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Colin Brownlee, Senior Research Fellow and former Director. Colin's research
addresses fundamental aspects of the biology of the marine organisms that are of critical
importance in regulation of the Earth’s climate, and which also provide ideal models for
understanding fundamental aspects of cell biology. He has a primary focus on cellular
transport, homeostasis and signalling in phytoplankton and multicellular algae. He
studies environmentally important groups, such as the calcifying coccolithophores and
adopts a multidisciplinary approach to understand the molecular mechanisms
underlying major biogeochemical processes. A key strategic driver of much of this
research is to provide a better understanding of how phytoplankton populations may
respond or adapt to changing conditions in the oceans, including ocean acidification.
Colin also uses model algal systems such as Fucus and Chlamydomonas to understand
the molecular mechanisms underlying signalling in cells and flagella. Along with
comparative physiological and genomic studies this research is shedding new light on

the evolution of signalling mechanisms in eukaryotic organisms.

Edward E. Farmer, Edward E. Farmer is a professor in the Department of Plant
Molecular Biology at the University of Lausanne where he leads an international
research team focused on understanding leaf defence mechanisms. His work has led to
the discovery of mechanisms that allow leaves to respond to attack and also allow
damaged tissues communicate their health status to other parts of the plant. Professor
Farmer has travelled widely to study the defence features of plants in tropical, desert
and mountain habitats and has also focused attention on the often unique defence

features of island floras.

Julian I. Schroeder, Julian I. Schroeder did his PhD research at the Max Planck
Institute for Biophysical Chemistry with Erwin Neher and was a von Humboldt

postdoctoral fellow at UCLA School of Medicine. He received awards, including the
Presidential Young Investigator Award (NSF), the ASPB Charles Albert Shull Award
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(1997), a DFG Heinz-Maier-Leibnitz Prize, the Blasker Award in Environmental
Science, 1s Churchill Overseas Fellow at Cambridge University and with collaborators
shared the Cozzarelli Prize from PNAS (2010) and a top 10 breakthrough of the year
selected by Science (2009). He has served on several advisory boards, including
Co-Director of the Food and Fuel for the 21st Century Center. He was von Humboldt
Fellow at the MPI for Biochemistry, visiting Professor at the ETH Zurich and is a
member of the U.S. National Academy of Sciences, a Fellow of AAAS and the German

National Academy of Sciences — Leopoldina.

Matthew Gilliham, Matthew is Director of the Waite Research Institute, the University
of Adelaide’s flagship for agriculture, food and wine innovation. He 1s also Professor of
Crop Molecular Physiology and program leader in the Australian Research Council
Centre of Excellence in Plant Energy Biology.

Matthew’s areas of research specialisation is crop plant nutrition and stress resilience
with a focus on salinity and drought tolerance. Specifically, his group studies transport
and signalling mechanisms underpinning these processes with the aim of having them
applied through plant breeding to improve crop yield and quality in the field. His
discoveries include mechanisms that enhance the salt tolerance of wheat, soybean and
grapevine. He is a current Web of Science Highly Cited Author and a Monitoring Editor
of the ASPB Journal Plant Physiology.

Matthew gained a BSc in Ecology from Lancaster University and a PhD in Plant
Physiology from the University of Cambridge, UK. After a postdoc at Cambridge, he
immigrated to Australia to run the Plant Transport and Signalling Laboratory at the
Waite Campus, University of Adelaide.

Steve D. Tyerman, Professor Tyerman has researched nutrition, salinity and water
relations in plants for some 25 years. In 2001 he obtained the Wine Industry Chair of
Viticulture at the University of Adelaide. He has received several awards for his plant
physiology research and was elected as a Fellow of the Australian Academy of Science

in 2003. He 1s currently head of the Plant Physiology, Viticulture and Horticulture
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Research Group within the School of Agriculture, Food and Wine, and a member of the
Wine Innovation Cluster . He 1s a Chief Investigator in the Australian Research Council
Centre of Excellence in Plant Energy Biology and runs a node of the Centre at the
University of Adelaide.

