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Abstract :In order to explore the expression level of enzyme genes relevant to the biosynthesis of phenylpropanoids in As-
arum ,the enzyme genes relevant to the biosynthesis of phenylpropanoids were screened out according to the gene func-
tional annotation which was based on the database of Asarum transcriptome constructed in the laboratory. The protein se-
quence was deduced and was analyzed by bioinformatics. Meanwhile, expression analysis of the enzyme genes was car-
ried out. Six enzyme genes were screened out from the transcriptome of Asarum,including pal, c4h,comt ,4cl, ccr and
cad. The protein sequence encoded by six enzyme genes had different superfamily. The expression level of six enzyme
genes showed the same changes. For leaf, petiole,root and rhizome ,the expression level of six enzyme genes in flowering
stage was higher than that in early flowering stage,and the expression level of six enzyme genes in the underground part
was higher than that in the aboveground part. The above results showed thatthe expression level of six enzyme genes in
leave , petiole, root and rhizome of Asarum was different,but there was a certain regularity. The success of this study will
lay a foundation for further understanding of the functions and characteristics of the enzymesrelevant to the biosynthesis
of phenylpropanoids ,and provide a theoretical basis for future biosynthesis and metabolic regulation of active ingredients
in Asarum.
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Fig.1 ~ Chemical structures of compounds methyleugenol

(1) ,safrole(2) and elemicin(3)
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Table 1 Primers for qRT-PCR

FARZER TIP3 (5'-3")

Target gene Primer sequence(5'-3")

F:AAGGCTGTTACCGCTGACG
R:CACCAAGGATGCTAGACCG
F:GTTGCTGCCATTGAGACTACAC
R:GGCTTCCTTAACGACTGCTT
F:CACCCTCAACCTCATCATCTC
R:CAGGCAATGCTCGTCACTC
F:TGGAGGACACCGTTAGAGC
R:AGTCCCGCAAGACCCAGAT

F:CGATTGAGGGGACGAAG
R:TGACTGTGCCAGGATTGAC
F:CGAGATTGTCGGTATTGTGC
R:CCTCCTTTTGTGATTGTGCC
T FAEMGIY) R R 519

Note ; F'; Forward primer;R:Reverse primer.
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Table 2 General chemical and physical characteristics of relevant genes
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Enay Amino acid Molecular Theoretical PI Instability Aliphatic Grand average
reyme residues weight (kD) coretiea index index of hydropathicity
PAL 718 78.74 6.24 36.79 91.56 0.158
C4H 504 53.45 7.80 44.63 99.56 0.090

COMT 360 39.50 5.63 39.12 97.00 0.095
4CL 540 58.72 5.70 35.28 98.59 0.032
CCR 321 35.37 5.88 36.49 101.39 0.023
CAD 355 38.70 6.46 33.90 91.35 -0.028
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Table 3 Secondary structure characteristics of related enzymes( % )
fit -1 iE B8 W B ik AR
Enzyme Alpha helix Beta turn Random coil Extended strand Superfamily
PAL 50.97 9.05 27.30 12.67 Lyase_ I _like
C4H 60. 00 8.08 19.62 12.31 P450
COMT 43.33 12.50 28.33 15.83 AdoMet_MTases
4CL 26.30 10.00 39.81 23.89 AFD_class [
CCR 44.24 6.54 30. 84 18.38 NADB_Rossmann
CAD 21.13 13.24 34.65 30.99 MDR
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Fig. 2 Agarose gel electrophoresis of total RNA
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Note: M :marker;1: Leaf in early flowering stage;2: Leaf in flowering
stage ;3 ; Petiole in early flowering stage ;4 : Petiole in flowering stage;
5:Root in early flowering stage ;6 : Root in flowering stage ;7 : Rhizome

in early flowering stage ;8 : Rhizome in flowering stage
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Fig.3  Agarose gel electrophoresis of PCR amplification of
relevant genes
T :M:marker;1:pal FEK ;2 :c4h FEH ;3 :comt KA ;4 .4l FEH ;5.
cer FEK 36 :cad IR
Note: M :marker;1:pal gene;2 :c4h gene;3 :comigene;4 :4cl gene;5:

