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Research progress on inducible promoters of pepper in response to stresses
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Abstract: Drought, waterlogging, extreme temperature, pests and diseases seriously affect the growth of pepper, leading
to poor development and reduced yield. Promoters contain important cis-acting elements and play crucial roles in regulat-
ing the expression of target genes. Plant inducible promoters can stimulate stress resistance regulatory mechanisms and ac-
tivate the expression of target genes under stress conditions, which alter plant metabolic components and physiologi-
cal-biochemical reactions, and enhance plant stress resistance. In this paper, the authors mainly review the types, func-
tions, and interactions with trans-acting factors of inducible promoters in response to abiotic and biotic stresses, such as
drought, high temperature, low temperature, salt in pepper, in order to provide a theoretical basis for further research on in-
ducible promoters of pepper genes and stress-tolerant cultivar improvement.
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Fig. 1 Control diagram of promoter components
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R, ANHE AT DAL ERAE 5, 5 5 7K 43 Jolp JE A G A
R R aA . T8 H B 7 2 E 3 7 W] g 2 1% DRE
(dehydration-responsive element) JG ff . ABRE Jt
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A v SRR R R, 2 — P P i ia
AR R B FEEY AR ARV a AR AR R KR
FI™. B ARIL CaDHN4 5 K 8 5l 7 A7E 0 R 5
IR R . RT3l I I TER CaMYBO25 #%
S DR 7 8 BB N CaDHN4 55 R 3% 0k & BRI

1.1

. D .

CaDHN4 J5 875 1) CGGTCAGT X84 T 5 b
BT, HENEE S KT CaMYBO025 ] fit 5 CaDHN4
FH B3 T 1 CGGTCAGT A ok 45 4, #2
f51 CaDHN4 R A &, — 3 3 (7] g B 52 il
(K 2). #5551 (Ca OE NI E M (51
TSR SN B S A L R B 285
(CBLs) #1 CBLs A8 H.AE FH & i (CIPKs) f# 5 A
eI SRema N AN BN, TR A
A LLEE CaCIPK3 A1 CaCIPK7 IR R 5h 1, 48]
CaCIPK3 F1 CaCIPK7 %[ Ja 2l Al LA g o
RihiamE BT e RN RIA R, A,
L B R ZAREG R I, CaCIPK3 17 5 5 132 5
CaRKY4 3K T 145 , CaCIPK7 %% 5| CaMYB4
1 CaMYBS Wi# , % B Wi BAE IE R 2 NEE T
Feik, BESRBBIHT R . Ma 2505 T CaCIPK7 %2
ST T BB TSR 5T SAHKH MYB 45447
R ABA e SR AT 7o, 3l CaCIPKT7
FER A 31 ] AR Ay 5T 52 38 1 15 5 8L S 3
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KEBRBUET 85GST FERI3EAT 45 5€ , M F PlantCARE %4
WERZE T CaGST BRI 2ib A7 23 57 13 1000 bp

(1) X35, B 78 123 B - 5 A LR B A s B 6 A,
FHip 3L 2 CHSED VIR B2 (LTR) BA K 5155 S A%
MYB 45647 s (MBS S50, iX S 4 AR I K 2 4L
CaGST Ja3)I+Refgmm B AL P ia .
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AT 5’ 3
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Response to drought stress
element

2 CaMYBO025 ¥R EF4E CGGTCAGT XigiB#E CaDHN4 £ H
Fig. 2 CaMYBO02S5 transcription factor binding CGGTCAGT region regulates CaDHN4 gene
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H5RERMEARS S, B, AR WAFE
MYB.MYC 45 & fi7 £« W-box. Z ¥ Wi B 7t 1
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T A SR AL BE N CAChi2 3R 8 8h 1% 1 o 75
HIE/N a3 41, # 3 CAChi2 31K ATG #iFE
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AT E e, 19 H-878 bp Fr BUE B 31
X5 A B R 5 AR B T i 2 TR ) Rk
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BN IEAT T AR FR B (LUC) M 5E , & 35N ]
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A R e, b L 7E CaHsp70 2RI 10 5 4%
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MAREA RS EREEEEH. ™M BN
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AT I CaSC2 K2R JA 8147 (£ HSE (FA M. R
N TG AE - W-box . S-box DA K MW B 2 05 &5 etk . N
WFFUTE 43 °CRi 8 R CaSC2 LK Ja 31 [ %
KNS, HH#— R B CaSC2 Ja8 8 ¥ B KAk
(-1227.-926.-828.-660.-229 bp) fill & F| GUS i
P HE DR IR B, 0 A 5 DR B R AT R iR AR B IF B
T HTA WS 3 7 8k R ARTE 43 °C iy i Ab 2T 4R B
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Bl AT LA i B ey i 8 1 A 1S 5 T AL S 3
T CMEAMYE —(E S5 &R NS A
AR, R sl & E (SYD IR &3
AN —IE A, 5 A LE LR I AR A B g R R
H 64 SYT KIEH N, SYT v {E A Ca¥ 145 &
H, LI Ca™™ {5 545363 4, i B S il e . 4%
BEOINE CaSYTS K R _E i e 41 09 =X A FH 7o A 3k
17900, Kz N S 3 1 A7 £ & il A 5% Jo
HSE L K Wi B & (20 A K RO M Lo,
I HAE 40 )CTH I AL B 2 h J5 , CaSYTS #:[H %
KK S gAY ok B 3 £ 7, Bl Ca-
SYT5 J 5 1 J8 3l 1 BB B 25 e i W 8 . AP2/
ERF X J =& 18 ) 5t 5 K % 5 R 1 (TF) 2K ik
Z—. AP2/ERF i MW EK K E  WEE 5%
S UL R 10 8 38 7 A BB EAE Y. Jing &8 ©Y
U5 8 B AP2/ERF 5 R 4% o 4, e I A 3t
17 bS5 1 0 ¥ 2 A0 & B e 38 A S R ) DIt =X o
4, 4 HSE (H N30 87 ) LTR I R 380U B D
MBS (FF#EFRID A E & TC MEE)FH (S
L5 5 480 A R B AR AE T K 2 8 CaAP2/ERF
BN R Bl X 38

