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ABSTRACT

Promoters are essential for gene expression, and it is the promoter that determines the function of genes. The eukaryotic promoter is composed of
several components. In the absence of auxiliary proteins, promoters cannot perform their hypothetical functions. Scientists analyze or predict the
function of promoters in the laboratory, or by using bioinformatics information. There are different types of promoters, including constitutive
forms that are active in almost all tissues, locations and times. An spatio-temporal counterpart induces gene expression in certain stress
conditions, tissues and locations. Inducible promoters are excellent tools in research because experts can fully control expression of the target
gene. They limit gene activity to specific conditions, such as abiotic or biotic stresses. Based on their knowledge of molecular elements, scientists
can now make synthetic promoters that control the expression of genes with greater ease and confidence. The role of introns in promoting
promoter activity is well-documented, and introns can play a positive regulatory role. The issues discussed in this article can lead scientists to
choose the most appropriate promoter for their target gene and be able to move forward in their research.
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Figure 1. A cis-regulatory module and enhancer in action. Cis-regulatory modules (CRMs) can connect
with various TFSs. TF complexes, in combination with an input factor from a distal cis-regulatory
element, serve as activators and enhance transcription. During transcription, auxiliary promoters and
suppressors bind simultaneously to the DNA motif and communicate with core promoters (Griffiths et al.,
2002; Krebs et al., 2017; Uno et al., 2000).
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amount of an enzyme is a measure of transcription, or the strength or condition in which the promoter is
active.
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*1 Glucocorticoid receptor
%2 Estrogen receptor
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(Venter & Botha, 2010) 31 (wladl cadd oo 1y aslio CiS— SuisS pulicd jLislw 31 oolaiw!
Figure 1- An illustration of two basic strategies for the design of synthetic promoters (a)
unidirectional synthetic promoter design. The core-promoter will be fused to a synthetic stretch of
DNA containing multiple repeats of the specifically cis-motif (multimerisation). Knowledge of
specific cis-motif associated with induction (e.g. pathogen attack) enables construction of synthetic
promoters in response to pathogen attacks, (b) Bidirectional synthetic promoter design. By
integrating an additional promoter on the opposite side, it is possible to regulate two transgenes

using the same cis-regulatory architecture. (Venter & Botha, 2010) with some modifications.
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Table 1. The function of some known motifs in the core and distal region of the promoter.
* Source: PlantCARE (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/)

3 8les hiige o Sy
Function Motif Position Sequence (5°-3")
TATA Box -33 TCCCTATAAATAA
Syegn 5 ye CAT Box -49 GCCAAC
Core promoter CAAT Box -80 GGCCAATCT
G Box -66 TGACGGTGT
il 45 ey ABRE -76 TGGTTT
Response to stress AB14 -245 CACCG
155 & odind geuly paie 5y jl o I Box 950 103 CTCTTATGCT
Part of a light-responsive element L box 58 to 68 TCTCACCAACC
59L  plae 15
0ol Jlie o g8 W Box 72 CTTCTTTGACGTGTCCA
Defense against pathogen
s_;b% s e Sard GE ARE -700 to -705 TGGTTT
Essential for the anaerobic induction
2 & gl S S-UTR Py-rich 533 t0 -547 TTTCTCTCTCTCTC
Confer high transcription levels stretch
Ol 4y 0aind Guly e GARE-motif 139 to 145 AAACAGA
Gibberellin-responsive element
09 4o By e GT1-motif 168 t0 178 ATGGTGGTTGG
Light-responsive element
TCHl i slo S5 g i g £os o fensly
el sl s €8 0 ek 171026 ATTTTCTCCA
Responsive to defense and stress TC-rich repeats
& o5 & baye sl isegn ;5 MYB Glulis o5yl
MYB recognition site found in promoters of the MBS -425 to0 -430 CGGTCA
dehydration
LS A 4k HSE 79 t0 87 AAAAAATTTC
Responsive to heat stress
MEIA & 5ol 5 50 CGTCA-motif 1t05 CGTCA
Involved in the MeJA responsiveness
Foresdl ol lr s Skn-1_motif -624 10 628 GTCAT
Required for endosperm expression
gl Sl - fo R ibl
s57 W3l 3 gl oler Jyss ReSPONSIDIE 0 AC-1 58 t0 68 TCTCACCAACC
vascular expression in xylem
| ) P
Sl Seledlo o 8l o 50 TCA-element -101 to -110 CAGAAAAGGA

