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Introduction



Plants are exposed to biotic and abiotic
stresses

Choi et al., 2016



Choi et al., 2016

Stress: Primary receptor Sensor  Response



Choi et al., 2016

Importance of Water

• Growth

• Photosynthetic activity

• Transport of nutrients and
signaling molecules

• Turgor maintenance

Choi et al., 2016
modified



Normal salt conditions Elevated salt conditions

Ψ𝑆𝑜𝑖𝑙 < Ψ𝑅𝑜𝑜𝑡 𝐶𝑒𝑙𝑙Ψ𝑆𝑜𝑖𝑙 > Ψ𝑅𝑜𝑜𝑡 𝐶𝑒𝑙𝑙

Salt stress reduces water availability

H2O H2O
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Salt stress has an osmotic and ionic component
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Perception of salt stress

Deinlein et al., 2014



Osmotic stress and salt stress induce an 
increase in cytosolic Ca2+

• Found in maize, corn, Arabidopsis

 Probably highly redundant

 Analysis might help to detect the 
channels involved in osmoperception

Knight et al., 1997



osca1 is the first mutant line with an impaired
osmotic-induced Ca2+ response

Yuan et al., 2014



The molecular basis for plant osmoperception
is unknown

Haswell and Verslues, 2015



Aequorin-based Ca2+ measurements

Kanchiswamy et al., 2014



Aequorin luminescence experiment

• Grow seedlings in 96-well plate for 7 
days in ½ MS with 0.08 % phytoagar

• Incubate in coelenterazine for 6 hours

 Inject 100 µl stimulus into each well

Measure luminescence

 Normalize aequorin expression

http://www.bio-protocol.org/e1519



Key points

• Ion channels involved in osmosensing are unknown

• Osmosensing probably involves Ca2+ signaling

• Osmotic sensors could be mechano-sensitive channels or receptor-
like kinases

• osca1 first line with impaired osmotic-induced Ca2+ response

• Ca2+ can be measured using aequorin luminometry



What are the mechanisms involved in 
osmoperception?

• Approach: Forward genetic screen

Mutagenize Col-0 aequorin expression Arabidopsis line

 Luminescence screen for M1 seedlings with reduced Ca2+ response

 Select mutant with strongest phenotype

 Repeat with aequorin normalization and high sample sizes



Results



The 9.3CO9K line shows a significantly
reduced Ca2+ response

Average traces, n = 80 – 96 seedlings per line
Stimulus: 300 mM NaCl



Sorbitol and NaCl induced Ca2+ responses are
impaired in the 9.3CO9K line

Average traces, n = 40 – 48 seedlings
per line per condition



Optimization of stimulus osmolarity for
luminescence assays

Average traces, n = 40 – 48 seedlings
per line per condition



Ca2+ peak distribution of individual seedlings

 Not easily possible to
map the Ca2+ phenotype
causing mutation based on 
Ca2+ Phenotype
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Data and figure: Po-Kai Hsu



9.3CO9K seedlings have a root skew phenotype

n = 20 – 30 seedlings per line



FERONIA defective mutants show different root growth
patterns and Ca2+ signatures compared to WT

Shih et al., 2014



1. Hypothesis: Root skew and Ca2+ phenotype in the 9.3CO9K line are caused by
the same mutation

 Root skew phenotype was mapped to the bak1 gene (A. Stephan)

Approach: Reproduce root skew phenotype in bak1 T-DNA lines

2. Hypothesis: Root skew phenotype and Ca2+ phenotype are caused by a defect
in BAK1

Approach: Generate bak1/Aeq lines and measure Ca2+ response



1. Hypothesis: Root skew and Ca2+ phenotype in the 9.3CO9K line are caused by
the same mutation

 Root skew phenotype was mapped to the bak1 gene (A. Stephan)

Approach: Reproduce root skew phenotype in bak1 T-DNA lines

2. Hypothesis: Root skew phenotype and Ca2+ phenotype are caused by a defect
in BAK1

Approach: Generate bak1/Aeq lines and measure Ca2+ response



 bak1-3 and bak1-4 root skew 
phenotype not reproducible with 
current setup

 High sample sizes required

 Phenotype might not be
perfectly suited for gene
mapping

n = 20 – 30 seedlings per line



bak1-3 and 9.3CO9K complementation test

n = 20 – 48 seedlings per line
Stimulus: 300 mM NaCl



bak1-3 and bak1-4 do not show an impaired
osmotic-induced Ca2+ response

n = 20 – 24 seedlings per line
Stimulus: 600 mM sorbitol



Ca2+ peak distribution of individual seedlings

Data and figures: Po-Kai Hsu
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9.3CO9K root growh is affected by osmotic stress

n = 16 – 49 seedlings per line per condition



Summary

• 9.3CO9K line has a significantly reduced Ca2+ response

• 9.3CO9K line has a root skew phenotype

• 9.3CO9K shows reduced root growth when exposed to osmotic stress

• Root skew phenotype might not be suitable for genetic mapping

• Ca2+ measurements and root growth experiments implicate that BAK1 
might not be responsible for the Ca2+ phenotype in the 9.3CO9K line

 Root growth phenotype promising for genetic mapping
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Outlook

• Genetic mapping of root growth phenotype in 9.3CO9K line

• Further phenotypical characterization of 9.3CO9K line

• Analysis of 9.3CO9K line with other Ca2+ reporters

• osca1 and 9.3CO9K lines might help to reveal channels involved in 
osmosensing



Further work



Cyclic nucleotide gated channel (CNGC) inhibitors
impair the osmotic-induced Ca2+ response

Stephan et al., 2015



CNCG19 and CNGC20 might be involved in 
the osmotic-induced Ca2+ response

Data: A. Stephan



Hypothesis: CNGC19 and CNGC20 together
act as osmosensors
 Use CRISPR/Cas9 to create a CNGC19/CNGC20 double knockout line
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Thank You!

Slides and data: 

https://github.com/burtphil/UCSD

Online aequorin data analysis:

https://burtphil.shinyapps.io/aequorin_luminescence/ 

https://github.com/burtphil/UCSD
https://burtphil.shinyapps.io/aequorin_luminescence/




Water availability is dynamic

• Soil matrix - root hair microenvironment

Water availability is different throughout
the soil

J. Dinneny, 2015



Stephan et al., 2015





Normalization

𝐶𝑎2+ = 0.332588 (−𝑙𝑜𝑔𝑘) + 5.5593

k: Stimulus luminescence counts / total luminescence counts



Ca2+ peak amplitude is independent of
aequorin expression



Luminescence baseline has a uniform 
distribution










