
Background:
Stomatal pores surrounded by a pair of guard cells 
in the plant epidermis control the gas exchange 
between plants and the atmosphere in response 
to light, CO2, and the plant hormone abscisic acid 
(ABA). Light-induced stomatal opening is 
mediated by at least three key components: the 
blue-light receptor phototropin, plasma membrane 
H+-ATPase and plasma membrane K+

in channels. 
Increase of stomatal opening/transpiration is 
expected to promote photosynthesis, and thereby 
increase plant growth.

Technology:
Nagoya University researchers have attempted to 
produce transgenic plants of key components in 
stomatal opening for promoting further stomatal 
opening under strong guard-cell promoter GC1 in 
Arabidopsis thaliana.  They found that transgenic 
plants overexpressing the H+-ATPase (AHA2) in 
guard cells show enhanced light-induced stomatal 
opening, photosynthesis and plant growth, and 
that stomatal aperture is a limiting factor in 
photosynthesis and plant growth.
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Advantages:
• Higher stomatal conductance and aperture                                 
• Higher photosynthetic CO2 assimilation rate                               
• Higher productivity
• Automatic stomatal closure by responding ABA
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Method to conduct stomatal aperture: 
Improving photosynthetic capacity and enhancing plant growth

The comparison of 
stomatal aperture 
conductance in wild 
type (WT) and a 
transgenic plant (TG) 

Stomata in TG open 
more widely and rapidly 
than in WT. 

TGs respond against 
darkness and 20 uM
ABA and close its 
stomata like WTs.

The comparison in 
plant growth 45 days 
after seeding:  wild 
type (WT) and 
transgenic plant (TG) 

TGs grow taller than 
WTs. Both fresh weigh 
and dry weigh in TG 
are increased to 
almost 35 -65% from 
ones in WT.

The comparison in plant growth 25 days after 
seeding: wild type (WT) and transgenic plant (TG)
TGs grow faster than WTs. Both fresh and dry weighs 
in TG are increased to almost 10% from ones in WT. 
In other words, the productivity in TG is bigger than in 
WT. After 45 day growth, TGs are almost 40% 
heavier than WTs.

Application:
• Fasten plant growth and Increasing yield
• Strengthening desiccation tolerance
• Greenhouse gas (CO2) reduction
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