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profiles thus appealing to many different 
groups of people. Conventional breeding of 
sweetpotato to improve nutritional and qual-
ity traits has only been moderately successful 
over the years due to several factors. This is 
manly true in areas like SSA which are char-
acterized by low adoption of high β-carotene 
orange-flesh types. The biggest challenge has 
been to understand, measure and combine 
cultural preferences for taste and quality with 
nutritional components. In this work, we look 
at efforts to measure quality preferences, and 
accelerate the breeding process of sweetpotato 
by tapping into new breeding technologies and 
genomic-assisted breeding approaches.
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7.1	� Introduction

Sweetpotato (I. batatas L.) is a widely grown 
staple crop in the tropical and subtropical devel-
oping world. It ranks seventh in global food 
production and fifth in production within devel-
oping countries. In 2022, world production of 
sweetpotato was 86.4 million metric tons, from 
a total harvested area of 7.4 million hectares 
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Abstract

Sweetpotato, Ipomoea Batatas L., is widely 
considered as a staple food in many develop-
ing countries especially in sub-Saharan Africa 
(SSA). It has storage roots that are rich in 
starch, micronutrients (especially Fe and Zn), 
and vitamins A and C. Partly due to its poly-
ploidy, heterogeneity and outcrossing nature, 
it can be cultivated in a wide range of environ-
ments. Sweetpotato additionally comes in a 
variety textures, colors, flavors, and nutritional 
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and tryptophan (de Albuquerque et al. 2019). 
The protein content is low in comparison with 
cereal crops (Neela and Fanta 2019). It has been 
observed that baking sweetpotato roots reduces 
their protein content whereas boiling helps 
retain it. Sweetpotato provides twice the amount 
of dietary fiber of potato and cassava (Neela and 
Fanta 2019) thus aiding in satiety and digestive 
health. Some genotypes are rich in pro-vitamin 
A (β-carotene) and vitamins B1, B3, C, and E 
(Woolfe 1992; Truong et al. 2018; Neela and 
Fanta 2019). Therefore, sweetpotato can be 
exploited through targeted breeding to increase 
nutrient content for the world’s food needs 
(Mwanga et al. 2021a, b). This nutrient den-
sity underscores its importance as a staple food 
and an ally in addressing hunger, malnutrition, 
and poverty in sub-Saharan Africa. Specifically, 
sweetpotato diversifies diets, provides suste-
nance to vulnerable populations, and offers 
income opportunities for smallholder farmers.

The nutritional value of a food crop depends 
largely on its beneficial nutrients, organolep-
tic properties, and any undesirable elements. 
Conversely, nutritional quality is determined by 
its impact on the nutritional status and health 
of those who consume it. Therefore, a crop can 
be nutritionally valuable but not necessarily of 
high nutritional quality if it’s not accessible or 
preferred by the community. This distinction 
is crucial for enhancing sweetpotato varie-
ties. Sweetpotato varieties with high nutritional 
value that are easy to grow and more afford-
able offer significant benefits. However, to boost 
the nutritional quality of sweetpotato, breeding 
efforts should also prioritize traits like taste, ease 
of preparation, and yield. It’s important to note 
that high nutritional value and quality can coex-
ist, and improving both could positively affect the 
health and livelihoods of subsistence farmers who 
rely on sweetpotato. Nonetheless, it is essential to 
identify the nutritional traits that need enhance-
ment and to understand and quantify the genetic 
factors influencing these traits. Historically, these 
aspects have not been the primary focus in the 
sweetpotato variety development.

(FAOSTAT 2022). The developing countries 
account for 95% of this production. Sweetpotato 
is often considered a crop for low-income farm-
ers because it is relatively easy to produce with 
minimal inputs and is known for its ability to 
produce high yields in marginal environments. 
It is grown in diverse agroecological areas from 
the desert edges of lowland tropics to the high-
lands of the humid tropics. This adaptability to 
diverse environmental conditions is due to the 
inherent plasticity of the crop and the range of 
genotypes grown. The crop is ideal for subsist-
ence farmers because maintaining planting 
material is straight forward. Although sweetpo-
tato is primarily used as a source of carbohy-
drates from the tuberous roots, there is growing 
awareness of the additional health benefits that 
come from the consumption of these storage 
roots. It is considered as a staple food in many 
developing countries due to its starch-rich stor-
age roots (da Silva Pereira et al. 2023).

