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LhRE A

KET ERR KRR ITHEE B dEE

(IR TAR B Rl 540 T 2Bk, T 411104; 23 B ITTE K2 4R Akl 2215, Kb 410081)

HE R #] B2 % (jasmonates, JAS) R AHEASL L HFFRARM WA SR EZHLE,
JAZ(jasmonate ZIM-domain)%& @ Z XA M1z T &R F T ZRALET. HATHRRALZRLFANS
PG JAZE B B R F BAE TR Z R 6 % &, I B4 A A SAR T IRIRRNA, AL R A AR 49
cDNA A AE4R , ARFE X #] BA F B8 (methyl jasmonate, MeJA)#% 5 /& 69 A S L ARSE LM 7 45 R T 4%
# I FH% it 51 40, A PCRY 38 AAJAZILA #9cDNAL K, MIR 28 X & FIEJAZI R 69 2 3)
T 57, b AT A M1 & F o, R 5% HE FPCR(QRT-PCR)YSHT AL T R £ 47 An K AR JAZ
FIEKTE, FFMEMeIAEFOALLART 8. ARMIAFMIASE. LEFEALIAZE
B, % H6 2 AHPgJAZI, 37 5| 7 AT 38 i AE(ORF) K& A 702 bp, %2334 2B, £EILEB/F
FIHHT R, %E A LATIFYAnCCT2(Jas2E #13R) AR T 69 h fe e MR, £ At ib o4 27, Pg-
JAZ1 5% 8 AaJAZ1 % % A R, qQRT-PCR% R B 7, PgJAZIfE NS thARk. vt EBRFF5
AL AR AR, AT RR KPR G, AR T FAKFRAK, FIMeJAFeSA(salicylic acid)
AT B G £ I, PgJAZ1 ZMeIA#) 55 FaSAH 474, BLAEMeJAR F12 h X 2| R 5 REKF. B
NF oA 2T, PJAZIZL R B3 F 4 MeJA. SAF M ZE v B T, YARMYB. MYCAWRKY
HEAFEAMLE MeJAEFE AL ZH . NIREIAFMeIASE 5 PgJAZI kA KT 5 F—3K.
4k RI-T, PJAZITT fe 5 5 Mel A0 A L3 A M6 k..

KR NS PgJAZIFER; DhRE AT, SKFIRIS NS Bt
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PgJAZ1 Gene from Panax ginseng
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Abstract JAs (jasmonates) are important phytohormones involved in regulating the biosynthesis of gin-
senosides and other secondary metabolites. JAZ (jasmonate ZIM-domain) protein is a key regulator in jasmonate
signaling pathway. In order to explore the relationships among ginsenoside biosynthesis, JA4Z gene and jasmonic

acid signal regulation in Panax ginseng, the RNA from fresh 4-year roots of P. ginseng was extracted and the syn-
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thesized cDNA was used as template. The candidate genes were screened and primers were designed based on the
transcriptomic sequencing results of ginseng hairy roots induced by MeJA (methyl jasmonate). The full ORF (open
reading frame) of JAZ gene was cloned by RT-PCR (reverse transcription polymerase chain reaction). The promoter
sequence of J4Z gene was cloned from genomic library and analyzed by bioinformatics. The expression pattern of
JAZ gene in different tissues and hairy roots of P. ginseng were analyzed by qRT-PCR, and the contents of ginsen-
oside, endogenous JA and MeJA were determined in MeJA-induced hairy roots of P. ginseng. The full ORF of J4Z
has 702 bp and encoded 233 amino acids, and it was designated as PgJAZI. Sequence analysis showed that PgJAZ1
protein contained two conserved domains TIFY and CCT2 (Jas domain). The phylogenetic analysis showed that
PgJAZ1 was closely related to AaJAZ1 of Artemisia annua. QRT-PCR results showed that PgJ4Z] was expressed
in roots, leaves, flowers, seeds and hairy roots of P. ginseng. The expression level of PgJAZI was the highest in
flowers and the lowest in adventitious roots. In addition, PgJAZ1 was induced by MeJA and inhibited by SA (sali-
cylic acid), and its expression level reached the highest after treatment by MeJA for 12 h. The PgJAZI promoter
contained multiple putative cis-acting elements involved in MeJA, SA and hormone response, as well as binding
sites of transcription factor such as MYB, MYC and WRKY. Ginsenosides content, endogenous jasmonates (JA and

