Pro-vitamin A biofortification of banana by transgenic and genome editing approaches

Siddharth Tiwari, Ph.D.* and Navneet Kaur, M.Sc. 
National Agri-Food Biotechnology Institute (NABI) (An autonomous Institute of Department of Biotechnology, Govt. of India), Sector-81 (Knowledge City), S.A.S. Nagar, Mohali 140306, Punjab, India.




Fibromyalgia 2016
June 15-16, 2016
Volume 5, Issue 3(Suppl)
Page 40

[bookmark: _Hlk518052763]Abstract 
Statement of the Problem: Vitamin A deficiency (VAD) is a severe health problem, especially in Africa and South-East Asia. The WHO estimates show 250 million preschool children suffering from VAD worldwide and 250,000–500,000 children become blind every year and half of them die within 12 months of losing their sight. Currently, vitamin A supplementation has been implemented to alleviate VAD. However, it has other serious effects on overdosing; this can be toxic and can cause blurred vision, liver damage, reduced bone strength, headaches, birth defects, loss of hair, nausea, menstrual irregularities, skin rash, apathy, and stupor. Biofortification of staple crops is a feasible and cost-effective means of delivering micronutrients to populations that may have limited access to diverse diets and other micronutrient interventions. Banana plays important role towards nutritional security in the world. The application of conventional breeding for genetic improvement in banana is difficult due to the ploidy level and nature of parthenocarpic fruit development. Methodology & Theoretical Orientation: We aimed at enhancing pro-vitamin A (β-carotene) in banana by using gain-of-function (over-expression) and loss-of-function (CRISPR/Cas9) approaches. 1-deoxyxylulose-5-phosphate synthase (DXS), phytoene synthase (PSY) and ε-lycopene epsilon-cyclase (LCY-ε) have been identified as rate-limiting enzymes in carotenoid biosynthesis pathway. DXS provides the substrate flux while PSY performs first committed step towards the carotenoid biosynthesis pathway, whereas LCY-ε acts at branching point and diverts lycopene towards α-carotene. DXS, PSY genes were cloned from Indian banana varieties having the contrasting level of β-carotene in their fruit pulp (Nendran and Rasthali) and functionally characterized using bacterial complementation assay. DXS2 and PSY1 were found to be promising candidate genes for over-expression study. Besides, targeted gene editing was established in banana by editing of phytoene desaturase (PDS) gene through CRISPR/Cas9 approach, and subsequently, implemented for mutation of LCY-ε gene in the banana genome. Conclusion & Significance: We observed increase in β-carotene content in fruits of LCY-ε edited banana lines, whereas α-carotene and lutein found to be reduced. The best DXS2 overexpressing line is showing nearly 20-fold higher content of β-carotene with respect to control in fruits. Our results demonstrate genome editing through CRISPR/Cas9 and overexpression of DXS can be applied as efficient tools for pro-vitamin A biofortification of banana.
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