Generally, the roots have a high mois-
ture content with an average dry matter con-
tent of 25–30% (Truong et al. 2018). Starch 
is the major carbohydrate in sweetpotato stor-
age roots, making up approximately 80–90% 
of the dry matter (Tumwegamire et al. 2011a, 
b). Sugars make up about 15–20% of the dry 
matter and are mostly in the form of sucrose, 
glucose, fructose, and maltose, with the latter 
being undetectable in raw roots but predomi-
nant in cooked roots due to β-amylolysis of 
starch (Kitahara et al. 2017; Truong et al. 2018; 
Amankwaah 2019; Amankwaah et al. 2023). It 
is also rich in mineral content with potassium, 
manganese, copper, iron and zinc. Potassium 
is the most abundant mineral, available at con-
centrations as high as 300 mg/100 g of fresh 
roots. This can contribute about a fifth of the 
recommended dietary allowance for children 
(Sanoussi et al. 2016). The mineral content is 
not only dependent on the variety and cooking 
conditions but also on agricultural practices, 
particularly the use of fertilizers. Sweetpotato 
also contains high-quality proteins (Truong et al. 
2018), rich in methionine, threonine, valine, 
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Although sweetpotato is an important food 
crop in the tropics and sub-tropics, it often 
faces significant challenges from pests and 
diseases. This affects its production and avail-
ability of planting materials, especially for 
high-yielding and nutritionally rich varieties. 
Breeding for pest and disease resistance along 
with improved yield and nutritional quality, is 
essential for enhancing the livelihoods of sweet-
potato farmers and consumers. The success of 
new sweetpotato varieties relies on their pro-
duction characteristics, but most importantly 
on their sensory and utilization qualities for the 
consumers (Tomlins et al. 2007). Consequently, 
prioritizing the preferred characteristics of 
sweetpotato roots for the end users is a key 
objective in sweetpotato breeding. Furthermore, 
the sweetpotato food chain is characterized by 
different actors with different preferences of 
choice due to factors such as socio-economic 
and gender dynamics (Mudege et al. 2019). 
Therefore, it is crucial to define preferences 
for quality characteristics by market segments 
and gender to meet the diverse needs of end 
users. For instance, Ugandan consumers of 
boiled and/or steamed sweetpotato prefer vari-
eties that are aromatic, sweet, mealy, firm, and 
non-fibrous (Mwanga et al. 2021a, b). However, 
these desirable qualities must be linked to the 
biophysical and functional properties of the food 
to develop laboratory methods for quantitative 
evaluation. Typically, sweetpotato breeding pro-
grams assess these nutritional, physical, dietary 
and cooking attributes only in the final stages 
of diversity testing and release when 90–99% 
of breeding lines have already been discarded 
(Kays and Wang 2002; Grüneberg et al. 2015). 
This is due to the cost and complexity of these 
analyses and the lack of high-throughput pheno-
typing protocols and equipment (Kays and Wang 
2002). Therefore developing high-throughput 
phenotyping protocols for user-approved quality 
and nutritional traits will facilitate their integra-
tion into breeding and selection of sweetpotato.

Genomic-assisted breeding is a promising 
approach for developing sweetpotato varieties 

with improved nutritional, eating, and process-
ing qualities right from the early breeding stages. 
This approach involves using genomic informa-
tion to identify genetic markers associated with 
desirable traits. The chapter describes progress 
towards the application of genomic assisted 
breeding to develop new varieties with improved 
eating quality, processing suitability and nutri-
tion value of sweetpotato. In contrast to con-
ventional breeding, which depends on the visual 
assessment of traits to choose preferred charac-
teristics, genomic-assisted breeding employs a 
more precise strategy.