ZE, HRRA, PEAGRUNSSFEERARMNERBRAAHK. PERT
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BIFTR. R B SIS RIADEARTHARES ERREFRNTZHKE.
7F PNAS, Trends in Plant Science, Plant Cell, eLife, Molecular Plant, New Phytologist,
Plant Physiology, Plant Journal, Plant, Cell and Environment, Journal of Experimental
Botany ZEFMYEHAT R RZRIANIEY, B MME I8 300, H#SIAHB 3900
R (Google Scholar), SBMENFEERS ., MIERNFET S, G=RAEER.
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BRI, PERSFERESREEMERAMARTZ. 2002 F, REERNZLEY
YIIRIRSE L 2002 £F-2012 F, ESHCHLITIAZMEETBAR. F2MNSEH0
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EE (A FHAFE—1EE) Bin AFA Nature , Cell, Nat Biotechnology, PNAS, Nature
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ENSRIBNMEEIXNoNREHEBLEMMNERTR. TFXRE
Developmental Cell, EMBO Journal, Trends in Plant Science, Molecular Cell, Nature
Communications, Plant Cell, New Phytologist ZErZE FARFARIEN TR,
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2016.4-2019.12 FER AR T FAEREBAZMNSE LB LI, 2020 & 1 BEERT
DEARSEDERENSHRERERXRNE. TBHRLO: BEYPBFTHTS
TBYIEIEEY) S, I SR7E Plant Cell, New Phytologist & E MR ES AT R &R
AR TFR, ESI1%S#KSIFHIEX 1R, F1000 Prime #EIE 2 R.

[B10H, PERFREARIBHNAARRZ (T5), BIESIN, RUVEBRH
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MANGIE, NRMBREERF A ERVIR SR N TR SR RIEHIBISKIEN
SRR, BEERER “T=h” SERFRATINE. EXERNZETER
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—ER 1T, §GEFAEZ 188, KRR SCIIEMNH 90 ZfE, B35, Nature Plants,
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FHATIRRIEI 40 RE, PIRIBMNE2HSIAEIT 1400 X (236 ESISHKSIEX 1
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=)o

-12 -



o B R S b B AEiE B A

1** International Conference for Plant Electrophysiology and Ion Transport, Henan University

HE, KRAFHAR, BLESIN, BRESESSE, 2013 FRIFTSEIMEXR
%, RELIFAL 2013 Fie, FT/AEZENMNAFBRAOR, PEHITBICAZ,
BEPNARFHTE LB MAFEEMR. T2ULETHNAEARANR, FAH
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Novel cation channels in marine photosynthetic unicells:

signalling and evolution

Colin Brownlee!, Abdul Chrachri,! Katherine Helliwell!, Alison Taylor’, Glen Wheeler!
1 Marine Biological Association, Plymouth, UK
2 University of North Carolina, Wilmington, NC USA

The silicifying diatoms (heterokonts) and calcifying coccolithophores (haptophytes)
represent two groups of photosynthetic eukaryotic marine phytoplankton that account
for around 50% of ocean primary production. In producing biomineralized structures
they play major roles in global biogeochemical cycles of silicon and carbon and have
evolved highly specialized physiologies. In order to understand their physiology better
we study their electrical properties, particularly in relation to signalling and
biominerlization mechanisms. Both groups exhibit very rapid Na* or Ca’*-dependent
animal-like action potentials. Parallel genomics studies have revealed the presence of
animal-like 4-domain VDCCs in coccolithophores and centric, but not pennate, diatoms
as well as single pore domain bacterial-like cation channels that are widespread across
both groups. We have investigated the properties of the single domain channels that
represent a novel class of eukaryotic ion channel (EukCats). In the model pennate
diatom Phaeodactylum tricornutum  EukatA channels behave as voltage-gated Na™-
and Ca’"-permeable channels with a physiological role in generation of
voltage-dependent Ca’* signals. We also show that P. tricorutum possesses a
sophisticated Ca’" signalling machinery that can sense osmotic, temperature and
nutrient environments with roles in coordinating metabolic responses. In
coccolithophores EukCatB channels are highly Na'-selective with rapid activation and
mactivation kinetics, consistent with a key role underlying the generation of fast
Na+-based action potentials. We present a hypothesis that links their activity to the
regulation of H" channels in the plasma membrane that play an essential role in
dissipation of excess H* produced in the calcification process. I will discuss how the

EukCats fit into scheme of the evolution of selectivity in eukaryote cation channels.

