
Recent developments in photosynthesis 
research and links to international 

initiatives  

• Overview of the photosynthetic process 

• The unique presence of ANU in photosynthetic 
research, both nationally and internationally 

• Opportunities for improving photosynthesis 
and yield potential 
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Presenter
Presentation Notes
What I would like to do in my talk is to give you some brief insights into what opportunities exist in photosynthesis research to improve  the yield potential of plants and why ANU is uniquely positioned in Australia to help deliver this.



The process of Photosynthesis 

Photosynthesis comprises light 
and sugar synthesis reactions 
yielding plant biomass, with 

water being lost from leaves in 
this process.  

Presenter
Presentation Notes
To re-iterate what Jill described in her talk, Photosynthesis is a two component process, whereby light energy is harvested by the chlorophyll containing membranes of the chloroplast and converted to energy, much like a solar cell. Another set of reactions in the soluble phase operate to use that energy to capture CO2 into sugars and biomass. Water is lost from the leaf in this process through the pores which allow CO2 entry.



The conversion of sunlight to crop yield 

sugars 

•Available light energy 

•Light energy conversion 
efficiency 

•Light interception 
efficiency 

•Harvest 
index 

Conversion factors 
• Light interception 
• Energy conversion 
• Harvest index 

Presenter
Presentation Notes
The extent to which the sunlight absorbed by a crop is converted into biomass is determined by 3 main factors. First is the extent which light is intercepted by the leaves of the crop canopy; second is the efficiency with which captured light energy is converted to sugars and biomass, and third is the extent to which the captured sugars are partitioned towards usable product such as grain. This is called the Harvest index.



Improving photosynthetic light conversion efficiency  
a key target for yield potential improvement 

Light interception 

Harvest index 

Light conversion 

Yield potential 

Already maximised 

Key future target 

Sunlight 
energy 

Presenter
Presentation Notes
In the bid to improved crop yield over past 50 years it appears as though during the breeding process both light interception and harvest index have been maximised for many crops and the grand challenge remains to improve energy conversion efficiency. This may represent the last major frontier for improving crop yield potential.



Improving photosynthesis at the leaf level 

•Improving the properties of a 
chloroplast 
•Altering chloroplast numbers 
per cell 
•Changing the anatomy of the 
leaf (cell layers and stomata) 
•Assessing improvements at the 
crop growth level 

Presenter
Presentation Notes
When we think about improving the photosynthetic properties of a leaf, we can think of a number of approaches at different levels. We can think about improving the properties of an individual chloroplast, of which there are many in a leaf; altering chloroplast numbers per cell; changing the anatomy of a leaf; and trying to integrate these changes into useful models which will help guide us in our approaches to improvement. Aspects of all these interventions in leaf photosynthetic properties are being undertaken at ANU.



• Over the past thirty years ANU has established a team of 
internationally recognized researchers in the field of plant 
photosynthesis and water-use. Most highly cited 
photosynthesis group in Australia.   

•This team is uniquely placed to conduct research from the 
molecular scale through cellular, the whole-plant, and to crop 
plants in the field using a wide array of research approaches 

• We have access to key technologies and research networks 
with a range of international organisations focussing on 
photosynthesis and crop improvement 

•IRRI, CIMMYT, ICARDA – developing countries 
•Gates Foundation (BMGF)  

• 1. C4 rice and 2. Improving C3 photosynthesis 
•European and US Photosynthesis Consortia 
•Bayer Crop Science 
•CoE in Plant Energy Biology 
•CSIRO Plant Industry 

The capability of ANU in photosynthesis research 



A targeted approach to improve photosynthesis 

Yield potential increases of 
20 -100 % 

Presenter
Presentation Notes
In ANUs research program we are taking a targeted approach to improving photosynthesis. These targets range from improving the performance of the CO2 fixing enzyme Rubisco in various ways, to modulating leaf development and anatomy; boosting rate limiting reactions such as aspect of electron transport and energy production in the light reactions; and finally using modelling to understand crop responses to these changes



Enhancing Rubisco performance in plants 

chloroplast 

The capability exists to improve crop yield by enhancing the 
performance of Rubisco – increasing its rate and specificity. 
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Presenter
Presentation Notes
Rubisco is the central enzyme which captures CO2 from the atmosphere and turns it into biomass. Almost all the biomass on earth has been created by this enzyme in its various forms. However, while its essential it is imperfect. It is limited by current levels of CO2 and it wastefully interacts with O2 as an alternative substrate. Without question, the opportunity exists to greatly improve crop yield by enhancing the performance of Rubisco.