7.2	� Importance of Nutritional 
Value in Sweetpotato

Billions of people in developing countries suf-
fer from chronic deficiencies in essential nutri-
ents. Scientists have been working towards 
designing crops with improved essential nutri-
ent content through either agricultural practices 
also known as “agronomic biofortification” or 
breeding (Bouis and Welch 2010). Micronutrient 
deficiencies are widespread, and diet-based 
strategies are the most sustainable solutions. 
These deficiencies affect particularly signifi-
cant proportions of populations in developing 
countries and are especially high in pregnant 
women and pre-school children. In the devel-
oping world, an estimated 122 countries have 
populations deficient in Vitamin A. Sub-Saharan 
Africa has the highest percentage, with 48% of 
children under 5 affected. Each year, between 
250,000 to 500,000 malnourished children go, 
with about half of them dying within a year of 
losing their sight. In 24 countries across Africa 
and Southeast Asia, over 20% of pregnant 
women suffer from night blindness and severe 
vitamin A deficiency is a major cause of mater-
nal mortality in these regions. Incorporating 
sweetpotato into the diet is a practical solution 
for vitamin A deficiency. Since sweetpotato is 
commonly grown in the developing world, 
introducing pro-Vitamin A rich varieties would 
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be an effective and low-cost strategy to combat 
vitamin A deficiency. All plants have high levels 
of carotenoids in their leaves, primarily in thy-
lakoid membranes. Sweetpotato leaves specifi-
cally contain four carotenoids: lutein (47.6% of 
total carotenoids), β-carotene (25.2%), violaxan-
thin (13.9%) and neoxanthin (9.6%) (Chen and 
Chen 1993). Khan et al. (2022) suggested that 
use of molecular genetic and genomic methods 
to understand and manipulate carotenoid biosyn-
thesis in sweetpotato might provide the fastest 
and most effective means to generate increased 
pro-vitamin A sweetpotato cultivars.

Biofortification is a health-based strategy 
that aims to reduce micronutrient deficiencies 
and improve public health through the develop-
ment of staple food crops that are rich in essen-
tial vitamins and minerals. The approach is to 
either enrich or increase the accumulation of 
micronutrients in the storage organs of the crop 
through plant breeding, using traditional meth-
ods or genetic engineering. Biofortification is 
generally perceived as a more sustainable, cost-
effective, and efficient means to alleviate mal-
nutrition than providing nutrient supplements or 
commercially fortified foods (Bouis and Welch 
2010; Haas et al. 2005) and molecular genetics 
and genomic information presents new opportu-
nities to expedite biofortification of crops (Bouis 
and Saltzman 2017; Welch and Graham 2004).

Although sweetpotato is primarily grown 
for its storage root, the young leaves and 
shoots are also consumed in many countries 
in sub-Saharan Africa, the Pacific, Asia, and 
the Caribbean. Sweetpotato is widely regarded 
as a healthy food and ranks high in nutri-
tional value among root and tuber crops and 
as a staple food. It is a rich source of carbohy-
drates, dietary fiber, vitamins A, C, and several 
B-vitamins. The roots are fat-free and contain 
a moderate source of complex starch, which 
makes it an ideal food for diabetics. However, 
the most significant nutritional attribute of 
sweetpotato is the high beta-carotene content 
found in orange-fleshed varieties, which is a 
dietary source of vitamin A.

7.3	� Genetic Basis for Nutritional 
Value in Sweetpotato

A crucial first step to conduct biofortification 
of crops is to gain a better understanding of 
the genetic and physiological factors affecting 
variation in nutrient content. Until relatively 
recently most plant breeders have employed 
a “phenotypic” approach to enhance nutrient 
content, which essentially involves identify-
ing plants with desirable nutrient content based 
on visual observation of proxy traits like flesh 
color or laboratory analysis and using these 
plants as a source of genes for nutrient enhance-
ment. This approach is limited by low herit-
abilities of many nutritional traits, difficulties 
in accurate and rapid phenotypic assessment of 
nutrient content, and problems with obtaining 
desirable levels of nutrient content in combina-
tion with other traits of agronomic importance 
(Bouis and Saltzman 2017).