-16-
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Slow wave potential signalling during insect attack

Edward E. Farmer

Department of Plant Molecular Biology, University of Lausanne, 1015 Lausanne,
Switzerland.

Slow wave potentials (SWPs) are generated in response to wounding. These signals,
first described in the sensitive plant Mimosa pudica, appear to occur in all angiosperms.
In Arabidopsis, SWP propagation depends on several clade 3 GLUTAMATE
RECEPTOR-LIKE (GLR) genes including GLR3.3 and GLR3.6 that act genetically as
negative regulators of membrane depolarization. Our work has established two main
roles for these GLR genes. Firstly, GLR3.3 and GLR3.6 are necessary for SWP
propagation leading to the activation of the synthesis of the defense hormone jasmonoyl
isoleucine (JA-Ile). Secondly, the action of these GLRs in SWP signalling leads to
turgor-driven leaf movements in Arabidopsis. These micromovements resemble the
larger and well-known wound-response leaf movements of M. pudica. We are currently
testing models of how SWPs are propagated and are searching for further genes
mvolved in their formation and propagation. Xylem cell wall mutants alter the

architecture of the SWP and provide insights into mechanisms of SWP propagation.

Matthew 1s Director of the Waite Research Institute,
the University of Adelaide’s flagship for agriculture,
food and wine innovation. He is also Professor of
Crop Molecular Physiology and program leader in

the Australian Research Council Centre of Excellence

in Plant Energy Biology.

-17 -
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Matthew’s areas of research specialisation is crop plant nutrition and stress resilience
with a focus on salinity and drought tolerance. Specifically, his group studies transport
and signalling mechanisms underpinning these processes with the aim of having them
applied through plant breeding to improve crop yield and quality in the field. His
discoveries include mechanisms that enhance the salt tolerance of wheat, soybean and
grapevine. He 1s a current Web of Science Highly Cited Author and a Monitoring Editor
of the ASPB Journal Plant Physiology.

Matthew gained a BSc in Ecology from Lancaster University and a PhD in Plant
Physiology from the University of Cambridge, UK. After a postdoc at Cambridge, he
mmmigrated to Australia to run the Plant Transport and Signalling Laboratory at the
Waite Campus, University of Adelaide.

GABA signalling in guard cells acts as a ‘stress memory’ to optimise plant water
loss

The non-protein amino acid y-aminobutyric acid (GABA) has been proposed to be an
ancient messenger for cellular communication conserved across biological kingdoms.
GABA has well-defined signalling roles in animals; however, whilst GABA
accumulates in plants under stress it has not been determined if, how, where and when
GABA acts as an endogenous plant signalling molecule. Here, we establish that
endogenous GABA 1s a bona fide plant signal, acting via a mechanism not found in
animals. GABA antagonises stomatal movement in response to opening and closing
stimuli in multiple plant families including dicot and monocot crops. Using Arabidopsis
thaliana, we show guard cell GABA production 1s necessary and sufficient to influence
stomatal aperture, transpirational water loss and drought tolerance via inhibition of
stomatal guard cell plasma membrane and tonoplast-localised anion transporters. This
study proposes a novel role for GABA — as a short-term ‘stress memory’ — opening new

avenues for improving plant stress tolerance.

-18-
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Membrane transporters in sensing and signalling of soil

salinity and hypoxia
Sergey Shabala

Tasmanian Institute of Agriculture, Umiversity of Tasmania, Hobart, Australia;
International Reserach Centre for Environmental Membrane Biology, Foshan University,