MelJA) induced by MeJA were highly consistent with PgJAZI expression. These results suggest that PgJAZ] is in-

volved in MeJA-mediated ginsenoside biosynthesis.
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AR FER S RASEE . 51k, B
L0 B IFHE T A ANS 2HEHA 100250 M, BT
RV 2 NS B BARLETUMIE . P2 g %
P 15507 T B A MR AR R, H IR B 1
STz B SR, A ASEER =, N TME
MANZH NS BEHSE, HRERRAS K
R BRE. mmBRASEASSENAS S HE
s, MASBENARS SE'EX AN EHA
V& BSOS B S A OSSR R R 4T . A R B, it
HMIR R FTIR AT AED AT LR E R m A S B H S
&, IR SR B3 S RE 15, SR, ANESK
FIFERZK (jasmonates, JAs)IH 2 X1 ) A K r= A2 4
il BRI, P AE > 7K N2 TR JAsT)
AR, BETTSEIUAS N 2 B AE YA AR A OSSR A
iRz, gm NS B E RS EMAHMME.

JAStWE R =S iA N — M ELZKE S5
T, EEYAEKEE . R HFEEYHa v 2 4R
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fitf NSHRE RKARAANT B Ad(Agrobacterium rhizogenes A4)
FEG. R SEEE A KR, Escherichia coli DH50H A
SIS AT
1.2 RFIRALEE

AMV ¥ 53fff. SYBR® Premix Ex Taq™All
Genomewalkerid 7l &4 H TaKaRaA 7] ; Taqfiff. DNA
Marker. JEHZG . JFURLHE B G A pEASY-T1 v f
RAEM A b XS AEVH A RA ] ; TRIzoHR
7 & H Invitrogen’A 7] ; Rb1. Rb2. Rcy Rd. Re.
Rg I FTRg3 X I i) e R i 25 R AE MR A BR A 7 5
JAFIMeJAIY H Sigmay ] ; il g RN H TediaA
Al Of Wy (B Al Hod i Aoy = et

LC-MS 80507 AH 2,115 jit #% 156 H1 4% W [ H 4% Shi-
madzua 7 ;12908 ROBAH (L 48 B 55 [H Aglient
/A #]; SCIEX-6500 QTRAPJH B {X (MS/MS)I F 3£
AB/A#]; T100 PCRIX. CFX Connect¢ )t 5 & PCR
X~ SmartSpec Plus7r G EE T, HLUKAXHT Chemi-
Doc MP4= g B &I A5 73 it 2 42 H 5% [ Bio-Rad
AT 54188 v B LAY H 45 E EppendorfA H .
1.3 RNAIREUScDNAR[E

