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Abstract Foxtail millet is a minor yet important crop in
some areas of the world, particularly northern China. It has
strong adaptability to abiotic stresses, especially drought,
and poor soil. It also has high nutritional value. Foxtail
millet is rich in essential amino acids, fatty acids and
minerals, and is considered to be one of the most digestible
and non-allergenic grains available and has significant
importance for human health. Given foxtail millet’s ability
to adapt to abiotic stresses associated with climate change,
it is more important than ever to develop breeding
strategies that facilitate the increasing demand for high
quality grain that better satisfies consumers. Here we
review research on foxtail millet quality evaluation,
appearance, cooking and eating quality at the phenotypic
level. We review analysis of the main nutrients in foxtail
millet, their relationships and the biochemical and genetic
factors affecting their accumulation. In addition, we
review past progress in breeding this regionally important
crop, outline current status of breeding of foxtail millet,
and make suggestions to improve grain quality.

Keywords foxtail millet, grain quality, quality evalua-
tion, breeding for quality

1 Introduction

Foxtail millet (Setaria italica), a member of the family
Poaceae, is one of the oldest cereal crops. There is ample
evidence showing that foxtail millet was domesticated
from the wild species green foxtail (Setaria viridis) 11000
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years ago in northern Chinal'l. Nowadays it is mainly
cultivated in China and India, but is also produced on a
smaller scale in South Korea, North Korea, Japan, Russia,
Australia, France and the United States for human food,
stockfeed or industrial uses!”. Foxtail millet has some
important agronomic characteristics such as high water use
efficiency and drought resistance, tolerance to soil of low
nutrient availability, strong adaptability and good yield
stability. It was once regarded as more important than
rice, wheat and beans’®). Yields vary from 1200 to
6750 kg-hm™, depending on the soil fertility, rainfall and
cultivart¥.

In China, millet is generally consumed as porridge,
sometimes prepared in the same way as rice either as a
mixture with rice or just millet. Foxtail millet porridge at
breakfast and/or evening meals is preferred by most people
in northern China. Recently, a range of new millet products
have become available!, such as drinks!'®, convenient and
nutritious instant millet powder!”! and other compound
foods!™. These are good examples of how new products of
high nutritional value can be developed from foxtail millet.
Development in processing of foxtail millet, and the other
millets, and their potential as foods for different groups
with special nutritional needs have recently been reviewed
by Saleh et al.l),

With the improvement in living standards and dietary
composition, people gradually aspire to a more varied and
healthy diet. In recent years, the high nutritional value of
foxtail millet has received considerable attention in China.
Hulled foxtail millet is rich in nutrients including essential
amino acids, fatty acids and minerals. It is suitable for
individuals suffering from diabetes mellitus due to its low
glycemic index!"”). Foxtail millet quality can be analyzed
from several different perspectives, including nutritional
quality, appearance quality and eating quality. However, it
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has not been studied as comprehensively as the major
crops. Here we review research on foxtail millet quality
and identify areas for future research to develop strategies
for breeding for improved quality.

2 Research on foxtail millet quality at the
phenotypic level

2.1 Quality evaluation

Foxtail millet is one of the grains favored by consumers in
China, and selection for high quality has become a key area
for breeding. This requires the development of recognized
evaluation criteria for quality. At present there are two
evaluation methods, using either sensory evaluation or
chemical analysist''). The Millet Crop Expert Committee
of China formulated the millet sensory evaluation method
as a percentile system. The marking breakdown comprises
40 points for commodity quality (25 points for color and
15 for consistency), 60 points for eating quality (10 points
for fragrance, 10 for sensory quality and 40 points for
palatability)!'*. More recently, researchers have been
exploring improved, more objective, evaluation criteria.
Li et al.l'"! using Jingu 21 as a reference cultivar, graded
millet color, fragrance, palatability, viscosity and retro-
gradation at seven levels, and evaluated the quality based
on comprehensive analysis of the different aspects, making
the sensory evaluation more objective and consistent.

