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Changing Gears in Salt Stress Tolerance: AtCAMTA6’s
Role in Transcriptional Regulation of Ion Transport

Salt stress affects plant growth and development at
all stages, reducing germination and compromising
seedling establishment, transpiration, and root growth
(Munns and Tester, 2008). At later developmental
stages, the overaccumulation of salt ions in the shoot
disrupts photosynthesis and other vital processes, of-
tentimes resulting in premature leaf senescence. The
release of vacuolar Ca2+ into the cytosol occurs early
after salt stress exposure and is essential for propaga-
tion of stress signals throughout the plant (Choi et al.,
2014). One of the best characterized Ca2+ sensors within
the plant cell is calmodulin (CaM; Virdi et al., 2015),
which undergoes a conformational change upon Ca2+

binding, thereby changing its affinity for interacting
proteins. CaM can affect general transcription levels
either indirectly, through interactions with protein
kinases, or directly, by interacting with transcription
factors. Six CaM-binding transcriptional activators
(CAMTAs) identified in Arabidopsis (Arabidopsis
thaliana; Bouché et al., 2002) show induced tran-
scription levels in response to biotic and abiotic stress
(Yang and Poovaiah, 2002; Doherty et al., 2009;
Pandey et al., 2013). CAMTAs have conserved pro-
tein structures, containing the CaM-binding IQ
motifs toward the C terminus and DNA-binding
domains at the N-terminal end (Finkler et al., 2007).
Although the majority of the CAMTAs are well
studied, the function of CAMTA6 remained elusive
until recently.

In this issue of Plant Physiology, Shkolnik et al. (2019)
describe the role of AtCAMTA6 in salt tolerance during
seedling germination. The group observed that camta6
mutants showed an increased germination rate under
salt stress conditions as severe as 200 mM NaCl. This
increase in germination could be explained by reduced
sodium uptake by the germinating seed, observed for
two independent camta6 alleles. Interestingly, Shkolnik
et al. (2019) observed that decreased sodium accu-
mulation corresponded to the repressed expression
of high-affinity K+ transporter (AtHKT1) known to
import sodium ions into the root pericycle from the
vasculature, thereby limiting sodium accumulation in
the shoot (Mäser et al., 2002; Møller et al., 2009). The
levels of AtHKT1 were not induced in response to salt
stress in camta6 lines, and AtHKT1 expression was also
limited to the radicle and excluded from developing
cotyledons.

AtHKT1 is not the only gene affected byAtCAMTA6,
as the transcriptomic study of camta6 lines revealed

that CAMTA is responsible for more than half of the
salt-stress induced transcriptomic changes at the
germination stage. Future developments on how
CAMTA6 regulates the transcriptome will shed more
light on its direct and indirect targets as well as the
integration of calcium and abscisic acid signaling
during salt stress.

Another exciting aspect of the work described by
Shkolnik et al. (2019) is that although camta6 seed-
lings outperformed wild-type lines during germina-
tion under salt stress, reduced salt stress tolerance
was observed for the mutants at later developmental
stages. This phenomenon could be explained by
camta6 lines’ inability to induce AtHKT1 expression.
Enhanced HKT1 expression improves salinity toler-
ance in older plants (Møller et al., 2009). In younger
seedlings, by contrast, high HKT1 expression results
in reduced lateral root development and increased
salt stress sensitivity (Julkowska et al., 2017). Al-
though HKT1 is one of many genes affected by
CAMTA6, this study suggests that ion sequestration
mechanism, involving AtHKT1 and AtCAMTA6, re-
duces salinity tolerance at the early developmental
stage but is necessary later in plant development. In
the future, increasing our understanding of the up-
stream regulation of CAMTA6 will provide a better
understanding of this developmental switch in pref-
erence for salt tolerance strategy, and could be used in
creating more dynamic salt tolerance mechanisms in
crop species.
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