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Abstract: Natural pyrethrin is a green botanical insecticide that extracted from the aboveground tissues of pyrethrum
( Tanacetum cinerartifolium). Aldehyde dehydrogenase (TcALDH) and GDSL lipase ( TcGLIP) are key rate-limiting
enzymes involved in pyrethrin biosynthesis pathway in pyrethrum. The promoters of TcALDH and TcGLIP genes were
cloned from the genomic DNA of pyrethrum clone ‘W99’ in order to investigate the regulatory mechanism of these
genes. The regulatory elements, activity, hormone specificity and tissue inducibility of the two promoters were analyzed
through bioinformatics analysis, histochemical staining ( GUS staining) , luciferase reporting, and exogenous hormone
treatment. The results were as follows: (1) Using pyrethrum genomic DNA as a template, specific primers were used to
clone the pTcALDH and pTcGLIP fragments. The sequence lengths of pTcALDH and pTcGLIP were 2 848 and 1 343 bp,
respectively, and the promoter analysis software the PlantCARE predicted that they both contained multiple cis-elements
related to stress response and hormone signals. (2) The plant expression vectors fused by pTcALDH and pTcGLIP and
luciferase report gene were constructed, and were transformed into tobacco ( Nicotiana benthamiana) to analyse hormone
inducibility by observing the fluorescence imaging in tobacco leaves. The results demonstrated that the pTcALDH
displayed typical hormone inducibility of methyl jasmonate ( MeJA) and abscisic acid (ABA), whereas the pTcGLIP
showed no response. (3) The tissue culture seedlings of pyrethrum ‘W99’ were treated with MeJA and ABA, the
expression of TcALDH was up-regulated by ABA within 12 h, and first increased and then decreased under MeJA
treatment ; the expression of TcGLIP was down-regulated by ABA and MeJA. (4) We constructed the expression vectors
of pTcALDH and pTcGLIP fused with GUS reporters and transformed them into tobacco, then the transient transformation
of tobacco drived the expression of GUS gene and showed initiating activity. It was found that the pTcALDH expressed in
the glands, glandular hair heads and mesophyll of the leaves, while the pTcGLIP was only expressed in the parenchyma
cell. These results indicated that the pTcALDH and pTcGLIP were tissue-specific promoters, and the pTcALDH appeared
MeJA-inducible and ABA-inducible characteristics. This study provides a new insight into the regulatory mechanism of
TcALDH and TcGLIP genes involved in pyrethrin synthesis.
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% HU 25 ( Tanacetum cinerariifolium ) 1§ i — Fh %
AEABRHEY) , LA 4L DU — BB TR HUR
PR R BR SR 4G 1K ( Lybrand et al., 2020) , H
PRI T 63k B B He 46 TR B AT A4 Ol e s % 5
Refe SR EL S s v /D Gl T T USSR
)Tz N T A HLAR O K TE B 6 ( Nelson,
1974) , HAE 3k 30 B % B 50K i 48 L PR 96 () -
beta-15Je % [ (E)-beta-farnesene, E BF ], BEWS7EH
[ W52 5 | S o B B MoF L (L et al., 2019; Li et al.,
2021) , [F] B 5 | R 52 0 B BN £ BT 0 45 ( Zeng et
al., 20215 B#i45,2021) . Pk, Bk 4G QLA —
FPEVEVED), 7E 3 = p A )iz /9N (R 3245,
2022) , Atk NS BR B 4G TR A0 SRR, H AR
FRRAE P 5 4% HAR) s A i 88t FH Al 2 5 R 1R
7 ( Suraweera et al., 2017) , Rt Q)42 =5 BR H 24
e P 5 — L ok E 2 7 Ml R il T 5 1 A R
H

