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Cloning and sequence analysis of enzyme genes relevant to biosynthesis of
methyl-eugenol in Asarum heterotropoides
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College of Life Science, Northeast Agricultural University, Harbin 150030, China

Abstract: Objective To clone the enzyme genes related with methyl eugenol synthesis and characterize the corresponding sequence
information based on the transcriptome sequencing of Asarum heterotropoides. Methods RT-PCR was performed to obtain the full
length ¢cDNA of the phenylalanine lyase (PAL) gene, cinnamic acid-4-hydroxylase (C4H) gene, 4-hydroxycinnamoyl-CoA ligase
(4CL), and cinnamyl alcohol dehydrogenase (CAD) genes by using young leaves as materials. The acquired enzyme genes were
analyzed by bioinformatics. Results The ORF lengths of AhPAL, AhC4H, Ah4CL, and AhCAD were 2 157, 1 278, 1 623 and 1 071
bp, which respectively encoded 718, 425, 540, and 356 amino acids. Four proteins had respective conserved domains. The amino acid
sequences of AhPAL, Ah4CL, and AhCAD were similar to those of other reported species except for AhC4H. Conclusion Four
enzyme genes related with methyl-eugenol synthesis in 4. heterotropoides were separated and analyzed using bioinformatics method.
These results would lay the important foundation for functional analysis of corresponding genes and for elucidating the regulation
mechanism of methyl-eugenol biosynthesis.
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dehydrogenase, EC: 1.1.1.195). WIMEER 3-O-HFLH
T (COMT, caffeic acid 3-O-methyltransferase, EC:
2.1.1.68). T &My A (BEGS, eugenol synthase, EC:
L.1.1.318) “5EgtEbimiAE ™. Hrh PAL ALK
KRR 0 ROMVEED), RSN, SHE. 2
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1 #R55E%
11w

Bt 7 R T B VLA AR ARE A [d 2 A e
Yol . ER&h IR E TR AR, T80 C

#4745 RNA [3REL.

FEXAEY) RNAout W7 &W T b 44k
REBHH AR AR, TIANScript cDNA 2 —%E & Al iat
FIEIE F AR A IR AR T3 ik B4t
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MHARER AT Bl 5| Y s R AR A F
A e
1.2 7%

1.2.1 & RNA HJ#HUK cDNA J&a R REEIbn
G I F R A R A 7 A Y RNAout 557
VLI BREUS RNA, LU 1.2%E fi e i s vk A
UV-240 583 66 EE v RNA 15T B AN FE
F TIANScript Reverse Transcriptase 18] % f& i
45 ) % 558 ¢cDNA.
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Y (£ 1. PCR RPifk Z %M 4K 4 TopTaq B
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22 PCR AP I IGIE 5 » 1638 M /R T AT A=
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Table 1 Information of primers used in this study

SEES EIK/EZR IR KR/ C SIMFS (5°=3)

AhPAL AhPAL-F 54 CCTCATCCCATTATCATTCT
AhPAL-R GTACAAATAGAGCCCCTAAA

AhC4H AhC4H-F 56 TGAGAGTAGTAGCCACGCCC
AhC4H-R CCTCTAGGAACCTCTCCGGCC

Ah4CL Ah4CL-F 57 TCTCTCTCTCTCTCTTAATTTGGCT
Ah4CL-R AATCCTTTCTTCTTTCTTTGTTCTT

AhCAD AhCAD-F 57 ATGAGCAACTCCGATGGTGG
AhCAD-R TCAATGGAGGTTGCTACCTGC

123 AEWER ¥ A NCBI ORF Find
(https://www.ncbi.nlm.nih.gov/orffinder/) A Conserved
Domains ( https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) Z#T/FHIH] ORF FI{RSF 45445 LA
SWISS-MODEL (http://swissmodel.expasy.org) 317
SER I = 4E AR AR DL Clustalx BEAT 2R 7
5t Fl FH MEGA 6.0 % fF LA 4B £ ik

