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he global demand for horticultural crops with enhanced visual appeal, fragrance, and 

nutritional value has led to a surge in the development of “designer” flowers and fruits. 

With advancements in genetic and metabolic engineering, scientists are now capable of 

precisely modifying pigment biosynthesis, aroma pathways and nutrient profiles in 

horticultural crops. This article reviews recent progress in the development of novel flower 

colours, enriched fruit nutrients and enhanced shelf life through tools like transgenics, RNA 

interference and CRISPR/Cas9. Several case studies-including blue roses, purple tomatoes 

and golden bananas demonstrate the commercial and scientific potential of biotechnology in 

reshaping horticulture. While regulatory, ethical and consumer acceptance challenges remain, 

the prospects for designer crops continue to expand with the integration of synthetic biology 

and precision agriculture. 

Introduction 
Traditional breeding approaches in horticulture have long been used to improve crop traits 

like yield, pest resistance and visual appeal. However, these methods are time-consuming and 

limited by genetic barriers. Biotechnology, particularly genetic engineering and metabolic 

pathway manipulation, provides a powerful platform for precise, rapid and targeted crop 

improvement (Tanaka and Brugliera, 2013). The development of designer flowers and fruits 

plants modified to exhibit specific traits such as unique colours, enhanced aromas or 

improved nutrition is revolutionizing both the ornamental and edible crop industries. 

Tools and technologies in designer crop development 
Genetic engineering 

Genetic engineering involves the deliberate insertion of foreign or modified genes into plant 

genomes. It has been extensively used to introduce new traits into flowers and fruits. One of 

the earliest successes was the development of blue carnations through the insertion of 

flavonoid pathway genes, which allowed the production of delphinidin pigments not naturally 

found in carnations (Tanaka and Brugliera, 2013). 

Metabolic engineering 

Metabolic engineering focuses on modifying existing biosynthetic pathways or introducing 

new ones to produce desired metabolites. In fruits, this has been used to enhance the 
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synthesis of anthocyanins, carotenoids and volatile compounds that contribute to flavour and 

nutrition. The purple tomato, engineered using transcription factors from snapdragon (delila 

and rosea1), serves as a prominent example of this approach (Butelli et al., 2008). 

Genome editing (crispr/cas9) 

Crispr/cas9 is a powerful genome editing tool that enables precise and efficient modification 

of genes without inserting foreign DNA. It has been used to knock out genes responsible for 

fruit browning, as in the arctic apple, or to delay fruit ripening for longer shelf life (waltz, 

2015). 

Designer flowers: engineering aesthetics and aroma 
Novel flower colours 

The quest to produce a true-blue flower has long fascinated plant biotechnologists. In a 

landmark achievement, blue chrysanthemums were created by introducing flavonoid 3',5'-

hydroxylase (f3′5′h) and glucosyltransferase genes from butterfly pea into white 

chrysanthemums (Noda et al., 2017). Similarly, Suntory’s blue rose was developed using 

petunia genes to allow delphinidin synthesis in roses, a colour previously unattainable due to 

the absence of required enzymes (Tanaka and Brugliera, 2013). 

Fragrance enhancement 

The loss of fragrance in modern rose varieties due to intensive breeding has been countered 

by metabolic engineering. By reactivating genes involved in volatile biosynthesis, such as 

BEAT and AAT, researchers have successfully restored scent in petunias and orchids 

(Chandler and Sanchez, 2022). 

Vase life extension 

Biotechnological manipulation of ethylene biosynthesis and perception has enabled the 

extension of post-harvest shelf life in ornamentals. Transgenic carnations with suppressed 

ACC oxidase or ethylene receptor genes demonstrate delayed senescence, enhancing 

marketability and reducing waste (Chandler and Sanchez, 2022). 

Designer fruits: Biofortification, aroma and shelf life 
Nutritional biofortification 

One of the most important applications of biotechnology is in biofortification-enhancing the 

nutritional quality of food crops. The Golden Banana project in Australia engineered bananas 

to express a maize phytoene synthase (PSY) gene, significantly increasing pro-vitamin A 

content (Paul et al., 2017). Such crops are especially important in developing countries 

suffering from vitamin A deficiency. 

Improved flavour and aroma 

Flavour is a complex trait involving sugars, acids, and aroma volatiles. Engineering of 

alcohol acyltransferase (AAT) genes has allowed increased ester production, which improves 

the aroma in strawberries (Chandler and Sanchez, 2022). Similarly, manipulation of 

lipoxygenase (LOX) and other genes helps improve melon flavour. 

Post harvest quality and non-browning traits 

The Arctic Apple, developed by Okanagan Specialty Fruits, silences polyphenol oxidase 

(PPO) genes using RNA interference to prevent browning when the fruit is sliced (Waltz, 

2015). This innovation improves visual appeal and reduces food waste. In tomatoes, 

CRISPR/Cas9 has been used to delay ripening by targeting genes such as RIN and NOR, 

extending shelf life without affecting taste (Chandler and Sanchez, 2022). 

Ethical and Regulatory Perspectives 
The regulation of genetically modified and gene-edited crops varies globally. While countries 

like the USA, Canada, and Australia have relatively flexible regulations, the European Union 

maintains strict guidelines (Chandler and Sanchez, 2022). Designer flowers, being non-

edible, often face fewer regulatory barriers compared to food crops. 

Ethical concerns include: 

 Cross-pollination with wild relatives 
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 Corporate control over seeds and patents 

 Transparency in labelling and consumer rights 

Consumer perception remains a critical factor influencing the success of designer fruits and 

vegetables in the marketplace. 

Challenges and Future Directions 
Challenges 

 Technical complexity of metabolic pathways 

 High regulatory and developmental costs 

 Public resistance to GM crops 

 Limited access to biotechnology in developing countries 

Future Directions 

 Synthetic biology to design new plant traits from scratch 

 Multi-trait stacking in a single cultivar 

 AI-driven crop design using big data and genomics 

As biotechnological tools become more precise and cost-effective, the commercial viability 

and consumer acceptance of designer horticultural products are likely to increase. 

Conclusion 
Designer flowers and fruits represent the frontier of horticultural innovation. By using tools 

like genetic engineering, metabolic modification and CRISPR, scientists are developing crops 

that align with both market trends and nutritional needs. While some ethical and regulatory 

hurdles remain, the potential for these designer crops to transform the horticultural industry is 

immense. With continued research and transparent communication, biotechnology can offer 

sustainable, profitable and health-oriented solutions in horticulture. 
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