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Links between drought stress and autophagy in plants
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ABSTRACT
Autophagy is a widely shared pathway among different eukaryotes, which helps to maintain cellular home
ostasis via recycling unwanted cytoplasmic components. Autophagy plays an important role in plant growth, 
also assists plants in confronting various environmental stresses. Drought stress can activate autophagy path
way in plants to favor their environmental adaptations, however, a direct link to wire drought and autophagy is 
still missing. We have recently identified a plant-unique COST1 (Constitutively Stressed 1) protein that can 
negatively regulate plant drought tolerance through direct interaction with an autophagy receptor protein 
ATG8e (autophagy-related 8e). COST1 thus represents an innovation of plant-specific autophagy regulation, 
extending our understating of this conserved but complex pathway, as well as underlying its potential in 
agricultural usage.
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Drought stress can severely affect plant growth and farming, 
greatly threaten crop yield and food safety, which is com
pounded by increasing global temperature.1,2 During drought, 
plants can integrate transcriptional and post-transcriptional 
signals, as well as coordinate cellular and physiological 
changes,3–5 for gaining advantages in environmental adap
tions. Various biotic and abiotic stresses can trigger activation 
of autophagy pathway, which is an essential and conserved 
pathway that can subject unwanted substrates for recycling to 
achieve cellular homeostasis.6,7 Our recent study of a plant- 
specific DUF641/COST family protein COST1 indicates that 
plants evolved a unique route in autophagy regulation for 
stress responding and consequently better survivals.8

Degradation of COST1 for conferring drought 
tolerance

cost1 was characterized as a strong drought-tolerant mutant,8 

and as known, drought stress can cause gene transcriptional 
changes.9 However, our qPCR (quantitative polymerase chain 
reaction) did not detect any increase or decrease of COST1 gene 
expression during various stresses treatments, including 
drought, ABA, mannitol, and salt. In consistent, transgenic 
plants harboring COST1 promoter in fusion with GUS(β- 
glucuronidase) gene did not show significant difference after 
biochemical staining of dehydration-treated and -untreated 
Arabidopsis seedlings. While in stress treated COST1-YFP trans
genic seedlings, confocal microscope captured constant moving 
dots in the leaf epidermal cells, a feature that is shared by 
autophagy. Immunoblotting study of COST1 at protein level 
suggests that drought can promote the degradation of COST1, 
a common phenomenon that can be observed for many post- 
transcriptionally regulated components in abiotic stress 
response.5Two well-known pathways are required for getting 

rid of damaged or unwanted proteins in plants: ubiquitination- 
mediated 26S-proteasome pathway and autophagy-mediated 
vacuolar degradation pathway.10,11 Indeed, both MG132 (inhi
bitor of 26S-proteasome pathway) and Concanamycin 
A (autophagy-mediated vacuolar degradation pathway inhibi
tor) can inhibit the degradation of COST1 during dehydration 
treatment. This indicates that both pathways are involved in the 
efficient removal of COST1, to release its inhibition of autophagy 
and thus conferring drought tolerance. It has been well studied 
that NBR1 can bind to ubiquitinated proteins for assisting in its 
target degradation,12,13 however, our genetic study by employing 
drought related water loss assay clearly suggests that NBR1 is not 
required for COST1-meidated drought regulation. Thus, the role 
of NBR1 in COST1-regulated pathway or vice versa is still needs 
to be determined.