(neighbor-joining, NI) #%# R Gt

2 FER5HH

2.1 YAELHMHE RNA REWRN
DAZHE I oA RHE IS RNA, FIA 1.2%35

HERE SR AT F VA . 1 ATLAE . 28 S Al

18 S 2 2k Ar il T, Yo Wl Fr i RNA HA 8 1) 78

Bt A AseolArso ]9 1.93, Aae/Arzo N 2.10,
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Fig. 1 Electrophoretic detection of RNA isolated from A.

heterotropoides leaves
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2 000 bp (K 2). WP EAREER TIN5, 2R
T X Ly 1 Fr BN AhPAL. AhC4H. Ah4CL.
AhCAD ZE[H ] cDNA 4, AHR[{] GenBank % 3%
5 4 MH018853 . MHO051558 . MH051559 .
MHO051560, K578 2 157, 1278, 1623, 1 071 bp.
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2.3.1  AHREREERgm AL B AR AT 4 R
DRI i A 1 R 2 AR R N 3R 2 B FHER 2 AT,
PAL. 4CL 1 CAD R 4ufd it 85 B B mig 1, BA
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Fig. 2 Agarose gel electrophoresis of PCR products of
AhPAL, AhC4H, Ah4CL, and AhCAD

R2 WFRETEHEREXER SRR

Table 2 General characteristic of related enzymes

My FIERRBRIE AN TR S A RRE SR BT 2 {E

PAL 718 78770 4.86 37.06 -0.162
C4H 425 49090 9.15 4423 -0.247
4CL 540 58670 5.70 3411 0.042
CAD 356 38250 6.02 35.67 0.000

BT AR, (2 C4H B R bl )& A mikdt, H
ArREEEH. HEKRBTLE H PAL. C4H.
CAD JNoE/KME®E A, 1M 4CL NB/KHEEE.

232 HEAMZHAEMERES T LI SWISS-
MODEL 7EZEFAPFRAT 4 iR A =gt mim (&
3), Hr AhPAL 5 Ah4CL 43H) AR T Petroselinum
crispum Mill. FHEL Nicotiana tabacum L. NS5
WA, [FEVETED BN 81.59% 1 79.21%, AhC4H
5 AhCAD SR 5K P450 2C9 I 11i4% Populus
davidiana Dode [f] CAD ¥J% . 45, AhPAL. Ah4CL.
AhC4H. AhCAD MHAERVERALN 2P (GMQE)
534 0.89. 0.87. 0.63 F10.78, TLAIENLM 4 FhiR
[ =R R AT 5

233 FIERTFAI KRG ot 2 EHT
HILbxt (B 4) 583K PAL. C4H. 4CL. CAD 3
HARHE RS S5, Horb PAL & 2K N 2R N2
QAR EBE IR EMER S C4H BT P450 fRAF45H
W, WESHERMATX; 4CL MR TIERES
O 4-F SRS A (R, FUF AMP 454
IhREs AL T X I, CAD I HAT AR &K e ss
G A, BRI S5 Asarum
sieboldii Miq. ] PAL Fl CAD FRIVEEIRE 99%,
AhPAL 5 AsPAL {Uf 2 MAERZE R (GF 236 1NM&
FR AhPAL NFER T, AsPAL NHEIR A; 5 716
MNEHER AWPAL AR 2R 1, AsPAL AR
M), AhCAD 5 AsCAD XAE 59 MK B A %
F, Hr AhCAD N4ZIR V, AsCAD NHZIR A.
FIH MEGA 6.0 43 5#4J%E T PAL. C4H. 4CL 1 CAD
R (] 5) 255 IR, ARPAL HE4H=E AsPAL
(ASH96760.1) RAE—i#2, K& X HRIT, HHE
(BAG70992.1) AR (AFG26322.1) FIFHBUE &
15 86% (P 5-A); AhC4H 5 H AR AU A =
(Kl 5-B); Ah4CL X5 T-PUK: (AFG26323.1) 4K
RO, FMEN 98% (K] 5-C); AhCAD 5441
AsCAD (AMB21218.1) SE&K R, S5HARY
FGRARBT (K 5-D),
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Fig. 3 Prediction of tertiary structure of four proteins
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Fig. 4 Multiple alignment of amino acid sequences of four proteins
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