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MYC2 is an important transcription factor, which modulates transcription by directly binding to Z-, G- and E-box ele-
ments present in the promoters of light and different stress responsive genes.1–3 Very recently, we have shown that MYC2 
plays a role in the regulation of Z- and/or G-box containing promoters during both seedling and adult plant growth.4 
Although, MYC2 does not bind to the GATA box light responsive element (LRE) in vitro as shown in DNA binding assays1, 
its involvement in the regualtion of GATA-box containing promoter in planta, if any, is not known. Here, we report that the 
promoter activity of GATA-NOS101 in atmyc2 mutant was found to be similar to wild-type in BL and dark grown seedlings, 
whereas it was found to be lower compared with wild-type as revealed from GUS staining results. Further, we will discuss 
the consequences of MYC2 regulating GATA-box containing promoter in combination with G-box containing promoters.
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The spatio-temporal expression of genes are determined 
by the cis-acting elements present in the particular promoter, 
which confer responsiveness to particular type of stimuli such 
as biotic, abiotic, hormonal or nutritional signals. Light is one of 
the very important abiotic factor that regulates gene expression 
primarily at the transcription level.5 Light is known to affect 
the expression of nearly one-third of the total genes present in 
Arabidopsis. Analysis of promoters of light inducible genes, such 
as RBCS, CAB and CHS have identified a number of cis-acting 
light responsive elements (LREs) such as G-, GATA-, GT1- ,and 
Z-box that are essential for the light mediated gene expression.6 
From the literature it is understood that cis-acting elements dif-
fer greatly from one promoter to another.7 Furthermore, it was 
suggested that combinatorial interplay of more than one cis-act-
ing elements are required to confer proper light responsiveness of 
light-regulated promoters in plants.8-12

GATA-box (core motif: ATGATAAGG) has been reported 
to present in many LHC and RBCS genes in a number of differ-
ent species.13 In plants, GATA LRE motifs have been implicated 
in light-dependent and nitrate-dependent control of transcrip-
tion.6,14 Indeed, presence of core GATA motif in the set of rela-
tive modules in the promoters of many light regulated genes has 
been reported. Also, GATA motifs are known to often associated 
with other LREs including G-boxes.7 For example, the com-
bination of G-box with GATA element has been shown to be 
critical for the promoter activation in response to signals from 
multiple photoreceptors as well as for repression by the COP/

DET system.10 Mutation in either G- or GATA-box affects the 
expression of RBCS-1A promoter, suggesting both the LREs are 
necessary for the proper expression.8

Most of the light signaling transcription factors identified so 
far bind to the G- and Z-box LREs.1,5,15,16, Although the trans-act-
ing factors, which bind to GATA-box LRE have been reported, 
only few have been shown to play role in light signaling. GATA-
box binding transcription factors such as GATA2, GATA4, 
GATA21 (GNC) and GATA22 are some of the key players, 
which are thought to play role in light signaling. GATA2 and 
GATA4 show higher expression levels in dark grown seedlings, 
and their expression goes down in seedlings treated with differ-
ent wavelengths of light, but not UV-A. Unlike, GATA2 and 
GATA4, GATA21 (GNC) and GATA22 show strong upregula-
tion in light grown seedlings.17 GATA2 has been reported to 
cross-talk between light and brassinosteriod signaling pathways, 
and acts as a positive regulator of photomorphogenesis.18 GATA2 
directly regulates both light and BR responsive genes, whereas 
BZR1 has been shown to directly repress GATA2 transcription 
in a BR dependent manner. Additionally, COP1 has been shown 
to degrade GATA2 protein in dark, whereas light stabilizes the 
GATA2 protein, likely by inhibiting a COP1-dependent degra-
dation process.18 Recently, 2 GATA transcription factors, GNC 
and CGA1 have been shown to be involved in chloroplast devel-
opment and hypocotyl growth in (Arabidopsis thaliana). Both 
GNC and CGA1 are highly expressed in green tissues in a cyto-
kinin dependent manner.19
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MYC2 differentially regulates the expression of GATA-Box 
containing promoters

