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INTRODUCTION

Tomatoes are among the most important horticultural crops
globally, serving as essential ingredients in cuisines across
diverse cultures. The crop is cultivated on more than five
million hectares worldwide and contributes significantly to
agricultural economies. Tomatoes provide vitamins, minerals,
antioxidants and bioactive compounds that support human
health. Despite their widespread consumption, modern
commercial tomatoes are frequently criticized for lacking the
rich taste and aroma that characterized traditional varieties.
Consumers often describe supermarket tomatoes as bland,
watery and lacking sweetness. This decline in flavour has
become a major concern among consumers, chefs, researchers
and breeders.

Historically,  breeding  programs  prioritized
characteristics that improved commercial production. These
included high yield, disease resistance, uniform ripening,
extended shelf life, and firmness for transportation. While
these traits improved profitability and reduced postharvest
losses, they inadvertently reduced flavour quality. Recent
scientific research has revealed that tomato flavour is a highly
complex trait controlled by interactions among sugars, acids,
and volatile organic compounds. Advances in genomic
technologies have allowed researchers to identify genes
associated with superior flavour. As a result, scientists are
now integrating flavour traits into modern breeding programs,

marking a significant shift in tomato improvement strategies.


http://sunshineagriculture.vitalbiotech.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

) Available online at
http://sunshineagriculture.vitalbiotech.org

AGRICULTURE

e-Newsletter

Historical Development of Tomato Breeding
The tomato originated in western South
America and was domesticated in Central
America before spreading worldwide. Early
cultivated tomatoes displayed tremendous
diversity in size, colour, shape and flavour.
Traditional farmers selected tomatoes primarily
based on local preferences and culinary uses.

What Makes a Tomato Taste Good?

Tomato flavour is a complex sensory
experience involving taste, aroma and texture.
Three major components determine flavour
quality:

1. Sugars: Sugars contribute sweetness and are
primarily represented by glucose and fructose.
Higher sugar concentrations generally improve
consumer preference.

2. Organic Acids: Citric acid and malic acid
provide tartness and balance sweetness. Proper
sugar acid balance is critical for desirable
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As agriculture became increasingly
commercialized during the twentieth century,
breeding objectives shifted toward traits that
facilitated large scale production and
distribution. The emphasis on yield and shelf
life resulted in the gradual loss of many flavour-
associated genes present in traditional varieties
and wild relatives.

3. Volatile Organic Compounds: Volatile
compounds are responsible for aroma and
contribute significantly to perceived flavour.
More than 400 volatile compounds have been
identified in tomatoes, although only a small
number strongly influence flavour perception.
Research indicates that aroma compounds often
contribute more to flavour perception than
sweetness alone. Figure 1. Major components
contributing to tomato flavour. Tomato flavour
is determined by the interaction of sugars,
organic acids and volatile organic compounds,
which together influence sweetness, acidity,

flavour.
aroma and overall consumer preference
Table 1: Major Components Contributing to Tomato Flavour
Component Examples Contribution
Sugars Glucose, fructose Sweetness
Organic acids Citric acid, malic acid Tartness
Volatiles Hexanal, geranial,  ionone Aroma
Texture Firmness, juiciness Mouthfeel
SKIN: FLESH:
Aroma Aroma compounds,
compounds sugars (glucose and
(including fructose), and acids
terpenes, (citric and malic acids)
ketones, and
aldehydes)

JELLY:

Umami compounds
(including amino acids),
sugars, and acids

Figure 1: Major components contributing to tomato flavour. Tomato flavour is determined by
the interaction of sugars, organic acids and volatile organic compounds, which together
influence sweetness, acidity, aroma and overall consumer preference.
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Why Did Tomatoes Lose Their Flavour?

The decline in tomato flavour is largely an
unintended consequence of modern breeding
practices.

+¢ Selection for Yield: High-yielding varieties
often allocate resources toward fruit
production rather than flavour compound
synthesis.

** Selection for Shelf Life: Breeding for
extended shelf life reduced ripening-related
processes
development.

*%* Selection for Uniform Appearance:
Uniform ripening mutations improved fruit
colour consistency but negatively affected
sugar accumulation.

** Long Distance Transportation: Tomatoes
harvested before full ripening possess lower

responsible  for  flavour

concentrations of flavour compounds
compared to vine-ripened fruits.
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¢ Genetic Bottlenecks: Repeated selection of
a limited number of elite cultivars reduced
genetic diversity, including flavour-related
genes.

The Genetics of Tomato Flavour

Flavour is a quantitative trait controlled by

numerous genes interacting with environmental

conditions. Recent genomic studies have
identified several loci associated with flavour
characteristics.