2 WA RS R T

FEBRBUA I A2 T 25 5 i AR T T 5 T BRI
ARKKRE G RE B B, X BT
FHOCHE R S 2 7 i 98+ 4> E 2. WRKY 2 1E
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) BAR TN RE , % pCaWRKY40: GUS AL IR EL, A I
RSI B#iET T GUS WKL, AL, Nilk— D e
pCaWRKY40 4% 0> Ty fig X 3300k RS (1) B, 3 T
FE 40 A 74 T pCaWRKY40 1 5 A4S 58k 2k
(—-1802.-1464 . -1060 -746 F1-360 bp) , R 55
GUS FERIFh A , 45 SR IATE RIS Ab3E R ,-1802 bp [X
BRI B KT GUS 135S, HAth X 8% A 9 &
S, 1EBH-1802 bp J& 81 Fr B i 3 263 43 & v] A
Ve B 75 A B 5 S 2 E 2h 1 (B 3D 1R 3R
T AR (MAPKO RETERE Y A KR E LA
L5 T A R EEAEH . B R SN B
W CaMAPK7 K Ja 3l 1347 v [, 1 8% 8 3)) 1
H GUS Hx 5 Fk DR 85 4 3 47 W I ik, I AE RSI
FIALFER , 12 h J5 GUS 8 E GV W& 108, 2 %) i
[ 2.63 1%, & B CaMAPK7 J& 1 fig % Wi S RSI.
Shen %5 F 44 €4 57 % 9% T € (ChIP) -PCR A Il
CaCML13 ¥R & g-box M E T 5 CabZIP63
LEANE L, 45 BRAEM CabZIP63 ELEELIA &4 g-box
(1) CaCMLI13 JA5h¥ v B4 625 1 BT RSI (1)
TP, I8 315 e s R 1 L R4 FH I 9 1 BB
RSI gtk JUT B nr LA LT o i 3 SR B i, AN
T A DA 995 R Ak, B TR B, LT o B 5 R
KR IA T DA G A AR 6 B P /T . Lin 5
R, HREGRAS  & LT A G LT Bl
H 3L K Chilv3, 43 & W Chilv3 22 IR ) 8 1 L
1017 bp F B, 43 W KIAELE 6 4> W-box 4 > CGT-
CA-motif 5 o F, ¥ % pChilV3: GUS I I % 1k 5k
B, FEFE P B AUZE MG A+ 24 h A1 28 h J5 , HH
pChilV3 3R ] GUS 1EBRMUH | B3 Ri5 . i
— i€ pChilV3 M B B 25 4 e 1 S B JE 3 1

S e e A T

X 38, ¥ 14 Chilv3 J& ) 5" R/ BRI Bk 2%
(-1017.-892.-712.-459 F1-276 bp) , 5 GUS
e P B S s A N S 2 R A G = 1
I -712~-459 bp XI5 1) 5 2+ W] 4% Chilv3 HE K
FIE, FOZ X I 1) 8 37 0] AR R R NR &
EIESHEET . AMPI 2 IFRN I — N E
YT IE NS, CadMP1 52 MM =3 B B Sk e f) 38
ROy m 20 B85 A o 1 B 3 2 Do B e 1 B
B, A AR R TR B B A B, 4y B B R
CaAMP1 FE R #5047 5 31190 bp XA —
RV SEK, RS GUS R R AL A
CadAMPI JEEh T HIEME . 45 KW, CadMP1 H A
JRE T (-1190.-967.-626 bp) A 1E Kk S AL J3 5 1
Sk IV 25 MR A B BT B e . AL, BIE AR I
KR CaRAVI W LLIE CadAMPI B:IH, 41 1%
BRI R OA BE L Y TR O R RE .
CaPIMP1 FE & 3 P AR E S I FRE A 5 S
(42 oA, N T Hi € CaPIMPI FE [ 8 51 Wi
RIS Wi /NE 31 7 51, N CaPIMPI J5 5§ E i
f1-1193.-1017.-793.-593 F1-417 bp FFUA a3 zhF
R B GUS A5 B Rl G, B i AL 5, i 5 19
H R -1193 bp X3k B J8 21 mT AR [ B 75
T, 48 CaPIMPI FE R ZRIE , S 58 DU HE™. Lee
ETIRE CaSARS824 B:R A 81, A E CaSARS24
BT — &R SRS GUS A I ah &, B 4
AEIHEL AR GUS H1 8 VAT HH LR B G 0 e
FFBEEURAZF 24 h J5, 3 87 X 3K-831~-759 bp 1)
JF o8 0 ZU 5 Rk, R R RS 3Rk
CaSAR82A4 F:H v & W xCAE FH JofF vT Re AL T 5 3
T XA, X A 37 P R iE CaSARS24 &
IR Rk SR AE ) 32 2 SRR 35 (3R D

