H I, BN S0%AHA, AR THRIRE WER, BORMEPHERRHER S 4£X [(PTPGPx(G/P)xP], %
B AMIHER R C IBHRIRT 450 (WxxxR), FfMHER R K SRR T 454 (ExxxR), SR MHEHER R PERF 38 (PERF), £

SETLAER R R IR BT P A R L5 S35 (FxxGxRxCxG)

Identical peptides are highlighted in dark blue with 100% consistency, and conservative substitutions are highlighted in dark red (75% consistency) and blue
(50% consistency), symbol of A is used to identify the target gene, the black rounded rectangle box represents the proline rich region [(P/I)PGPx(G/P)xP].
The purple rounded rectangle box represents the C-helix conserved structure (WxxxR), yellow rounded rectangle box represents K-helix conserved
structure (ExxxR), green rounded rectangle box represents PERF domain (PERF), red rounded rectangle box represents cytochrome recognition sequence

heme binding domain (FxxGxRxCxG)

2 PnCyp450_3 HESREBLF 55 HAHF CYP450 [ERLEIR ML X RARTF LM FFIFRIR 247

Fig.2 Alignments of PnCyp450_3 and peptide sequences from other species and identification analysis of conserved domains
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PnCyp450 Cc (3&J8k Corchorus capsularis L., GenBank
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HIN PnCypa50 Te (A[RH Theobroma cacao L.,

EOX92273.1), —%MA 78.40%. FtHARSFEEMIIR S
PRI, PnCypd50 3 N HAMIFN A ER P o554
SR B X[ (P/D PGPx (G/P) xP]. C MElEfprss
] (WxxxR) « K BRIEIR5F45H (ExxxR) . PERF
5 (PERF) KIMAFELE G (FxxGxRxCxG) %57
FRu, gkAh, LA PnCypd50 3 ZIERFHIAIHAd YR
CYP450 JTHINEE T Rk B Wit — LR 2t
HXRFR (B3 « RAKENERER, CYP450 XK
BEEH CYP71. CYP711. CYP86. CYP746.

CYP72. CYP97. CYP51. CYP710. CYP85 Al
CYP74 10 MEJRARL, Horf CYPT71 WG NE

X, % CYP98. CYP73. CYP81. CYPS2.
CYP706. CYP83 Fll CYP92 7 /M#; CYP85 iy
CYP716 F1 CYP90 2 AM#. PnCyp450 3 N5 3K
PnCyp450 Cc. Al H[# PnCyp450 Tc. Wt Morella
rubra Lour. (KAB1210391.1) PnCyp450 Mr. JRXUM
Jatropha curcas L. (XP_012075225.1) PnCyp450 Jc 43
KRRBIE, B, [FE CYP71 k. FIH
MEGA7.0 SBAAHEEEM R R Gk B, BEH 1000 X
THESIME, HTARRERES PnCyp450 3, Hib5
BB ( OMO55946.1 ) PnCyp450 Cc . A] A B
(E0X92273.1) PnCyp450 Te. #if (KAB1210391.1)
PnCyp450 Mr . Bk XU B ( XP_012075225.1 )

PnCyp450 Jec BEN—1E, J& CYPT71 W%, 5HA A
TR AR

PR P9 2O R AR B X3 2350 3R CYPASO BEAN R RIRBR SR KA 5 3R Al — RIS T CYPA50 B AN FIME SR AR A XA 7

AR I o [ AN [ SRR B R R ) 44 7

Different color regions of the hollow circle inside the ring represent different families or family clusters of CYP450. Braces indicate different subfamilies of

CYP450 under the same family or family cluster. Characters in different regions of the outer ring correspond to the names of different families or family

clusters of the hollow circle

3 PnCyp450_3 SEBFF|SEMYF CYP4S0 REBFIRELEXR
Fig. 3 Phylogenetic relationships among PnCyp450_3 and other plant CYP450s based on peptide sequences
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BHAT T 2 07 GL T 5 Bt o B A 2E 9 2 A BRI A%
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W, Wz A R T E s EaE . SRR
KPEFM R 7R, & A PnCyp450 3 SEKIMEEIER
MK R RIS E FAHEAS, B XA
(K 4. BERRAAL S HrBoR, & H PnCyp450 3
HEH 45 MR 5, P25 R 29 4, I
A 144, BEAR 14~ (B - EAMER. T
9 i 52 AL LA AT 5 8 4 1) A LA S5 %2
B R AL R 2 B R AL P R T, DRI I R AR
103 TR A 7K P B Tl R AN 0t i — B T L B
Rtk B A HEEN S H R 2,



