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Abstract

The green revolution has increased the quantum of major cereals (wheat and rice),
which otherwise would have been substantially low across the developing
countries; a significant contribution that one can never undervalue. However,
focused monoculture of either crop was realized particularly with respect to loss
of agro-biodiversity and sustenance of nutri-rich minor crops resulting in poor
food grain diversity. Albeit, these crops provide sufficient calories, they do not
make a complete diet resulting in malnutrition of over 2000 million people
worldwide. Millets are versatile grains valued for their exceptional nutritional
profile. Being the reservoir of essential micronutrients and trace elements they are
often termed as nature’s nutraceutical basket. Furthermore, their climate resilient
nature and adaptation to low input agriculture makes them “harbingers for
evergreen revolution.” The latest advancements in genomics and automate
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phenotyping techniques for searching genes and metabolites, coupled with high-
throughput transformation processes have opened new avenues for product
development in millets. Furthermore, various computational biology platforms
help us in analyzing big molecular data of crop plants to identify valuable genes
hidden in them. In addition, molecular breeding platforms may be utilized to
speed up the introgression of value-added genes in high welding and widely
adapted genetic backgrounds. This chapter focuses on searching for values in the
natural millet gene pool of millets for developing climate smart crops with value-
added traits.
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10.1 Introduction

In nature, plants are a treasure trove of interesting and useful substances because they
must collect everything from the place on earth where they are rooted and when
challenged they cannot escape; thus, despite these constraints, they have created the
most impressive panoply of products to survive in ever-changing environments.
Major cereals comprise a major part of the diets of people, but they lack the essential
micronutrients resulting in micronutrient malnutrition across the world. Among the
cereal crops, millets, which are having the status of neglected and minor crops, are
quite important from the point of nutritional and food security.

Millets are the best-kept secrets of our ancestors. Millets were important staple
food in human history, especially for poor people of Asia and Africa’s semi-arid
tropics. As per an old Kannada (south Indian language) saying, it is said that “The
rice eater is weightless like a bird; the one who eats Jowar (sorghum) is strong like a
wolf: one who eats ragi (finger millet) remains ‘nirogi’ (free from illness) throughout
his life.” Sorghum and pearl millet share the major cultivated area under millets and
share 95% of total millet output across the world (Yadav and Rai 2013; Nedumaran
et al. 2014). Among the six minor millets, foxtail millet is cultivated as a food crop in
semi-arid tropics of Asia and Africa and as a forage crop in Europe, North America,
Australia, and North Africa (Austin 2006). Finger millet is grown as a major food
crop in Central and East Africa and Asia (Vijayakumari et al. 2003). Millets are
hardy in nature, thrive well in drylands under low soil fertility, and humid
environments. Some of them have a short life cycle as from seed planting to harvest
it takes only 65–70 days. When properly stored and preserved, whole millets can be
used as seed for 5 years or more. Therefore, improvement in millet production and
value addition through harnessing the genes available in natural gene pool is one of
the sustainable approach for achieving food and nutritional security.
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10.2 Minor Millets: Neglected Crop Goes Mainstream

Kids, teenagers, pregnant women, and lactating mothers are most vulnerable parts of
the population suffering from malnutrition (Arlappa et al. 2010). For instance, the
national family health survey of India revealed that approximately 46% of the
children under 5 years of age are severely underweight, 38% are stunted, and 19%
are wasted (Kanjilal et al. 2010). The overdependence on modern monocultural
agricultural systems of major crops (rice, wheat, and potato) for dietary requirements
have resulted in the loss of diversity of many nutritionally rich plant species from
agricultural production systems. One such group of highly promising crop plant is
that of minor millets. Once regarded as major player in household food security, they
have been replaced by rice and wheat in the last few decades. However, in the
context of the ongoing weather extremes and rising insecurities for food supplies,
there has been a revived interest in cultivation and consumption of minor millets
(Ravi et al. 2010).