COST1 designates an ABA- and H2O2- independent 
path for drought stress response

ABA can be accumulated to high levels during drought stress, 
which plays a critical role in orchestrating gene expression as 
well as in regulating protein modifications. With the discov
ery of ABA receptors in 2009,14,15 signaling transduction 
pathway mediated by ABA is finally unveiled.16 In addition 
to the ABA-mediated drought stress regulation, there also 
exists an ABA-independent pathway working in parallel for 
plant responding to drought.9 cost1 mutant is strongly 
drought tolerant, and genetic studies by crossing cost1 mutant 
with both ABA signaling and ABA biosynthesis deficient 
mutants (relevant mutants used were abi1-1C, ost1, and 
aba3), suggests that COST1 works independently of ABA 
signaling pathway. Constantly, cost1 does not show signifi
cantly difference in ABA-mediated seed germination assay 
when compared with WT (wild-type). But, it’s worth noting 
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that drought stress can also induce the transcription of some 
ATG-responsive genes like ATG18,17 underlying there is 
a cross talk between autophagy-dependent and autophagy- 
independent pathways. In addition, H2O2 is another signaling 
molecule that can act both independently and coordinately 
with ABA in plant drought stress response, and our genetic 
study by employing a ghr1 mutant also clearly indicated that 
COST1 functions independently of H2O2.

18

Negative feedback regulation of autophagy by COST1

Plant autophagy pathway components are very much over
lapped with the findings in yeast and human, and the vast 
majority of those factors tend to be essential for the formation 
of autophagosome, a double membrane-bound structure that 
can engulf substrates for delivering to lysosome or vacuole for 
degradation. To data, TOR (target of rapamycin), a highly 
conserved central energy sensor, is the only negative regulator 
that can directly modulate autophagy in plants.19 In addition 
to its quick turnover through the autophagy pathway, COST1 
can directly interact with an autophagy adaptor protein 
ATG8e and inhibit autophagy, which featured itself as 
a negative regulator in autophagy like TOR but with plant- 
specific innovation. There are nine ATG8 proteins in 
Arabidopsis;20 interactions between COST1 and other ATG8 
isoforms remain unknown, raising the possibility of specific 
interaction of certain ATG8 isoforms with COST1 or not. 
Unclear also is the interaction between COST1 and other 
ATG pathway proteins and adaptors. More, COST1 interacts 
with ATG8e through which domain, AIM (ATG8-interacting 
motif) or UIM (ubiquitin-interacting motif)21,22or a novel 
unidentified motif, is still an open question. By immunoblot
ting assay, constitutively activated autophagy was observed in 
cost1 mutant background.23 While in COST1 overexpression 
plants, autophagy is inhibited and the relevant adaptor 
ATG8e protein seems to be significantly reduced especially 
during drought.8

Perspectives

The past decades have achieved great progress in understanding 
drought stress response as well as in knowing plant autophagy 
formation and the pathway regulation.5–7 The finding of COST1 
eventually links drought stress and autophagy directly with each 
other. In addition to TOR, COST1 is to date the first direct 
negative regulator of autophagy pathway discovered in plants. 
Clear answer of COST1 in drought stress sensing is still lacking, 
and the relevant E3 ligase that mediates the degradation of 
COST1 remains to be identified; nor do we know if there is 
a COST1-independent pathway in stress-mediated autophagy 
activation (Figure 1). Moreover, besides the important function 
of COST1 in drought stress response, plant growth is severely 
retarded in cost1 mutant, which renders a critical role of COST1 
in balancing stress tolerance and plant growth.24 Phylogenetic 
study suggests that COST1-like proteins are highly conserved 
and broadly distributed in all higher plants,8 studies of COST1 
thus have both values in expanding our understanding of plant 
autophagy regulation, and in engineering more stress tolerant 

crops with a balance of yield.
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Figure 1. A proposed working model of COST1 in linking between drought stress 
and autophagy in plants. Drought stress can promote degradation of COST1 
through 26S-proteasome pathway and autophagy pathway, while the relevant 
E3 ligase that mediates the ploy ubiquitination (Ub denotes ubiquitin) of COST1 is 
yet to be identified. Dysfunction of COST1 would release its inhibition of autop
hagy and activate this pathway, confers plant drought tolerance. Drought can also 
induce the transcription of some stress-responsive ATG genes expression and thus 
add in autophagy induction. There may also exist a COST1-independent pathway 
that can sense drought and activate autophagy directly or indirectly, which is 
denoted as a dashed line with a question mark on it. Arrow-headed and bar- 
headed lines denote activation and inhibition. The green line represents 
a function of COST1 in promoting plant growth under normal condition.
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