PaFVEYI 4R 2025, 46(5): 1076-1083
Chinese Journal of Tropical Crops

d

HAKE AsCYP131 EFEH T fER RIE ST

OV, XA, EOR, HX RN KO, aEMT, frE”

1. MR REF I ARMEE e/ B i MR AL T e SRR B B B SIS, VRV 570228; 2. HEBGH LRl
BE BT A W5 AR 5 /i85 T 48 2R 24 IR KSR P= it 9 5 0 FH T 0 S0 28/ A 48 DA AR ARG U/ LA [ PR A R 5
hut, VRS 571101

W OE: ARFRILTEA LA =G WHT £, AR, RIS S EN ., A6 E P4so /i
( cytochrome P450, CYP ) J&#i i RAEY G Mg R i CEE . AIARE TS 58 R 5 MH P450 FEH # AR5 B AT
3, AR IET ARG FHEIE, wBET 14 P450 3EH (AsCYPI31 ). ZFE B H LB SAE (ORF ) K4 1491 bp,
il 496 NEHRR, HHTHEK 55.39 kDa, HIRSFHA (pl) h 7.65, FAKMFHREN-0.053, AREREH
47.16, BT AREEN, B 40 MEBEEBHRIOALLE, “HEEWLL o BEEMICHINE M R, ZHFFH TR g
R AT R IR, AsCYPI31 BRI miS M E N S0 ES S8 Z AW A WK CsCYP, CmCYP #l CICYP 25—,
C Uit 1 T BB 25 44 38 17 2 R 30 ) 80 38 1) — B0tk o 3 S 296 8 B PCR ( RT-qPCR) Kuilll AsCYPI31 1€ AR F AN [ 414
BRI, REW, AsCYPI3ITEMR ., 2=, M 8, B, MR EREAEES, fERSH AN R E R
o AR E— SR AsCYPI31 SEHFE# P R AW A b D BRI S k4 .

KR FIART; PASO filf; AsCYPI31; EWE R, Rkt

FESES: S567.19 XEkFRERRD: A

Cloning and Expression Analysis of the Gene AsCYP131 in Aquilaria
sinenss
HUANG Xing'?, MEI Wenli’, WANG Hao”, HUANG Shengzhuo®, CHEN Xin?, LIU Shoubai'*, DAI Haofu®"

1. School of Tropical Agriculture and Forestry, Hainan University / Key Laboratory of Genetics and Germplasm Innovation of
Tropical Special Forest Trees and Ornamental Plants, Ministry of Education, Haikou, Hainan 570228, China; 2. Institute of Trop-
ical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Natural Products Re-
search and Development of Li Folk Medicine of Hainan Province / Hainan Engineering Research Center of Agarwood / International
Joint Research Center of Agarwood, Haikou, Hainan 571101, China

Abstract: The fruit of Aquilaria sinensis contains a class of tetracyclic triterpenoids known as cucurbitacins, which ex-
hibit anti-inflammatory, hepatoprotective, and antitumor activities. Cytochrome P450s (CYP) are key enzymes in the
biosynthesis pathway of cucurbitacins. The P450 genes for cucurbitacin synthesis in 4. sinensis have not been exten-
sively studied. In this study, a P450 gene (AsCYP131) was cloned based on 4. sinensis transcriptome data. The complete
open reading frame (ORF) of AsCYPI131 gene was 1491 bp, encoding a protein of 496 amino acids with a molecular
weight of 55.39 kDa. The theoretical isoelectric point (pl) of the protein was 7.65, with an average hydrophilicity coef-
ficient of —0.053, and an instability index of 47.16, classifying it as an unstable protein. The protein contained 40 poten-
tial phosphorylation sites, and its secondary structure was predominantly composed of a-helix and random coil. The
results of multiple sequence alignment and phylogenetic tree analysis showed that the protein encoded by the AsCYP131
gene clustered into a single unit with CsCYP, CmCYP, and CICYP, which have been reported to be involved in the bio-
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synthesis of cucurbitacins. The sequence of the functional structural domains at the C-terminal showed high consistency.
At the same time, the expression levels of AsCYPI31 in different tissues of A. sinensis detected by real-time fluores-
cence quantitative PCR (RT-qPCR). The results indicated differential expression levels of AsCYP131 across various
tissues, including roots, stems, leaves, flowers, fruits, and seeds, with the highest relative expression observed in fruits.