10.3 Natural Gene Pool of Millets and Its Ex Situ Conservation

Mainstream and wild gene pool of millets harbor genes for agronomic and
nutritional traits. Modest efforts have been made for collection and conservation of
millet genetic resources across the world (Table 10.1). International Crop Research
Institute for Semi-arid Tropics (ICRISAT) gene bank is the global repository for
millets with a total of 24.7% accessions belonging to millets (Upadhyaya et al.
2015). The Indian germplasm collection of millets is the second largest collection in
the world (Table 10.1). The millet diversity spots are well represented in these
collections. However, major share belongs to the landraces and genetic stocks of

Table 10.1 Major ex situ gene pools of millets

Crop

Total germplasm holding at
global collection of ICRISAT
gene bank

Total germplasm holding at
national gene bank NBPGR,
New Delhi References

Sorghum 37,491 – Upadhyaya
et al. (2014)

Pearl
millet

22,888 7268 Yadav et al.
(2017)

Finger
millet

6804 10,507 Joshi et al.
(2020)

Foxtail
millet

1535 4330 Joshi et al.
(2020)

Barnyard
millet

985 1718 Joshi et al.
(2020)

Kodo
millet

650 2100 Joshi et al.
(2020)

Proso
millet

842 – Joshi et al.
(2020)
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the cultivated gene pool. Therefore, systematic and exhaustive efforts are required
for enriching the collections with wild and unadapted gene pool of millets.

10.4 Searching Nutraceuticals Properties Hidden in Millets

10.4.1 Harnessing Nutraceutical Potential of the Natural Gene Pool

Diverse germplasm collections of millets assembled in gene banks made a modest
impact on cultivar development (Upadhyaya et al. 2015). These large collections
need rigorous phenotyping for nutraceutical traits in diverse environmental
conditions for identification of genes and molecular mechanism governing the traits.
However, extremely large size of these collections is the major hindrance in large-
scale characterization for searching valuable genes. Concept of core and minicore
collection to retain the total genetic diversity within a fraction of the entire germ-
plasm collection with 95% certainty has been proposed for the enhanced utilization
of germplasm in breeding programs (Brown 1989; Upadhyaya et al. 2015). Core and
minicore collections with drastically reduced size, capturing maximum diversity,
and minimum repetitiveness have been developed in millets and served as an ideal
gene pool in extracting genes regulating nutraceutical traits.

Promising trait-specific accessions containing high concentration of
micronutrients (Fe, Zn, and Ca) and protein in grains have been identified through
rigorous multi-locational evaluation of core and minicore collections in sorghum),
finger millet (Upadhyaya et al. 2011a), and foxtail millet (Upadhyaya et al. 2011b).
In addition to conventional core and minicore subsets, global composite germplasm
collections (GCGC), and genotyping-based reference sets have also been developed
in millets (Upadhyaya et al. 2015). These collections comprised of wild and weedy
relatives, advanced breeding lines, and accessions selected from phenotypic and
genotypic evaluation of core and minicore collections.

Genome-wide analysis of the core and diversity panels and its integration with
physiochemical characterization can be used to select parental combinations that can
maximize genetic polymorphism for traits required for biofortification. Additionally,
characterization of these collections through high fidelity next-generation molecular
markers will facilitate analysis of population structure and association genetics to
identify the genomic regions (QTLs) governing nutraceutical traits in millets.