Foshan, China

Soil salinity is a major environmental constraint to crop production. While the
molecular identity and a functional expression of Na* transport system mediating Na*
exclusion from the cytosol was studied in details over the last decade, much less is
known about mechanisms by which plants sense high Na™ levels in the rhizosphere. In
this work, I summarize our current knowledge for the molecular identity of the possible
candidates for this role. I advocate for the model in which several transport protems are
clustered together to form a “microdomain™ in a lipid raft, allowing a rapid change in
activity of one of them be translated into stress-induced Ca’* and H2O; ‘signatures”. I
then discuss pathways of stress signalling to downstream targets and compare kinetics
and specificity of salt stress signalling in various cell types. In the second part of my
presentation, I talk about the mechanistic basis of plant sensing and adapting to hypoxia,
resulting from soil waterlogging/flooding. I illustrate high tissue- and time-dependence
of this process and discuss essential roles of the NADPH oxidase and CAX and ACA
calcium transport systems for hypoxia response in plants. Finally, I summarise the
current knowledge for identify of oxygen sensors in mammalian systems and use the
identified key oxygen sensing domains (PAS; GCS; GAF:; PHD) to predict the potential
plant counterparts in Arabidopsis. Several plasma membrane and tonoplast ion channels
(such as TPC; AKT; KCO) are suggested operating as oxygen sensors in plant roots.
The importance of these findings for plant breeding for abiotic stress tolerance are

discussed.

-19-
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Plant pressure probe and its application in rubber trees

Feng AN

Rubber Research Institute, Chinese Academy of Tropical Agricultural Sciences,
Danzhou, Hainan, 571737, China

The pressure probe was initially made to directly measure the turgor in the giant-celled
alga, Nitella. Latter, Zimmermann & Steudle (1970s) improved it by replacing the air
manometer with an electronic pressure transducer attached to an oil-filled capillary and
including a piston that allowed turgor to be varied. Thus, the plant water parameters
such as the half time for water exchange, hydraulic conductivity, cell wall volumetric
elastic modulus, solute permeability and reflection coefficient could also be measured,
which incurred the popularity of cell pressure probe in plant water relation study.
Subsequently, various pressure probes such as root pressure probe, single cell sampling
pressure probe and xylem pressure probe (including xylem pressure-potential probe and
1on-selective xylem pressure probe) were invented basing on which makes the pressure
probe to be a versatile tool in plant water relation and plant cell physiology study.

Taking the advantages of the state of the art cell pressure probe, we developed a novel
phloem turgor pressure probe (PTPP) to accurately measure the real-time variation of
phloem turgor pressure and to study the water relations of laticifer system in rubber tree
(Hevea brasiliensis). Our field measurements showed that the PTPP was a sensitive and
reliable technique that could be used to accurately measure the real-time variation of
phloem turgor pressure (PTP) of H. brasiliensis. As the mitial driving force for latex
flow after a rubber tree being tapped, PTP is an indicator of rubber tree latex yield
which could therefore be used for tapping system optimization and high yielding clone
selection. There was a rapid water exchange between laticifers and surrounding tissues
in both the intact and the tapped rubber trees. Using the PTPP, the rubber tree water

relations can be better studied.

-20-
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Cryo-EM structure and electrophysiological
characterization of ALMT from Glycine max reveal a novel

class of anion channels
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ABSTRACT

ALMT (aluminium-activated malate transporter) regulates diverse functions in plants,
including stomatal function, pollen tube growth, AI** resistance, mineral nutrition, fruit
acidity, microbe interactions, and seed development. Recent work has shown that
ALMTs function as anion channels; however, the molecular basis of the ALMT channel

activity remains elusive. Here, we describe the first cryo-EM structure of the
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QUACI/ALMTI12 from Glycine max at 3.5 A resolution. QUACI/ALMTI2 is a
symmetrical dimer, forming a single electropositive T-shaped pore for passing anions
across the membrane. The transmembrane and cytoplasmic domains are assembled into
a twisted two-layer architecture, with the associated dimeric interfaces nearly
perpendicular. Our structural and functional analyses reveal a domain-twisting
mechanism for malate-mediated QUAC1/ALMTI12 regulation. Altogether, our study
uncovers the molecular basis for a novel class of anion channels and provides insights

into the gating and modulation of the QUAC1/ALMT 12 anion channel.
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Molecular mechanism of cold-induced Ca** signature

generation, sensing and decoding in Arabidopsis

Qiangbo Liu, Hao Yang, Yanglin Ding, and Shuhua Yang
State Key Laboratory of Plant Physiology and Biochemistry, College of Biological
Sciences, China Agricultural University, Beijing 100193, China

