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A Research On Modifying Photosynthesis Process To Help With Crop Growth 
Introduction 
The efficiency in which a crop absorbs light and converts it into biomass over the growing season is a key determinant of final yield, be it biomass or grain (Long et al., 2006). Agricultural yields of our major crops have increased in line with demand over the last 50 years. For the most part, these increases can be attributed to advancements in agronomic methods and traditional breeding, which have resulted in higher yielding varieties by optimizing plant architecture and light capture. However, in many parts of the world, year-on-year increases in large crop yields have reached a halt. New technical solutions must be investigated in order to produce higher yielding varieties and sustain the food supply necessary to meet the rising population's needs (Fischer and Edmeades, 2010; Ray et al., 2013; Long et al., 2015; Ort et al., 2015).
To meet the rising global human population's food demands, crop productivity must be improved, and significant improvements can be achieved by increasing photosynthetic production. The carboxylation of ribulose-1,5-bisphosphate (RuBP) by ribulose-1,5-bisphosphate carboxylase-oxygenase (RuBisCO) is needed for photosynthesis, but photorespiration occurs in most plants, including soybean, rice, and wheat. RuBP, on the other hand, necessitates the expensive handling of poisonous byproducts like glycolate.
Rationale
Photorespiration can reduce the photosynthetic efficiency of C3 crops by 20 to 50%. While there are a variety of techniques for lowering photorespiration costs, plants grown in chambers and greenhouses with altered photorespiratory pathways within the chloroplast have shown promising results, including increased photosynthetic rate and size.
 We tested the efficiency of three alternative photorespiratory pathways in field-grown tobacco to see whether they could effectively increase C3 field crop productivity. One pathway used five genes from the E. coli glycolate oxidation pathway; a second pathway used glycolate oxidase and malate synthase from plants and catalase from E. coli. Plant malate synthase and a green algal glycolate dehydrogenase were used in the third pathway. In the alternative pathway designs, all enzymes were guided to the chloroplast. In the photorespiratory pathway, RNA interference (RNAi) was also used to down-regulate a native chloroplast glycolate transporter, reducing metabolite flux through the native pathway. The three pathways were introduced with and without the transporter RNAi construct into tobacco, which is an ideal model field crop because it is easily transformed, has a short life cycle, produces large quantities of seed, and develops a robust canopy similar to that of other field crops. 
Results and discussion
We generated a total of 17 construct designs of the three pathways with and without the transporter RNAi construct using a synthetic biology approach to vary promoter gene combinations. Under high–photorespiratory stress conditions, initial screens for photoprotection by alternative pathway function identified three to five independent transformants of each design for further investigation. Gene and protein expression analyses in RNAi plants confirmed the expression of the introduced genes and the suppression of the native transporter. Pathway 1 increased biomass in greenhouse screens by nearly 13%. When compared to the wild type, Pathway 2 provided no benefit. The addition of pathway 3 increased biomass by 18% without RNAi and by 24% with RNAi , which corresponded to changes in photorespiratory metabolism and increased photosynthetic rates. Finally, field testing over two growing seasons revealed significant increases in biomass of pathway 3 plants with RNAi compared to WT of 20% in 2016 (P = 0.04) and 24% in 2017 (P = 0.018). Furthermore, this pathway increased photosynthesis's light-use efficiency by 17% in the field.

			Alternative photorespiratory pathways.
(A) Model of three alternative photorespiration pathway designs. AP1 (red) converts glycolate to glycerate using five genes from the E. coli glycolate pathway encoding the enzymes glycolate dehydrogenase, glyoxylate carboligase, and tartronic semialdehyde reductase. AP2 (dark blue) requires three introduced genes encoding glycolate oxidase, malate synthase, and catalase to eliminate hydrogen peroxide produced by glycolate oxidase). AP3 (blue) is dependent on two newly discovered genes: Chlamydomonas reinhardtii glycolate dehydrogenase and Cucurbita maxima malate synthase.
(B)  qRT-PCR analysis of the two transgenes in AP3 and the RNAi construct's target gene PLGG1. The results of three independent transformation events with (1, 5, and 8) and without (8, 9, and 10) PLGG1 RNAi are shown. SEM is indicated by the error bars, and * indicates a statistical difference at P 0.05 compared to WT based on one-way ANOVA. Supplementary data set 15 contains actual P values.
(C) Custom antibodies raised against the indicated target genes, cytosolic marker actin, and chloroplast-specific marker plat globulin 35 were used to immunoblot whole leaves and isolated chloroplasts, including the insoluble membrane fraction (PGL35). Each lane received five micrograms of protein. The arrows indicate the detection of a protein based on its molecular weight. CrGDH's kinetic properties, as well as several malate synthase enzymes, as well as others, have previously been identified.






Conclusion 
Engineering more efficient photorespiratory pathways into tobacco while inhibiting the native pathway increased photosynthetic efficiency and vegetative biomass significantly. We are optimistic that similar gains will be realized and translated into increased yield in C3 grain crops because photorespiration is common to all C3 plants and higher photosynthetic rates under elevated CO2, which suppresses photorespiration and increases harvestable yield in C3 crops.
Photorespiration is required in C3 plants to metabolize toxic glycolate formed when ribulose-1,5-bisphosphate carboxylase-oxygenase oxygenates rather than carboxylates ribulose-1,5-bisphosphate. Depending on growing temperatures, photorespiration can reduce yields by 20 to 50% in C3 crops. Inspired by earlier work, we installed into tobacco chloroplasts synthetic glycolate metabolic pathways that are thought to be more efficient than the native pathway.
By inhibiting glycolate export from the chloroplast, flux through the synthetic pathways was increased. The synthetic pathways investigated increased photosynthetic quantum yield by 20%. In replicated field trials, numerous homozygous transgenic lines increased biomass productivity by 19 to 37 percent. These findings indicate that incorporating alternative glycolate metabolic pathways into crop chloroplasts while under agricultural field conditions, inhibiting glycolate export into the native pathway can lead to increases in C3 crop yield.
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