The exploration of the genetic underpin-
nings that contribute to the nutritional value of 
sweetpotato is both intricate and intriguing. 
Sweetpotato is characterized by its autohexa-
ploid nature, possessing 90 somatic chromo-
somes (2n = 6x = 90), and a substantial genome 
size estimated at approximately 4.4 Gb. The 
genetic structure of sweetpotato is a determinant 
of its nutritional profile, which includes mineral 
content (like Fe and Zn), vitamins (such as A 
and C), and nutraceutical components such as 
β-carotene and anthocyanins, especially nota-
ble in varieties with orange and purple flesh (da 
Silva Pereira et al. 2023). These elements are 
vital for human well-being and contribute to the 
agricultural value of the crop. The recent pro-
gress in developing molecular tools has enabled 
genetic mapping of significant quantitative trait 
loci (QTLs) and a genome-wide characteriza-
tion of population structure, paving the way for 
genomics-assisted breeding. This approach is 
designed to develop new varieties that not only 
yield abundantly in adverse conditions but also 
exhibit resistance to pests and diseases, along-
side enhanced nutritional properties.
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The great biological variation in the genus 
Ipomoea, its complex genetic structure, and 
its high ploidy levels make the study of the 
inheritance of specific traits and the gene map-
ping difficult. Although great improvement was 
achieved in the last decade for studying and 
understanding the molecular composition of 
the sweetpotato genome (analysis of DNA con-
tent, construction of genetic maps, and develop-
ment of genomic and expressed sequenced tags 
resources), the complex inheritance of the nutri-
tional traits in sweetpotato (vitamin A, vitamin 
C, E, dietary fiber, glycemic index, and antho-
cyanin content) demands new strategies for 
dissecting them. Whatever the trait, due to the 
complexity of the root’s genotype and the envi-
ronmental interactions, the understanding of the 
regulatory or structural genes and the allelic pol-
ymorphisms that control them is not enough for 
the development of a functional marker and an 
effective regulatory system for improvement, but 
it is certainly an essential step in the right direc-
tion. At this point, a thorough understanding of 
the gene functions and biochemical pathways by 
which the nutrient synthesis and accumulation 
are controlled is lacking for sweetpotato. Such 
information is a prerequisite for devising strat-
egies to increase the nutritional quality. Since 
each nutritional trait can be affected by many 
different factors, it is not feasible to discuss all 
of them in this context. A more general view of 
where we stand and where we should go for the 
better understanding of the genetic regulation of 
sweetpotato nutritional traits would be explained 
in the following paragraphs. Despite the great 
nutritional potential of sweetpotato, its genetic 
background and the regulatory mechanisms that 
control the nutritional trait composition are still 
poorly understood. The recent accomplishment 
of gene interrogations and functional genomics 
approaches in the model plants and the devel-
opment of the high-throughput methods includ-
ing the transcriptomics and metabolomics has 
heightened the momentum to study the nutri-
tional traits of sweetpotato at the molecular 
level. The information gleaned will aid in the 
breeding approaches mentioned in the other 
papers of this publication and be a platform to 

describe the desirable nutrient-dense sweetpo-
tato of the future.

As the nutritional value of sweetpotato is 
directly related to human consumption and 
directly influences the livelihood of develop-
ing nations, there has been interest in determin-
ing the genetic markers to the nutritional value. 
Through identification of such markers, breeders 
could select for higher nutritional value sweet-
potato, and farmers could grow sweetpotato 
specifically suited for certain nutritional needs. 
However, determining the nutritional value of 
storage roots is time consuming and expen-
sive because chemical analyses must be run on 
large sample sizes to produce accurate results. 
There have been efforts of using near-infrared 
reflectance spectroscopy (NIRS) to predict stor-
age root nutritional value because it is a rapid, 
nondestructive, inexpensive method of analy-
sis and NIRS has been successful in predicting 
various traits in other crops. Ash of the storage 
root, which is the mineral content, has been the 
most successful in terms of accurate and precise 
prediction of nutritional value using NIRS com-
pared to other nutritional factors. It was demon-
strated by Tumwegamire et al. (2011a; b) that 
NIRS could be used to reliably predict dry mat-
ter, starch, and beta-carotene content in sweet-
potato storage roots. Ash prediction equations 
could then be used to see if there are quantitative 
trait loci (QTL) affecting this nutritional factor. 
Development of genetic markers for nutritional 
value will allow breeders to breed for high nutri-
tional value sweetpotatoes more efficiently.