I3 2 T8 70 AR K DA R R B ) (B TR
IR HL 3 TR ) R Pt 10 2 (I ERL 2 ) s 24 507 ) e

A0 - R B ) BE 46 2 B ( Staudinger & Ruzicka
1924 ; Mossa et al., 2018) . & Aif #4 3k J5 F il s 14
TR J5T A 3L I % -4 3% FR (. methylerythritol 4-
phosphate, MEP ) i 4% ( Lybrand et al., 2020) , i fi
AR IE T 2R F R 2SI 2 (jasmonates, JAas) 18
(Matsuda et al., 2005) . 7E bR 5 24 Bs 565 A s
Rivpr W 3 Z F R TN R W5 R ( dimethylallyl
pyrophosphate, DMAPP ) 1 5 76 B A o A vk p 24 Jk
WM A U ( chrysanthemyl diphosphate synthase
CDS) . & T Wi & M 2 ( alcohol dehydrogenase 2,
ADH2) | [ it & B 1 (aldehyde dehydrogenase 1,
ALDH1) fEACIE BRI R 7 1 558 , Bl 29 TR 95z i
B RARTT J7 09 BT 8L, S A 1 AR B b
GDSL fi5 i 1 ( GDSL lipase protein, GLIP) {#{LJE
IR 2 T IS RONE G W 0B RS R 4 v AR

(Kikuta et al., 2012; Ramirez et al., 2012; Xu et
al., 2018; Lybrand et al., 2020; Li et al., 2022a) ,
TcALDH 25 [k HU 35 TR ¥ 73 fi S5 — D AL I V&
JEATR CoA, 3TR CoA FIEHEEII/E TcGLIP 1L
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YER R 38 4 R 58 AH % A K B &7 W B 2 R
(Kikuta et al., 2012; Wang et al., 2022), LAl
M, TcALDH 1 TeGLIP J2 % B4 g 6 B G B BR
AL, H AT, T4 AL RS IF AR A8 b B 3]
K ALDH F GLIP 3[R /)5 81 F ( Hou & Bartels,
2015; Guo et al., 2017; Ma et al., 2018; Yang et
al., 2021) , eAh, @3 K G LA R AR S A rh
WHE T ALDH BB JR 3l SR T A BR He 45 v
B — B R IRRr R RE N R &
B EE K TeCHS 1) )5 8 F (Sultana et al., 2015)
DALt B 5 L At B3 e 2 i - R il 56 TR 1) 03 B T 2
gt BT Bk LA TR A R 4R AL 4 A

TRATIR e AT AW ASAUNE S R W 2 5 B
T2 T TP 43 0 A= 0 6 1, TD s A S 95 0 i SIS
R R 5 U BE TR 1Y 5 i ( Matsuda et al., 2005; Li
et al., 2018) . PRAAZH FIASEAT 1 R F1 R FH 1 Ak 2
TR I AERR HUAG I R I A SR A B A3 BT TR
N TIRZ 55k A e & B A DG L, LT
I, AR F 9% 3 2o B U2 TE M &R W99 T B 15 F
TcALDH T TeGLIP A 0 )5 7 91, %F Hol 20t
PR RS FIE M RS TR 5 R SR
T3 T 5307, 32548 7 B A4 R 19 6 LML) B AR 3
PP AR A VE R, DN D 155 B R e 4 40 R
PRI 5 ok A A5 T 7 i P LSRR

1 AR5 7%

1.1 SEIGHF

BrAAGTCPE R W99 il ik L H AR kK
AR, KB DHSo FIARIEARFTH GV3101 .
EHA105 W4 F g A= P8 RABR AR, H T
AL RAS B MR BE ( Nicotiana benthamiana) 7 25 °C .16
h GHE/8 h BBRE SR = rh A K,
1.2 BHhTxRkE

FIH RaPure plant DNA mini kit( SE3£4:9), #
B ) HEHCR B 3G ) gDNA PR SR B M, 40 35 [ e
25 A K 20 ( Yamashiro et al., 2019) , & i TcALDH
NGB T IR 514 F-ALDH-pro &% ORF R iif
R-ALDH-ORF (% 1) , TeGLIP J:R J5 3 T 1 5E 55|
) F-GLIP-pro & ORF T i R-GLIP-ORF (% 1) ,
A = A E E§ High-Fidelity Master Mix ( MCLAB,
China) #EAT 93 4 3% 7 ¥ i% # 3] pBLUE-T %
K (ZOMANBIO, China) , AL K HT B , Pk ik B0