This study would
gene in cucurbitacin biosynthesis.

serve as a valuable reference for the subsequent validation of the functional role of the AsCYPI131
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H K #& [Aquilaria sinensis (Lour.) Spreng.]X
AEVIE . ZIILE, AEEF ( Thymelaeaceae )
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1.1.2  E£%3X#A Plant Total RNA Isolation Kit,
General Plasmid Mini Kit 4§ B B #0348 bR A= 15 R
AMRAT; FastKing —PEBREEK 2 ¢cDNA 25—
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A WA & . 2xTaq PCR MasterMix [ . DNA
afifb R & . 2N H 5 R R . SuperReal
P PR H R AERH (dbat) A
FRZy 7] 5 PrimeSTAR Max Premix 155 f4: B[ H 52
HEAYH A (Jbat ) AR v ; DNA Marker VI
PR R () B A BR AR LB 8
SR T L B
1.2 FHik
1.2.1 % RNA #3%5 cDNA & 5l AR
FM ., 25 b B R RPN 100 mg
A ECC R A S A, ffi ] Plant Total RNA
Isolation Kit (FOREGENE ) RNA # B 7 &4
HCRNA, it 1% 38 Bt B A R e i Dk A I 5 4%
P AR A% R s A Y. Nanodrop One ™
( Thermo Scientific, Wilmington, DE, USA ) il
We ¥ o i H FastKing —25 7 B FE R 2H ¢cDNA 5/ —
$iE-E MR & U S48 cDNAL, 20 CLR-AF# ] o
122 RAR B ETHAREERATFRIHEDN
AsCYPI131 B ¥4, i/ Integated DNA Tech-
nologies IDT (idtdna.com ) TEZREKIFXTT R4 5+
PESIY) (3% 1), DR SsYESIH A4sCYPI3I-F/R
1T PCR ¥ #4158 H W5 B . 973 ) w4k &
(20 pL ): 2 x Taq PCR Master Mix 10 uL, [,
TUEG1945 1 uL, ¢cDNA £if 1 pL, ddH,O #h 2
20 pLo W FEF N : 95 CHIAEE 5 min; 95 C
A5 40s, 60 ‘CiEk 40s, 72 CHEf#H 2 min, 3
35 MG JE 72 CIEMR S mine H 1%BE0EHH
HER KRG 3G =, MR A H A R
HUIS R — B, #4:F pMD19-T 844, ¥
¥ A\ DH5a B2 S00EH, IR BES &Rt
LB [EAEFR B b g% 3%, e PR sa e, o
17 Sanger — AR F LAt & HAZ Wy 41, T 1E
WL, 12 100 BYLLBIY KEESE, K59 16 h
JE AT BURLER I, BURLIRAFET-20 C,
123 A1z 8 F 454  1E NCBI Reference
proteins I Ensembl Genome Browser %{# % H
BLAST %5 AsCYPI131 [AJ8#Y P450 ZILM TP
H; i MEGA11 @it 4B AH#E % ( neighbor-
joining, NT ) #4J & #EfbH . ffi § DNAMAN 8.0 4k
it A7 2 EE R 7 5 A {4 Expasy ProtParam
( http://web.expasy.org/protparam ) 7£ £k & 4 Fii il
AsCYP131 HYAHXS /> T4 S5 Hf 0 A L PR A
GFHARPERT; i NetPhos-3.1 ( https:/services.
healthtech.dtu. dk/services/NetPhos-3.1/ ) £ £k {F

PEAT E BB RR AL S s 0 R WOLF
SOPMA ( https:// npsa-prabi.ibcp.fr/cgi-bin/npsa_
automat.pl?page=/NPSA/npsa_sopma.html )
AlphaFold Protein Structure Database ( https:/
alphafold.ebi.ac.uk/ ) 7ELLH 1T 8 1 N4
RPN S g Al i e