As mentioned earlier, it is very difficult to 
define a superior sweetpotato genotype for nutri-
tional value since high nutritional value is largely 
dependent on having a good balance between 
various nutritional components. However, it is 
possible to breed sweetpotato to have a specific 
nutritional composition if this is desired. It is 
basically a matter of setting levels for specific 
nutritional parameters and then selecting prog-
eny that meet the desired nutritional profile. 
This is easily achieved for Pro-vitamin A since 
various flesh colors can be attributed with spe-
cific carotenoid content levels; hence, the only 
requirement is to select progeny that have a 
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specific flesh color. However, selecting progeny 
based on sensory data to ensure acceptability 
of nutritious varieties is problematic since sen-
sory data will always have a large environmen-
tal effect but an understanding of which genes 
are affected by the environment will enable the 
development of genotypes that have a specific 
nutritional profile under defined storage condi-
tions. Since it is genes that control nutritional 
composition, determining specific genes for 
each nutritional parameter will be the ultimate 
way to modify sweetpotato nutritional composi-
tion. This can be done using a QTL analysis or 
by using a transgenic approach. While transgen-
ics will give an instant result, the development of 
a transgenic approach is not feasible for sweet-
potato breeding in developing countries, and a 
transgenic approach also has social and ethical 
issues. A QTL analysis, while being a long pro-
cess, will enable the development of genotypes 
with specific nutritional profiles without many 
of the negative issues of transgenics. So both of 
these methods have their advantages, and it is 
fortuitous that both can be employed to deter-
mine the specific genes for each nutritional 
parameter, with the knowledge of a QTL analy-
sis being transferable to a marker-assisted selec-
tion (MAS) program.

A number of key genes responsible for differ-
ent nutritional components of sweetpotato have 
been identified, including (1) Su α-branching 
enzyme gene responsible for amylose content 
(Takiko et al. 2006); sporamin gene involving 
storage root formation and it is rich in methio-
nine content (Ravi et al. 2014); β-amylase gene 
controlling sugar and starch content in the roots 
(Nakamura et al. 2014); IbVIN1 encoding a vac-
uolar invertase that limits sucrose accumulation 
in the roots at low temperature (Ru et al. 2021). 
The knowledge of these genes enables bet-
ter understanding of effect on nutritional traits, 
provides directions for selection or breeding of 
sweetpotato with improved nutritional quality.

It is recognized that the nutritional qual-
ity and health benefit of any crop will depend 
on the various bioactive constituents and anti-
nutritional factors, as well as the inherent diver-
sity in human nutritive and health needs. A 

detailed understanding of the genes encoding 
the enzymes and other proteins that dictate the 
nutritional and health status of a crop is a pre-
requisite for crop improvement. The successful 
development of nutritionally improved crops 
will require a comprehensive understanding 
of the genetic control of the target nutritional 
traits. Over the past two decades, significant 
research efforts have been directed at under-
standing the genetic basis for nutritional qual-
ity in several crops. Although this research has 
been fragmented, a relatively coherent and 
detailed picture has emerged in some cases. This 
has largely been due to the advent and applica-
tion of genomics and other bioinformatic tools. 
While the application of these tools to sweet-
potato lags far behind other major crops, there 
have been some notable research initiatives on 
the genetic basis for nutritional quality in sweet-
potato. In some cases, findings from research 
on other crops has been fortuitously useful to 
sw2020aeetpotato researchers. For example, 
knowledge of the genes encoding the enzymes 
of starch biosynthesis is fairly advanced in sev-
eral major crops. This has allowed sweetpotato 
researchers, on occasion, to glean useful infor-
mation relevant to sweetpotato without actually 
doing the research. A case in point is a study 
aimed at understanding the genetic control 
of starch quantity and quality in sweetpotato 
(Gemenet et al. 2020b). The aim of the study 
was to identify genes encoding enzyme of starch 
biosynthesis which are differentially expressed 
in storage root of a high versus low starch line. 
The study exploited the fact that sequence infor-
mation and PCR primers for such genes were 
available from similar studies in other crops, 
notably maize and potato. Using these, the 
researchers were able to identify the sweetpo-
tato counterpart genes and address the research 
aims. Future research efforts on the genetic basis 
for nutritional quality of sweetpotato would 
be greatly facilitated by access to information 
on genes and gene families of other crops, and 
the development of sweetpotato genomics and 
bioinformatics.