PRREATINR o TR HL 4Gk R4 0 2R A5 1 R Btk
FPR 5 . A PlantCARE /X5 i 8 1 o/
A3

1.3 FiftyE

LIy XE 5 B J50RE A AR, o ) A 5 A TR
VR H R B A5 Y Luc-aldh-F | Luc-aldh-R | Luc-
glip-F  Luc-glip-R (& 1) #4741, [l PCR 7~
Y, 832 Hind Y)Y pGreenll 0800-LUC %
T b e A R M R AT, Pk 3k B TR s R AT I R R R
WP IER Y 2R e b GV3101 KA1,

DL TE B 00 J0RE A B A 43 50l ) 5 A TR
PRE A F B 5| %) F-aldh121pro, R-aldh121pro , F-
glipl21pro ., R-glip121pro ( % 1) #E47 ¥ 34, [k
PCR 7=y, i% 3 8| 2 Hind 11 1 BamH 1 fi§ Y] 1Y
PBI21 84 b B AT FT i, b o B v A 1
J¥ , SO P IE A ) 2R e AL EHAL0S TR
1.4 JAZE i LUC BERS FRiE 03 K A&

B A B pGreen I 0800-LUC AR YA AT
PARRVEIERP R R RAAT W SR (YEB) 1, R 2
0D600=0.5,5 000 r » min" 5.[> 7 min )5, /] MES 1%
Yu R, AT R 0D600= 1.0, #HUEK 2 5 3
AR PR | FHIC B Sk 118 7 S g g AT 1 0 YR S
FME I R A2 F R A3 T A 25 2 pGreen 1l
0800-LUC A B A AT 11, A7 23 70 e 4 & A S 4
pGreen [l 0800-LUC AR BIAHT I, 155 A i 2
ETATAEDESR 2 d 5, WA BB
50 wmol « LAY 752 (abscisic acid, ABA) ,¥kES
RS (2021) W55, BB 100 pmol - LY
SR F R H G ( methyl jasmonate, MeJA) , ¥ 2% [k
FIAESF(2021) BYJ7 86, LISt v /K AR iR 1 it R4 o
PR, G E 12 h J5, ¥ Dual-Luciferase Reporter
Assay 1l | & ' ) Luaferase Assay Substrate 5
Luaferase Assay Buffer I &G, V&% R 78 M 5 0 33 4F
X,k 5 1 F LB 985 Nightshade system ( Berthold,
Bad Wildbad , & [&]) {X A% LT
1.5 REMELE TR AN TcALDH #1 TcGLIP
ERERIETH

MeJA 4k B LA 4k 40 55 38 — 4 H i B B %
‘W99’ ok AR A LR AR, {5 mL AY 2
mmol + LA MeJA ¥ % W% Jifi b B 20 55 8, W S
2% ( Buraphaka & Putalun, 2020) , 7 % &%, 15 %
0.4 .12 h J& , 45 SCHeRHRE I R e 7 T2 P s
HIE PR AF T80 C KA,
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ABA Kb 3. DLAE AR B I — A H B9 BR %
‘W99 Lk A A L AR, 5 mL B 1
mmol - L™ i ABA ¥ Wit 40 BE 41 5 0, 37 B
5,95 0.4 12 h 5 B SEae R A CE AR TR
T E R AS R AF T -80 CUKAR

FIH Real-time qPCR 4347 P AP 2R AL 3 Y 2
IR, RNA $2HUE AR RNA S BGaUR &
Ultrapure RNA Kit (CWBIO KN {28 4: Yy Bk A fR
oAl O SEIE R ¢cDNA | ffi H EasyScript One-Step
gDNA Removal and ¢cDNA Synthesis SuperMix ( TRAN
et UE AR BEARA RN 7)) #7590 E & 53
Bt , ¢ )6 € = WAL %% "4 Applied Biosystems 7500
platform , i 7 & 2xSybr Green qPCR Mix ( Aidlab,Jt
SOLES A YR A IRA D) |, 90 =5
YA TeALDH-RT-F , TcALDH-RT-R | TeGLIP-RT-F |
TcGLIP-RT-R , TecGAPDH-F Fl TcGAPDH-R ( 5% 1)
(Ramirez et al., 2012)