RNA#RIUS S5 22 TR (18] H I 7% A
oligod(T) N5 %, Kl RevertAid™ First Strand cDNA
AR A S A B cDNASE —4% , & I cDNA
F 20 °CIEAEHH . K MeJAE S5 A S KT
TSR FT , AR JE DN 22 I 45 IR 108 52 MeJ AN
FF Sk JAZFEK] | JAZHEK PCRY 1 51404 JAZ-
F: 5-ATG TTC TTC AAC GGC CGG AAA T-3'; JAZ-R:
5'-CTA TAA GTT GAG ATC AAA CTG-3'. SI¥)HiE &t
SHHAEEHL AT A . PCRY AR : 94 °CHi
A3 min; 94 °CAEPE30 s, 50 °CIE k20 's, 72 °CHE{H30 s,
3SAMIEIR; 72 °CHEAH7 min. PCRF=AI%E S LifFsA ML
MEARA AN . FIH NCBIM L ) BLASTEE 7
5 GenBank¥] dbESTH ¥z P2 I H [ 25048 FEEAT 7 91| B
Xfo S NCBIEZ T.H CCDXf PgIAZ1 & {457 454
BT A3 HT RSN, FH SignalP 5.0 Server FilAE 5 ik, H
TMHMM 2.0 T & [ (1) 5 4 # sk, FH ProtScale Tl
B A RIEAKNE RFiK M, F Cell-PLoc 2.075 & (4 f13F
41 A7 ", FH Netphos3. 17000 2 (A IR RRAGAL i o i
FH MEGA7.02%k 4 LA4R #5272 (Neighbor-Joining, NJ)iAT
R
1.4 JAZERHBHTFrbES S

PANZ R B DNA AR , 1% Genomewalker

R &V, ¥ & Dra I3 (DL1). EcoR VI
(DL2). Pvu I13CJ%E (DL3) 1 Stu 13 (DL4)2, #R
i C e BE I NS PgJAZIFE N 5" 41, #eit4 Ml
FEAXREFME S YU © GSP(gene specific primer)
(5"-TGA TGC CAA GAT GAT TCA GAT GTT C-3');
GSP-Nest(5'-CTT TCA AGT AGT GGG TGA AGA
GC-3"). IV E RS MR A T & K. 2
Sl LAKE) 2 14 40 J3 37 3C % (DL1. DL2. DL3#
DL4) Ayt , ) FH 3 DR 37 14 A 5140 GSP 5 k7
BRI AN 51 4 AP1(5'-GTA ATA CGA CTC ACT
ATA GGG C-3")I#ATH —H PCRY . ¥ LA
— 5 PCRy WM RE 5045, 570 i) DA PRRR S 4 512X
51 %1 GSP-Nest 5 i & th 42 L (1) 05 4 AP2(5'-
ACT ATA GGG CAC GCG TGG T-3")iAT55 44"
4, PCRIY M4AFH: 94 °CTRAE Y3 min; 94 °CAE 1
30 s, 58 °CiE-K30 s, 72 °CZEfH12 min, 35MEH; %
Jii 72 °CZEAH 10 min. $ PCRA=#i%E £ _LilgHA M4
MIHARGBRAFIT K7 53R 2R 75 5
PgJAZIHER 5% # 2 X 5 51347 EE Xt . FH Promoter
Finderfll Promoter Prediction ServerZs:— R 44V
SRR IRAF I 7 AT 00T FIEL i TR
PlantCAREFI PLACE Tl 5 B )5 &1 i it =X/ H oo
o
1.5 PgJAZIERFRIZBXEE N

NS RARLE 1 2MSTRARER 2+ T 25 °C.
110 r/mins& A FIERE IR 21K, PAMeJA(100 pmol/L).
SA(200 pumol/L). ABA(20 pmol/L)ak4 °CAIGIR AL, 4b
PN [E 8] 5 20l B R AR, AT RNAL AZ
B IR JAFI MeJARFREL. RIEZ5CHR[18]
R TTER I A A NS ) R AER . 1
16 R LA RAR T HIRNA, 50 HsE AT Sk s LASE
#3cDNA. H T2O0E BT PeJAZIEER FliE51 4
F: 5“-GAG AGA CCT GCT GCA ATG GA-3', N5
R: 5-GGG GGC ATG TTG AGG AAA GA-3'; L\B-actin
ERW SN, H BS54 F: 5-TGC CCC AGA AGA
GCA CCC TGT-3', 5 #IR: 5'-AGC ATA CAG GGA
AAG ATC GGC TTG A-3'. F CFX Connect¢ ¢ & &
PCRACHEAT AT, 428 SYBR® Premix Ex Taq”é
JE & PCRIAGI G B TH . AR 125 L
2x SYBR Premix Ex Taq II, 0.5 uL cDNAREHT , Ei#fl
TUFEIH(10 pmol/L) 505 pL, #MEddH,0%25 ul. X
26 ;95 °CTRAETE30 s; 95 °CAEE40 s, 60 °CIE K.
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30 s, 40MEFR; 95 °CAF:15 s, 60 °CiE K1 min, 95 °C
APELS s BAFERIEAINER, KNG, K
FH2- 28053203 W PeJAZ 1 FE Rl ) ik B
1.6 AZEFH. JAFMeJARJIREVFINE