Involved in response to salicylic acid
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Table 2. Fruit-specific promoters
Promoter Source Tested Reference Remark/ cis element Expression
SIAdh2 tomato tomato J Plant Biotechnol 47 i preferentially /
:172 temporal
Vitis Core functional
VQqSTS6 quinquangularis tomato Agri Gene.1: 38 region --518 bp to — preferentially
411 bp
(SIHDC- tomato tomato Plant Biotechnology — 880 to— 577 core temporal and
A) Reports 13:43 functional region spatial
tomato, spring .
E8 tomato onion, capsicum J. Appl. Emerg. Sci - spatio -temporal
6(1)
and lettuce
strawberry / J. of Experimental fruit-specific .
FaDOF2 strawberry tobacco Botany, 68 : 4529 transcription factor spatio -temporal
I (olais] s Ggog g 5l golowi —F Jeus
Table 3. Seed-specific promoters
: Sloxpsgs
sl - S &= Rema;klj::is o
Promoter Source Tested Reference Expression
element
. . Plant Cell Tiss spatial or
PROLAMZ6 rice rice Organ Cult 128:125 endosperm preferentially
foxtail millet Arabidopsis /Zea . temporal and
pF128 (Setaria italica) mays/foxtail millet Planta 241:57 Embryo spatial
. . Plant Cell Physiol. Chimeric .
PZmBD1 / Skn-1 maize maize 59(10): 1942 Ibidirectional persistent
. . Plant Cell Tiss spatial or
PGlu-48 rice rice Organ Cult 128:125 endosperm preferentially
. . Plant Cell Tiss spatial or
PRAL2&4 rice rice Organ Cult 128:125 endosperm preferentially
BIP4 rice rice Front P;zérgt Seit: bidirectional spatial-temporal
maize a-zein - . Physiol Mol Biol temporal and
maize rice Endosperm

promoter

Plants. 21(1): 35

spatial



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4885881/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4312335/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4312335/
https://www.sciencedirect.com/science/journal/23522151
https://link.springer.com/journal/11816
https://link.springer.com/journal/11816

AYO-Ve e O OF) O codipm 5 (590955 /03,0 5 Slogen

AR
‘-SLN-?/W?:)Q:/O\); ‘smbaﬁél ‘5&)3'9.05).3: )'| 6.:‘..).:5 -¥ Jg.)..?
Table 4. Pollen/Stamen/Anther-specific promoters
Fse9y Lacs, 00D S o Sloensgs ok
Promoter Source Tested Reference Remark/ cis element Expression
OsLSP3 - Orvza Journal of Integrative
OsLSP4-OsLSP5- sat)i/va Oryza sativa Plant Biology 62: late-stage/pollen temporal
OsLSP6 1246
o —126 to —102 region - .
Zm908 Zea mays tobacco Front. Plant Sci. 8: transcriptional suppression Spatio-
658 temporal
element/pollen
. . p385 (from —385to —1) .
OsSUT3 rice Arabidopsis Int J Mol Sci. 21(6): monocotyledon and Spatio
1909. - temporal
dicotyledon
ASP (38 Oryza . . .
promotor sativa L. Oryza sativa L. Breeding Science 68: Anther temporql
- 420 preferential
seguences) (rice)
Southwest China ABA-response element
PWAERT, Journal of ABRE, 8 CK-response
TaRATIN1a cereals pWAER?2 and - - -
WAER3 vectors Agricultural Sciences  element ARR1IATDRE and
P 281 MBS / Anther
Oryza . Plant Reproduction OSIPP3-D3 (388 bp) (late
OSIPP3 sativa Oryza sativa 28:133-142 pollen stage) strong
0,5 oolais! b Ggog 5l golowi —O Jgu
Table 5. Nodule-specific promoters
. Slonsgs
753 e &= Remarkd c o
Promoter Source Tested Reference emark/ cis Expression
element
common Bean / Journal of Visualized Cis element Spatio-temporal
(IPN2-RE) P P

NIN promoter

common bean

Lotus japonicus

Experiments 130:56140

GmINS1

soybean

soybean

Plant Physiology Preview,
DOI:10.1104/pp.18.01018

preferentially
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https://link.springer.com/journal/497
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Table 6. Trichome-specific promoters
ot e B & Remark/i:is S
Promoter Source Tested Reference Expression
element
aldehyde Artemisia . Plant Cell, Tissue and Organ (_excluswely .
dehydrogenase 1 Artemisia annua ) discovered In spatial
annua Culture (PCTOC) 126: 469
(ALDH1) young leaves
pRbcS-T1 and Nicotiana ) ) constitutive /
DMALD1 tabacum N. tabacum Planta 251:58 spatial
Chrysanthemum
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synthetic SRSP ) 25;36(4):700 in SP8BFIBSP8AIB, and ROOT P
Chinese MOTIF APOX1
maize Transgenic Journal of Biological
ZmRCP-1 plantain. Research-Thessaloniki Cap-specific spatial
Musa spp. 23,
. Plant Cell Reports 35: constitutive/
OsGRP7 rice bread wheat 469 - spatial
OSMTL1 rice bread wheat Plant Cell Reports 35: ) constitutive
469 [prefrentially
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Plant Physiology and } B i
0s03g01700 rice O. Sativa L. Biochemistry136: 52- 1475 20ii7bp and ~1077 spatial
57 5 bp
synthetic
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module
(S. .
Plant Cell Tiss Organ ~ Response weakly to salt stress, .
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Table 9. Leaf / vegetative-specific promoters
: Slorpsgs
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PPRGRMZM2G129783 maize tobacco Physiology and Molecular oo cpecific o spatio-
Biology of Plants, 25:277
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ECSWEET5 Eucalyptus_ tobacco Genome .61(11): 777 - spatial
camaldulensis
Southwest China Journal of high activity /
pGh10424pro cotton Arabidopsis Agricultural Sciences, leaf-specific g -
spatial
31.646
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