One of the most commonly used methods to evaluate
millet quality is the analysis of chemical components. The
Hebei Academy of Agriculture and Forestry Sciences!'™)
proposed the high quality millet evaluation standard based
on testing and analyzing numerous cultivars. Millet can be
divided into two quality grades depending on indices of the
contents of protein, crude fat, vitamin B, amylose,
gelatinization temperature and gel consistency (Table 1).
The Millet Crop Expert Committee of China applies this
method so that experts can have a consensus to identify
high quality millet cultivars and guide breeding strategies
for improvement.

The sensory evaluation component of the percentile
system is intuitive and easily performed. The downside is
the difficulty in maintaining a uniform standard. Errors
associated with the subjective nature of human evaluation
are inevitable. As a control measure, professional members

Table 1 Quality standards for high-quality foxtail millet

can join the assessment team in the assessment process,
strictly adhering to a set of unified operation rules. The
testing method for chemical analysis is scientific and
precise, therefore the results are more objective. However,
the cost of analysis is high and the measurements are
complex and require specialist equipment.

Wang et al.'"*! integrated the features of the above two
methods with people’s evaluation of foxtail millet quality
for palatability, marketability and nutrient content, they
added yield and field performance as evaluating indicators
and used this information to select 86 high quality
cultivars. In addition to protein, fat and amylase content,
selenium and tannin content and the taste of the porridge
were added to the assay indices. Integrating the many
factors which contribute to millet quality into a single
system could help to evaluate millet quality more
comprehensively.

2.2 Research on appearance quality

Most publications about appearance quality of foxtail
millet have dealt with seed color and millet color. The
Chinese Crop Germplasm Resources Information System
(CCGRIS) holds a total of 3573 foxtail millet accessions
with seeds showing 26 different colors, such as white,
yellow, orange, brown, red, black and gray. Among the
accessions in CCGRIS, 1708 accessions have yellow
seeds, accounting for 48% of the total accessions, followed
by 21% white and 19% light yellow. Some of the
representative panicle colors, seed colors and millet (after
seed hulling) colors are shown in Fig. 1. Evaluation of
3562 accessions identified 16 millet colors. Yellow millet
accessions account for 77%, followed by light yellow
(13%), golden (4%) and white (4%) accessions. Some
accessions with special colors are also recorded in the
database, such as orange (cv. Baishagu), dark gray (cv.
Dulongjiang) and yellowish gray (a yellow manna from
South Africa).

Appearance of millet is the first attribute that consumers
use to evaluate foxtail millet quality. As reflected by the
high proportion of yellow millet among the CCGRIS
collections, yellow millets are generally preferred by the
consumers. Important factors affecting consumers’ percep-
tions are: grain color, color consistency and percentage of
broken millet™®!. High quality millets should be consistent
in size and color with very few or no broken grains and the

Amylose content/ Gel consistency/

Alkali nitrate index

Grade Protein/(g-kg ') Crude fat/(g-kg ') Vitamin B/(mg-kg ") (g'kg ' defatted samples) e

N G N G N G
First >125 =46 =7.0 140-170 <20 =150 =180 =35 =3.0
Second >118 =42 >6.5 171-200 <50 =115 =180 =25 >3.0

Note: N, non-glutinous; G, glutinous. The data are sourced from the local standard in Hebei Province, China: DB/1300 B22 13-90, 1990, which is adopted as a national

standard for grading the millet quality of approved foxtail millet cultivars.
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Fig. 1 Different colors of foxtail millet. (a) Panicles; (b) grains; (c) husks; (d) millets.

milled millet should have a fresh fragrance, produced
principally by aldehydes and hydrocarbons!'!.

The yellow pigments in millet are mainly zeaxanthin,
cryptoxanthin and xanthophyll'®). These pigments show
high thermostability and resistance to oxidoreduction, but
are sensitive to light and acids!'”'®.. The content of yellow
pigment is 5.4-19.6 mg-kg ' in yellow millet, but 10.1—
16.4 and 1.1-2.5 mg-kg ' in gray millet and white millet,
respectively!'”).

Millet color has a significant positive correlation with
fragrance, color and palatability of cooked millet; the
yellower the millet, the stronger the flavour, and hence the
better the quality of the millet cultivar®®). Interestingly,
millets generally appear to turn yellower after alkaline
cooking (with alkaline tap water or after adding sodium
bicarbonate), but the mechanism has not been determined.