The final level of a biological system 
involved in the expression of phenotype, from 
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both genetic and environmental impacts, is the 
accumulation of specific gene products and their 
interactions to form the unique attributes of a 
defined cell type or tissue. Gene expression and 
its regulation represent the process by which a 
gene’s DNA sequence is transcribed into RNA 
and the RNA transcript is then translated into a 
protein. Changes in the dynamics of gene regu-
lation, including changes in mRNA levels, and 
changes in protein function, can greatly influ-
ence phenotype. Changes in gene expression can 
have both direct and indirect effects on pheno-
type. Currently, gene regulation is assumed to 
represent the most frequent form of natural vari-
ation within a species, and the easiest means by 
which complex phenotypic variation can occur. 
This assumes importance as genotyping efforts 
begin to identify genes and QTL which control 
specific nutritional traits, particularly in centers 
of crop diversity where landraces may have high 
nutritional value but lack the needed consumer 
preferred traits. Ultimately, these genes or QTL 
must be identified in breeding material, and fully 
characterized, in order to exploit them for crop 
improvement.

7.4	� Phenotyping Tools 
for Nutritional and Cooking 
Quality Traits

Phenotyping tools are essential for character-
izing and measuring the nutritional and cook-
ing quality traits of sweetpotato. Here are some 
commonly used phenotyping tools for these 
traits:

1.	 Dry Matter Content: Dry matter content 
refers to the amount of solid material in 
sweetpotato. This is an important trait for 
assessing cooking quality, as it can affect the 
texture and flavor of the cooked sweetpotato. 
Dry matter content can be measured using 
techniques like oven-drying or freeze-drying 
(Twegamire et al. 2011a; b; Gruneberg et al. 
2019).

2.	 Starch Content: Starch content is an impor-
tant determinant of cooking quality, as it 

affects the texture and flavor of the cooked 
sweetpotato. Starch content can be meas-
ured using techniques like HPLC (High-
Performance Liquid Chromatography) or a 
simple iodine test (Twegamire et al. 2011a; 
b).

3.	 Sugar Content: Sweetpotato are known for 
their sweetness, which is due to their high 
sugar content. Sugar content can be measured 
using techniques like HPLC or refractometry 
or NIRS (Twegamire et al. 2011a; b).

4.	 Antioxidant Content: Sweetpotato are rich 
in antioxidants, which can protect against 
chronic diseases like cancer and heart dis-
ease. Antioxidant activity can be measured 
using techniques like DPPH (2,2-diphenyl-
1-picrylhydrazyl) assay or spectrophotometry 
(Shimamura et al. 2014).

5.	 Vitamin and Mineral Content: Sweetpotato 
are a rich source of vitamins and minerals 
like vitamin A, vitamin C, potassium, and 
iron. These can be measured using techniques 
like HPLC or spectrophotometry (Twegamire 
et al. 2011a; b).

6.	 Color: The color of sweetpotato can be an 
indicator of their nutritional value, with 
darker varieties containing more antioxidants. 
Color can be measured using techniques like 
colorimetry and image analysis (Nakatumba-
Nabende et al. 2023).

7.	 Texture: Texture is an important determinant 
of cooking quality, as it affects the mouthfeel 
of the cooked sweetpotato. Texture can be 
measured using techniques like texture pro-
file analysis or sensory evaluation or image 
analysis (Nakitto et al. 2022; Nakatumba-
Nabende et al. 2023).

Sensory characteristics of sweetpotato roots 
are critical to consumer choice and accept-
ability with potential to drive the adoption of 
improved varieties (Jenkins et al. 2018; Mwanga 
et al. 2021a, b). Sensory evaluation has been 
defined by the Institute of Food Technologists 
as a scientific method used to evoke, measure, 
analyze, and interpret responses to products as 
perceived through the senses of sight, hearing, 
touch, smell, and taste (IFT 2007). It can either 
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be objective or subjective; objective evalua-
tion (also known as descriptive sensory evalua-
tion) makes use of trained sensory panelists to 
rate eating quality differences whereas in sub-
jective evaluation (hedonic) consumers’ reac-
tions to the sensory properties of products are 
measured (Kemp et al. 2018). Consumer test-
ing provides invaluable information regarding 
potential acceptance or rejection, and the rea-
sons for rejection by consumers. While descrip-
tive sensory analysis gives detailed and reliable 
information about the intensity of the quality 
attributes of a product, thus providing a basis for 
understanding acceptability (Joanna et al. 2019).