Cold stress induces the transient elevation of calcium in the cytosol ([Ca’"]c), Which
can be sensed and thus lead to transcriptional reprogramming in plants; however the
underlying mechanism remains elusive. First, we report that AtANNI, a
calcium-permeable transporter, is important for cold-induced Ca?" influx and freezing
tolerance. Electrophysiological assays show that AtANNI had Ca?" transporter activity.
The loss of function of A7ANNI significantly reduced the cold-induced [Ca®]cp,
cold-induction of CBF and COR genes, and freezing tolerance. Further study showed
that cold-activated OST1 interacted with and phosphorylated AtANNI1, which
consequently enhanced the activities of calcium transport and binding. Secondly, we
show that cold-triggered Ca’" signature is sensed and decoded by a calcium-sensor
protein kinase CPKn-mediated phosphorylation cascade. The plasma-membrane
localized CPKn is activated rapidly by cold shock within 10 seconds in a Ca’*
dependent manner. Cold-activated CPKn phosphorylates and promotes nuclear shuttling
of TF1, a transcription factor that specifies the transcriptional reprogramming of
COLD-RESPONSIVE (COR) gene sets associated with Ca’". These findings uncover the
mechanisms underlying the cold-induced Ca®" signal generation, sensing and decoding

in plants.

-23-



F—RERHES AT LR THZHTR

1** International Conference for Plant Electrophysiology and Ion Transport, Henan University

Title: MYB77 Regulates High-affinity Potassium Uptake by

Promoting Expression of HAKS.

YuLong
State Key Laboratory of Crop Stress Adaptation and Improvement, School of Life
Sciences, Henan University, Kaifeng, 475001, China

In Arabidopsis, the High-affinity K™ transporter HAKS is the major pathway for root K*
uptake when below 100 M; HAKS responds to Low-K* (LK) stress by strongly and
rapidly increasing its expression during K*-deficiency. Therefore, positive regulators of
HAKS expression have the potential to improve K™ uptake under LK. Here, we show
that mutants of the transcription factor MYB77 share a LK-induced leaf chlorosis
phenotype, lower K* content, and lower Rb* uptake of the Aak35 mutant, but not the
shorter root growth, and that overexpression of MYB77 enhanced K uptake and
improved tolerance to LK stress. Further, we demonstrate that MYB77 positively
regulates the expression of H4KS5. by binding to the H4AK5 promoter and enhances
high-affinity K uptake of roots. As such, our results reveal a novel pathway for
enhancing HAKS5 expression under LK stress, and provides a candidate for increasing

the tolerance of plants to LK.
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Molecular physiological mechanism of root response to iron

toxicity

Guangjie Li!, Lin Zhang!, Meng Wang!, Dongwei Di!, Herbert J. Kronzucker?,
Weiming Shil-*

1, State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, No. 71 East Beijing Road, Nanjing 210008, China; 2,
Faculty of Land and Food Systems, University of British Columbia, Vancouver, BC
V6T 174, Canada;

Iron toxicity is a common hinderance factor in tropical, subtropical and flooded
soils. When iron toxicity occurs in plants, the root growth is blocked, and when the
toxicity is more serious, root rot and die. However, the biological mechanisms of iron
toxicity inhibiting plant root growth are still largely unknown, which is not conducive to
the advance of agronomic techniques such as root protection under iron toxicity.

We found that the root apical region was the key locus of lateral root number and
primary root elongation in response to iron toxicity. The expression of PIN2 protem in
root tips is dramatically reduced and involved in arresting lateral root initiation near the
growing tip of the primary root in the early response to iron toxicity. Fe-induced
endogenous ethylene enhances the tolerance of lateral root formation to Fe toxicity, and
AUXI plays a role in ethylene mediated lateral root formation. We showed that excess
Fe arrested primary root growth by decreasing both cell elongation and division, and
principally resulteds from direct external Fe contact at the root tip. Moreover, the
sensitivity of the root tip region to iron toxicity is not due to the accumulation of more
iron than other root regions, unlike the aluminum toxicity.

