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WHY PHOTOSYNTHESIS – M X GIGANTEUS 
ILLINOIS.

Dohleman & Long (2009) Plant Physiology 150, 2104–2115

Dohleman, Heaton, Arundale & Long (2012) GCB Bioenergy 4, 534–544
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WHY PHOTOSYNTHESIS?

Zhu, Long & Ort (2010) Ann. Rev. Pl. Biology 2010, 61: 235-261
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OPEN-AIR ENRICHMENT OF CO2 – FACE
Leaf photosynthesis increased 25% across growing season.

• Rogers, Allen, Bernacchi, Ainsworth & Long (2004) Plant, Cell and Environment 27, 449–458

• Long, Ainsworth, Leakey, Noesberger & Ort (2006) Science 312 : 1918-1921



INCREASE IN YIELD WITH ELEVATED CO2 IN FIELD

Long et al. (2006) Science 312, 1918-1921; (2007) Science 315, 460. 
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WHY PHOTOSYNTHESIS?



Ainsworth & Long (2005) New Phytologist 165: 351–372
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Ainsworth & Long (2005) New Phytologist 165: 351–372
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RAIN-FED MIDWEST MAIZE AND CLIMATE CHANGE

Ort & Long (2016) Science 344, 484-5. 

Need to achieve 

more yield on the 

land we are already 

using - sustainably.



Photosynthesis known in more 

detail than any other plant process, 

and is highly conserved.

High performance computing

WHY IS ENGINEERING OF CROP PHOTOSYNTHESIS 
SCIENTIFICALLY AND TECHNOLOGICALLY TIMELY?

Crop transformation becoming 

increasingly routine.



160 QUANTITATIVELY VARIABLE STEPS – A FEW 
TRILLION PERMUTATIONS – WHERE DO WE 
START!?!



DYNAMIC MODEL 
OF CELLULAR 
PHOTOSYNTHESIS

Zhu, DeSturler & Long (2007)  Plant Physiology  145: 513-526

Zhu, Ort & Long (2013) Plant, Cell & Env. 36: 1711-1727

Represented as a system  of 

differential equations to guide 

improvement of existing system



Long S.P., Marshall-Colon A. & Zhu X.G. 

(2015) Meeting the Global Food Demand of the 

Future by Engineering Crop Photosynthesis for 

Yield Potential. Cell, 161, 56-66.
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EVOLUTIONARY ALGORITHM TO PREDICT 
OPTIMUM INVESTMENT

Increased carbohydrate production

Zhu, DeSturler & Long (2007) Plant Physiology 145, 513–526



SBPASE TESTING THE REALITY
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Why is SbPase limiting the system?

From: Zhu, DeSturler & 

Long (2007)  Plant 

Physiology  145, 513



SBPASE: TESTING THE HYPOTHESIS

Rosenthal, Locke, Khozaei, Raines, Long, Ort (2012) BMC PLANT BIOLOGY 11:123 

Significant positive 

interaction of SbPase

and CO2 elevation.



SBPASE: TESTING THE HYPOTHESIS

Kohler et al. (2017) Journal of Experimental Botany 68: 715.

Significant positive interaction of 

elevated SbPase with increase in 

CO2 and in temperature.
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Zhu & Long (2004) J. Exp. Bot. 55, 1167-1175.

SLOW RECOVERY OF EFFICIENCY



Zhu & Long (2004) J. Exp. Bot. 55, 1167-1175.

COST OF SLOW RELAXATION IN SHADE



Kromdijk, Głowacka, Leonelli, Iwai, Niyogi & Long (2016) Science 354, 857-861 



SELECTING FASTER RELAXATION OF NPQ IN 
ENGINEERED PLANTS

Chlorophyll fluorescence 
of young seedlings
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RELAXING PHOTOPROTECTION



2016 FIELD TRIALS

Kromdijk, Głowacka, Leonelli, Iwai, Niyogi & Long (2016) Science 354, 857-861. 



Glowacka, Kromdijk, Niyogi & Long (2017) Nature Comms. 9, 868, 1-11 





South et al. (2017) Plant Cell, 29, 808-823.

PHOTORESPRIATORYBY-PASS
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TRAIT CORRESPONDING TO OBJECTIVES 2 THRU 8

Productivity improvement with trait and trait stacking - soybean
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BUILD ON THE GREATEST SUCCESS TO DATE IN 

DECARBONIZING ENERGY SUPPLY, BY USING AN 

ESTABLISHED DEPLOYABLE TECHNOLOGY.



PETROSS – U.Illinois-BNL-U.Florida-U.Nebraska

Advantaged Oil-Producing Sugarcane – Our goal:
MAKING BIODIESEL/BIOJET PRODUCTION VIABLE FOR LAND-USE



30% increase in leaf 

photosynthesis engineered.
Hybridized with Miscanthus to  

transfer its cold tolerance.

Hybrid can photosynthesize  

well at 10 C, parent cannot.

Engineered to increase oil 

accumulation to 8%

Promoters indentified to target 

oil accumulation in late stem 

development.

PETROSS AT 4 YEARS



C4 Systems modeling

PPDK

Rubisco

Wang, Long & Zhu (2014) Plant Physiology 164, 2231–2246



CLICK TO EDIT MASTER TITLE STYLE

6 of 7 events; > +6 t/ha



Vanhercke et al. 2014

Genes described to influence accumulation of TAG in vegetative tissues

STRATEGY TO INCREASE OIL

Metabolic engineering of sugarcane to increase TAG biosynthesis



CLICK TO EDIT MASTER TITLE STYLEWHERE COULD IT BE GROWN AND HOW MUCH?

Using only the 23 million acres of marginal land in the area on the map, we 

estimate the PETROSS crops will be able to produce 24.67 billion gallons of 

biodiesel/biojet – easily meeting 2/3 of the needs set forth by the Renewable Fuel 

Standard mandate of 36 billion gallons of biofuel by 2022.  Excludes Hawaii and 

Puerto Rico!



PETROSS Sugarcane 33 barrels/acre
Soybean 0.8 barrels/acre

TECHNOECONOMIC ANALYSIS

Kumar D, Long SP, Singh V (2018) 
Global Change Biology Bioenergy, 10, 
92-107 

Long SP, Huang H, Singh V (2017) Patent 
US2015105546-A1 US9394503-B2 



SoyFACE
Free-air Concentration 
Enrichment facility

soyface.illinois.edu
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