1.6 MEEEGHRLFIER GUS RiX

Y& pTeGLIP-GUS JFURL AT 1R B 1T Vi B2 P
B YEB iR Hi JR A p B3R 2 OD600=0.5,5 000
r - min" 0 7 min J5, K MS ( Murashige &
Skoog) FEARE FRAL T B, 1795 2 0D600=0.5, HF 4
R YIAL 0.5 emX0.5 em , AR B T, 1R 92
10 min J5 , 7E IS4 LT ORHR G5 09 08 w0t 7o 5%
B IR IR IR AL b B IR AR T g MIS JEAC RS IR
H+2.25 mg - L' 6-"F R FEIEIS (6-benzyladenine, 6-
BA)+0.3 mg - L' 1-Z8 Z F& ( 1-naphthylacetic acid,
NAA) BRIE ST 55 2 d J5 B e 7 22 0 ik
BrFRbE BEFREEL T MS HEA G FR 5L +2.25 mg -
L'6-BA+0.3 mg - L' NAA+400 mg - L' L%
( cefotaxime, Cef) +50 mg - L' KABEE & (kanamycin,
Kan) , 2 Jﬁ?{ﬁ’ﬁ]*ﬁ'\, LHMHEFEERKZE1 em HTJ‘,
REPCMEZEUIT OB AE 5 A 400 mg - L Cef F1 50
mg L' Kan # MS 3557 JHRBERE TR

PECR 9 B R PUMEAS TOUH B 779 DNA, LA
HoM#EH , ] F-aldh121pro 1F K FiiF, TCALDH J3 5)
T 5 51 ¥ R-aldh-pro280 1E & T i, ¥ I
pTcALDH-GUS %% 5E K JH %0 5 Fl F-glip121pro /£ 20 |
IiE ,R-GUS-T 1E K T Ui, K5 35 pTcGLIP-GUS % J
T B AR I P AR DA B o B B A AR R D (9]
XA, AHY) DNA 42 UL &7 HiPure Plant DNA
Mini Kit( EFEAH, HE) , PCR ¥ 34 mix 4 2xTaq
Master Mix (3T /7 & F B RHCA RA A ) .

®1 XBETASIY

Table 1  Primers used in the experiments

¥ 58 3 (N ZEFIA)

=214
‘I:;HWJ Sequences from 5’ to 3’
rmer (from left to right)

Luc-aldh-F GTCGACGGTATCGATAAGCTTAAACTAG
AAGCAAAGATCATCGTACTTC

Luc-aldh-R CAGGAATTCGATATCAAGCTTAGCTTAT
ATGTGCTCAGACAAGAGGT

Luc-glip-F GTCGACGGTATCGATAAGCTTCCCCTCT
ATAGAAAGATAATTTAATTCTTG

Luc-glip-R CAGGAATTCGATATCAAGCTTTTTTCTCC
TCTCTCTCTCTTTTTTTAATT

F-GLIP-pro AAACTAGAAGCAAAGATCATCGTACT

R-GLIP-ORF TTAACATGGGTGTTGATGTGGT

F-ALDH-pro CCCCTCTATAGAAAGATAATTTAATTC

R-ALDH-ORF GAACTTGATGTCATAAGCTAA

F-glipl21pro
R-glip121pro

F-aldh121pro

GACCATGATTACGCCAAGCTTGAAAAAC
TAGAAGCAAAGATCATCGT

GGACTGACCACCCGGGGATCCAGCTTA
TATGTGCTCAGACAAGAGGT

GACCATGATTACGCCAAGCTTCCCCTCT
ATAGAAAGATAATTTAATTCTTG

R-aldh121pro GGACTGACCACCCGGGGATCCTTTTCTC
CTCTCTCTCTCTTTTTTTAATT
R-GUS-T TGGCCTGCCCAACCTTTCG

R-aldh-pro280
F-npt ii-orf
R-npt ii-orf
F-Reverse-npt ii

R-Reverse-npt ii

GGCGACGGTAGGAACTCAA
ATGATTGAACAAGATGGATTGCACGC
TCAGAAGAACTCGTCAAGAAGGCG
TCCTGTCAAACACTGATAG
AGGATATATTGGCGGGTAAACC

TcALDH-RT-F CATTCCGCTACTTTGCTGGTGC
TcALDH-RT-R TCCAAGGAATGATGTGTCCAACTAC
TeGLIP-RT-F GCCGGGAATGCGAGCAAAACAAC
TcGLIP-RT-R CGCTCTCGCCTTCCTTAAAACCATA
TcGAPDH-F AAGGAGGAATCTGAAGGAAAGCTG
TeGAPDH-R GTTGTTGTTCAAAGCGATTCCAGC

