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Abstract 

Vacuoles are often regarded as “garbage bags” for intracellular storage of waste 

products or as organelles that provide volume to cells at minimal energetic cost.  

However, vacuoles also play essential roles in nutrient storage, cellular signaling and 

potentially even ecological adaptation.  Zinc and other transition metals are 

accumulated in vacuoles through MTP transporters.  Low levels of Zn in cereal 

endosperm is a major cause of human dietary Zn deficiency.  Expression of an MTP 

transporter in endosperm of barley results in enhanced endospermal Zn accumulation, 

suggesting a strategy for biofortication of cereal grain.  Calcium release from vacuoles 

accounts at least in part for elevation of cytosolic free Ca during aphid attack as part of 

a signal transduction pathway involving essential aphid related receptors (BAK1) and 

effectors (Mp10). Calcium release is probably triggered by Ca entering the cell across 

the plasma membrane and occurs through the vacuolar TPC1 channel.  Population-wide 

genomics studies have revealed that TPC1 channel variants might also be key to 

facilitating growth on unfavorable soils, and new data will be presented to relate the 

molecular structure of the TPC1 channel to its ion permeation properties and hence to 

its possible ecological function. 
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Abstract 

In response to drought, the hormone ABA causes lowered stomatal conductance. 

Stomata also close in response to elevated CO2. In spite of considerable detailed 

knowledg e about trans plasma membrane fluxes, virtually nothing is known about the 

mechanism that couples stimuli such as ABA to the guard cell tonoplast. We will show 

that in both cases, the vacuolar K channel TPK1 is involved, contributing to salt release 

from the guard cell vacuole. Furthermore, we identified an LRR receptor kinase that 

phosphorylates AtTPK1 at the 14-3-3 binding domain in an ABA dependent manner. 

While kinase expression is predominantly at the plasma membrane, ABA appears to 

induce kinase endocytosis which promotes TPK1:kinase interaction at the tonoplast and 

hence phosphorylation. Loss of function in the kinase mimicked tpk1 phenotypes with 

respect to a delayed response after exposure to ABA and insensitivity to elevated CO2. 

These results not only identify a TPK1 regulator but point to co-expression of the kinase 

in two different membranes and possibly to a hitherto unknown trafficking pathway. 
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Abstract 

Plant water transport is a key component of plant performance and adaptation to adverse 

environments. Aquaporins of the Plasma membrane Intrinsic Protein (PIP) subfamily 

mediate multiple controls of plant tissue hydraulics. New insights into the mechanisms 

at work in their regulation in roots, leaf veins and stomata will be presented. In 

particular, the PIP2;1 aquaporin contributes to stomatal closure in response to abscisic 

acid (ABA) or the bacterial elicitor flg22. Due to activation of its water and hydrogen 

peroxide (H2O2) transport activities, PIP2;1 plays a dual hydraulic and signaling role in 

guard cells. Recently, the genetic bases of root hydraulics were explored using 

quantitative genetics approaches in Arabidopsis thaliana. These studies uncovered 

novel pathways for plant adaptation to stresses. For instance, a RAF-like MAP3 kinase 

named Hydraulic Conductivity of Root 1 (HCR1) was found to delineate a 

combinatorial signaling pathway integrating two soil signals, K+ and O2 availability. 

XYLEM NAC DOMAIN 1 (XND1), a transcription factor that acts as a negative 

regulator of xylem differentiation and as a consequence of root hydraulics was found 

to enhances drought stress tolerance while counteracting plant infection by the root 

pathogen Ralstonia solanacearum. In all these studies, natural allelic variants provide 

useful genetic resources to understand and possibly manipulate the modes of plant 

adaptation to combined or opposing environmental stresses. 

 

Key words: aquaporin, natural variation, phosphorylation, protein kinase, root 

hydraulic architecture, water transport, Arabidopsis.  
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Abstract 

Plants respond and adapt to drought, heat and high-salinity stresses in order to survive. 

Many abiotic stress-regulated genes have been identified by genetic and Omic analyses, 

and its function in the stress responses has been elucidated.  

Recently, we found that the following novel epigenetic, chemical and RNA 

regulation mechanisms function in plant abiotic stress adaptation and tolerance. 1) 

Arabidopsis Histone Deacetylase 6 (HDA6) is a master regulator of novel drought 

stress response network involving acetate-jasmonate signaling pathway a),b). 2) 

Mutation of HDA19 increases the tolerance to drought, high-salinity and heat stresses 
c),d). Suppression of HDA19 masks the phenotype caused by the suppression of class II 

HDACs (HDA5/14/15/18) in the salinity stress response c). 3) Ethanol enhances high-

salinity stress tolerance in plants by detoxifying reactive oxygen species (ROS)e). 

Ethanol also enhances drought and heat stress tolerance in plantsf),g). 4) Stress-inducible 

non-coding antisense RNAs are generated by RNA-dependent RNA polymerases 

(RDRs) and function in a novel abiotic stress adaptation mechanism different from the 

known endogenous small RNA pathways h).  