Inherent genetic variation affects the appearance quality
of foxtail millet, but the production area is also relevant,
due to the influence of ecological factors on quality. The
appearance quality of foxtail millet from the North China
summer millet region (including Anyang, Baoding,
Shijiazhuang) is generally better than that from the
North-west China spring millets region (Chifeng, Datong,
Taiyuan, Lanzhou and Yan’an), which has a lower
proportion of good quality millet. However, exceptions
exist, for example, foxtail millet from Fenyang in the
spring millet region is considered to have a particularly
acceptable appearance!'”!. The appearance quality of millet
from different production locations in the same seasonal
region also show clear differences, for example, in the
summer millet region, the proportion of high quality
millets in Shijiazhuang is higher than that in Baoding and

2.3 Research on cooking and eating quality

Cooking quality refers to the time required to cook millet
porridge, with rapid cooking considered to be advanta-
geous. Generally speaking, the cooking time of good
quality cultivars is about 15min'*! and is generally
assessed quantitatively by comparing content and mole-
cular weight of amylose and amylopectin, gel consistency
and gelatinization temperature!?'!. It is generally accepted
that if the amylose content is medium to low (90—
130 g-kg "), the gel consistency is medium to hard (60—75
mm) and the gelatinization temperature is medium to low
(58-63°C), the millet is of good cooking quality®'-**!.

Quantitative analysis of gel consistency is based on the
length of paste in a horizontal test tube after a certain
amount of milled-millet is cooked, cooled down and laid
level. Gel consistency is significantly negatively correlated
with both amylose content and gelatinization tempera-
ture??,

The gelatinization temperature of amylose is commonly
estimated using the alkali digestion method, which gives
an indication of gelatinization temperature!*’!. The higher
the alkali digestion value, the lower the gelatinization
temperature. Specifically, the gelatinization temperature is
high when the alkali digestion index is among grades 1 to
3, grades of 3.1-4.5 correspond to medium level
gelatinization temperature, and grades higher than 4.5 are
an indication of low level gelatinization temperature. There
are specific relationships between gelatinization tempera-
ture and millet amylose content, cooking quality and
palatability®*!. Gelatinization temperature is positively
correlated with amylose content; if the gelatinization
temperature is high, the millet requires more water and



Lu HE et al. Advances in foxtail millet quality 127

time to cook, which reduces cooking quality and
palatability.

Eating quality is one of the most important aspects of
foxtail millet quality, and the color, flavour and taste of
cooked millet or the porridge reflect eating quality. The
three indicators of millet cooking quality mentioned above
are critically important for millet eating quality. Cooked
millets of high amylose content are dry, fluffy, dark and
show a high degree of retrogradation, whereas millets of
low amylose content are sticky, glossy, soft and
delicious'™***1.

The fragrance is one of the key factors affecting
consumer choice of millet products. Volatile flavor
compounds in millet have been extracted, isolated and
identified using solid-phase micro-extraction and gas
chromatography-mass spectrometry, with a total of 51
compounds identified®®’. Aldehydes and hydrocarbons are
the major volatile groups. Aldehydes account for 41% of
total volatile compounds. Considering that the threshold
for sensing aldehydes by humans is low, aldehydes
probably make the most important contribution to the
flavour of cooked millet. The important aldehydes
identified include saturated aldehydes such as pentanal,
hexaldehyde, nonanal, decanal and unsaturated aldehydes
such as (E, E)-2, 4-decadienal and others. Hydrocarbons
account for 33% of total volatile compounds. Since the
sensing threshold for hydrocarbons is high, these may have
less influence on the flavour of millet, but a high content of
pentadecane and hexadecane in particular may be
important in overall flavour. In addition to the two groups
above, 1-octene-3-alcohol, 2-nonanone and 2-amylfuran
naphthalene, which have been confirmed as important
flavour components in rice, and may also affect the
flavor of millet porridge*®. Based on the above results,
Liu et al. ¥’ analyzed the influence of water used for
cooking and compared the volatile flavor compounds
between porridges made from non-glutinous and glutinous
millets, revealing that fewer volatile components are
detected with increasing water addition. The absolute
content of major volatile constituents is higher in glutinous
millet porridge compared to non-glutinous millet porridge.
Further identification of the key volatile components
responsible for the aroma of millet and their characteristics
is essential for the future improvement of millet.