cergene ;6 ;cad gene
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binding protein, ERF) 3£ [K Jf-fiy 4 5y MaERF 1y 5E
T Tk B M S 5E AT (v-myb avian myeloblas-
tosis viral oncogene homolog, MYB ) %t [K Jf 15 4 N
MaMYB 3 SE5E U5 75 A2 10 2R Bl B L A G
2R YA 35 B mRNA 22 5 % IR 3 R 73 B i 3
M, it F e IR BRI AR T 6 B 22 R AR A
(1) cDNA Bt , Ay v b Jo il G 2E Bl AR IE T AT e
AWFIEIE TR sk AP HOR , 5 EIR Tk
FAM, B R & 55 B A A e T S
ML BRI BT AR 2 Fh I B ST . R
11T, e s 2 AF 58 X Geids 32 B4R T mRNA K
miRNA | A 5% & B W) AE 5% Sk /K -8 A he-siRNA |
phasiRNA NAT-siRNA FI cirecRNA 2 HAth ZFh =4 .
PRI , SR BR8] FH e S X ik SE 1 it /)N RNA i
F1434 KA B Tk — 20 4 A I ] 3 T B PR
a2, X4 Je e 24538 % it J5T 1) 5 1R AN AR A AR
14 St ELA E R S B

ARWIFFERT A RN R A W A WG AR G il
FERRIREBL R o34, A B T T A R R 2Rk
GYE AL S & AR AN TE R, AT SE
Ti) AR A 1 Lo AR B . FE IR R IR A B 4
FI IR, pal .c4h  comt 4l cer F cad X 6 ~FEFFE: A
TEAHFE I AR R AR R Rk 22 H ] e (HEA —
FERRLAE . ISR RS IR T, 6 ATl ik A 72 48
WAk LU BT 0 , A DE AR IESR ) AH-E 0

VE RS TEAR I B A ) s R [R 2H U3 3 K 7,6
A I PR 7 Ml 40 1 2R 3k e T 4, A G
AR ARE U, 202 06 M o0 7 R 3 o 1 B it
FoHl E3BAr A o DR, DR ek A A e
ST B T BEAEAE LR I AE DG, 33X R 4 I A
FAPET I . DORINZE BB WA & sk
BN EH TR B SRR A BRI SRR
fiff A & Z Wb #R AT A2 S 52 %, COMT (4CL, CCR 11
CAD Ris8 b1 22 45 32 % b, i PAL 1 CAH il 42 1
EANRIBULEYAED A RN IE8K" . HI, pal
T cdh J R 2 38 77X 4137 1 A R T 2%
G W B R P BE HE comu \4el cor Rl cad F:[H
W, WK S, pal Fl cdh FPI AR FIRRE 2L ) 2
IR i B A R AR R ) v X R B ) bRy
Y (1) 25 A AR AR ZE 4408 T — 2 Ak i . xF
TZIRWMPF R AE, FATH e & = pal Fl c4h
XA EER A, R A T S IR S R T
TR S A 2 S A 0 M AR o RN 22 TR O
F M b 3 —2DAR comt el cer FI cad 3X Y
A FEPROT TG L0 AR B A A A 5

A ST B FE I AR A T 40 2R N ZE 254k
BV BAL T 5 0 1A L SR AL TR, Stk
— PRI T H il ER R A 2 AR AR N M
A AR DB D RE AVERPEST T T 38 ah, B
FEURE () B A S B R S



740

KIRF=YIBE R 5T K

Vol. 29

&% 3k

10

11

12

Akkiraju PC, Mamillapalli S. A study on nephroprotective
and antiurolithiasis activities of ethanolicextract of Asarumeu-
ropaeumleaves against gentamicin induced nephrotoxicity in
Wistarrats. Int J Adv Res,2015,3:1241-1247.

Huang J, Wang HQ, Zhang C,ei al. A new tetrahydrofuran-
type lignan with anti-inflammatory activity from Asarumhet-
erotropoideskFr. Schmidt var. mandshuricum. J Asian Nat
Prod Res,2014,16:387-392.

Xiong YL(BEE 2% ) Jing Y () ,Shang MY 4 H13) e
al. Anti-inflammatory and anti-nociceptive effects in mice of
water and ethanol extracts of roots and rhizomas of Asarumhe-
terotropoidesvar. mandshuricum. China JChin Mater Med
(P EpZZes) ,2009,34.2252-2257.

Yang H(#5¥%5) , Wang L( E&) , Wei JL(BLEF]) et al.
An experimental study of feasibility on substituting as arum
extraction analgesia form orphineanalgesia. Chin J Clin Res
(TP EE RIFST) ,2010,23 :568-570.

Wu N, Yan X, Zhang S,et al. Chinese medicinal composi-
tions for treating headache, formulations and processes for
preparation thereof : EP, EP20060775453, 2008.

Yuan XQ(FBESF) , Sun LF (FhiZE Y ) , Zheng J (KB ).
Analgesic components of asarum and its mechanisms.
Shanghai J Tradit Chin Med ( -7 /1 I 2 2 35) ,2009 ,43
(5):72-75.