Improving Rubisco 

• Identifying better Rubiscos from the 
natural germplasm diversity  of existing 
crops 

• Transplanting better Rubiscos into target 
crop plants 

• Engineering better Rubiscos by altering 
chloroplast genes 

 

Presenter
Presentation Notes
Approaches we are taking at ANU to improve Rubisco include: identifying better Rubiscos from existing natural germplasm; transplanting better Rubiscos into target crop plants; and taking informed approached to engineer better Rubisco through gene manipulation.



chloroplast 
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Introducing inorganic 
carbon pumping complexes; 
Increase CO2 concentrations in 
the chloroplasts 
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Modify aquaporin protein 
expression;  
alter membrane permeability 
to reduce CO2 loss H2O H2O 

CO2 CO2 

Turbo charging CO2 supply to Rubisco 

Evolution has developed a 
range CO2 turbocharging 
options 

Presenter
Presentation Notes
Rather than making a better Rubisco, evolution has also adopted another avenue for improvement, by elevating CO2 around Rubisco through an array of turbocharging and CO2 access mechanisms. These mechanisms are found in bacteria, algae and plants, but in different forms.
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Bicarbonate transporters from Cyanobacteria 

Presenter
Presentation Notes
One important example of such a system is found in cyanobacteria or blue-green algae where an array of active CO2 and bicarbonate transporters help accumulate CO2 in the cell. Research at ANU is seeking to transfer some of these bicarbonate mechanisms to plant chloroplasts to improve CO2 supply to Rubisco. 



Improving photosynthetic electron energy supply 

Presenter
Presentation Notes
If we turn to the light harvesting and energy conversion reactions of the green photosynthetic membranes, there are a number of avenues where improvements can be made. Two of these which we work on at ANU are shown mentioned here, removing rate limitations to electron transport and improving the light harvesting capacity of the thylakoid chlorophyll complexes.



The complete photosynthetic process 

Rubisco 
O2 

P-glycolate, 
photorespiration 

Electron wire 

Cytochrome b6f Complex 
(electron wire) 

Light 
energy 

ATP Synthase 
proton motor 
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Both the electron wire and the proton motor 
limit photosynthesis 
 

Cytochrome electron wire ATP synthase proton motor 

Research at ANU 



Scaling from the chloroplast to the canopy  

Presenter
Presentation Notes
Finally, while we may know a lot about the biochemistry and function of the chloroplasts in leaves where photosynthesis occurs, it is important to be able to predict and test the changes which the sorts of changes I have mentioned will make when translated into the leaf and crop canopy context, when may processes are integrated.
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Farquhar, von Caemmerer & Berry model of C3 
photosynthesis 

Simplified all of the biochemistry into two limiting conditions 

1. Rubisco activity 2. RuBP supply 

Models for scaling from leaf to canopy 

Presenter
Presentation Notes
Important research at ANU has established key biochemical models which are able to operate to predict photosynthesis at the chloroplast, leaf and crop canopy level and these form the foundation of many predictive models which are used to estimate photosynthesis both in crops and global ecosystems



Conclusions 

• It is recognised that improving the efficiency of light energy 
conversion is a significant frontier for sustainable yield 
improvement. (20-100% increase in yield potential over 10-20 
years) 

• There are tractable opportunities available for immediate 
intervention 

• Rubisco improvement 

• Improving CO2 concentration around Rubisco and reducing 
photorespiration 

• Altering the amounts of key rate limiting photosynthetic 
enzymes ( membrane components and chloroplast enzymes) 

• Altering aspects of leaf development 

• Improving our ability to model changes in the leaf through to 
changes in crop and canopy photosynthesis and yield 

 

Presenter
Presentation Notes
Conclusions – recapitulate slide



18 

Summary Session 1 

• Global food security is a critical future issue for national 
security, global peace and development 

• Increasing the yield potential of staple food crops offers 
an avenue for averting food limitation/security 
problems 

• Improving the process of photosynthesis offers realistic 
opportunities for raising yield potential considerably ( a 
new green revolution) 
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