kARG FR— A A R BHMESAEH] GUS Staining

Kit ( Coolaber, H[E) #E17 Y €0, SCH0 A TR S B F)
UL, Y5 FH 70% RS i 6 2= A 5% 4 4
e TEARL R TR s oL, BRI T
BIH 3 AT L IR R E T YA

2 SR E

2.1 TcALDH # TeGLIP [53hF5=&

DI B B e 25 2 R 40 DNA SR B, fff FH 4
SPE5| Y F-ALDH-pro A1 R-ALDH-ORF 7 [ 5 %)
TeALDH 5 ATG i 2 848 bp (S 3 551, ffi
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MW

43 %

2000 bp —

1000 bp —

M. DL 2 000 marker; 1. pTcALDH B ; 2. pTeGLIP [ B,

M. DL 2 000 marker; 1. Fragment of pTcALDH ; 2. Fragment of pTcGLIP.

1 pTcALDH(A)# pTcGLIP(B)PCR #

Fig. 1

FH¥S S YE 51 ¥ F-GLIP-pro F1 R-GLIP-ORF J 1%
TeGLIP JE 8 ¥, A5 254 R/ A 1343 bp(KEl 1),
I35 %4 K pTcALDH F pTeGLIP .
2.2 pTcALDH # pTcGLIP A2 T4 4+

]l PlantCARE %% 4 4> ¥t T pTcALDH F
pTeGLIP (A I JT . 45 2R @R 1 pTcALDH
J¥%1 2 848 bp Ay X Bl 4G I 2] 43 Fh 210 SEH
JClF 78 pTeGLIP ¥ 41 1 343 bp Y X 3846 1 2] 30
Fl 116 NEH JTH: . pTcALDH F pTeGLIP Y& 4
LA 0 S BT IC 1 ( TATA-box ) Fl 8 5% + 0 {4
( CAAT-box ) ZEFEAR R JCAF , AN R &5 F £ 5
FE N[ MeJA /K 2 ( salicylic acid, SA) 4K
F (auxin) ,ABA | 77 % % (gibberellin, GA) %5 ], 1}
JE R (A AR SR ) AR R AR DG B TT
(£2,R3), EWANEHBIFIFINHTAH
MeJA Wi i IC 4 ( TGACG-motif F1 CGTCA-motif ) Fl
ABA M 5o ( ABRE) .
2.3 pTcALDH # pTcGLIP i& =15 S45 S

¥ & A pTcALDH-LUC F1 pTcGLIP-LUC 3R ik #
PRI A FT T 43 30 1 69 0 B it ) 2 0 AR 45 R

PCR amplification of pTcALDH (A) and pTcGLIP (B)

IR, S K pTcALDH-LUC F pTeGLIP-LUC AR A FT
PR SR, 9 B g T 25 00 B Ui pTeALDH
Fl pTeGLIP RERSIR B LUC LB ik, A )5 o 7
e, VEST & A pTcALDH-LUC 2335 3 AR A HF 1 Y
M 7E ABA Fil MeJA SR ALHLG 98GR B i 3 &
TG KNI, 3 pTcALDH BAT ABA 1 MeJA 4%
WA (B 2) o S EA pTeGLIP-LUC 3Kk,
AT (0T - 7E ABA Al MeJA I FE AL FR ) , 5856
5 BE AR TR KX B (1 2)
24 AEHERETHRAEFM R TcALDH
TcGLIP EREFRE S

FH ABA F1 MeJA Ab H BR 45 41 85 1, K
TcALDH Fl TeGLIP %& [H ¥ 5% K V-, #5532 W,
MeJA F1 ABA 4b 3R] i 25 52 Wi bR 4§ TcALDH Fl
TeGLIP 3L (7 3235, o b TeALDH 1) 31K % ABA
S LM, 2 MelA 5 3 R 8 & BT & 5 BRI
TeGLIP [ 335% ABA Fll MeJA IS T (K 3) .
2.5 pTcALDH 0 pTcGLIP B8R 4%%5 31443 #7