10.4.2 Genomic Resources for Exploring Nutraceutical Potential
of Millets

Deciphering molecular mechanism controlling nutraceutical traits is essential for
Designing strategies for crop biofortification program. However, dissection of the
nutritional quality traits through conventional methods is cumbersome, owing to
their complex genetic control and high G � E interaction. In recent years, phenome-
nal development of high-throughput genomic tools facilitated comprehensive
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genome analysis of nutritional traits in coarse cereals (Singh et al. 2016). Application
of such tools has helped in the identification and characterization of genes for genetic
biofortification of crops (Velu et al. 2016). Despite well documented genetic varia-
tion for grain physiochemical properties in millets, little information is available with
respect to genetics and genomics of these traits. Well assembled reference genome
sequence is one of the most important requirements for gene identification and trait
improvement through molecular breeding. Among the millets, genome sequences
are available for sorghum (Paterson et al. 2009), pearl millet (Varshney et al. 2010),
foxtail millet (Zhang et al. 2012), and finger millet (Hittalmani et al. 2017). Utilizing
the genome sequencing information, a large set of simple sequence repeat (SSR)
markers and a physical map has been developed in foxtail millet (Muthamilarasan
et al. 2014). Thus, genome sequencing of these four species will provide a thorough
insight into the gene structure and genetic network system governing the nutrient
trait pathways in millets. However, no genome sequencing information is available
for other lesser explored millets. In the absence of reference genome sequence,
mutagenesis-based high-throughput genomic approaches such as TILLING and
EcoTILLING may be exploited for the identification of genetic determinants
governing nutraceutical properties in these neglected small millets. Among the
millets, exploitation of genomic resources has just begun for characterizing QTLs,
genes, and gene families governing valuable traits (Mudge et al. 2016). For instance,
genome-wide association analysis (GWAS) followed by candidate gene-based
approach identified genomic regions for ten grain quality traits in community
resource sorghum diversity panel comprising 300 lines (Sukumaran et al. 2012).
Likewise, QTLs and candidate genes controlling grain iron and zinc content in pearl
millet were identified (Anuradha et al. 2017) in GWAS diversity panel. There have
been no reports on application of GWAS analysis for genomic regions deciphering
nutritional traits in other millets until recent times, though GWAS for agro-
morphological traits and stress tolerance has been conducted in foxtail millet and
finger millet (Jia et al. 2013).

In addition to QTLs, some specific genes or mechanisms associated with
nutritional traits have been identified in millets. In sorghum, GWAS followed by
candidate gene identification revealed that polymorphism in five genes (Sh2, Bt, Sssl,
Ae1, andWx) regulating starch biosynthesis and one gene governing protein content
(O2) was associated with grain quality traits such as grain hardiness, endosperm
texture, and protein content. In another study, polymorphism in coding regions of
two alleles of Tannin-1 gene controlling tannin biosynthesis in sorghum grains
revealed that tan-1a has a 1-bp deletion and the tan-1b has a 10-bp insertion in the
coding region (Wu et al. 2012). The polymorphism observed in these genes can be
exploited for the development of SNPs to improve protein digestibility of sorghum
grain. Haplotype trait association analysis revealed considerable allelic variation in
starch metabolism gene pullulanase (SbPUL) of sorghum and demonstrated that
low-frequency haplotype of SbPUL gene enhances the starch digestibility, a critical
factor for poor acceptability of sorghum grain (Gilding et al. 2013).

In recent years, transcriptome sequencing has emerged as a cost-effective and
high-throughput approach to characterize the genes regulating nutraceutical
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properties in millets. Recently, finger millet seed transcriptome has emerged as a
model to decipher the complex mechanism involved in higher calcium accumulation
in grains (Kumar et al. 2014; Kumar et al. 2015a, b; Singh et al. 2014; Mirza et al.
2014, Table 10.2). Singh et al. (2014) generated a unique transcriptome assembly
based on Illumina sequencing platform comprising 120, 130 Transcript Assembly
Contigs (TACs) through RNA-seq analysis of two finger millet genotypes with
contrasting grain calcium content. Analysis of TACs identified 82 calcium sensors
and transporter genes classified into eight gene families, namely one calmodulin
gene (CaM), one two-pore channel (TPC) protein, four calcium interacting protein
kinases (CIPKs), and two calcium dependent protein kinases (CDPKs). These
interesting findings in finger millet provide valuable functional markers for improv-
ing calcium content in crop breeding programs and encourage development of
comprehensive transcriptome assemblies in all millets for functional characterization
of genes and gene families governing nutritional traits.

Studies using transcriptomics to understand grain quality traits have been limited
in other millets. Nevertheless, studies analyzed transcriptomes of various tissues to
provide molecular understanding of other essential traits. For instance, several
informative differentially expressed sequence tags (ESTs) during salinity and

Table 10.2 Nutritional genes/transporters responsible for production of nutritionally and health-
related molecules in millets

Nutritional genes/
transporters Characteristic features

Target millet
crops References

Wx gene Encodes a key enzyme,
granule-bound starch
synthase 1 (GBSS1), that
catalyzes amylase formation

Foxtail millet,
barnyard
millet, and
proso millet

-

Setarin gene Encoding 16 prolamins
which are essential for the
accumulation of quality
protein in seed