1.2.4  AsCYPI3] R BB R AL 54 R
RT-qPCR AR AsCYP 131 FERAE FAAR T IR |
LM B RIS TR R IROK . R
AsCYPI31 3L FFH, LN AT GADPH JJNZ K
, ffi FHH Integrated DNA Technologies ¥ {F 1511 2¢
JCERFERESIY (R 1), A MX3005P 52}
YOLE 1 PCRAX, REUSYBR green it &5 9Lk
Kl AsCYPI31 SN FREE . RIAZR N : cDNA
Bt 1 uL, . FHE5I¥4 0.6 pL, 2xReal
Universal PreMix 10 uL, ddH,O 0.84 uL. [ f#
¥R : 95 CHIZAEME S min; 95 CAEMESs, 57 C
SN 15 s, TEH 40 . BN 3 IREE, RH]
2RI AsCYPI31 LN AR 1k &

x1 XHRFASY

Tab. 1 Primers used in this study
ElR7 R S19FE) (5-3")
Primer name Primer sequence (5'-3")
AsCYP131-F ATGATTCTATACACAACTCTGCTCTTCC
AsCYPI31-R TCAACCTTCTTGGACCATGGC

AsCYP131-qF
AsCYPI131-qR

CTCTTTCTGGAGCTGACGTTTA
AGCGAACAGATCTCCGATTATG

AsGADPH-F CTGGTATGGCATTCCGTGTA
AsGADPH-R AACCACATCCTCTTCGGTGTA
2 HRE5HW

2.1 AsCYP131 EFE =&

R AR 3% SRl 84, AsCYPI31 B
ORF KJEH 1491 bp, #fi 496 MREIEM . & T
ZHENN ORF WitFERMSY AsCYPI31-F/R
(£ 1), LEARFWITH cDNA M, Xzt
PHEAT PCR 41 o 38 28 B0 I G5k F5C b A D0 745 3]
KL 1491 bp R/ANRISH (B 1), & It
HEATINY , DY 25 R 55 AR P 5] —3
22 AsCYP13l F3IRIRLEX R R G & B i#t ik
S

¥ AsCYPI31 4wt 2 2y 5 5 ¥R
( Cucumis sativus ). N ( Cu. melo ). V§JK



55 1] W OOMEE. FURTE AsCYPI31 D va e B 323500 1079
bp M AsCYPIS] heme-binding ( PEGXGRRXCPG ) LA Jz H fib fi 7
iggg 454418, K-helix( EXLR ).I-helix( A/ GGXD/ETS/T)
o0 1 PXRX ( FXPERF ), £§G P450 XI5 8K 1 45105
fiE . B AsCYP131 5 HfiAs v [W] 6 M 55 s 1Y
1000 P450 HEMITINHITRE KB WM E, LN
AsCYP131 5B A A ZILALTIRE iy # 2 BHE )
500 # I CsCYP . #JK CmCYP FIP§ K CICYP 5 H—
300 2 (K 3).

M: DL2500 DNA marker.
B 1 AsCYP131 E[F ORF i PCR ¥ 54 R
Fig. 1 PCR amplification result of AsCYPI31 gene ORF

( Citrullus lanatus ). Pi#H ™ ( Cucurbita pepo ).
FR ( Cu. moschata ). 5K ( Cu. maxima ), H
Wk ( Corchorus olitorius ). ¥ 0] ( Theobroma
cacao ). Bt ( Gossypium hirsutum ) 55 9 FpAg
Yri) P450 [R] IR FE R 5 HEAT LU 0T o 45 2R
(N 2), X 10 NMEEM C dizd FERR AR RS,
B fE . P450 F2 Ak B R AR M DR ST 45 M