 

References: 
a) Kim JM et al. (2017) Nature Plants 3: 17097; b) Rasheed S et al. (2018) Scientific 

Rep. 8:7831; c) Ueda M et al. (2017) Plant Physiol. 175:1760; d) Ueda M et al. (2018) 

Plant Signal. Behav. 13:e1475808; e) Nguyen HM et al. (2017) Front. Plant Sci. 8: 1001. 

f) Bashir K et al. (in prep); g) Sunaoshi Y et al. (in prep.); h) Matsui A et al. (2017) Plant 

Physiol. 175: 457. 
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Abstract 

The non-protein amino acid γ-aminobutyric acid (GABA) has been proposed to be an 

ancient messenger for cellular communication conserved across kingdoms. GABA has 

well-defined signalling roles in animals; however, whilst GABA accumulates in plant 

tissues under stress, and can regulate plant tissue growth, it has not been determined if, 

how and when GABA acts as an endogenous plant signalling molecule. Here, we 

establish that endogenous GABA is a bona fide plant signal by demonstrating it 

antagonises stomatal movements in response to opening and closing stimuli, and 

modulates plant gas exchange through the direct inhibition of plasma membrane and 

tonoplast-localised anion transporters within stomatal guard cells. Furthermore, we 

show that GABA production within guard cells is necessary and sufficient to influence 

stomatal aperture by restoring drought tolerance to mutant plants with reduced GABA 

synthesis through stomatal specific genetic complementation, but not through 

mesophyll-specific complementation. We show that GABA control of stomatal 

movement is widely conserved across plant families including valuable dicot and 

monocot crops. Our findings demonstrate that GABA is a novel plant stress signalling 

molecule that acts via a mechanism not found in animals to fine tune plant gas exchange. 

This discovery opens novel avenues for manipulating crop water use and tolerance to 

biotic and abiotic stress. 

  



 

Warm temperature sensing and adaptation during plant 
thermomorphogenesis 
 

Chung-Mo Park* 

 

Department of Chemistry, Seoul National University, Seoul, Korea 

 

 

*Correspondence: cmpark@snu.ac.kr 

 

 

Abstract 

It is widely documented that under warm temperature conditions, plants exhibit distinct 

morphological and developmental traits, such as accelerated hypocotyl growth, leaf 

hyponasty, reduction of stomatal density, and early flowering, which are collectively 

termed thermomorphogenesis. Thermomorphogenesis is a recently emerging field of 

interest in plant biology in conjunction with global warming, a worldwide 

environmental issue in recent years. A best known example is the acquisition and 

maintenance of photosynthetic capacity at high ambient temperatures. Chlorophyll 

biosynthesis enables autotrophic development of developing seedlings. Upon light 

exposure, the chlorophyll precursor protochlorophyllide produces reactive oxygen 

species (ROS). Developing seedlings acquire photosynthetic competence through the 

action of protochlorophyllide oxidoreductases (PORs) that convert protochlorophyllide 

to chlorophyllide, reducing ROS production that would otherwise induce cellular 

damage and chlorophyll bleaching. Here, we show that a plant-specific RNA-binding 

protein FCA mediates the thermostabilization of PORs to trigger the conversion of 

protochlorophyllide to chlorophyllide in developing seedlings. FCA also facilitates the 

thermal induction of POR genes through histone acetylation that promotes the 

accessibility of RNA polymerases to the gene promoters. The combined action of FCA 

maintains PORs at warm temperatures, shifting the chlorophyll-ROS balance toward 

autotrophic development. We propose that the FCA-mediated thermal adaptation of 

autotrophic development allows developing seedlings to cope with the heat-absorbing 

soil surface layer under natural conditions. The thermal adaptive mechanism would 

provide a potential basis for studying crop performance at warm temperatures. I will 

also discuss an array of molecular mechanisms that mediate warm temperature sensing 

and signaling during plant thermomorphogenesis. 
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Abstract 

Plants use a sophisticated signalling network to adjust their body form to the prevailing 

conditions and thus reduce the incidence of environmental stress. The first step of these 

responses involves the perception of cues from the surrounding environment, which 

includes sensing the degree of shade and tissue temperature. The photo-sensory 

receptor phytochrome B is not only the main player in the perception of the degree of 

current or impending shade, but also one of the sensors of temperature conditions. Both 

shade and warm temperatures increase the activity of PHYTOCHROME 

INTERACTING FACTORs (PIFs) transcription factors. CONSTITUTIVE 

PHOTOMORPHOGENESIS 1 (COP1) is an E3 ligase, which includes negative 

regulators of PIFs among its targets and also increases its activity in response to shade 

and warm temperatures. Hormones like auxin, gibberellins and brassinosteroids contain 

endogenous information involved in the control of growth patterns. We will discuss 

how the phyB/PIFs/COP1 module controls the dynamics of this hormone layer to 

modify plant shape. 
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Abstract 

Phytochrome-interacting factors (PIFs) are a group of basic helix-loop-helix 

transcription factors repressing various light responses either redundantly or 

distinctively. PIFs bind to any G-box independent of flanking sequences in vitro. 

However, genome-wide analysis showed that PIFs bind to only restricted number of G-

box containing sites in vivo, suggesting G-box is not the sole determinant of PIF 

binding sites in vivo. We previously showed that in vivo PIF1 binding sites are 

characterized by the presence of G-box Coupling elements (GCEs) next to G-box, 

which serve as binding sites for PIF1-interacting transcription factors (PTFs). We 

further investigated if PTFs and GCEs are necessary also for other PIFs and found that 

the same PTFs and GCEs are needed for other PIFs to bind to specific sites in vivo. 