Foxtail millet Muthamilarasan
and Prasad
(2015)

NAS 1, NAS 3, and YSL 2 Genes/transporters
associated with high grain
Fe contents

Barnyard
millet, little
millet, and
kodo millet

Patel et al.
(2015)

NAAT Genes/transporters
associated with high grain
Zn contents

Barnyard
millet, little
millet, and
kodo millet

Patel et al.
(2015)

FER 1, FER 2, IRT 1, NAS
2, ZIP 1, ZIP 5, ZIP 7,
NAC 5, NRAMP 5, and
NRAMP 7

Genes/transporters
associated with both high Fe
and Zn contents in the grain

Barnyard
millet, little
millet, and
kodo millet

Patel et al.
(2015)

CAX1, TPC1, CaMK1,
CaMK2, CIPK2, CIPK9,
and CIPK11

Ca sensor genes responsible
for positive influence on
seed calcium content

Finger millet Mirza et al.
(2014), Vinoth
and Ravindhran
(2017)
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moisture stress have been generated through cDNA libraries (Lata et al. 2010) and
suppression subtraction hybridization (SSH) (Puranik et al. 2011) in foxtail millet.
However, major disadvantage of these traditional transcriptomes is that it is expen-
sive, time-consuming, and labor intensive. Keeping this in view, whole
transcriptome of foxtail millet through RNA-seq analysis of various tissues based
on Illumina GA II platform have been generated (Zhang et al. 2012). In sorghum, a
large transcriptome database “Morokoshi” comprising high-quality ESTs and TACs
generated from cDNA libraries and RNA-seq analysis of various tissues and 23 pre-
vious studies have been developed (Makita et al. 2014). The foxtail and sorghum
transcriptome data generated in these recent studies would enable identification of
functional markers and candidate genes associated with different traits of interest
including nutraceutical properties. Therefore, efforts need to be directed towards the
development of transcriptome databases in other neglected millets for getting insight
into the molecular mechanisms of nutraceutical traits and ultimately help to develop
biofortified millet cultivars.

RNAi-induced gene silencing has been well exploited in deciphering the molec-
ular mechanism underlying poor digestibility of sorghum protein and stable
transformants producing grains with improved digestibility were developed
(Grootboom et al. 2014). This approach could potentially be used in many other
millets as well mainly for silencing the genes governing anti-nutritional factors
reducing digestibility and bioavailability of various nutritional compounds including
starch, protein, and micronutrients. Availability of an efficient in vitro regeneration
protocol is a prerequisite for utilizing RNAi-mediated gene silencing. Therefore,
immediate attention need to be paid towards developing efficient regeneration and
transformation protocols in many of the small millets for harnessing the potential of
functional gene validation through RNAi approach.

Proteomics involves large-scale study of the complete set of proteins and detailed
analysis of their expression, structure, and function. In millets, proteomics pipelines
can play a driving role in deciphering molecular events involved in nutrient trait
pathways by characterizing bioactive proteins and peptides to address the question of
nutritional bio-efficacy through proteome mapping, comparative proteomics, and
protein–protein interactions. Furthermore, integration of experimental biology and
computational modeling with proteomics will greatly facilitate characterization of
versatile properties of proteins governing nutraceutical properties. So far, proteomics
studies for nutritional traits in millets have been carried out only in finger millet
(Kumar et al. 2014, 2016a, b) and sorghum (Cremer et al. 2014). Two calcium-
binding proteins, calmodulin (Kumar et al. 2014) and calreticulin (Kumar et al.
2016a, b) responsible for higher calcium accumulation during grain filling stage in
finger millet were identified through peptide mass fingerprinting. In sorghum, seed
proteome analysis of different sorghum genotypes revealed significant genetic
variation in concentration of β, γ, and δ kafirin proteins (Cremer et al. 2014). Further
proteome investigation revealed that many of these proteins were involved in
formation of kafirin–starch complex, which is a major reason for poor digestibility
of sorghum protein. Allelic variation for these proteins may be utilized for improving
protein digestibility of sorghum cultivars. Comparative proteomics of small millets
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and coarse cereals could be exploited for extracting the common functional and
regulatory proteins involved in nutrition biosynthesis pathways. Although lesser
information is available for nutraceutical traits currently, proteomics enriched
datasets for the minor millets will be enhanced with the increasing availability of
millet reference genome sequences (Hittalmani et al. 2017).