2.3 AsSCYP131 E BV MR KB AL

i 1 Expanse Prepare #Kk {f fii i 3 B
AsCYP131 2 FH 171 20N Ci724H2611N4730539S 14,
RAEMRE ] 496 1>, HXISrF R 55.39 kDa;
7 20 Fha SR, Hrpse R (Leu, 14.3%) &
e, b o522 Ml sEIE (Asp+Glu) 1 53
M IEH AR FEE (Arg+Lys ); MBS pl R
7.65, RRGERBCN 4716, BTAREEA, I§
IR R EHN 99.72, FEIKPERECH-0.053, Tl K
FAKMEER (K 4A). FIH] Net Phos-3.1 A1
oA e JE R e 51 e B, AL 40 S TE RO B

Y701 ¢ 3 3 H M LYTTLLFEFLLAALNLVLQNKKSP. . . . . ESELATGL P 79
CSCYP eeeeeeeeneeenieenas VEVEAI TYLPFLI TFLALVSI FFI QKTK. . . . . PPRPIALP ] 1 8l
CMECYP veveeenennennennennennanns VETNAYFPFLI TLLALI SI FFI RKSKTKTKRNSLIylyS GLPII I T 84
TICYP  veeeeeenneet i METTTYFPFLVTFLALLSI FLFQKTKNRTK. PPRYPIILP T 83
& o ¢ VETSS YVAALI TFLAVGST FLLQRRKNR. . "y Tly VAL T A 8
CmoCYP VETSS YVAALI TFLAVGST FLLQKRKNR. . "y Tly VAL T A 8
CmaCYP VETSS YFAALVTLLALGSI FLLQKRKNR. . Sy VA 1 A 82
CoCYP Wy SIyFATI P 82
TeCYP Ly SIyFA P 110
GhCYP s S [y LA 1 P 3l
AsCYP131 189

sCYP Al 191
CmeCYP Al 194
CICYP AG 193
CpCYP AGIL 192
CmoCYP AG Kk 192
CmaCYP AG) I )9 192
CoCYP LDi [t WNRqL 192
TcCYP ssii %NSI il 220
GhCYP LD ZRDBVSRIIL 191
AsCYP131 {% GYLKKI KNLS. . VRTDEFLQNLI EEHRQKGGNP IVIM 293
CsCYP . YTKRVES LGKDTDVFLQNL VDEHRRNEEEGEK! S| IVIIL 297
CmeCYP 'WQ. YTKRVES LGKDTDVFLQNLVDEHRS NEEEGEK! S IVIIL 300
CICYP 'WQ. YTKRVES LGRDTDS FLQNL VDEHRRNEEEGKKG S IVIIL 299
CpCYP Q. YPKRVKS LGRAI DS LLQNL VDEHRRYQNEGKKL S IVIIL 298
CmoCYP Q. YPKRVKS LGRAI DS LLQNL VDEHRRYQNEGKKL S IVIIL 298
CmaCYP Q. YPKRVKS LGRALDS LLQNLVDEHRRYQNEGKKL S IVIIL 298
CoCYP GYI KRI KELGYRTDELVQGVI DEHRRKKGDP TL: IQVIL 300
TcCYP GYI KKVKLVAKNADAF TQGLI DEHRRNKGNLELKI S CELVLVVL 329
GhCYP 'YDGYI KRI KDLGS KTDELVQGVI HEHRS NKGDLNI K [ELIQVIL 301
AsCYP131 A1 DS QI [EAERLL P pIL 403
CsCYP LDKQI [¢QDRI L S APIL] 407
CmeCYP LDTQI €QDRI L S APIL] 410
CICYP LDTKI eEDRI L S pIL 409
CpCYP RAIDVDAQI [€QDRLL P pIL 408
CmoCYP RAZLDAQI €QDRLL P pIL 408
CmaCYP ABLDAOI [EGDRLL P pIL 408
CoCYP BLI KNI [EQERLYV S pIL 410
TeCYP ABLDAQI [EQERVY S pIL 439
GhCYP LDKLVIEQEKLV Al piL 411
AsCYP131 LANRT' SRTRS LLVI DRANVQE 495
CsCYP VANR SRARPI I KKLALDD. 507
CmeCYP VANR SRARPI I KKLALDI . 508
CICYP VANR SRARPI I NKLALD. . 502
CpCYP VANR SRARPI I KNLAFH. . 500
CmoCYP VANR SRARPI I KNLPFH. . 500
CmaCYP VANR SRARPI VKNLAFH. . 500
CoCYP LAQH ) SKAGAI ANKVLAKVV 508
TcCYP p LAHRAV(EVA “ SKTRHI I NKQLVEVN 532
GhCYP . NSDQI Y. . . KLMj VLVQH ™ $KAS QF GKKLLCF. . 504

