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Abstract: Objective To study the effect of methyl jasmonate (MeJA) on total flavonoids content in Panax notoginseng leaves and
explore the transcriptional regulation mode of MeJA on key enzyme genes in flavonoid biosynthesis and jasmonate (JA) signaling
pathway. Methods Different concentrations (0, 200, 400, 800 pmol/L) of MeJA were used to spray one-year-old P. notoginseng
leaves for 7 d to determine biomass and total flavonoids content in leaves; Based on the transcriptome data of one-year-old P.
notoginseng leaves treated with MeJA, the key enzyme genes in flavonoid biosynthesis and JA signaling pathway were mined, the
expression patterns of which were analyzed after treatment with 200 pmol/L MeJA for 7 and 14 d; The one-year-old P. notoginseng
leaves were sprayed with 200 pmol/L MeJA, and the relative expression levels of key enzyme genes in flavonoid biosynthesis and JA
signaling pathway were detected by real-time quantitative PCR (qPCR) at 0, 2, 4, 6, 10 and 14 h after treatment. Results Different
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concentrations of MeJA significantly increased the content of total flavonoids in one-year-old P. notoginseng leaves, but the effect on
biomass was not significant. Exogenous MeJA induced the expression of key enzyme genes in flavonoid biosynthesis and JA signal
pathway in P. notoginseng. Among them, the flavonoid biosynthetic genes PAL, C4H, 4CL, F3H, FLS and IFS were up-regulated, while
CHS and CHI were down-regulated; LOX, ACS, AOC, OPR, ACX, MEP, KAT, JAR1, JAZ and MYC involved in the JA signaling
pathway were all up-regulated. These results found that JAZ repressor mediated the effect of JA signal on the expression pattern of
flavonoid biosynthetic genes when P. notoginseng was induced by exogenous MeJA. Conclusion The positive regulation of exogenous
MeJA on total flavonoid content in one-year-old P. notoginseng leaves was mainly achieved by enhancing the expression of JAZ and
MYC involved in JA signaling pathway and flavonoid biosynthetic genes PAL, C4H, 4CL and IFS.

Key words: Panax notoginseng (Bur K.) F. H. Chen; methyl jasmonate; flavonoids; gene expression; jasmonate signaling pathway

=k Panax notoginseng (Bur K.) F. H. Chen A
TNF NS @2 E AR A Y, R, 2w
BIaf N2, AERENE AN AN 2 2
H 400 24N, AR A FRERY, =-Lrairo
WL . MES5RERGERFREN., 2508 M
=B ER 200 Z2AMEEY), EEARE =R
. KEE. =bR. ZREAMETTELN. B
T=Lrwt s E A T =a 2, HARE S
WA S, BRI, — Ll B A BRI ht
FACHPLETE 1, B DLEEY Kk eE . A2k
FHIN R AEgR G A T (H2, HET =tk
B JE AR B T R SN, B &R =1
AR ARSI E T, BRI =
LB (AR S A DA AR ST AW B A L
il A3 I N,

5T 2 B TS S 2 Y IR AEAR
PR EYIG EG,  WSRFIERZE (jasmonates, JAS)
KR (salicylic acid, SA) . Zf& (ethylene, ET)
&0, Hrr JAs GHERAIRE (jasmonate, JA) SHIA
RATARTAEY), R, MR AT
AR = A& S A B E O, SRATIR T
(methyl jasmonate, MeJA) {ER JA AERTAEDIZ —,
AL R 2 - P 2R R AR B e, sy
Scutellaria bornmuelleri Georgi 4. {£ Carthamus
tinctorius L. F1EEA/EJ1T4k Thevetia peruviana (Pers.) K.
Schum. 210120, FRFEEH, ANE MeJA Ab3En] LR
BRSNS A JA B RNRE, H
NS S B BREIERR R AR A
[FIAREER) MeJA Wit —AE =t . ST MedA Xf
=-CHAEYEAN SIS R T AR
HATHAE SR EAR, WFFE MeJA AFIALERE A 52
TEHAE G N JA A5 5 IEBR SRR PRI, RE
MeJA SRR Y& RN, 4 e =Lt
BRI R FHSR AR AR -

1 #MRIE{EE
1.1 #st

YGRS AL KAE B SRR S BB ) —4F
=, ARSEERIEREH T EZ) 100 d FIfE R AR E
TR, RS FaEa i MEd R
(103<A4'E. 23B4'N) , Kk 1569 m, FFIH< iR
16.1 C, IEWFEENE 1008 mm, &FELE M
250~320 d.