¢ Sugar-Related Genes: Genes influencing
carbohydrate transport and metabolism
regulate sugar accumulation in fruits.

¢ Acid-Related Genes: Genes affecting citric
and malic acid synthesis contribute to
flavour balance.

% Volatile Compound Genes: Genes
involved in amino acid, fatty acid and
carotenoid metabolism influence aroma
production.

Table 2: Important Genes Associated with Tomato Flavour

Gene Function Flavour Contribution
LINS Sugar metabolism Sweetness
ALMT9 | Organic acid regulation Acidity
TomLoxC Volatile production Aroma

AATI1 Ester synthesis

Fruity notes

CCDI1A | Carotenoid degradation

Floral aroma

Role of Wild Tomato Relatives

Wild tomato species represent valuable
reservoirs of genetic diversity. Important wild
relatives include. These species possess unique
flavour-associated genes that were lost during
domestication.

¢ Solanum pimpinellifolium

% Solanum cheesmaniae

)

7/
°

Solanum habrochaites

e

e Solanum pennellii

Advances in Flavour Research
Recent technological developments have
transformed tomato flavour research.
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+ Genomics: Whole genome sequencing
enables identification of flavour-related
genes.

< Metabolomics: Metabolomic analyses
measure hundreds of flavour compounds
simultaneously.

+ Transcriptomics: Gene expression studies
reveal pathways controlling flavour
development.

+ Sensory Science: Consumer taste panels
help correlate biochemical data with human
perception.
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Modern Breeding Strategies for Flavour
Improvement
% Conventional Breeding
% Marker-Assisted Selection
¢ Genomic Selection
Gene Editing
% Speed Breeding

*

*

o
*

*

CRISPR and Flavour Enhancement
Genome editing technologies are opening new
opportunities for flavour improvement.
CRISPR enables scientists to:

+¢ Increase sugar accumulation.

DS

* Enhance volatile production.

>

** Improve flavour stability.
¢ Modify ripening pathways.

Balancing Flavour and Productivity

One challenge in tomato breeding is balancing
flavour with other commercially important
traits.

Farmers require:

% High yield.

+* Disease resistance.

o

s Climate resilience.
% Shelf life

Consumers demand:
+* Better taste.
*¢ Attractive appearance.

+¢* Nutritional quality.
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Consumer Preferences and Market Trends

% Consumer demand for flavourful tomatoes
has increased substantially.

¢ Speciality tomatoes such as cherry
tomatoes, heirloom varieties, and premium
gourmet cultivars command higher prices
because of superior flavour.

« Market surveys indicate that taste is often
the most important factor influencing
repeat purchases.

< Food movements emphasizing local
production, organic agriculture, and
culinary quality have further stimulated
interest in flavourful tomatoes.

< Breeders increasingly recognize that
consumer satisfaction is essential for long
term market success.

Nutritional Quality and Flavour

Flavour and nutrition are often interconnected.
Some flavour-associated compounds also
possess antioxidant properties. Therefore,
breeding for improved flavour may
simultaneously enhance nutritional quality.
Tomatoes contain:

+¢* Vitamin C

+¢ Vitamin A precursors

/7

%* Potassium

¢+ Lycopene

R

+* Polyphenols

*

Table 3: Nutritional Components of Tomatoes

Nutrient

Health Benefit

Lycopene

Antioxidant activity

Vitamin C

Immune support

Potassium

Cardiovascular health

Polyphenols | Anti-inflammatory effects

Carotenoids

Eye health

Challenges in Flavour Breeding
Despite significant progress, several challenges
remain.

% Complexity of Flavour

o%

e

* Environmental Influence

)

e

s Consumer Diversity
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+¢ Resource Requirements
C

7
o0

limate Change

Future Perspectives

The future of tomato breeding is increasingly
focused on quality rather than quantity alone.
Emerging opportunities include:
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% Artificial intelligence-assisted breeding.
% Digital phenotyping.

+¢ Precision agriculture.

+¢ CRISPR-based flavour engineering.

¢ Multi omics integration.

+¢ Personalized crop development.

CONCLUSION

The renewed focus on tomato flavour marks a
significant shift in modern plant breeding,
where consumer satisfaction is becoming as
important as yield and shelf life. Advances in
genomics, metabolomics and gene editing
technologies have enabled scientists to identify
and restore flavour-associated genes that were
lost during decades of intensive breeding. By
combining traditional breeding methods with
modern molecular tools, researchers are
developing tomato varieties that offer superior
taste, enhanced nutritional value and strong
agronomic performance. As demand for
flavourful and high-quality food continues to
grow, future tomato breeding programs are
expected to deliver cultivars that successfully
balance productivity, resilience and exceptional
flavour, benefiting both producers and
consumers.
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