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Determinants of Yield Potential

Photosynthesis Ressource allocation

Yield potential = Q « €& ¢ & o &

////' — :
Total solar Light interception Light conversion Partitioning efficiency
radiation input efficency efficency (Harvest index)

Efficiencies: ~0,8-0,9 = 0,2 = 0,6

(modified according to: Long SP et al [2015] Cell 161: 56-66)



Photosynthesis

- A Multidimensional Process -

The Cell

Light reactions &
carbon fixation

The Field ) The Leaf
Shoot architecture & PhotosyntheSIS Morphology &
canopy anatomy

The Plant
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Photosynthesis
- Its Integration into Whole-Plant-Physiology -

Shoot architecture Sink-source status
The Cell

The Field Photosynthesis The Leaf

The Plant
Life strategies Water & nutrient status



How to Improve Photosynthesis?

® Knowledge-based directed engineering
v Functional photosynthetic submoduls
v Global regulators of photosynthesis-related gene expression

® Exploiting genetic diversity for the identification of
unknown genes/alleles

v Natural genetic diversity
v Artificially induced diversity by mutagenesis



Knowledge-Based Engineering
- Photosynthetic submodules -
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Containing Rubisco’s
Achilles heel by photo-
respiratory bypasses

Alleviating enzymatic bottlenecks

in the Calvin-Benson cycle



How to Improve Photosynthesis?
- Explo:tmg Genetic Diversity in Rice -
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(Takai T et al [2013] Sci Rep 3:2149)



The Research Strategies
- Different, but Complimentary -

Genetic diversity-guided identification of
‘Photosynthesis Optimisation Genes/Loci’

Knowledge-guided identification of
‘Photosynthesis Optimisation Genes/Loci’

Selection of candidate plants
by smart phenotyping and verification

Directed modification and verification of
‘Photosynthesis Optimisation Genes/Loci’




Optimising Photosynthesis
- Single Plants vs. Canopy -

Single Plant Photosynthesis

The Cell The Leaf
« Rubisco and its auxiliary proteins « Leaf anatomy and mesophyll conducatance
« Limiting steps in RuBP regeneration « Leaf form & shape
« Photorespiration « Interlinkage of CO2 supply and water status
« Regulatory interactions between the « Transcription factor networks (linking to
light reactions and CO2 assimilation cellular photosynthesis)

« Synthetic pathways supplementing the
Calvin-Benson cycle and bypassing Rubisco
« Photoprotection

Sink-source interactions

« Adjusting sink and source strength
« The role of intermediary sinks (stem fructans

A in grasses)

Canopy photosynthesis

- Balancing light supply and protection
« Extending light interception into the far-red
» Optimising light absorption within the canopy