NS B R A 5 225 SCRk[21-22]H 1 5
o BUBNE ) NS HZEURR, FRKIEYE2 minf5
FddH,O35 %, 60 °CT A HE . K FLAF BE Ak,
FH80% H 760 °CiZ 4, BHE L N1 g:40 mL, i i
AEFE3 IR, BERLS ming 60 °CKIE 28T FH I, /KB
AR, CREAEE2R, BOKAH, FZK AN IE T B A HY,
WWEEIE TR Z. 60 °CAKIBZE T IE T |, RIF 3 A
Z R B, HIE SN HEGEF ISR, € Z2Z0E, o
0.45 um P FLUE R, 15 2IRE FIA TR

HPLCIIE £61F 0 : LC-MS 80507 RBAH (it A% ;
{43 ¥y ACQUITY UPLC BEH Shield RP18FE (1.7 um,
2.1 mmx50 mm); JSIHA 2 (A): 1% R (B), Vel sk
P NAB (10:90)y+25:75) 2 min; A:B (25:75) 2~8 min; A:B
(25:75)~(45:55) 8~16.5 min; A:B (45:55) 16.5~21.5 min;
AB (45:55)<(98:2) 21.5~21.6 min; A:B (98:2) 21.6~25 min;
AB (98:2)~(10:90) 25~25.1 min; A:B (10:90) 25.1~29 min.
JE 1.0 mL/min, 38435 °C, #EREEN3 uL, K6
£ 4202 nm.

W 7 B A 328 A R R SRR I AR A PR A
A LU E JAFI MeJA & & . BURT BRI A S A 48k
MR E R Z4ikrtk, FEAREUE =408 A
SR EE K - BRI ARG, M8 uL 1 pg/mL
I ARTETL, T4 °CHR% 30 min; I &k, M€
EE%30 min; 4 °C. 13 000 r/min/ >S5 min, LT
JZENUAR; S, LRSI TA VA, DLFFEE(0.1%

bp M

HZ)E ¥, 4 °C. 13 000 r/min 0> 10 min, B i
#320.22 pmiEfE, HPLC-MS/MSHE I .

TR 2 21 Agilent 12900354, (43 A Po-
roshell 120 SB-Cs U (4 354%:(2.1 mmx 150 mm, 2.7 pm);
FEIRN30 °C; FishAi A AB=(FEE/0.1%F1R):(7K/0.1%
FR ); WEMERE A 0~1 min, A=20%; 1~9 min, Ai#
% 80%; 9~10 min, A=80%; 10~10.1 min, A I % 20%;
10.1~15 min, A=20%; FAEARFR A2 pl.

