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lants possess versatile strategies that

permit efficient use of limited nutri-
ent resources during senescing process.
This metabolic adjustment is critical
for prevention of diverse cellular dam-
age and thus for reproductive success
and offspring production, particularly
under environmental stress conditions.
However, it is largely unknown how age-
dependent resistance to cellular damages
is established and how it is influenced
by environmental stress signals during
senescing process. We found that the
VNI2 (VND-INTERACTING 2) tran-
scription factor, which belongs to the
NAC (NAM/ATAF1, 2/CUC2) tran-
scription factor family, plays a role in
the age-dependent induction of stress
resistance. The VNI2 transcription fac-
tor is transcriptionally induced during
senescing process and regulates COR/
RD genes by binding directly to their
promoters. The COR/RD proteins play
a role in the protection from diverse cel-
lular damages during senescing process.
Notably, the transcriptional activation
activity of VNI2 is further elevated
under high salinity. These results indi-
cate that plants increase environmental
stress resistance by inducing the VNI2
gene to assure their reproductive success,
supporting signaling crosstalk between
stress resistance response and senescing
process.

Leaf Senescence and
Environmental Stress Resistance

Leaf senescence, which is the final devel-

opmental step of plant life cycle, is orderly
and active process.! The tightly controlled
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developmental process is particularly
important for nutrient recycling and
energy redistribution, assuring reproduc-
tive success.'? Since plants are vulnerable
to environmental changes as they age,
protection strategies to complete their life
cycle and produce offspring are necessary
during senescing process,' especially under
environmental stress conditions.

It has been well-known that envi-
ronmental stress responses and aging
process is intimately interconnected."?
Increased environmental stress resistance
is frequently accompanied by prolonged
longevity.*® Conversely, mutants that
exhibit expanded life span are also resis-
tant to environmental stress. The close
relationship between aging process and
environmental stress response have been
documented extensively in many living
organisms such as Drosophila melano-
gaster, Saccharomyces cerevisiae and Mus
musculus.*™® In Arabidopsis, numerous
senescence-associated genes (SAGs) have
been identified,! and some of them have
been shown to be responsive to various
environmental stresses, suggesting that
environmental stress resistance and leaf
senescence are interrelated. However, the
underlying molecular mechanisms linking
environmental stress regulation and leaf
senescence are largely unknown.

The Arabidopsis VINI2 gene encoding
a member of NAC transcription factor is
induced by salt stress and senescing pro-
cess,'! suggesting a role of VNI2 as a sig-
naling web between salt stress resistance
and leaf senescence. Whereas transgenic
plants overexpressing the VNI2 gene
(35S:VNI2) exhibit prolonged leaf lon-

gevity with enhanced resistance to high
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Figure 1. Proposed working model of VNI2 in the regulation of leaf senescence under high salin-
ity. The VNI2 gene is transcriptionally induced during leaf senescing process. The VNI2 transcrip-
tion factor regulates the COR/RD genes by binding to their gene promoters. The COR/RD proteins
play a role in the protection of leaf cells from diverse cellular damages, establishing age-depen-
dent stress resistance. The transcriptional activation activity of VNI2 is also modulated by salt
stress, linking plant salt stress resistance to leaf senescence.

salinity, the VIVI2-deficient vni2-1 mutant
shows accelerated leaf senescence. It is also
susceptible to high salinity. Extensive gene
expressional analysis revealed that expres-
sion of stress-responsive genes is greatly
altered but that of SAGs is uninfluenced
in the 35S:VINI2 transgenic and vni2-1
mutant plants. In particular, the VNI2
transcription factor regulates CORI5A/B
and RD29A/B genes by binding directly
to their promoters.

The CORI5A/B and RD29A/B genes
are well-known marker genes that are
involved in abiotic stress responses.'>'
The promoters of the COR/RD genes
have multiple cis-acting elements that are
responsive to diverse stress signals, such as
osmotic stress, drought and high salinity.
Despite their importance in environmen-
tal stress responses, the COR/RD genes
have not been explored in leaf senescence.
Expression of the COR/RD genes gradu-
ally increases as plants senesce." Notably,
transgenic plants overexpressing either
the CORI5A/B or RD29A/B genes also
exhibit prolonged leaf longevity, indicat-
ing that the COR/RD genes play a role in
leaf senescence. In nature, plants encoun-
ter diverse environmental stress conditions
during senescing process. It is well known
that environmental resistance correlates
with senescing periods.®® Whereas leaf
longevity is prolonged in stress-resistant
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plants, premature senescence occurs

in stress-susceptible plants.” Since lon-
ger

senescing  period contributes to
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reproductive success, it seems that plants
have evolved a physiological mechanism
that induces stress resistance as they grow

old (Fig. 1).

Modulation of Transcriptional
Regulation Activity of VNI2
by High Salinity

Transcription factor activity is regulated
at multiple steps: transcription, chro-
matin modification, posttranscriptional
RNA metabolism, modulation of subcel-
lular localization, dynamic dimer for-
mation and posttranslational chemical
modification.'®

Modulation of transcriptional regula-
tion activity is also an intriguing mecha-
nism regulating transcription factor
activity.””?® The VNI2 transcription fac-
tor has been previously reported as a tran-
scriptional repressor.?! We also found that
VNI2 acts as a transcriptional repressor
under normal growth conditions. The
VNI2 transcription factor possesses a
transcriptional activation domain in the
C-terminal region. Notably, the transcrip-
tional activation activity is modulated
by environmental stresses, such as high
salinity. It has been demonstrated that the
VNI2 transcription factor behaves as a
transcription activator under high salinity,
providing a new layer of transcriptional
regulation. It is apparent that the tran-
scriptional regulation activity of VNI2 is
also modulated through interactions with
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cis-acting elements. Transient expres-
sion assays using Arabidopsis protoplasts
revealed that the VNI2 transcription
factor binds directly to the promoters
of the COR and RD genes and activates
their transcription even under normal
growth conditions. Consistently, the
COR and RD genes are upregulated in the
35S:VINI2 transgenic plants. These obser-
vations indicate that the transcriptional
regulation activity of VNI2 is influenced
by environmental stress as well as by spe-
cific interactions with cis-acting elements
in the promoters of target genes.

The VINI2 gene is also regulated devel-
opmentally through senescing process.
Therefore, the regulation of the COR/RD
genes by VNI2 is age-dependent. When
environmental stress is applied to senesc-
ing plants, the VNI2 activity is further
elevated by increasing the transcriptional
activation activity. Regulation of the tran-
scriptional regulation activity is certainly
a direct and rapid way of responding effi-
ciently to incoming environmental fluc-
tuations, ensuring reproductive success
under environmental stress conditions
without premature death.
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