MeJA i 5 Sigma-Aldrich 24 & (it 5 392707,
JREST I =95%) ;5 MR (iS5 wkq00348,
JRE 7 50=98%) 18 E VU )14 4k e &7 R A R
ANE] APHTALEEE (S 12801001) « ZEE (S
12803401) . R (k5 12704101) . HAALEN (L
5 10103101) . VEAHEREM (5 10102501) . TR
B (b5 11200301) 1 H P Ak T BeAn A BR 2 7 5
RNA 2B 5% (HiPure HP Plant RNA Mini Kit,
175 R4165) W H ) MRELMRHARA A Kk
533\ & (HiScript III RT SuperMix for Qper, it
5 R323-01) Al gPCR & (ChamQ™ Universal
SYBR Qpcr Master Mix, #t*5 Q711-02/03) M HFd
U MERE AR R A IR A ]

12 {488

Sorvall Legend Micro 21 4Z.0:4/L. NanoDrop
2000 M6 THAT QuantStudio 5 (ABID
gPCR 1% (Thermo Fisher Scientific A7) ; LabYeah
AL IR IR 2 (LA REDMHEREGRA
7] ) ; RADWAG Wagi Elektroniczne 43 # K °F
(RADWAG A#]); 101-2AD # L #GH X T 1546 (e
HFREARAFD .

2 HE

21 MeJA BRLIESHARE

2.1.1 MeJA HIECH] 7> A A FAARR 1) SR A T
0.2 mL [ 20% L BEEH, fe 2 B0 A A 2
MeJA -



¢8 % 2023418 $54% B2 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 2 =633

212 MelA [ALEE AR50 R F BE ML IX 2H 15
i, BANEREIRES, BANNXEHN0.5
mx05 m, Wi MeJA AT 200 mL, 294
o 150 #RAEME. T 2021 46 A, 435l K 0.
200. 400. 800 pmol/L 1] MeJA Wi jii— 54 =L
v, SR 7 d, BRI 2 X (6:00~7:00 A
19:00~20:00) , F T+ A4 & A0 e e i 5 = X))
SEs AF RN 200 pmol/L ) MeJA Wi —4E 4 =
Bk R R L 00, A3 5r 510 04 24 4.
6. 10 i1 14 h, AT qPCR failll.
2.1.3 FEACRE BAS/DNXBEEHLEL 10 P56,
Beis 55 C T, ATAWEMNE; &0
X BEALE 50 BRAGMFr, 55 C R HLT o B BE A ek
45 Hif, TS S e A/ NXELS PR
ot fr, A LR A B AR, 80 “CUKAH
#1%, HT gqPCR A&l
22 4£YEMSEIFSE0NE
221 AEVEMNE SAFREZAFRKE MelA
Wb s — AR = s AR T
222 EHEEEENINE TS =R R
AN KRB T RS, F 65% 2
i i BB BT A 0.1 mg/mL FR 7 T 0 BE VAR
43 RS B R UG I8 AR 2,54 5.0. 7.5, 10.0. 125
mL & T 25 mL &, (DIN65%L8E % 12.5 mL;
(2) AN B% I HSERENAWE 0.8 mL, #2257, #E 5
min; (3D I S%hHFREFTATR 0.8 mL, #22), HHE
6 min;  (4) A A%ZEMANER 5 mL; (5 H
65% LIEEZ, #R25), FE 10 min. PL65% ZLEEEN
TEXR, SN I EEE TR 510 nm AbIEIR
BE (A fH. ENLSTIREE (YY) H5AE O mygktE
KA, BEEAFEA: Y=0012 1+11.45 X,
r=0999 3, 7£ 0.02~0.10 mg/mL % R ifFLkitx
o DHFREEAFIRE MelA 43 5 —E4 =t
AL 59, H 65%LEE50 mLiZiE2h, A
PRHIRE 3 K, BRKIRD 15 min, 8 1h J53E=
LPEEGR . 0.1 mLFREUEZ 0.22 um JE3L3EL 5
N 25 ml SN, ST ARERTZR I e A
8, MRAEEETREHE = e aE i S &
2.3 AEEYMERF IA EE R CREERELN
g