JFRE 414 AB SCIEX-6500 QTRAPF AN, HLWE %
FH, 295 (electrospray ionization, EST)Z Ak 7L 4400 °C, <,
i1 (curtain gas, CUR)A 15 psi, %% Hi [ (ionspray volt-
age, 1S) 44 500 V, Z54 U /1(Gas1) /965 psi, UL
71(Gas2) 470 psi, A 22 O I 2 (multiple
reaction monitoring, MRM), FF™ BT~ X R4 A A0 1) 22 %
FL s (declustering potential, DP)FIIl4# BE (collision energy,
CE)#HATHH R .
1.7 GitE o

SIS A AT 3UK, LA HE DAY E PRI (xks)
FKom. ZRRFEVE R SPSS 17.08 44 34T 20 #7
P<0.05%8 27 HA SRR L

2 FR
2.1 PgJAZIEF DNAL K TEFE

PEHUHF 1) 4554 NS HRE RNA, PLR RS
(¥ cDNAAREHGIEAT PCR, =45 IR B i L ok &5 S
(B D&, PCRYHEHI 21 700 bplfI DNAZKAT . K
S alifiz B, B HE R & pEASY-T1# A, B4k
A E. coli DHS0, HREXPHE e F%, $EHUTRL, Fx 3
M.

I+ 2: PCR/*#); M: DNA Marker.
1,2: PCR product; M: DNA Marker.

El1 PgJAZIEFEPCRY 1#BLER
Fig.1 The products of PCR amplification of PgJAZI gene
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XFI (1) 5 R 7 %1 3547 ORF Finder /34, K
L ORFK N 702 bp, 4at 233420 . FI A
NCBIE £ CCD 4y #r T H ) 5 K Bt 4 55 25 1 11 &4
P AT T (P 2), 45 SRR 1% R 1 7E 10814 1A
191-2 15 JE /7> 9 & 4 TIFY 1 CCT2H M 57 11
ThRe M, XA SR JAZE A K IEFH
gkt , iz N R T IAZE R R iR, s h
PgJAZI(P. ginseng JAZI). X5 38347 RN 7
HTRIL, PEIAZL &4 JAZZK G 1) ZIMES #4358, LA

J Jas&E g9, fE ZIMEE Kyt b &4 TIF[F/Y1XG
BAA | Jas@E /3R A & TAZ S I LA IREE 2 )ik 7
Hll: SLX2FX2KRX2RXS5PY #4412, H SignalP 5.0
Server/ T &5 AN, PgJAZIFER i 5 A E A5
Sk, ANETWEH. TMHMM 2.0 45 53 2
N, PEIAZIVEE AN GH BRI, A8 T E
. ProtScale il &5 K7~ , PgJAZ1)E T 5K 1%
M. Cell-PLoc 2.03V.40 0 & A7 73 Hrah K, Pg-
JAZVEHER T Atz T, X 51— foe r
THIMAZ A G BERRAAL i T 45 R an B 3

1 M FFNGRIKS SAPENI K SNTFALTFTHYULKE
1 ATGTTCTTCAACGGCCGGAAATCAGCACCGGAAAATAAGTCCAATTTTGCGCTCTTCACCCACTACTTGAAAGAA

26 K ES KT CULEUHLNUHTILG

I M NG K Q E S S E R

76 AAGGAAAGCAAAACTTGTCTAGAACATCTGAATCATCTTGGCATCATGAATGGAAAACAAGAATCTTCAGAGAGA

51 P AAMDA AQULTU LI KSGDTDI K S G Q

I STQ S S NL

151 CCTGCTGCAATGGATCAATTATTAAAAGGTGACACGGACAAGTCGGGCCAAATATCCACACAATCTTCGAATCTC

7% F P Q HAPNMGAYTTV QDA

I NNTITNS S

226 TTTCCTCAACATGCCCCCAATATGGGTGCCTACACTACTGTACAAGATGCCATAAATAATATCACTAATTCAAGT
101 I G E Q A A M |E e e
301 ATCGGTGAGCAGGCAGCAATGGAGCCTAAAACTGCGCAAATGACTATATTTTACAGGGGACAAGTTTTGGTGTTT
126 N e K G ATTTGTF FTD
376 GATGATTTTTCAGCTGCCAAAGCTAAGGAGGTGATGCTATTAGCAAGCAAGGGTGCTACCACTACTGGATTTGAT
%1 S T T NV NI KMVDNPMPSYPYPYNLSNS
451 TCAACCACTAATGTTAACAAAATGGTCGACAACCCCATGCCCTCGTACCCGTACCCGTACAATCTTTCGAATTCT
176 G S E T Q P Q S Q@ P I G S D L I s e
526 GGATCTGAAACTCAGCCGCAATCTCAACCAATTGGTTCTGATCTACCAATTGCAAGAAGAGTATCACTGCATAGG
201 [ T T T e Q L H NS S PESP
601 TTCTTGGAGAAGAGGAAAGACAGGGCCACTGCAAGAGCGCCATATCAATTACACAACTCATCTCCAGAGTCTCCC