3 Biochemical aspects of foxtail millet
quality

The crude protein content of 2058 accessions of foxtail
millet recorded in CCGRIS is 80-219g-kg' and the
differences are related to differences in cultivar and
growing conditions?”*°!. For example, foxtail millet of
high protein quality is produced at increased latitude and
altitude, or in red and loess soils”*'). The protein content of

foxtail millet is higher than that of maize, rice and
sorghum, and the content of two essential amino acids,
methionine and tryptophan, are the highest among cereal
crops[3 21 As in maize and wheat, the main storage proteins
in foxtail millet include albumen, globulin, prolamin and
glutelin®*]. The overall content of amino acids, excluding
lysine, is higher in foxtail millet than in rice, wheat and
maize by 41%, 65% and 51%, respectively>*!. The most
abundant amino acids in foxtail millet are glutamate,
leucine, alanine, proline and aspartic acid®*>*!. Eight of
the essential amino acids (isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, valine, tryptophan)
are present in foxtail millet, with the content of lysine
varying the most, followed by methionine and valinel*>*],
The lysine content is often so low that it is hard to measure.
The application of combined N, P and K fertilizer can be
effective in promoting the accumulation of amino acids
and thus significantly improving the nutritional quality of
millets. In this respect the effect of K fertilizer is
particularly apparent”],

Fat content is related not only to nutritional quality, but
also to appearance and eating quality of foxtail millet. The
crude fat content of 2038 accessions of foxtail millet in
CCGRIS is within the range of 12-62 g-kg '. However,
some studies report fat content as high as 80 g-kg '**! and
as low as 11 g-kg P, and there is considerable variation
between different production areas. For example, the
average fat content of foxtail millet cultivars in Jilin is
50 g-kg', followed by 45 g-kg ' in Shanxi, whereas in
Gansu and Henan the average fat contents are lower, 44
and 41 g-kg ', respectively!®’**!. Foxtail millet contains
both saturated and unsaturated fatty acids, with unsaturated
types accounting for 84%—88% of total fatty acids®®”). The
main fatty acids are palmitic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid and arachidic acid, with 47%—
77% of the fat being linoleic acid****. In foxtail millet
bran, the content of linoleic acid accounts for as high as
67% of total oils'**!. As linoleic acid and linolenic acid are
essential fatty acids, cultivars with a higher content would
be nutritionally desirable, however, excess linolenic acid in
foxtail millet may affect storage stability!**.

Carbohydrate content accounts for 75% of foxtail millet
nutritional components by weight. There is little variation
in carbohydrate content between foxtail millet cultivars*®’.
It consists of reducing sugar, starch, cellulose and other
minor components, with starch as the main form of
carbohydrate!*”!. Research on the structure, characteristics
and function of starch has been more comprehensively
studied than other carbohydrates, probably because the
structure and properties of starch directly affect eating
quality and processing quality of millet. Starch granules in
millet are mostly polygonal and less ovoid in shape and
show varietal variation in size!*®). Aspects used to evaluate
the physicochemical properties of millet starch include
shape and size of starch granules, amylose content, iodine
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blue value, solubility and swelling power, pasting proper-
ties (peak time, peak viscosity, hot paste viscosity, cold
paste viscosity, breakdown value, setback value and
stability ratio) and retrogradation properties. Recently,
the Rapid Visco Analyzer with its flexibility, simplicity and
small sample requirement has proved a useful tool for
studying the quality of cereal grainsi****. Compared to
maize, millet starch has greater agglutination stability,
higher swelling power and gelatinization temperature and
poorer freeze—thaw stabilityl*”). Millet starch is con-
structed from amylose and amylopectin. The amylose
content ranges from 140 to 250 g-kg ' in most foxtail
millet cultivars, which is higher than maize and influences
millet cooking quality in terms of flexibility, glossiness,
glutinosity and fragrance. Millet starch content is affected
by growing conditions, sowing date and cultivation
techniques. For example, it decreases with an increase in
latitude and altitude®". For summer millet cultivars,
sowing in spring increases the amylose content, but
reduces the amylopectin content’®”). What is more, in
arid areas, controlled irrigation can promote the synthesis
and accumulation of millet starch, and also reduce the
gelatinization temperature of starch!®'!. Resistant starch
(RS), a kind of starch that escapes digestion in the small
intestine of healthy individuals, aroused wide attention
recently for its health benefits. In foxtail millet, the RS
content varies among different cultivars. The RS level of
yellow foxtail millet (82—146 g-kg ') is higher than that in
white types (75-134 g-kg ")"?!. Dietary fiber content in
millet is 2.5 times more than in rice and ranges from 11 to
48 g-kg ' as determined by the acid-alkali detergent
method!**!. Millets with high fiber and complex carbohy-
drate content are thought to be beneficial in controlling
diabetes mellitus. A study showed that 80 g per day of a
mix of foxtail millet, wheat semolina, black gram and
selected spices in a diabetic diet for four weeks improved
glycol-lipemic control®*. Gluten-free fiber-rich cookies
made of foxtail millet flour and copra meal flour of high
quality and overall acceptability to consumers™*!.