In recent years, metabolomics has emerged as a potential tool for identification
and quantification of essential metabolites produced in specific tissues at a particular
developmental stage (Kumar et al. 2016a, b). In addition to structural and functional
properties of metabolites, metabolomics can also be used to analyze the metabolism
pattern of nutrients in the gastrointestinal tract and its effect on growth and health of
the organism (Fig. 10.1).

Almost all the analytical techniques utilized for metabolomics profiling are based
on the principle of mass spectroscopy (MS) and nuclear magnetic resonance (Pandey
et al. 2016). Metabolomics profiling of finger millet grain through the combination
of analytical techniques such as high performance liquid chromatography (HPLC),
electrospray ionization mass spectrometry (ESI-MS), and NMR revealed that a wide
range of secondary metabolites (polyphenols) are associated with its high nutritive
value (Chandrasekara and Shahidi 2010; Banerjee et al. 2012). The integration of
this metabolic information with transcriptome datasets and reverse genetics
approaches will facilitate the development of biomarkers for effective metabolomics
profiling of large breeding populations for deciphering the novel metabolic QTLs in
millets.

10.4.3 Bioinformatics and Computational Biology Tools

The increasing availability of big molecular data about the gene pool of crop plants
resulting from enhancements in the precision of molecular biology results and in
systems biology-based integrated simulation technologies provides us a unique
opportunity to analyze and integrate these data through bioinformatics for novel
discovery (Kumar et al. 2015a, b; Pathak et al. 2017). Data-driven research has made
data integration strategies which are crucial for the advancements and novel insight.
Technically, data integration methods have been developed and utilized in both
corporate and academic sectors. When it arrives to biological research, there are
different types of interpretations and levels of data integration ranging from geno-
mics to proteomics. Data integration and annotation is necessary to ensure the
reproducibility of the experimental findings through systems biology and bioinfor-
matics (Lapatas et al. 2015; Kumar et al. 2015a, b).

10.4.3.1 Integration and Visualization of Big Molecular Data
In the post genomic era, big data has really become the most popular term. It refers to
the huge quantity of structured, semi-structured, and unstructured data (Rodríguez-
Mazahua et al. 2016). These data are generated through high-throughput platforms
by using molecular sample of organisms obtained via specialized molecular biology
protocol so far it is said to be big molecular data in the molecular biology and
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biotechnology domain. During the last 10–12 years, technical advances in the field
of plant molecular biology and biotechnology have made the opportunity to produce
enormous amounts of data, heretofore it was impossible to generate such type of data
in minimum time and cost. Advances in DNA sequencing technology have short-
ened the time for the gathering of the raw sequencing data from years to days, and
the costs have also reduced 1000-fold from millions to few thousands of dollars.
Besides, a similar reduction was also seen in the amount of required material for
generation of such data (Frelinger 2015).

In recent years rapid developments in the field of computational systems biology
and bioinformatics have made tremendous contributions to decoding the intricacy of
such big data. The application of computational methods in the analysis of big
molecular data for detection of important genes/proteins, which are directly linked
to human health and nutrition have gained a lot of attention. From that aspect, these
computational approaches are very crucial for novel insight (Demir 2015). There-
fore, harnessing the potential of such computational approaches for integration and
analysis of the gene pool data has significant opportunity to identify and visualize the
key genes and alleles that can be further utilized to enhance the performance of major
crop species for ensuring food and nutritional security (Henry 2011).