PFGXGRRXCPG

2 AsCYP131 EEK S E B [EEF 5 b xt

Fig. 2 Amino acid homologous sequence alignment of 4sCYPI31] gene
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HARF Aquilaria sinensis AsSCYP131
93 97 # R Cucumis sativus CsaCYP (XP_004140662.1)
78 { K Cucumis melo CmCYP (XM_008461717.3)
100 V8)K Citrullus lanatus CICYP (Cla97C06G110870)
K% Manihot esculenta MeCYP (XP_021603753.2)
KIRERK Corchorus olitorius CoOCYP(OMP01902.1)
100 BN Gossypium australe GauCYP (KAA3461388.1)
83
—|: Fi3AE Gossypium hirsutum GhCYP (XP_016734800.2)
05 FHICHE Gossypium raimondii GrCYP (XM_012581624.2)
99 100 W Gossypium arboreum GarCYP (XP_017634773.1)
W[ W] Theobroma cacao TcCYP (EOX91576.1)
—86: X Camellia sinensis CsiCYP (XP_028051906.1)
[FlM-%4i% Vitis rotundifolia ViCYP (KAJ9670597.1)
o8 _: A Ziziphus jujuba ZiCYP (XP_048335699.1)
7 W3 Durio zibethinus DzCYP (XM_022871415.1)
B 3 AsCYP131 5H ({47 PAS0 RERFIIRFLEH
Fig. 3 Phylogenetic tree of AsSCYP131 and P450 amino acid sequences of other species
A 4 - B
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A: AsCYP131 EEHZE/GUKETM ;s B: AsCYP131 £ HBERR L 3 U .
A: AsCYP131 hydrophilic/hydrophobic prediction; B: AsCYP131 phosphoric acid site prediction.
B 4 AsCYP131 & H RYIE L 14 5 R BEER (i s Tl

Fig. 4 Physicochemical properties and phosphate site prediction of AsCYP131 protein
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2.4 AsCYP131 EBZ#Hml

i3 NCBI 1) CD-Search T. B} AsCYP131
BEAMRFERER, SR B R ZEARA P450
B AEE B9 heme-binding PR5FE5 38, ( K] 5A),
FFRETIMIN CYP81 WH K b1, HHE K CYPTL
FEEY, it SOPMA B4l AsCYP131 1y —
REM LI, 1ZE A 39.52%1 a-120iE . 13.31%
(1) E A4 T 47.18% ) TR A5 th 4 A ( &1 5B ).
i AlphaFold Protein Structure Database {43/
TTER A = HEEIBIRIA EE, AT AsCYPI131 &AW
MR (& 5C), Mg RS HE A R
M —E, BAKRZEZH o-M2HERTCHLINE: #h
25 AsCYP131 ERERIESH

RT-qPCR K45 S 7w , AsCYP131 B A

KA L ) e 15 2 PR 5 A U S
AsCYP131 FEPITER S B9 AH X 3Rk i die iy, 2 AR
RIB TN 2.48 £5, srAlEnt . FERIFh Rk i
) 1.78, 1.88 1 1.99 f%; FEZEh iy FRik i i %
FIHAALY, i AL b 2R AR ([
6 )o WL R IIBIA G ARFR LD EAHE,
AR, 250 M AR T RS B R AR e = U
gER 2, N AsCYPI3] FERALEF S RV S
LS R R R AR