As in other crops, foxtail millet absorbs minerals from
the soil and these are essential to the plant itself and by
extension, in humans who consume it. The contents of Ca
(227 mg-kg "), Mg (1593 mg-kg "), Cu (4 mg-kg"), Fe
(25mg-kg™") and P (2430 mg-kg™) in foxtail millet are
higher than those in rice; Zn (23 mg-kg™") content is also
higher than that in rice, wheat, maize and sorghum[39].
Mineral content in foxtail millet varies between cultivars
and production areas. Both factors have a significant effect
on Fe content. Mg content is only significantly affected by
cultivar and Se content is only significantly affected by
geographical origin'>!.

Selenium is one of the essential trace elements,
functioning as an antioxidant, anti-aging agent and also
has implications for the preventions of cancer and
cardiovascular disease?®\. The range of selenium
content in foxtail millet is 0.01-0.10 mg-kg ' and the

average content is 0.07 mg-kg '°”!. Some landraces and
cultivars with higher selenium content have been identi-
fied. For instance, the selenium content of cv. Jigu 21
reaches 0.19 mg-kg ', the highest recorded in Chinal®®,

Foxtail millet is also rich in vitamins, including vitamin
A, By, B, and E. Its vitamin A (1.9 mg-kg")®* and
vitamin E (43.5 mg-kg ') contents'**! are higher than those
of rice, wheat and maize. Foxtail millet is also rich in
carotene, the precursor of vitamin A with 1.2 mg-kg', a
value twice as high as in maizel®***. Vitamin B, content
(5.7mg-kg™") is nearly 1.7 times as high as in rice and
maize, Vitamin B, content (1.2 mg-kg™) is slightly lower
than in sorghum®”). Recently, a survey of the folic acid
content in millets of 247 cultivars and landraces from three
different ecological regions of Shanxi revealed an average
content of folic acid of 1.5 mg-kg ™', ranging between 0.37
and 2.37 mg-kg %

4 Research on foxtail millet quality at the
molecular level

In recent years, research on foxtail millet at the molecular
level has intensified. The genome sequence of foxtail
millet has been completed both in China and in the
USAP%! " \which has stimulated further research. The
genome size is about 400 Mb, with about 30000 genes
annotated. The population genetic diversity of foxtail
millet has been extensively investigated!®>®!. Both
SNPsl® and microsatellites'®” °” have been developed
and utilized as molecular markers. In addition, some novel
marker types such as miRNA-based’”) and transposable
elements-based markers'’'! were developed along with
construction of web-based databases!’""*! for the access
of the foxtail millet research community. A haplotype map
of genomic variations has been proposed®™. There has
also been progress in studying the molecular mechanism of
diseases!’*) and other stresses especially drought tole-
rancel’*""! and genes related to flowering have also been
identified”®!. In addition, genetic transformation systems
for foxtail millet and its wild relative Setaria viridis have
been established and are being optimized”*"). Two
transformation methods, particle bombardment®"*! and
Agrobacterium-mediated transformation!’>**! have been
used successfully to generate transgenic plants in foxtail
millet and the transformation efficiency (6.6%) is higher
with callus induced from inflorescence using Agrobacte-
rium™). However, this depends on the tissues and organs
selected for infection and also genotypic sources, and the
optimum conditions appropriate for transformation of
different foxtail millet genotypes are still being explored.
Liu et al.®*! established a stable transformation system
using Agrobacterium LBA4404 harboring the plasmid
pBI121 containing the GUS (B-glucuronidase) gene and
obtained transgenic plants from cvs Jigu 11 and Yugu 2.
Diao et al.**!, Muthamilarasan and Prasad'®! reviewed the
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recent development in this area in greater detail. Despite
these developments, at present, there are few, if any,
reports of research on foxtail millet quality at the molecular
level.