10.4.3.2 Data Mining for Computational Systems Biology
and Bioinformatics

In recent years, rapid developments in omics platforms have generated big molecular
data about crop plants. Decoding of these data for identification of novel genes/
proteins which are essential for biofortification program can be utilized for agri-food
nutrition and health requires sophisticated computational analyses (Kumar et al.
2015a, b). Due to availability of huge molecular data in public domain, the develop-
ment of data mining tools and techniques to solve the complexity of biological
problems recently received a lot of attention. Data Mining is the finding of new
interesting knowledge from big data. It is also known as Knowledge Discovery in
Databases. It requires next-generation technologies and the motivation to investigate
the hidden knowledge that resides in the data. It has several tasks to uncover the
complexity of big molecular data for extraction of meaningful informations such as
classification, estimation, prediction, association rule, clustering, and visualization
(Raza 2012). It was suggested that data mining approaches should be applied to
overcome the drawbacks of traditional methods. Accordingly, future work should be
focussed on the development of integrated databases and user-friendly software for
routine use to analyze the natural gene pool data of crop plants (Kumar et al.
2015a, b). This is challenging because gene pools are highly complex and several
things are defined poorly. Nonetheless, data mining should facilitate researchers to
build earlier and critical decisions in the searching of useful information that can
further be utilized in development of the functional food for human health and
nutrition (Lee et al. 2008).

Data-driven research has made data integration strategies which are crucial for the
advancements and novel insight. Technically, data integration methods have been
developed and utilized in both corporate and academic sectors. When it arrives to
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biological research, there are different types of interpretations and levels of data
integration ranging from genomics to proteomics. Data integration and annotation is
necessary to ensure the reproducibility of the experimental findings through compu-
tational systems biology and bioinformatics (Lapatas et al. 2015; Kumar et al.
2015a, b).

It is mainly based on three approaches called as top-down approach, intermediate
approach, and bottom-up approach. In case of top-down, big molecular data of
natural gene pool of plants generated through wet-lab experimentation were used
to develop integrative models that can be used to predict dynamic behavior of
systems at specific scale. This is also known as integrative systems biology.
Whereas, bottom-up approach deals with the molecular mechanism and function
of cell components via formulating the hypothesis based on perturbation results that
can be further utilized in validation through experimental approaches. To determine
the intricacy of systems at different levels such as intercommunicating system of
systems that cell components, interaction of many molecules in any pathway, and
altered states to build profiling data that can be used for filling the gaps between
top-down and bottom-up approaches. Intermediate approaches are utilized for the
integration of various biomolecules in a controlled way at molecular to systems level
that can assess the complexity of biological systems for filling the unknown infor-
mation (Pathak et al. 2013, 2017; Kumar et al. 2015a, b; Gupta and Misra 2016).
Therefore, systems biology and bioinformatics have immense potential to decode the
natural gene pool of crops for agri-food nutrition and health.

10.4.3.3 Data Mining Approaches in Gene Discovery
Converting the biological data repository into an informative electronic format is the
key function of system biology tools widely used in genomics studies. These large
genomic data repositories help in understanding the sequences and expression
pattern of the genes regulating complex biological possesses such as biosynthesis
and accumulation of nutrients (Zweiger 1999; Kumar et al. 2015a, b). Classification,
estimation, prediction, clustering, description, and visualization are the common
data mining approaches used in defining big genomic data sets. Based on these
available information multiple algorithms are developed for each task. All of these
algorithms attempt to fit either a descriptive or predictive model to the data (Dunham
2002). A descriptive model deciphers patterns or relationships in data, whereas a
predictive model makes a prediction about data based on already available examples
(Sindhu and Sindhu 2017). The key tasks well suited for mining of meaningful new
patterns from the big data that information will be further utilized for sustainable
agriculture.
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10.5 Searching of Genes Responsible for Production
of Nutritionally and Health-Related Molecules in Millets
with Higher Contents for Biofortification

Various epidemiological reports have suggested a reverse connection between the
daily intake of polyphenols-rich diet like millets and threat of human sickness
(Scalbert et al. 2005; Arts and Hollman 2005). Millets are a family of cereals, very
rich source of nutritionally and health-related molecules like phenolic acids,
carotenoids, and various minerals in comparison to wheat and rice (Saleh et al.
2013; Hegde et al. 2005). These small molecules act as therapeutic agents in severe
diseases such as diabetes, cancer, and cardiac disorders. These small molecules are
synthesized in various pathways as secondary metabolites with numerous metabolic
roles in plants. Apart from these poly-phenolic molecules some millet proteins also
have the capability to work against chronic human diseases.