226 KX E Q F D L N L =
676 AAGGAACAGTTTGATCTCAACTTATAG
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T —

Specific hits

Superfamilies

TIFY CCT2
superfamily superfamily

FASE 7> & ZE /R TIFY MICCT2 PR I ENREA Mk T RIZ 0 70 R B IR WL OR T (= BRI Bt . AR LR 1

Shadow amino acids: two conserved functional domains of TIFY and CCT2; the underlined amino acids: highly conserved amino acid residues. * repre-

sents the stop codon.

E2 PgJAZIZBFIIRRTEDE S

Fig.2 Analysis of PgJAZI1 protein sequence and conserved domains
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Fig.3 Phosphorylation site analysis of PgJAZ1
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FE0.9VA_E, HEMPSIAZ I ) T Re 2 BERR AL A HI 4 o
2.3 PgJAZIRELR#HL D HT

IR PgJAZ 15k ] 55 I Ath i 4y ()35 32k IR ] 1)
AR R, U} 2 (Salvia miltiorrhiza). TEALE
(Artemisia annua) JEIENEHE (Gentiana rigescens).
KA (Catharanthus roseus) ¥ & (Medicago
truncatula)~ H WK (Lotus japonicus). fAFE T (Ara-
bidopsis thaliana). IR AR (Maesa lanceolata).
TKEE Bk (Prunus persica) W] 0] i (Theobroma cacao)-
VW &) (Vitis rupestris)s 1155 # (Camellia sinen-
sis) i (Solanum lycopersicum). %1% (Ipomoea
batatas)~ ) H %% (Helianthus annuus)~ ¥ % (Dio-
naea muscipula)5s 10RFHEY) JAZE A 751347 [F]
WAL AT B R, PIAZIFEEL 5 B4k
i AaJAZ 1 N (Kl4)
2.4 ProJAZIBET5H0

FIH Promoter Finder. Promoter Scanf/l Pro-
moter Prediction Server&§ 34X} PgJAZ13E A i
P AVEAT oA, BRI, T AN PgJAZ1 3 A
a1 751, #ian %~ ProJAZ1. FIH G 80+ 57
Hr T PlantCAREFI PLACE T A7 51 £ i =X 44
Joft (Bl5). ProJAZIE A J5 3§10 oot TATA S
(TATA-box)~ 2 il % kL 4 A 1) )3 20 1 3 8 7 471
CAAT &L (CAAT-box) Ml & /K- i 4% 5 3¢ A -7 5'-UTR

Py-rich stretchyoff. BR 1 X L83k [m] i =0 4E FH oo
P41, ProJAZ1JA ¥ 5 51 H 3k & 4 W R iE 5 3
RERIMYBEE AL . MYCHE IR 145 & 47 14
WRKY #% 55 [K T~ 25 547 55 (W-box)~ - SAT NI B 76
4 (TCA-element). % M NG (TGA-elment) il
MeJ AN N o4 (CGTCA-motif). PgJAZI%E R &3
T MeJAVS T BN S R 5 40 e 45 R i 3k 15
(1), HRIEZ MeJAWE S, 28 K ProJAZ1E6
MeJ A RIRAAE H 7o, HEW MeJAS S 2 51X
BE IO 2 PIAR G o
2.5 PgJAZIERRLHFZFMHRIESH