Recently, a systematic deployment of 
descriptive sensory evaluation for sweetpotato 
breeding was described in Uganda (Nakitto et al. 
2022). This involved (1) lexicon development, 
(2) panel training and (3) evaluation of geno-
types. A lexicon was developed for sweetpotato 
comprising 27 sensory attributes for characteri-
zation and differentiation of genotypes by sen-
sory profiles (Table 7.1).

7.5	� Improving Bioavailability 
of Nutrients

Bioavailability is a measure of the degree and 
rate at which a nutrient is absorbed from the diet 
and used for normal body functions (Jackson 
1997). It is an intricate concept with the possi-
bility of multiple nutrients interacting within the 
body to influence the absorption of each other. 
The rate of metabolism can also influence the 
availability of a given nutrient. Transitory com-
plexes of starch, which are not directly cor-
related to yield of a storage root, can provide a 
readily mobilized source of energy and increase 
the bioavailability of other nutrients by sparing 
them from being used as an energy source. The 
identification of key enzymes and transporters 
in synthesis and accumulation of the targeted 
nutrient can lead to transgenic approaches spe-
cifically aimed at increasing the nutritive value 
of the crop (Shahzad et al. 2021). An example 
from sweetpotato would be the conversion of a 
portion of the storage root anthocyanin pigments 

into proanthocyanidins, effectively transferring 
some of the antioxidant nutrient value from the 
skin to the flesh of the root.

7.6	� Genomic Tools for Nutritional 
and Cooking Quality Traits

Genomic tools are essential for identifying the 
genes and genetic variations that underlie nutri-
tional quality traits in sweetpotato. These tools 
can help breeders to develop new varieties with 
improved nutritional and cooking quality and 
can also help researchers to better understand 
the biology of sweetpotato and the mechanisms 
that underlie these traits.

Reference Genome: Breeding for desired 
quality attributes in sweetpotato is challenging 
since traits that are of economic importance are 
often positively and negatively correlated. The 
possibility of pleiotropy in set of economic traits 
is inevitable. Identifying haplotypes which con-
trol traits of economic importance will help in 
facilitating selection decisions both at the phe-
notypic and molecular levels. Sequencing of the 
sweetpotato genome to identify genes associated 
with specific nutritional traits like beta-carotene 
(vitamin A precursor), starch and sugar content, 
iron uptake, and zinc accumulation is crucial. 
Genomic tools like a reference genome for cul-
tivated sweetpotato is now available to facilitate 
genome enabled breeding for nutritional traits. 
Two diploid wild relatives of cultivated sweetpo-
tato, Ipomoea trifida and Ipomoea triloba, have 
been sequenced and released now widely used 
as reference sequences in whole-genome studies 
(Wu et al. 2018). Comparative and phylogenetic 
analyses using these reference genomes provide 
insights into the ancient whole-genome triplica-
tion history of the genus Ipomoea. Researchers 
can now explore evolutionary relationships 
within the Batatas complex, which includes 
sweetpotato. By resequencing data from 16 
genotypes widely used in African breeding pro-
grams, genes and alleles associated with carot-
enoid biosynthesis in sweetpotato storage roots 
have been identified. Genome browser for this 
haplotype-resolved chromosome-scale genome 
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assembly and annotation for different varie-
ties of sweetpotato has been made available. It 
includes a set of search and query tools such as 
a BLAST server, genome browsers for two ref-
erence genomes, and gene report pages for all 
annotated genes in the species. This resource 
has bolstered efficient breeding of varieties with 
high provitamin A content.