Diabetes mellitus is a chronic metabolic disease recognized by hyperglycemia
either due to insufficient insulin production or secretion. It was very well known that
all millets have some phytochemical which is present in the outer membrane of their
seeds have antioxidant properties, and help in lowering glycemic response (Hegde
et al. 2005, Table 10.2). Quercetin, a particular polyphenol extract from finger millet
seed coats showed effective inhibition against aldolase enzyme (Shobana et al. 2009)
and may act as potential alternatives to clinically tested artificially synthesized AR
inhibitors (Lee and Kim 2001). Quercetin lowers the hyperglycemic condition by
various pathways one is by modulating insulin-dependent pathways such as akt,
another one by stimulating GLUT4 translocation which is associated with AMPK
activation (Coskun et al. 2005; Stewart et al. 2009; Eid et al. 2015). In another study,
proso millet protein concentrate (PMP) upon feeding revamped the glycemic
response in severe type-2 diabetic mice by enhancing the plasma levels of
adiponectin, HDL cholesterol, and insulin. Some previous studies have shown that
intake of calcium and magnesium minerals in daily diet can reduce the effect of type-
2 diabetes. Enrichment of finger millet with these calcium, magnesium, iron, and
potassium could be directly correlated with its role in reducing the type-2 diabetes
risk. Perhaps the presence of some anti-nutritional molecules in millets especially in
finger millet like tannins, phenolics, and phytates may also reduce the glucose
concentration in cells due to reduction in starch digestibility and absorption. Oxida-
tion stress to cells or ROS generation is an interdependent process which is respon-
sible for regulating several pathological conditions and aging (Chandrasekara and
shahidi 2011c). In millet grains, insoluble bound forms of phenolics are present in
the majority of free form of phenolics, and main contributor as an antioxidant as well
as anti-aging. But apart from the above statement, both free and bound phenolic form
present in proso millet were shown to possess very good antioxidation property
(Zhang et al. 2014). Use of flavonoids, including quercetin protects cell damage
from oxidative stress by reducing the activity of induced nitric oxide synthase
(Shoskes 1998).

Millets have varieties of phytochemicals that may protect human population from
different types of cancers by suppressing cellular oxidation. Millet’s phenolics,
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tannins, and phytates are known to possess a variety of anticarcinogenic properties
(Graf and Eaton 1990; Chandrasekara and Shahidi 2011a, b). For example, ferulic
acid, a major bound phenolic acid in millets is known to have anticarcionogenic
effect on tongue, colon, and breast cancer cells (Mori et al. 1999; Kawabata et al.
2000; Choi and Park 2015). Similarly, extracts of edible part of proso millet, rich in
ferulic acid and chlorogenic acid inhibited the growth of human cancer cell lines,
providing a better supplement as an anticancerous agent (Zhang et al. 2014).
Phenolics of finger and pearl millet have shown anticancerous activity in HepG2
hepatic cancer cell lines (Singh et al. 2015). Studies conducted in Africa and China
reported lower incidence of oesophageal cancer on consumption of sorghum and
millet (van Rensburg 1981; Chen et al. 1993). Not only the phenolics and phytates
but also the protein of millets is known to possess anticancerous properties.
Recently, novel 35 kDa protein homologus to peroxidize extracted from foxtail
millet seeds is reported to inhibit colon cancer.

In recent years, various reports have shown a strong relationship between uptake
of polyphenols rich diet with decrease risk of coronary heart diseases (Renaud and de
Lorgeril 1992; Nardini et al. 2007). Atherosclerosis, major cause of myocardial
infarction or cardiac death is caused by oxidation of LDL followed by deposition
in narrow arteries (Aviram et al. 2000; Vita 2005). Polyphenols play anti-coronary
diseases by function as anti LDL oxidation, antioxidant, anti-platelet, anti-inflam-
matory as well as by increasing HDL, and improving endothelial function 6 g/kg of
pearl millet bran have showed similar antihyperlipidemic effect to with 0.6 mg/kg
Simvastatin, a synthetic cholesterol reducing drug in albino rats through stimulating
fecal bile acid secretion and by lowering all lipid profile. In one study,
streptozotocin-induced diabetes rats showed lower lipid levels after treatment with
Nigerian finger millet seed coat matter, suggested high phenolic content in finger
millet seed coat. Biosynthesis of all these secondary metabolites initiate by forma-
tion of phenylalanine with the help of intermediate products of cellular metabolism
through shikimate pathway which further proceed to phenylpropanoid pathway and
flavonoid branch pathway.