# TcALDH Rl TeGLIP J& 81 F X3k 5 GUS )+
S AL RAS T 4 ANBST IR pTeALDH-
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#Fz 2 pTcALDH EB4y Ia=C1E A T4
Table 2 Part of cis-acting regulatory elements of pTcALDH
eSSl Vs RNl Kok RIIRYIL:
Class Name Core sequence Number  Predictive function
e s TATA-hox TATA 26 Hola )it 3 7 Ie
Transcriptional Core promoter element
regulation CAAT-box CAAT 38 Jia Bl R 5 XA S AR T T
Common cis-acting element in promoter and enhancer regions
T3 e g TGA-element AACGAC 3 He K 22 T
Hormone Auxin responsive element
response TGACG-motif TGACG 3 2553 W Mg ) B2 A9 T 2 A T
Cis-acting regulatory element involved in MeJA responsiveness
CGTCA-motif CGTCA 3
ABRE GCAACGTGTC 1 25 9 TR LS B A T T
Cis-acting element involved in ABA responsiveness
MYCATRD22 CACATG 1
ABRE ACGTG 3
TATC-box TATCCCA 2 5 315 B R M L A BT AR PS4
Cis-acting element involved in GA responsiveness
TCA-element CCATCTTTTT 1 2 57K R 13 (9 IR T
Cis-acting element involved in SA responsiveness
T3 ) i MBS CAACTG 2 MYB &5 0 5T RS
Stress response MYB bmdlng 51te involved in drought-inducibility
W-box TTGACC 2 43 Rz
Trauma response
LTR CCGAAA 1 25 (IR B IR F T4
Cis-acting element involved in low-temperature responsiveness
TC-rich repeats ATTCTCTAAC 1 2 55 B AR 7 38R 14 =4 TG
Cis-acting element involved in defense and stress responsiveness
ARE AAACCA 4 TR T B AR Tk
Cis-acting regulatory element essential for the anaerobic induction
S i AE-box AGAAACA/TA/T 2 S 7 S 14— 43
Light response Part of a module for light response
Box 4 ATTAAT 1 iR 97T ORSF DNA BER
Part of a conserved DNA module involved in light responsiveness
chs-CMAla TTACTTAA 1 IR G B TEA
Part of a light responsive element
chs-CMA2a TCACTTGA 1
GATA-motif GATAGGA 1
Box 11 TGGTAATAA 1
I-box atGATAAGGTC 1
GA-motif ATAGATAA 1
GT1-motif GGTTAAT 2 B TG
Light responsive element
G-Box CACGTT 1 S B9 WA s
Cis-acting regulatory element involved in light responsiveness
G-box CACGAC 3

GUS FEFILIBR R M 5 A ML) pTcALDH-GUS 5 3%
PIRR R, Wi S L bR R 4T GUS Je(n ) 2%
R e A R Y b AT A SR A, 7 3
ﬂMM&MB%%EM%%%%%%%E%&%
A5, T 7E pTeALDH-GUS %% 3 PR 25 - vh ok %

B AR R et (K 4)
Wttt 5 &b

ASHIFFEH R UG BE A 20 K2 PCR I B
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Table 3  Part of cis-acting regulatory elements of pTcGLIP
eSSl R RNl Kok RIIRYIL:
Class Name Core sequence Number  Predictive function
e S TATA-hox TATA 9 Hola )it 3 7 Ie
Transcriptional Core promoter element
regulation CAAT-box CAAT 19 ST RN KRS A
Common cis-acting element in promoter and enhancer regions
e LI CGTCA-motif CGTCA 1 2 5 2R G PR T W I LA P T
Hormone Cis-acting regulatory element involved in MeJA responsiveness
response TGACG-motif TGACG 1
ABRE GCCGCGTGGC 2 25 95 TR LS A A T ST
Cis-acting element involved in ABA responsiveness
MYCATRD22 CACATG 2
T3 i W-box TTGACC 5 B 3 i i
Stress response Trauma response
LTR CCGAAA 1 Z SRR LA A I TT
Cis-acting element involved in low-temperature responsiveness
TC-rich repeats ATTCTCTAAC 2 2 55 555 A0 R 7 ST B I 2G4 G
Cis-acting element involved in defense and stress responsiveness
MBS CAACTG 2 MYB g i g 25T 9% S
MYB binding site involved in drought-inducibility
S i I-box ¢GATAAGGTG 1 D) SO AR 14— 43
Light response Part of a module for light response
G-box TACGTG 1 Sy 37 9 M A HH e
Cis-acting regulatory element involved in light responsiveness
Spl GGGCGG 1 S 5 7T 1
Light responsive element
GT1-motif GGTTAA 1