MHqRT-PCREG A, PAB-actinFEH NN Z, 43
W T PgJAZIFERIAE A SR iby TE. TR RAR
P RIEAE . 45 AR, PgJAZIFERTELH Y
KiEERE, RAEMRM13.84, HIkZEFER, £
M FhFRURIR P RIE R IRAK. S5PgJAZIRE N F*
IE K AR B AS 2 AR AR B, A8 AT AR Hh Rk oK
765 AR R B3 (P<0.01), MAURAR H 3Rk KT 2 57
27 (P<0.05), T A7 koK ¥ Jo B & A (A
6).
2.6 AEIHE TPgJAZIEREFRIEIER

XEEFE 21 RN Z KR AT SA. MeJA.
ABARIA A, WF 550 AE0 hy 12 hy 24 h,
48 hAl 72 hist HUFE , AR 5 XF PgJAZ1FE K 34T qRT-
PCRIHT. 45R (K 7EIR, & MelAMFE )5, Pg-
JAZIE: R R B KL I, NS R ARTE b3 5

PpJAZ1 ADU76348.1 Prunus persica
TcJAZ1 EOY30213.1 Theobroma cacao

—

AtJAZ1 AEE29814.1 Arabidopsis thaliana
MUtJAZ1 AMM45793.1 Medicago truncatula
JAZ1 A1Q80965.1 Lotus japonicus

DmJAZ1 ALO61069.1 Dionaea muscipula

VrJAZ1 AEP60132.1 Vitis rupestris

MIJAZ1 AEC12208.1 Maesa lanceolata
L csiazi AQA29554.1 Camellia sinensis
CrJAZ1 ACM89457.1 Catharanthus roseus

IbJAZ1 APA19301.1 Ipomoea batatas
S1JAZ1 ABUS88421.1 Solanum lycopersicum

SmJAZ1 AGC73980.1 Salvia miltiorrhiza

GrJAZ1 AKS29413.1 Gentiana rigescens

PgJAZ1 Panax ginseng @

AaJAZ1 AJK93412.1 Artemisia annua

—
0.05
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Fig.4 Phylogenic tree of JAZ from P. ginseng and other plants
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J7HEZB Sy DNA: Tl

