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Mini-Review

Plant growth and crop production can be greatly affected by 
abiotic stresses. Abiotic stress includes a large number of stresses 
caused by complex enviromental conditions such as drought, 
freezing, salinity, high and low temperatures, UV light, heavy 
metals, flooding and hypoxia. According to Intergovermental 
Panel of Global Change (www.ipcc.ch), these stresses will 
increase in the near future as a result of climate change. For 
example, water supply is the single most limiting factor in many 
countries, including Mediterranean areas and drought stress is 
one of the main factors affecting plant productivity.1 Likewise, 
salt is a major constraint to global food crop production. It is esti-
mated that 20% of all cultivated land and nearly half of irrigated 
land is salt-affected,2 reducing yields below the genetic potential. 
Low temperatures have a huge impact on the survival and geo-
graphical distribution of crops. Therefore, understanding plant 
responses to these abiotic stresses will lead to major advances in 
the area of crop productivity and tolerance to abiotic stresses.

Various abiotic stresses induce gene expression in many 
plants.3 Stress-inducible genes are regulated by multiple stress 
signals through the action of transcription factors and epigenetic 
mechanisms such as histone modifications and DNA methyla-
tion.4-6 The precise control of chromatin modification may play a 
central role in regulating gene expression in response to environ-
mental cues because the switch between permissive and repres-
sive chromatin allows alteration of gene expression in response 
to environmental changes. A number of studies have shown that 
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Plant growth and crop production can be greatly affected 
by common environmental stresses such as drought, high 
salinity and low temperatures. Gene expression is affected by 
several abiotic stresses. Stress-inducible genes are regulated 
by transcription factors and epigenetic mechanisms such as 
histone modifications. In this mini-review, we have explored the 
role of transcriptional adaptor ADA2b in Arabidopsis responses 
to abiotic stress. ADA2b is required for the expression of genes 
involved in abiotic stress either by controlling H3 and H4 
acetylation in the case of salt stress or affecting nucleosome 
occupancy in low temperatures response.
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plants are capable of adapting their growth and development to 
environment changes such as light, temperature, biotic and abi-
otic stresses through modulation of histone acetylation.7

Histone Acetylation and Abiotic Stress

Acetylation of the N-terminal tails of histones was one of the 
first chromatin modifications to be characterized and is gener-
ally correlated with increased accessibility and transcription of 
the associated DNA.8 The identification of the transcriptional 
regulator Gcn5 as a histone acetyltransferase gave rise to char-
acterization of enzymes and their regulatory partners that form 
large multiprotein complexes which function to alter chromatin 
states.9 Gcn5 physically associates with Ada2 in several larger 
transcriptional coactivator complexes that are particularly well 
characterized in the yeast Saccharomyces cerevisiae.10,11 Similar to 
yeast and mammals, Arabidopsis GCN5 has been shown to acet-
ylate H3 in vitro12,13 and global H3 acetylation is reduced in gcn5 
mutant.14 More specifically, H3K14 and H3K27 acetylation are 
reduced at defined loci in gcn5 mutants.15 Also, in Arabidopsis, 
GCN5 interacts in vitro with the two homologs ADA2a and 
ADA2b.12,13 Arabidopsis ADA2b enhances the HAT activity of 
GCN5,12 which is also known in yeast.16 A subset of genes is regu-
lated by the Arabidopsis ADA2b and GCN5, since expression of 
5% of investigated 8,200 genes is changed in gcn5 and ada2b 
mutant leaves.17 As a result in Arabidopsis, gcn5 mutants exhibit 
pleiotropic developmental defects, including dwarfism, loss of 
apical dominance, aberrant meristem function in root and shoot, 
leaf and flower development, short petals and stamens, flower 
infertility and plant responses to abiotic stress.14,15,17-23 Chromatin 
immunoprecipitation coupled with a promoter chip revealed that 
about 40% of the promoters are associated with the Arabidopsis 
GCN5 protein.24 The GCN5 bromodomain is required for a 
small fraction (11%) of the AtGCN5 targets and their H3K14 
acetylation.24

The Transcriptional Coactivator ADA2b  
and Abiotic Stress Responses

ADA2 (alteration/deficiency in activation 2) adaptor proteins are 
integral parts of GCN5-containing complexes. In Arabidopsis, 
two related ADA2 factors (ADA2a and ADA2b) have been 
identified.13 T-DNA mutations in ADA2b gene result in pleio-
tropic defects in development, some of which are similar to gcn5 
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gene expression is reduced upon exposure to low temperatures 
and delayed in both ada2b-1 and gcn5-1 mutants,17 indicating 
that CBFs might stimulate transcription through the recruit-
ment of GCN5-containing complexes to the promoters of its 
target genes. The non-acclimated ada2b-1 mutant is more freez-
ing tolerant,17,20 suggesting that ADA2b may repress the ability 
of plants to tolerate freezing by a mechanism independent of 
COR gene expression. To determine the response of the ada2b-1 
mutant to water starvation, plants were grown in pots until the 
reproductive stage and then subjected to a 20 d water-starvation 
period (Fig. 1A). Ten days after water starvation, the wild‑type 
plants showed a withering phenotype and after 20 d the leaves of 
wild-type plants were almost completely dry. In contrast ada2b-1 
mutants were not wilting and survived this severe drought stress. 
The whole plant transpiration rate was reduced in ada2b-1 
mutants in comparison to wild-type plants (Fig. 1B) suggest-
ing that the drought tolerant arise from reduction of transpi-
ration water loss probably through stomata closure. Although 
at the moment there is no evidence of rapid stomata closure of 
ada2b-1 mutants in response to drought stress, those mutants 
were hypersensitive to ABA20 a situation that could lead to rapid 
stomata closure. Moreover ada2b-1 mutants were hypersensitive 
to salt stress,18,20 suggesting that ADA2b is not only involved in 
abiotic stress responses but also its function is stress-dependent. 