FER 202F 115 $53% B20 8 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21 . 6853 »
3 1.2
I | Lo
2t | J "“ i l | .08
i Wﬁ ‘ NV = 06
WY 04
| ]
s ol e M’t ‘u' WJ W \H“ W“ 02
= Al 1Y M \ f‘; (Y 0
J ‘ HF ““ ' { U‘ V ‘ H\ 0 100 200 300 400 500
il ‘ } fir 45
1] | \l 1\ \‘ \ Bk B B
Sl 1 “
L El 6 PnCypd50_3 HinEEBEBAMEITNS 47
0 100 200 " ;00 400 500 Fig. 6 Prediction analysis of transmembrane domain of
S

1E i (E AR O S IR R K P e, SRR /N0 W S K ey
Higher positive values indicated that amino acid residues had higher
hydrophobicity, while lower negative values represent that amino acid

residues had higher hydrophilicity

4 PnCyp450_3 ST B FHRK T SEBR TN 547
Fig. 4 Predicted hydrophilic and hydrophobic amino acid
sequences of protein encoded by gene PnCyp450 3
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Fig. 5 Prediction analysis of phosphorylation potential of
protein encoded by gene PnCyp450_3
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PnCyp450 3 mé‘.‘ﬁ 2 MEBRREERIR, AR S AL
ﬁ‘%'EI T AT e AR SR B R DR S

W%%Tﬂ,\/% SRy AP = Al N
R 59— A T Bl A e B AT e T T B P R R TR A
%, FEARE oWBiE. B-ITS. B AFITHIE IS
ﬁ;ﬁ Hl& 7 AT, 2K PnCyp450 3 a-#ZJigsiit

293 NEIERR, (G 54.46%, EMEEESE I

RAERR, (HE 7.81%, TCRUNEHh a5 3Lt 203
Aﬁ%ﬁiﬁ, fikt 37.73 %, TG B-Hra M - A .
3.3 AERLEERAL PnCyp450 3 R AMF ESH
RIEFFE SR
J# it qRT-PCR L5601 B br i R E A [A] b 3

protein encoded by gene PnCyp450_3
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Fig. 7 Prediction analysis of secondary structure of protein

encoded by gene PnCyp450_3

KT AFMEMALR P REE, EHAHERER
RIEFHPNEEFR., £ERF, EHHE
PnCyp450 3N S IR 26S-2 971GV fiff 1 28 0 (i H.

, AR, BLEHASIE qPCR 5 50T 5.

HIFE 8 AT %, 7E AMFL ST, S5ARR G AR
th, PnCyp450 3 fE=-LEM. JiiE. iRk
EYREEEFEER (P<0.05 , HAFEMWRAMHTRIE

B, N1.851F, /\O\ﬁ/W‘EEI’JIZZE, -
fiX, H0571%, BTHEER. £EAMRIBERT, 5
AAREXTHEAREE, PnCyp450 3 fEEM . ZUR. 1
HIZRIEREE N 0.99. 0.94, 0.98 5, ¥IANLEE
FEEF (P>0.05) .

LITE AMF HE7IACERAT A2 (IR, B b
R ZiR. HERAIFEK PnCyp450 3 %} AMF1. AMEF2
FHEMNRZER. BE 8 WH, TR ERIALE
RMREAL, AMF1 ST, PnCypd50 3 Tk EIE
T AMF2 AHRZE (P<<0.05) , HJGwig 2 mn
TREES. A, £ AMFL. AMF2 %S4t
HJE, PnCypd50 3KiEE 2 TAES, HAMFIA
TNRMGECER, —HEREE (P<005) .
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» gémz;m —, X5 Battini Z£28], Aseel 2529, Li ZEBOHF 5T —
5 151 a* o A MEL ot B, P Ocimum basilicum L. var. basilicum~ T
% ol 2 b by a Solanum lycopersicum L.. JEERE Paris polyphylla
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