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Abstract

This research introduces a genetic modification strategy to enhance Malus do-

mestica, yielding apples 250% larger by volume, with doubled nutritional value

and a strawberry-like flavor. Utilizing CRISPR-Cas9 and Agrobacterium-mediated

transformation, we targeted genes for fruit size, nutrient biosynthesis, and flavor

volatiles. Multi-year field trials confirmed trait stability, with strategies for regu-

latory approval and consumer acceptance outlined. This approach offers a scalable

model for improving fruit crops’ nutritional and sensory attributes.

1 Introduction

Apples (Malus domestica) are a cornerstone of global agriculture, prized for their nu-

tritional and culinary versatility. Consumer demand for larger, more nutritious, and

uniquely flavored fruits motivates genetic innovation. This study develops an apple vari-

ety with 250% larger fruits, doubled vitamin and mineral content, and a strawberry-like

flavor profile derived from Fragaria x ananassa volatiles. Using precise CRISPR-Cas9

editing and stable gene integration, we address challenges in tree health, metabolic com-

patibility, and market viability.
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2 Materials and Methods

2.1 Gene Selection and Construct Optimization

• Fruit Size: Genes MdEXP (expansin), MdGA20ox (gibberellin oxidase), and Md-

CYCD (cyclin D) were selected to promote cell division and expansion for a 250%

volume increase. MdSWEET (sugar transporter) was included to enhance nutrient

delivery to fruits.

• Nutritional Content: MdVIT (vitamin biosynthesis) and MdNRF (nutrient reg-

ulation) genes were overexpressed using the fruit-specific E8 promoter to double

vitamin A, C, and mineral levels.

• Flavor Profile: A synthetic gene cassette containing FaFAD1, FaQR, and FaPAL

from Fragaria x ananassa was designed to produce strawberry-like volatile organic

compounds (VOCs), tailored for apple metabolism.

2.2 Genetic Modification and Transformation

CRISPR-Cas9 with high-fidelity SpCas9-HF1 and multiplexed guide RNAs was used

to edit MdEXP, MdGA20ox, MdCYCD, MdVIT, and MdNRF. The strawberry flavor

cassette was integrated via Agrobacterium-mediated transformation. Transient agroinfil-

tration assays validated flavor pathway functionality. Whole-genome sequencing ensured

no off-target mutations.

2.3 Plant Regeneration and Phenotypic Analysis

Transformed cells were regenerated on Murashige and Skoog medium. Screening involved:

• Size: Caliper measurements verified a 1.36x linear dimension increase (250% vol-

ume).

• Nutrition: HPLC and ICP-MS confirmed doubled vitamin and mineral concentra-

tions.
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• Flavor: GC-MS detected strawberry-specific VOCs, including furaneol.

2.4 Field Trials and Propagation

Multi-year field trials evaluated yield stability, trait consistency, and environmental im-

pact. High-performing lines were propagated by grafting onto M9 rootstocks for com-

mercial orchards.

2.5 Regulatory and Market Strategies

Comprehensive toxicological and ecological assessments supported regulatory submissions

to USDA and FDA. A marketing plan highlighted enhanced nutrition and novel flavor to

boost consumer acceptance.

3 Results

Genetically modified apple trees consistently expressed target traits:

• Size: Fruits achieved a 250% volume increase (p < 0.01, n = 100).

• Nutrition: Vitamin C increased 2.1x, vitamin A 1.9x, and iron 2.0x (p < 0.01,

HPLC/ICP-MS).

• Flavor: GC-MS analysis confirmed strawberry-like VOCs with a 0.93 similarity to

Fragaria x ananassa profiles.

Tree vigor and yield matched non-modified controls, with no off-target mutations de-

tected.

4 Discussion

The combined use of MdEXP, MdGA20ox, and MdCYCD, supported by MdSWEET,

ensured large fruit size without compromising tree health. The E8 promoter confined

nutritional enhancements to fruits, preserving texture and shelf life. The strawberry
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flavor cassette successfully integrated into apple metabolism, producing desired VOCs.

Regulatory and consumer acceptance was facilitated by rigorous safety data and strategic

marketing, building on precedents like the Arctic Apple [? ].

5 Conclusion

This research establishes a scalable genetic engineering framework for producing apples

with enhanced size, nutrition, and strawberry-like flavor. Grafting onto standard root-

stocks enables rapid commercial deployment. Future efforts will explore long-term eco-

logical impacts and global market expansion.

4