Marker Development: Mapping complex 
traits genetically is by far the most expensive but 
also an important approach to identifying func-
tional variants (Wallace et al. 2018). A number 
of quantitative trait loci have been identified 
for some of the nutritional quality traits using 
the Tanzania by Beauregard mapping popula-
tion and its reciprocal cross in different envi-
ronments in West Africa and United States of 
America. These two mapping populations are 
segregating for important quality attributes such 
as storage root dry matter, starch, β-carotene 
and sugar contents. Associating the phenotype 
and genotypes of clones in these two mapping 
populations in different environments enabled 
scientist to better understand the genetic archi-
tecture of quality attributes (Amankwaah 2019). 
Gemenet et al. 2020b using a biparental map-
ping population generated from a cross between 
an orange-fleshed and a non-orange-fleshed 
sweetpotato variety, identified two major QTLs 
located on linkage group (LG) three (LG3) and 
twelve (LG12) affecting starch, β-carotene, 
and their correlated traits, dry matter and flesh 
color. (Gemenet et al. 2020b). Some of the QTL 
discovered for nutritional quality have been 
hypothesized to be associated with important 
candidate genes in sweetpotato which could be 
targeted in improving cell wall structure, tex-
ture and flavor aside nutritional quality attrib-
utes. Based on the identified genes, scientists 
develop DNA markers. These markers function 
as flags, indicating the presence of genes linked 
to desired nutritional qualities. QTLs identified 
mentioned earlier were differentially expressed 
in Beauregard and Tanzania storage roots. It 
was reported that the two QTLs detected acted 
in a cis and trans manner to inhibit starch bio-
synthesis in amyloplasts and enhance chro-
moplast biogenesis, carotenoid biosynthesis, 

and accumulation in OFSP. Breeders use these 
markers to screen large numbers of sweetpo-
tato seedlings. Plants with the desired genetic 
markers are more likely to have improved nutri-
tional content, allowing for faster selection and 
breeding.

Genomic Selection (GS): Genomic selec-
tion is a promising approach to enhance the 
nutritional quality of sweetpotato. It involves 
developing models to predict genotypes with 
desirable traits, such as higher protein content, 
essential amino acids, vitamins, and minerals, 
through genetic markers. This method can sig-
nificantly accelerate the breeding process for 
developing nutrient-rich sweetpotato varieties. 
Genomic selection is a promising approach to 
enhance the nutritional quality of sweetpotato. 
It involves developing identifying and selecting 
desirable traits, such as higher protein content, 
essential amino acids, vitamins, and miner-
als, through genetic markers. This method can 
significantly accelerate the breeding process 
for developing nutrient-rich crop varieties. 
Predicting the genetic value of the sweetpotato 
germinated seedlings with the help of genome-
wide marker data to identify individuals of high 
nutritional quality prior to phenotypic assess-
ment. Functional genomics: Understanding 
the functions of genes involved in nutrient bio-
synthesis and metabolism, which facilitate the 
manipulation of these pathways to improve 
nutrient content.

7.7	� Challenges and Future 
Directions

Efforts to increase nutrition must be balanced 
with other traits, emphasizing the need for 
nutritional genomics to influence overall crop 
genotyping strategies. This raises difficulties 
because nutritional traits often associated with 
consumer benefits have quantitative inheritance 
and multifactorial genetic causation. The enor-
mous genetic diversity in sweetpotato also pre-
sents challenges. Gaining access to genotypes 
representing the full range of nutritional pheno-
types can be difficult, but the main challenge is 
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to understand and develop crops with increased 
nutrition that are suited to the full range of 
environments where sweetpotato is grown in 
the developing world. This will need exten-
sive research on genotype by environment by 
management interaction, and increased nutri-
tion must be accompanied by maintenance or 
enhancement of productivity (Low et al. 2020). 
One of the enabling technologies for genetic 
enhancement of complex traits, including nutri-
tion, is transgenesis, which often acts as a 
genetic “proof” of the identity of genes and 
their function. But transgenesis in many food 
crops, including sweetpotato, does not lead to 
commercialization and its adoption for crop 
improvement has been variable, despite offer-
ing significant benefits over alternative tech-
nologies such as marker-assisted selection. This 
is because regulatory, biosafety, and consumer 
acceptance barriers are high for transgenesis. 
Alternative strategies such as MAS must be used 
as a bridge to commercial biotech, and there 
is concern that misinterpretation of transgen-
esis will lead to rejection of all biotechnology, 
negating the potential benefits of genomics on 
nutritional enhancement. Efforts in genomics-
assisted breeding are anticipated to promote 
increased nutritional quality of sweetpotato. 
Success would heighten the profile of sweetpo-
tato as a health-promoting food and support the 
crop’s contribution to food security in the devel-
oping world. However, success is not assured 
and there are a number of technical and com-
mercialization challenges to be overcome.
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