MYC2 has been identified as a Z-box binding specific tran-
scription factor, and reported to regulate Z-box containing pro-
moters.1,4 It has been shown through DNA-binding assays that 
MYC2 does not bind to GATA box LRE. However, it is not 
known whether MYC2 is involved in the regulation of GATA 
box containing promoter in planta. To address this question, 
we introduced GATA/NOS101-GUS promoter construct into 
atmyc2 mutant background from wild-type (WT) through 
genetic cross, and then homozygous mutant transgenic lines were 
generated and used for further analysis. Seedlings grown in con-
stant dark and blue light (BL) for 6-days were subjected to GUS 
staining analysis, and the results suggest that the expression of 
GATA/NOS101-GUS was found to be at the similar levels in 
wild type and atmyc2 mutants (Fig. 1), suggesting that MYC2 
does not regulate the expression of GATA/NOS101 promoter in 
both dark and BL conditions. However, examination of 6-days-
old red light (RL) and far-red light (FL) grown seedlings suggest 
that GATA/NOS101 promoter activity was reduced in atmyc2 
(more strikingly in the hypocotyl region) mutant than wild-type, 
suggesting that MYC2 is positively influencing the expression of 
GATA/NOS101 promoter in RL and FR (Fig. 1). The fact that 
MYC2 does not bind to GATA-box LRE indicates that the regu-
lation of GATA/NOS101 by MYC2 in RL and FL is likely to 
be indirect. Although the exact mechanism of GATA/NOS101 
regulation by MYC2 is not known, it is possible that MYC2 
might be modulating the expression of some of the GATA bind-
ing factors. Similar to MYC2, HY5 has been shown to bind and 
regulate G-box containing promoters, however does not regu-
late GATA/NOS101-GUS promoter in constant dark and light 
grown seedlings.11

MYC2 has been shown to bind to Z- and G-box, and nega-
tively regulates the expression of Z/NOS101 and 4G/NOS101 
promoter irrespective of wavelength of light and in dark during 

seedling development.1,4 However, when G- or Z-box LRE is 
fused to GATA LRE, the resulting combinatorial promoters 
(G-GATA/NOS101, Z-GATA/NOS) behaves differently with 
respect to tissue specific expression and light responsiveness.11,12 
Whereas G/NOS101, Z/NOS101 and GATA/NOS101 promot-
ers expresses in all most all parts of the seedlings, the promoter 
activity in G-GATA/NOS101 and Z-GATA/NOS101 is only 
limited to tip of the cotyledons.11,12 Although, MYC2 does not 
seem to regulate GATA/NOS101 in both dark and BL, it nega-
tively regulates the G-GATA/NOS101 promoter activity.4 HY5 
does not regulate the GATA/NOS101 promoter in light and dark 
grown seedlings, whereas it positively regulates the expression of 
G-GATA/NOS101 and Z-GATA/NOS101 promoters in a light 
dependent manner.11,12 Thereby, it could be envisioned that inter-
play of at least 2 transcription factors is necessary for the proper 
regulation of G-GATA and Z-GATA promoters, this could be in 
combination with either G- or Z-box binding factors (MYC2/
ZBF1, GBF2/ZBF2, HY5, PIFs [Phytochrome Interacting 
Factor]) or an unknown GATA-box binding factor. However, we 
can rule out the possibility of GATA factors such as GATA4 and 
GATA22, as GATA22 expression has been shown to be strongly 
correlated with the expression of some of the light signaling genes 
such as HY5 and HYH, suggesting that possible role of GATA22 
in light signaling.17 Furthermore, the co-expression of GATA4 
with light signaling transcription factors such as PIL5/PIF1, 
PIF3, SPT, and HFR1 leads to the speculation that GATA4 has 
overlapping functions with light signaling transcription factors.17

Light signaling molecules such as FHY3/FAR1, which con-
tain 2 domains that are found in GATA factors, have been shown 
to functionally interact with HY5. HY5 has been reported to act 
antagonistically to FHY3 and suppresses FHY1/FHL expression 
by interfering with FHY3/FAR1 binding to the FHY1/FHL pro-
moters,20 whereas it co-operatively function with FHY3 for the 
regulation of COP1 gene expression in a UV-B dependent man-
ner.21 In spite of many examples leading to the speculation that 

Figure 1. MYC2/ZBF1 differentially regulates the expression of GATA-box containing promoter. In each panel of A, WT and atmyc2/zbf1 mutant seedlings 
carrying the transgene are shown on the left and right, respectively. Six-day-old WT and atmyc2 seedlings were stained for the similar length of time. (A) 
GUS staining patterns of 4GATA/NOS1O1-GUS transgenic seedlings grown under constant dark, BL (30 µmol m-2 s-1), RL (90 µmol m-2 s-1), and FR (60 µmol 
m-2 s-1). (B) GUS activities of 6-d-old wild-type and atmyc2/zbf1 seedlings carrying 4G/NOS101-GUS transgene grown in constant dark, BL (30 µmol m-2 s-1), 
RL (90 µmol m-2 s-1), and FR (60 µmol m-2 s-1). Error bars represent SD (n = 3). *P ≤ 0.05 and ** P ≤ 0.01 for values significantly differ from WT in respective 
light conditions. The experiment was performed at least twice with similar results.
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GATA box binding transcription factors could be the potential 
functional partners of G- and/or Z-box box transcription factors, 
no such evidence is available at this point of time. Hence, future 
research addressing the combinatorial interaction of cis-acting 
elements by discrete LRE binding transcription factors will give 
us some insight into the combinatorial regulation of light regu-
lated promoters.
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