WA T TCALDH F TeGLIP W J3 3 1 ¢ %1,
pTcALDH F1 pTeGLIP J¥ 53 & A 2410 i 8h 7
Tl ( TATA-box ) FI 34 58 F JGF ( CAAT-box ) 55
AFEAETC A, 22 B 33X P9 A4S 56 R Y Ji 2l B A B
JRE TR IhfE, WA, pTcALDH F1 pTeGLIP IX 383k
(O & VAN S R A N DAV § S = )
TG 0T B, pTcALDH F pTeGLIP Y& H 2 5
MeJA Wil i () CGTCA JEJ7 F1 ABA Wi [ HE 7 | 3K 15
UPffRE T MelA AT LUGR 34 B B2 R 09 65 m, 25
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BES5TRiESN MYB 945600 5, A i
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TeGLIP & P<] 2 ) 1o L ARCH 47 1 45 B e 3 1 % = 1
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o 25 PR 3 35 A BT 18 ( 6 E,2016) , 3X AT RE
545030 N T W-box A5G, £ LRI, pTcALDH
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BRI RT 45 A a4, i MBS \RBRE , G-box , W-

box %% ( Yang et al., 2020; Fu et al., 2021) , [F It
) 33 7 4 5 DAL 118 3 3K AT i 527 3k 6 e S [K] - 11 A
e, BmH WF R R BUESE T A AE BR R 4 R
TeMYC2 Fl TeMYB8 ¥ 7] LLGE o [ 98 TeGLIP % [
IR ST = v R R R HU 38 TR Y 7 i ( Zhou et al.
2022; Zeng et al., 2022) ,

FEIR A AW Bt G i 52 2K FiT R (jasmonic
acid,JA) [ ABA SA ZEAH M) Z A9 4E (Lv et al.,
2017) ., TcALDH £ R 5 2L 56 g & 1 G B SE A, L
Ja s+ HA ABA Fl MeJA WM E B S5, TcALDH
(IR R A AE ABA 55 F _LIH, 75 MeJA 5%
TRE LI TR, X 5T ARG R A A
— 5, B BB TR TeALDH FI TeGLIP 3R Y 36 3K %
MeJA (540 (Li et al., 2018) , #F — 2 3F B MeJA
A DL R R A RS . 7R B R 2 Y i % Bl B AR
T, MeJA Ab A8 AcALDH1 3 [ ik it
WA 2 0 2 & ( E M, 2016) o X U B MeJA
WERHEFEH RN G M., 5 TcALDH b FEZ5 A7
S, TeGLIP Jii 3 F A H 45 MeJA Fl ABA 5 %
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Hou & Bartels, 2015; Guo et al., 2017; & BH %,
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2022) ., Bk HOAG TR AR BT S BEAE RR AR A R,
12 B B 40 A B 27 ), B A AE AR SR B
T CE R AE,2021) A6k A 35 R R 2
¥y, n 4 b /S 5 Mg Zh 23 18] ( Ramirez et al.
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WA & BRI BR U2 1 (Li et al., 2022b), X &k
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FIKW TcALDH FI LA 1028 1R , v BE 41 M rh 3% 3k
TeGLIP F VLA W B B %5 I ( Kikuta et al., 2012;
Ramirez et al., 2012; Xu et al., 2018), LS
ALDH1 PR A B3 280 1 322 A 1 1) B 6 1 v 32 5K
( EJE,2016) . BRI, ASHIFSE B 45 3 5 /i LY 1
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5 B R WA (Guo et al., 2017; Ma et al.,
2018) .
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