TERTIARE S, AN DL — 4548 = bbbt
KL, 200 pmol/L [ MeJA AbFE 7 d A1 14 d J5i#k4T
s MY o AT FE DA sl B Bkt $R X

HFE R A YD & O JA A5 5 18 B 1 S B g
R, %k F% Reads Per Kilobase per Million
mapped reads (RPKM) {f>10 f3E K 47 RIA T
3T, R TR RN R K RPKM B 8K
ff)—% unigene #E41T gPCR 73 #r(MeJA 4bFE 0. 2.
4. 6. 10. 14 h) o AWFFTIZI KIS EY) & K
KB WA A N & R M = B ( phenylalanine
ammonialyase, PAL). PIFERZ 4-F24LHk (cinnamate
4-hydroxylase, C4H) . 4-FGIRZIAHEE A RN
(4-coumaric acid: CoA ligase, 4CL) . ZHEI&
(chalcone synthase, CHS) . £ H-fii 744 (chalcone
isomerase, CHI) . kil 3-#1LE§ (flavanone
3-hydroxylase , F3H ) . 3 il [ & B ( flavonol
synthase, FLS) Mzl &g (isoflavone synthase,
IFS O : JA {5 %5l % X 8 i A Jif & & 8
(lipoxygenases, LOX) . P a4 L& (allene
oxide synthase, AOS) . N WA LEE (allene
oxide cyclase, AOC) . 12-%MH%Y) I IR ik 5 B
(12-oxo-phytodienoic acid reductase, OPR) . ZFf4i
filt A 4L C(acyl-CoA oxidase, ACX) . ZIjfitl
(multifunctional protein, MFP) . 3-HifaEtilill A B
fiftlis (3-ketoacyl-CoA thiolase, KAT) . ZRFIEREENZ
Fe 4 Rl (jasmonate resistant 1, JARL) . F##R ZIM
4R (jasmonate ZIM-domain protein, JAZ) .
¥ 3 K ¥ MYC (The bHLH transcription factor
myelocytomatosis proteins, MYC).

2.4 gPCR &k

241 RNA [Hi2HL fiiH HiPure HP Plant RNA
Mini Kit 187 & F2 B — 4 =L 2 RNA. did
B Bk A2 Lk R NlanoDrop 2000 8 i 43 6 6
THAT A RNA 1)) S AR B . fdEH HiScript 11
RT SuperMix for Qpcr 77| &4 Total RNA [ % 5% 5y
cDNA, fRfFT-80 C#&H.

242 Sl WRAEHFHAARSE R W
CDS F£#1, FIF %At Primer 5 ¥ it 3£ qPCR 1%
1Y, FRATERVEMRHCE IR A RGP, ¥
AP K/ NE 100~200 bp, 511751 LK 1.

2.43 QPCR krillfA ZHESL  PAAFE MeJA 4bFE
f—4E4E =B 7 cDNA R, SYL8 ANZ
B, xR 1 IR T gPCR 71, HE 3
W, (i 2-04C G p b5 5. PCR I NAK R N:
DEPC 7K 8.2 pL, SYBR gPCR Master Mix 10 L,
IER G194 0.4 pb, cDNA #47 1.0 pl, 3£ 20 pl