3 Wit

P450 1A HE AR5 PN 246 Hh 1) SR, 7EAE )
) A FIA A AR A rh R 4 3 R AR, 4K
1M, T PAS0 FEPI A PES | Py b ] i) [R] I
BB LA B A oA Joi A J5E - 4 2 57, 32 P450 1Y B
BERTIRERTE MO U A RIS 5 a2 20
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1 50 100 150 200 250 300 350 400 450 496
A Qs heme binding site % emical subsirate binding pocket 1 L e vy e
gﬁ;gtfi:;iiltises W
) = Cmrone O m s ma ) mrom i
50 100 150 200 250 300 350 400 450
A Helix Sheet Coil
i
J’IH“ ‘1]!‘. ‘II‘ .} H’ w ‘ ’ , ([ P“ | Mc‘*"i
LA W | Q“F MM’N ‘. ‘r.\‘ *W‘, N . ‘ M, | ;1»‘1,"MJ
50 100 150 200 250 300 350 400 450

A: AsCYP131 S B: AsCYPI31 HE A —4&hH, iEOMRE o B8, LLOMREMEE, 2EaRRTHME M ;
C: AsCYP131 FEH =450
A: Domain of AsCYP131 protein; B: Protein secondary structure of AsCYP131, Blue represents alpha helix, Red represents
extended strand, Purple represents random coil; C: Protein tertiary structure of AsCYP131.

B 5 AsCYP131EAZHMBN
Fig. 5 AsCYP131 protein structure prediction
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FiXtFEik & Relative expression

# R =E

o RS R
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ns RARZESFALFE (P>0.05), *FmEFREF (P<0.05),
Frrk RN 22 R (P<0.0001 ).
ns indicates no significant (P>0.05), * indicates significant
difference (P<0.05), **** indicates extremely significant
difference (P<0.0001).

B 6 BAEREHELAS AsCYPIIL RIZEZR
Fig. 6 Differences of 4sCYP131 expression in
different tissues of 4. sinensis

25 FAEY B RS R AR = 2 o &
P 2 LB AR B A i I R AR =), PASO TE3X 8t
AP s s B v B T OCHEEMERT . P450
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AILASE, JLHIERRIL M5 A Sk Ho A 3 A 1 i —
Bt T &0, zHOU 20 R . R
PGNP BAZ IR 5# AR C. #/ER B F#j
P& E A NI P450 R, HbE K CsCYp
S5 TR C Alagd Cc-25 fizitit,

FHK CmCYP FIVEJK CICYP WS 5#% & B. E
G EGERRET C-2 MR L, AR AARE TS

B R A P450 FEH , AR 0 6 I i sh
TERET AsCYPI31 FEPH, M TRF SN
1491 bp, Zih T 496 N IEMR . Wit Z LR IT 51
FeXt4 3 R, AsCYP131 HAT P450 FfEHE{RAT
45k heme-binding ( PEGXGRRXCPG ), fuf% H:
MR ST 3 = ) D RE 25 # 3k K-helix ( EXLR ).
I-helix ( A/GGXD/ETS/T ) l PXRX ( FXPERF ),
FIZEE A 0] RE HA BRI K 45 A e Ak
Wk, LRI LI, AsCYPI31 M
ERFINE5C NS5 EG MM CsCYP,
CmCYP il CICYP REFR—43%, HAEEEN
FIJETE, HEM AsCYP131 Al fEEA 31k
itk

S 5 WG B 5 PR 7R AS TR 4 2 ) ik 7K
VR A A U A A P B 1 . TAN 23100y
TGRS [RI 4L 20 S s 5 i 25 F L, R
AT 6 1) AaF3H-1. AaF3'5'H-1 FIHAD 9 Fh it
DR I e 0 o ) e A K i TR s, HRGR
B SIS E 5 REEZ A X 3 fh 32
B S E AR — 2, U 11 AN SRR S 58
AL A e & . PET 25RO B 5T 2 I
HABEME ] SBUGAT4 7ERR#R IRk K 5 i
KR AR 0 S R AE ARG . IRy
T HAE BRI AL S kb IR 2 A i 3L H( PS )
FRBKFEIEIRRE SRR, &5REH PS
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