TTTTCTTCCCCCCACCCCACACGTCATTTTCACACACATCCTTATCACACACAAATACTATATATACATACTGAA
CGTCA-motif
TCATCTTCTGCCAATTATTTTGAAAAAGGGGTAATTGGGGGGTCCAAAGAATAAATAAAACTTCATAAAAGTTAC
CTTAATAATTTTAACAATATTTATCATCTTTATTACAATTCACAATATTAATCGACCAGGTCGTTICCCAAGAAAG
TGA-element
AGGGGGCTTTCCAATTAGGATTTCTCCCTATTGGCGCTCAATTAGGTGATCAAACCTCTCTTGACAGAACTTCT
W-box
AGACATCGTTAATATCGCAAATTATAATATTAATAACTTTGTCATTTCAATTATTGATTTAATAATATATAAAAT
ATCGACAATAATTGAATCAAAATAACGTGAGATACTATGCAGCAACTACTATAGCAATAATTGAACAAAAACGAG
ABRE
TGACTTCTCACGTAAGCATTAATAATCAATACCGTGTGCTACTATGCAACCACGCGTATTACTGTACTTTTACTA
CCGAGTAGTTICAACAGITATTAACGGTAAAACTTCCGCCGTTATTTTCATAAAGTATTTTTGTCGTTI TCTCAATC
Myb-binding site TGA-element
CGACAATAATTCTGTTGTGGGGTCCACCAATGATTGTGCCGTCGTACGAATATTTCCTGTTTAAAACGAATATTC
Myb-binding site
CCCGACCAATCGAATATTATATGACAACTTGCATACTTTGCAACATTTATAAATATTACCCACAACTATAACATT
ATATCAAATTTATTCCATAATATTCAAAAATGATAATTATAGAAAATTCATTTTTATTAAAAAAGTTGGGGTCTT
TCA-element
ACAATAAATTATTTACTTTCTTTTCTATATTACCCCTATCTTCTCTCATTGTTCCAAGAAATTCTCCCCCTTTTA
5’UTR Py-rich stretch
TTAATAATTTTAAACTTCCTATAAAAGGGTAGTGATGAAATTTCAAATAAATTTTACTTGGTAAATGATACTTTC
TTAATTCATGTGCCAAAACCTTAAACGACAATCTTTTAGGAACGGAGGTAGTATCATTTACCAAGTAAAATTTGT
MYC TGA-element
TTGAAATTACATCACTACCCCTTTATGGGAAGTTGAAAACTATTAATACAAGAGAGAGAATTTATIGGGATAATG
TATC-box
AGAGAAGGTATGGGTAATATAGGAAAGTAAATATTTTATTCTCCTCGAAAGTTGTAAGCGACAAATTTTTTCTTC
TANAACGACAATCTTTTAAAAACGGAGGGAGTACCCTGTTTGTGAAATTTTAGAGGAGACAAAAGAGATGACAAG
TGA-element
TAAGAAATTTTATAAAAAAATTATTTTCAAAAATTTGATATTTCTAAAAGATCTCTTTICACATGAATAATAAATA
MYC
GACCCCACATTCATATGAGTGTGAACTTGTGTAAATATCAATTTTTATTTGTGCAAATATTAATTACTTCCAAAA
ATTTCTTTCCAAAATTAGAAAGATTTGAAAAAAAAATTACTAAACACTTGAGCTACATTCAAAAATATCAAAACT
ACCTTTATAAGAATTTATCTCATAAAAATAAAATATTAATTTACTATTTTAAATTAAAAAAAAATCTTTTAAAAC
TCGAATACAAAAAAAAAATCCATCTTTCAAAGTTAAAAGTTGGTGATCTTAATTTGTATCAATTAATTAATTAAC
[ACGTGICGTGCTTCARAACGTTAGTATGAATCAACGTAAGAGCATCTTTAATAACTCAATGTATCATCAGATGGGT
ABRE ACE
GGACATGCGTTCATCCTCTCTCTCTCTCTCTCTCTCTCAGGCAATITAANACGTGII TTTAAAACAGTATAATTATC
CAAT-box ABRE
TATTTATTTATTTATTTTAAAAAAAGTATTAATTAATTCTGTATGAAATACGGCCTTCCTTTCATACGGAGAATA
CCCACCCAACCGGCACCCACCACAAAAGAATAAAGAAAAAGAAACGAGTTACCCAACCACCACGAAAGATAATTA
GAGTCTCAGCACAAATTGAAAAACCCTAGTCTTCCTTTCATGCGGCTTTACCATTTATTCCAAGTAGAGTAGAAG
AACAATTATAIGACAACATCGATCATTAATTTCTTICAATITCTCCTCTCCGTTTGATCCACTATTAATCATTTAAAC
TATA-box CAAT-box
ATGTTCTTCAACGGCCGGAAATCAGCACCGGAAAATAAGTCCAATTTT
M FFNGRTEKSAPENTEKSNF

(M AR Y TR

DNA in boxes: the motifs of the predicted cis-acting elements.

E5 PgJAZIEEBohFRFHIRER
Fig.5 The promoter region and motifs of PgJAZI gene
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Fig.6 PgJAZI gene expression levels in different tissues and hairy roots of 4-year P. ginseng
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Fig.7 Effects of different stress treatments on PgJAZI expression in ginseng hairy roots
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Fig.8 The content of ginsenosides in hairy roots after MeJA treatment
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Fig.9 The content of endogenous JAs in hairy roots after MeJA treatment
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