phenotypes.17,22,25 ADA2b is also required to modulate histone 
acetylation in response to auxin.26 However, the related factor 
ADA2a does not appear to be required for plant development, 
since ada2a mutants are indistinguishable from wild-type plants.20 
Moreover, expression of AtADA2a from a constitutive promoter 
fails to complement the ada2b-1 mutant phenotype, supporting 
the hypothesis that the two proteins target distinct sets of genes 
and may have different biochemical roles.20 The Drosophila 
genome also encodes two ADA2 proteins, which appear to be spe-
cific components of different GCN5-containing complexes.27,28 
For instance, dADA2a is present in the ATAC (Ada2a-containing) 
complex,29,30 while dADA2b is present in the SAGA complex.31-33 
However, contrary to what the situation is in Arabidopsis, both 
dADA2A and dADA2b are required for normal development.32 It 
remains to be learned whether AtADA2a and AtADA2b are part 
of different GCN5-containing complexes in Arabidopsis, which 
have different HAT activity and/or specificity.

Chromatin regulation by histone acetylation is important 
for plant adaptation to environmental changes.34,35 GCN5 and 
ADA2b are involved in abiotic stress responses including low 
temperature and salt stress.17,18,20 The CBF (C-repeat binding 
factor) family of transcriptional activators function as mas-
ter regulators of cold acclimation in Arabidopsis by stimulat-
ing the transcription of cold-responsive (COR) genes.36 COR 

Figure 1. ADA2b is a key regulator of abiotic stress. (A) ada2b-1 mutants are drought tolerant; photo was taken 20 d after water starvation. (B) Whole 
plant transpiration of wild type (white square) and ada2b-1 (black square) mutant plants. Changes in soil water content during drought stress is 
indicated. (C) The effect of ADA2a, ADA2b and GCN5 on salt-induced RD29b expression. Wild-type Ws, ada2a-1, ada2a-2 and gcn5-1 plants were sub-
jected to salt stress (100 mM NaCl) for various time as indicated. RNA were isolated from whole seedling and real-time Reverse Transcription PCR was 
performed using specific primers for RD29b. Fold induction of these genes after exposure to 100 mM NaCl were calculated by normalizing values from 
salt-treated plants with those from untreated samples. Values are presented on a logarithmic scale. For each mutant and wild-type plants, triplicate 
samples in each experiment were assayed twice. Three independent experiments were performed, error bars represent SE where n = 4. (D) Schematic 
representation of ADA2b function. ADA2b promotes histone acetyaltion in salt-induced genes and confers salt tolerance whereas it represses freezing 
and drought tolerant in Arabidopsis.
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root growth and seed germination assays, and in contrast to the 
ada2b salt responses, it was found that sgf29a mutants were more 
resistant to salt stress than their wild-type counterparts, suggest-
ing that different components of HAT complexes may play a dif-
ferent role in plant abiotic stress responses.18

Conclusions and Future Perspectives

In summary ADA2b is implicated in several abiotic stresses. 
ADA2b is required for gene expression of genes involved in abiotic 
stress either by controlling H3 and H4 acetylation in the case of 
salt stress or affecting nucleosome occupancy in low temperatures 
response (Fig. 1D). The specificity of the ADA2b in chromatin 
function is believed to be mainly regulated by interaction with 
specific DNA-binding transcription factors. Therefore, identify-
ing interaction between ADA2b and key transcription factors 
involved in abiotic stress will be needed to understand the chro-
matin regulation of stress-response gene expression. Moreover 
performing a genome-wide expression analysis of stress-induced 
genes in the ada2b mutants under different stress conditions will 
give rise to specific ADA2b target that could lead either to salt 
tolerance or to drought sensitivity.
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Furthermore, abiotic stress responses are more pronounced in 
the ada2b mutant than gcn5 or ada2a mutants,20 suggesting that 
ADA2b is a key link of histone acetylation and transcription 
regulation upon abiotic stress.

Indeed, the induction of COR and other stress related gene 
expression during salt treatment was reduced in ada2b-1 plants.18 
These results indicate that ADA2b may act as a positive regulator 
of salt-induced gene expression. This ADA2b’s action is distinct 
from that of ADA2a and GCN5, since in the ada2a-2 and gcn5-1 
as well as gcn5-2 mutants the expression of the stress-inducible 
genes was not affected by high salinity stress (Fig. 1C).18,20,37

Histone modifications play a key role in gene expression and 
plant development under stress.5,34 In ada2b-1 plants the level of 
histone H3K9/K14 and H4 tetra-acetylation was reduced at the 
promoter and coding regions of the salt-induced genes18 which 
was correlated with reduced salt-induced gene expression, sug-
gesting that ADA2b-mediated histone acetylation may facilitate 
the binding of transcription factors that have multiple salt-
responsive modules to the promoter.34

When Arabidopsis is exposed to low temperature H3 acetyla-
tion increases and nucleosome occupancy decreases at COR pro-
moters.19 H3 acetylation at COR promoters was stimulated upon 
cold acclimation in ada2b and gcn5 plants as in wild type plants, 
but the decrease in nucleosome occupancy was diminished. 
These data suggest that GCN5 and ADA2b are not required for 
cold-stimulated histone acetylation at COR gene promoters, but 
they are required for changes in nucleosome occupancy during 
cold acclimation.

SGF29 is another component of GCN5-containing com-
plexes in yeast and there are two orthologs of yeast SGF29 in 
the Arabidopsis genome, designated as SGF29a and SGF29b.18 In 
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