634+

¢ 8% 2023618 H54% H 28  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 2

*=1 EEFI5Y

Table 1 Gene sequence primers

S A ID EmSIY (553" KFEEGIY (553"
PAL Unigene0024904 GGCAACAAAATGGGACTGC ATCCGCTTCACCTCATCCA
C4H Unigene0013805 GATTCCCCTTTTGGTCCCTC CCTGAAGTCATTTCCGTTAGCC
4CL Unigene0021921 AAGGGGTGATGTTGACGCA CAGCCCACAAAGTAATACCGA
CHS Unigene0052050 TTGAGGAAATCCGCAAAGC CGGGATAATCAGCCTGATACAC
CHI Unigene0008416 GAGATTGGATTTTCAAGGGAGG AGTTGGCTAAGGAGGAGATGGT
FLS/F3H Unigene0017204 GATCCCAATACCTCCAGCAGA TTTCGGTCTCACCACCCTGT
IFS Unigene0015368 TCTTGTCCTGGGAGTGGGTT CTCTGCTTTGGGCATAGTAAGG
LOX Unigene0036446 AGGAAGATCCAAAAGCACCG GGCTGACGTAGTCTGTAACCCA
AOS Unigene0040918 GAATCCAACAGTCGGGAACAA GCCACGTCAATCTCGAAAGAA
AOC Unigene0021992 TAGCCCTGCTTACCTTCGTTT GCCGTTATTCCAATCCTCTTCT
OPR Unigene0008111 ATTTACGCCTCCACGACGAC TCTCAACCCCATCAAAACCAG
ACX Unigene0039990 CTGCCCTCAATATGCCTCC ACACTTTGCCGCCCCTCT
MFP Unigene0018974 GCGGTATCAAGTCATCTGGAAT TTCTTCTGAATCTGGTTGGGTG
KAT Unigene0016855 TAGTTGTTGGCACTGTTTTGGC TGTTGACGGTTCTGATAGGCAC
JAR1 Unigene0036001 CAGAAATGGGGTCTTGATGGA CCGGTGAGAATTGGGGAAAC
JAZ Unigene0017139 CCCCAACTCCGTGAACATCT TTCCCTTGCTTGCTAACAGC
MYC Unigene0022156 GCAGCCGATTCTTGGTGTTAT ATGTTTGGGAGGTGGGGTCT
SYL8 22375 CAATGACCAACCCACGACCT TCTCGCCGAAGAAGAACGTC
Unigene0017204 [RIR 41 B kK| FLS F1 F3H
Unigene0017204 is annotated to both gene FLS and F3H
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Fig. 1 Effects of MeJA concentration on plant biomasses (A) and total flavonoids in leaves (B) of P. notoginseng
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Fig. 2 Analysis of transcriptome expression profile (A) and gPCR expression (B) of flavonoid biosynthetic genes in P.

notoginseng leaves under MeJA treatment

4 Ve

SR, (X AR YR R R IA B 2K

MeJA &Sk i —Fp L E (555 00 1 T, %S5 RS T TS R 516, SR, MelA
FERP R AEAREH R i E RN, B2 NN R, SRR e, [
82 FH T e 24 R h A P i 1 e, BEAR A & 2018, Rtz g R AR 1

AHEFAL AR MeJA Wi | — A4 =

L 200~800 umol/L A—4A4 =L EH I MeJA WKJE .

Jr, BERTY] MeJA TLAR e m — A=t A%, REBTREIRRY, SNE MelA wJ LU &2



¢ 8% 2023618 H54% H 28  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 2 637+

3

2 / AR TR Unigen60036445\

Unigene0036446

! Unigene0036447

0 H LOX Unigene0027962

s Unigene0027963

-1 % Unigene0014346

2 & LS = Unigene0034501

| Aos [T Junigene0040918

| Aocc [ Unigene0021992
AR — IR

log, fold change
CK_ Vi1 [M2]

Y

OPR Unigene0008111
Unigene0028354

AN

3-5A-2-(2- ) A - 1- 2 TR

Unigene0027278
Unigene0023009
Unigene0039985

i ACX Unigene0039990
j‘jé Unigene0025339
Y|

fig Unigene0004463
[ZN MEP Unigene0001322

Unigene0038085
Unigene0038089
Unigene0018974
Unigene0025880

1 KAT Unigene0003565
Unigene0016855

7 { JARL Unigene0021908
Unigene0036001

/ g UnigeneOOZ4240\

Unigene0025580

Unigene0025589
Unigene0054112
Unigene0017139
Unigene0020053
a1 Unigene0020217

[ TN Unigene0022156

Unigene0028400
Unigene0028403
Unigene0054099

Unigene0021934

Unigene0025365

M1 F M2 533K~ MeJA AbFE 7 d fi1 14 d, T CK EIRA 0 umol/L ) MeJA 4bHE 14 d, DL CK {EAZIRHE RPKM {1 log, £ 50 A T- 614
e

M1 and M2 represent treatment with MeJA for 7 and 14 d, respectively, while CK represents treatment with 0 umol/L MeJA for 14 d. log, fold changes
of RPKM values calculated using the CK as a control were used to create the heatmap

3 MeJA LIBT=+LR JA GRIBRERRE RANTREIE
Fig. 3 Analysis of transcriptome expression profile of JA signal pathway genes in P. notoginseng leaves under MeJA
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