Special transcription
factors

e UG

Transcriptional start

FF L HE CORF)

L REPIn R nty = b BT

Regulatory element| [Upstream elements

AT

Promoter

SERFEIN
Structure gene

3 CaWRKY40 R BEF5 RIS Bz
Fig.3 CaWRKY40 gene promoter and RIS regulation
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Table 1 Response elements of stress resistance gene promoters in different plants
TR ISR S S EL (S JA BT I D RE T SCHR
Number Gene name ~ Stress treatment Predicting the function of starting sub elements Reference
1 CaDHN4 T2 e T2 oA A et e [12]
Drought Response to drought and high temperature elements
2 CaCIPKs % Wi MG T2 VABA JofH4F [14]
Drought Response to low temperature, drought, ABA elements, etc
3 CaCIPK7 ~ T5 A ST RN MYB 25460 58 ABA Wi T [15]
Drought Containing drought related MYB binding sites and ABA responsive elements
4 CaGST T5 i S A EL I S AR IR G R, 55 S R MYB 45507 5155 [16]
Drought Response to heat stress, low-temperature elements, drought induced MYB [17]
binding sites, etc
5 CaDHN4  thhia WIS 15t P TR R TR K AT ~ i [18]
Salt stress Response to abscisic acid, jasmonic acid, salicylic acid, and salt stress
6 CaCP1 Hhfppia Wi 5 3 G GT-1.F R0tk MYC [19]
Salt stress Respons to salt stress element GT-1 and drought element MYC
7 CabHLHO035 hfhia LEIEN B Eb IS [17]
Salt stress Response to salt stress elements
8 CaNAC035 AR B R MR T Iu (23]
Low temperature Hormone elements, growth and development elements
9 CabHLH79 {&ifi i =%~ L N DAl B el [24]
Low temperature Gibberellin element, response to low temperature stress
10 CABPRI  {&iR WASEK 93 T SR TR R 3R S5 T i [25]
Low temperature Response to moisture, drought, abscisic acid, gibberellin and other elements
11 CaPLD4 A% AN EN LTINS G e ISR A [26]
Low temperature Light responsive elements, low-temperature responsive elements, hormone
responsive elements, etc
12 CaPP2Cs  {&ifi Wi R ST I IS AR TG 2 Ay T [27]
Low temperature Response to hormone elements, response to low-temperature elements,
response to Pseudomonas aeruginosa
13 CaDHN3 A&l Wi AR TT A [30]
Low temperature Response to low-temperature components
14 CaSC2 [ Z: 5 Wi A A8 s R R AR F e [29]
High temperature Engage in elements involved in defense and stress responses
15 CaHsp70 il Wil 7 PR M S AR FR T [32]
High temperature Response to high temperature, ethylene, and auxin components
16 CaSYTS [l i) 7 L AR A i [34]
High temperature Response to high temperature and abiotic stress
17 CaAP2/ERF ik Wi 37 el e A AR IR TTAF T2 o BRI e £ [38]
High temperature Response to high temperature elements, low temperature elements,
drought elements, defense and stress elements
18 CaWRKY40 THlH W S 205 I S AR S8 T [37]
Ralstonia solanacearum Response to elements such as ethylene and pathogens
19 CAMAPK7 ~ HHiE WAL IS 2065 AR i A5 T [38]
Ralstonia solanacearum Response to ethylene, biological stress and other elements
20 CaCMLI3  FHHiH W JREYHER T « el e < B A e [39]
Ralstonia solanacearum Response hormone elements, high-temperature elements, defense elements
21 pChilV3 B R AT L EIE S TT [41]
Phytophthora capsica  Elements such as ethylene and biological stress
22 CaAMPI W EAE AT 1 i O R R AT [42]
Pseudomonas syringae High temperature elements, pathogen elements
pv. tabaci
23 CaPIMPI  JHEAR AT T GT-1 JofF 5 MYB #3745 & {1 mi 4 > W-box JefF+ [42]
Pseudomonas syringae Wi N 701 (EREs) JACGT Juff4% [43]
pv. tabaci GT-1 element, drought MYB transcription factor binding site, four W-box
elements, ethylene responsive elements (EREs), ACGT element, etc
24 CaSARS82A4  JRVEAR L M FF ET i 7 5 2 AR EURH G S B 4 18 2 e [43]

Pseudomonas syringae Regulatory elements that respond to hormone and stress-related responses

pv. tabaci
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