We further found that NO levels in root tips are increased significantly above
levels elsewhere in the root and are involved in the arrest of primary root tip zone

growth under excess Fe. NO-mediated inhibition of root growth 1is, at least in part,
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related to NO-induced K loss via nonselective cation channels (NSCCs), and increased
SNOI1 (sensitive to nitric oxide 1)/SOS4 (salt overly sensitive 4) activity-mediated
pyridoxal-5’-phosphate (PLP) is further implicated in this process. NO also mediates K*
homeostasis by the negative regulation of K* uptake. The significant K™ loss can result
in the loss of cell turgor (and hence arrest root growth) and either programmed cell
death (PCD) or necrosis in the root apex. Meanwhile, excess Fe also reduces cell
viability, associated with reactive oxygen species (ROS) accumulation and NO-induced
hormone imbalance and protein S-nitrosylation. ROS has also been reported to activate
NSCCs, resulting in K™ loss from the cell. Furthermore, Fe-induced ethylene can
partially antagonize the reduction in excess Fe-mediated primary root growth by the
control of NO levels. We further identify S-nitrosoglutathione-reductase (GSNOR)
variants underlying a major quantitative locus for root tolerance to Fe-toxicity by
regulating the NO levels under Fe toxicity. GSNOR maintains root meristem activity

and prevents cell death via inhibiting Fe-dependent nitrosative and oxidative

cytotoxicity.

Keywords: Iron toxicity, apical growth, nitric oxide, potassium homogeneous, GSNOR,
SON1/SOS4

*Author for correspondence: Weiming Shi (wmshi@issas.ac.cn)

A calmodulin-gated calcrum channel links pathogen patterns to calcium-dependent
immunity in Arabidopsis

Pathogen-associated molecular patterns (PAMPs) activate innate immunity in both
animals and plants. Although calcium has long been recognized as an essential signal
for PAMP-triggered immunity (PTI) in plants, the mechanism for PAMP-induced
calcium signaling remains unknown. We report here that calcium nutrient status is
critical for plant defense agamst bacterial pathogens. When calcium supply 1s sufficient,
two cyclic nucleotide-gated channel (CNGC) genes, CNGC2 and CNGC4, were
essential for PAMP-induced calcium signature and subsequent immune responses in
Arabidopsis. In a reconstitution system, the CNGC2 and CNGC4 proteins together, but
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neither alone, assembled into a functional calcium channel that was blocked by
calmodulin in the resting state. Upon pathogen attack, the channel was activated by the
effector kinase BOTRYTIS-INDUCED KINASE1 (BIK1) of the pattern-recognition
receptor (PRR) complex, triggering cytosolic calcium elevation. The CNGC-mediated
calctum entry thus provides a critical link between PRR complex and

calcium-dependent immunity programs in the PTI signaling pathway.
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Manganese Signal Transduction in Plants
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Manganese (Mn) is an essential micronutrient in plants. Despite their essential
roles in Mn homeostasis, the transcriptional and post-transcriptional modification of Mn
transporters remain poorly understood. Here, we demonstrated that high Mn stress
induces an obvious Ca’* signature in Arabidopsis. We identified four calcium-dependent
protein kinases, CPK4/5/6/11, interacting with the tonoplast-localized Mn and iron
transporter MTP8 in vifro and in vivo. CPKs phosphorylated the N-terminal domain of
MTP8 primarily at Ser31 and Ser32 residues, which are crucial for MTP8 function. In
addition, we also 1dentified two calcineurin-B-like protemns, CBLs, and their interacting
kinases, CIPKs, as key regulators for plant Mn homeostasis. Moreover, we report that
sequential phosphorylation of MTP8 initially at Ser31/32 by the calcium-dependent
protein kinases CPK5 and subsequently by CIPKs at Ser35 provides a wane and wax
mechanism for differential Mn transport regulation. Collectively, our studies define a
calcium controlled two-tiered mechanism for dynamically orchestrating Mn

homeostasis under conditions of fluctuating Mn supply.
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Title: Insights into Hydrogen Sulfide (H:S) Regulation of

Stomatal Movements

XUE Shaowu, Huazhong Agricultural University

Abstract

Stomatal aperture controls plant gas exchange with environment via transpirational
water vapor loss and photosynthetic carbon dioxide uptake. Stomata are surrounded by
pairs of guard cells that sense and transduce environmental signals to induce
endogenous responses for adaptation to environmental changes. Recently, hydrogen
sulfide (H2S) has been recognized as a signaling molecule that regulates stomatal
movement. I will introduce the progress of mechanism of HoS regulation of stomatal
movement in my laboratory. In addition, I will also introduce some transporters/ion

channels analyzed together with in collaboration with other laboratories.
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