Expression of genes involved in biosynthesis pathway regulated by different
transcription factors, which influenced the generation of specific secondary metabo-
lite in the particular plant in an environment conditions. Myeloblastosis viral onco-
gene homolog (MYB) represents a large class of transcription factors which is the
main regulator of synthesis of plant phenolics. 1R-MYB, 2R-MYB, and 3R-MYB of
foxtail millet have been characterized as phenylpropanoid pathway regulator
(Muthamilarasan et al. 2014). Expression level of flavonoid biosynthesis genes
encoding enzymes were affected in overexpressed soyabean R2R3-MYB in trans-
genic Arabidopsis plants. In Arabidopsis thaliana, AtDOF4;2 have shown environ-
mental and tissue-specific regulation on phenylpropanoid metabolism (Skirycz et al.
2007). Searching and identification of genes involved in the biosynthesis, degrada-
tion pathways, and in regulation of these metabolites and proteins in millets through
various biological approaches will help us to create a plant with desired metabolites
as use of nutraceuticals and as a therapeutic.
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10.6 Genomic Selection

In recent years, genomic selection (GS) has emerged as a robust tool for enhancing
genetic gain of complex traits with low heritability. In GS, potential of a genotype
for a trait of interest is estimated based on its genomic estimated breeding value
(GEBV). Based on the GEBVs, derived from numerous genome-wide distributed
SNPs, training population (TP) and candidate population (CP) are formed for
deducing genetics of the trait. GS has been successfully utilized for deducing
genetics and enhancing genetic gain for grain micronutrient content (Velu et al.
2016). So far, genomic selection has not been tested in millets. However, with the
emerging genome sequence information in many of the minor millets, it will be
possible to use GS for enhancing genetic gains for nutritional traits in the
biofortification program.

10.7 Genome Editing

In recent years, genome editing technology opened exciting new avenues for trait
improvement. Unlike MAS, genome editing inserts desirable alleles or QTLs into a
promising genotype to obtain desired phenotypes without following a lengthy
backcross cycle. Different genome editing methods modify plant genomes through
different sequence-specific nucleases (SSNs) that can be engineered to target geno-
mic sites. The traditional nuclease-based gene editing approaches requiring complex
gene constructs are now replaced with more robust and easy to handle CRISPR/Cas9
mediated gene editing. To date, genome editing has not been used in any of the
millets. However, advances in establishing regeneration and transformation
protocols present an opportunity to address the major production constraints of
millets through genome editing technology in near future. One further application
of CRISPR/Cas9 that is likely to expand in the future is the molecular stacking of
genes governing nutraceutical properties and potential medical compounds in
millets.

10.8 Metabolic Pathway Engineering

The metabolic engineering of plants with desirable quality traits involves both
conventional plant breeding and biotechnology techniques. Metabolic engineering
involves redirecting cellular behavior by modifying the cell’s enzymatic, transport,
and regulatory functions. In recent years, metabolic engineering has revealed the
molecular mechanism of import pathways and key regulatory genes have been
cloned. With the rapid advances in omics, bioinformatics, and system biology
tools it is possible to identify and clone the valuable genes governing important
nutrient pathways in millets through metabolic engineering.
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10.9 Conclusion

The emerging tools for next-generation sequencing favors rapid millet genome
sequencing. The various omics platforms have great potential in enhancing the use
of millets to cope up with malnutrition by micronutrients and foster millets as model
systems for sustainable crop biofortification. Identifying rate-limiting synthesis steps
may provide objectives for the genetic manipulation of important nutrient accumu-
lation pathways to enhance the production of nutraceutical compounds. Targeted
gene expression and gene knockdown through genome editing may help to minimize
or remove anti-nutritional factors. However, millet value enhancement is constrained
by poor knowledge of regulatory mechanism of complex metabolic pathways. With
the advancements in “omics” and “informatics”millet researchers have the ability to
search valuable genes in the gene pool and simultaneously define their role in value
addition and biofortification. To accomplish this, interdisciplinary endeavor ranging
from plant science to human physiology and clinical science are needed.
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