Zhang Y (5K¥E%) ,Song ZY (K&K ) , Wang LL( EMREN) .
Pharmacological effects and clinical application of Asarum.
Chin Pharm (FEZ4)) ,2007,16(14) :62-63.

Shi HX (A4 & 55 ) ,Jia B(EE %), Han L(5Hi#K), et al.
Effect of Asarum medicated serum on sodium channel of rat
myocardial cells. Fujian J Tradit Chin Med (R EEZY) ,
2009,40(4) .42-45.

Yuan P, Yang JH,Zhang YY,et al. Experimental research
on the protection of the mixture nasal drop of borneol and as-
arum in rats with cerebral ischemia-reperfusion injury. World
J IntTradit Wes Med ,2009 ;859-861.

Chinese Pharmacopoeia Commission ( [E| ZZ 24 #1. 2% 51 2% ).
Pharmacopoeia of the People’s Republic of China( g A R
FLAE 25 #) . Beijing; China Medical Science Press,2015.
230.

Dong CR(HEMZ) ,Shi CROHEMEE) , Yu YO FHLH).
Study on volatile oil of Asarumheterotropoides in different
growing periods. Heilongjiang Med Pharm ( 22071 [ 25 B}
2),2001,1:60.

Cai SQ( %/ ), Chen SZ( Bt #) , Xie LH(IHRZE) et

al. The influence of plant age and collecting period on the

13

14

15

16

17

18

19

20

21

22

23

24

volatile oil of Asarumheterotropoides var. mandshuricum roots.
Beijing J Med Univ( b5t BERF2F244]) ,1997,29 :336.
Yang CP(# %1 ) , Zhang JI(5K AR ) , Pan JG(FME) ,
et al. Analysis of volatile oil from asarum by gas chromatog-
raphy-mass spectrometry (4th Report). China J Chin Mater
Med( H[EHp2h5%5) ,1986,11(7) :39-43.

Zhang F (W) , Fu SP(FFEEFE)  Xu Q () . et al.
Study on GC fingerprint of the constituents in HerbaAsari. Chi-
na J Chin Mater Med (EHZ52%:8) ,2004,29 .411-413.
Wang D( E4%5) , Wang XJ( EEZ) |, Xia XH(EHBERE) . A-
nalysis of season variation of mehyleugenol and safrole in
Asarumheterotropoides by gas chromatography. Chin J Chro-
matogr( A1) ,1997,15 :85-86.

Wu YR(SH%%) ,Jia LY (B & =), Gao FK(EfRHN) | et
al. Quantitative determination of essential oil in Asarumhet-
erotropoides Fr. Schmidt var. mandshuricum ( Maxin ) Kitag.
produced in different seasons and places. Shenyang J Pharm
Univ (I BHZ5 R 27244 ) ,2006,23 .285-288.

Chen B([f%) ,Hu SY(#H 5% ) ,Li KW (ZERAM) et al.
The volatile components of three Radix etRhizomaAsari. J
Chin Med Mat( H1245%1) ,2010,33:1886-1893.

Nanjing University of Traditional Chinese Medicine ( F§ &t #
EEZGK2%). Dictionary ; Traditional Chinese Medicine ( H12%
K B ). Second Edition. Shanghai; Shanghai Science and
Technology Press,2006.2086.

Martin GB, Brommonschenkel SH, Chunwongse J et al. Map-
based cloning of a protein kinase Gene conferring Disease
Resistance in Tomato. Science,1993,262.1432-1436.

Li WF(Z3CR) , Liu YC(XKE) , Wu LR(RZA) . Re-
cent advances in cloning and functional analysis of plant dis-
ease resistance genes. Chin Bull Life Sci( A=#y#l2#) ,2001,
13.151-153.

Li ZG,Zhao LX,Cui CS, et al. Molecular cloning and charac-
terization of an anti-bolting related gene(BrpFLC) from Brassi-
ca rapa ssp. Pekinensis. Plant Sct,2005,168 :407-413.

Chen JS(BEZES) ,Chen GF(FES ) ,Li QF(Z=EHTFT) , e
al. Construction of Genetic Map Using Genotyping Chips and
QTL Analysis of Grain Weight. Chin J Agri Sin( /v [E 4\l
Bl2) ,2014,47 .4769-4779.

Zhang JF. Isolation and analysis of genes associated with
mutant about pilosefruit in Banan ( Musa spp. ). Haikou:
Hainan University ,2013.

Li HY (2198 ) , Ma CQ( B4 IR ), Yu B(FUK) et al.
Extraction cDNA fragments specially expressed in lines M,
in sugar beet by mRNA differential display. Bull Bot Res(ft
YIiat) ,2007,27 .465-468.

(T#% 782 1)