Most research on the appearance quality of foxtail millet
at the genetic level has focused on seed and millet color.
The F, and F3 populations from crossing Setaria italica
B100 and Setaria viridis A10, were analyzed using RFLPs
for loci related to these traits'®*). The results demonstrated
that seed color is controlled by three genes B, / and K. B
and [ are located on chromosome 7 and 9, respectively,
while K has not yet been mapped. Seeds are gray, if a
homozygous dominant gene BB is present alone, and seeds
homozygous for /I have a deeper color. The seed color of
the KK genotype is dark yellow. The BBIIKK genotype
results in black seed color, whereas the homozygous
recessive genotype of bbiikk results in white seed color. A
proportion of genes controlling millet color have been
located, with the gene for white millets on chromosome 4,
and gray millets on chromosome 6[*7/,

The non-glutinous—glutinous property of millet is
controlled by a single gene located on chromosome 4.
The dominant gene Wx codes for non-glutinous millet and
the recessive gene of wx results in glutinous millet™*!. A
key gene encoding lycopene B-cyclase has recently been
cloned successfully and lays the foundation for future
research on carotenoid biosynthesis and pro-vitamin A
content of foxtail millet®”). A ¢cDNA encoding a lipid
transfer protein has been isolated from a foxtail millet
cDNA library®”). Proteins in this group may be involved in
food allergies and in the plant can be related to surface wax
formation, adaptation to the environment, and pathogen
defense.

5 Status of foxtail millet breeding for
quality

As a minor cereal, foxtail millet is cultivated in limited
areas. Since it is consumed mostly as a supplementary
food, high quality is sought by consumers. Therefore, the
main breeding objective since the end of the last century
has shifted from high yield to high quality!'*!. A few
cultivars and landraces, such as cvs Jingu 21 and Jingumi
have been developed into outstanding trademarked
products, and several other new cultivars (Jingu 34,
Jigu 17, Yugu 9 and Jiugu 11), which achieve a
compromise between good quality and high yield, have
been developed®’.

Cross breeding is the most commonly used and effective
breeding method”*!. At present, most high-quality culti-
vars are selected from filial generations. For example,
Changgu 1 and Changnong 35 were selected through the
cross breeding of Jingu 21 with two other high quality
cultivars — Qitouhuang and Ninghuang 1, respectively.

Use of radiation induced mutagenesis in breeding
programs has also produced some excellent cultivars
such as Jingu 21! Longfu 93-076!") and Chigu 4.
Jingu 21, which was developed following °°Co y-
irradiation of Jinfen 52, has been regarded as the highest
quality cultivar. Trait-targeted gene bank breeding is a new
method of transgression breeding, which uses the additive
effect of genes from the gene bank by integration of quality
related genes through successive crossings, generating
cultivars with high quality and improved health functions,
for example cvs Jigu 21, Chaozaoshu 2 and Jigu 3205781,

6 Problems and prospects for research on
foxtail millet quality

Foxtail millet is widely recognized for its adaptive
potential and high nutritional value. In recent years, the
focus has been on research regarding millet quality, from
which several urgent issues emerge. These need to be
addressed in order to promote breeding for quality:
(1) Current evaluation systems have their limitations. An
improved evaluation methodology that is both accurate
and convenient for gauging foxtail millet quality would
promote breeding for quality and as well as marketing.
(2) There is a lack of high throughput methods for simple
and rapid screening to identify good quality resources from
large foxtail millet germplasm collections. Large scale
testing for nutritional quality can be achieved rapidly with
single grains of foxtail millet using near-infrared diffuse
reflectance spectroscopy. However, it is difficult to screen
for appearance, and cooking or flavor attributes because of
the requirement of large sample sizes, heavy workload and
high cost. (3) There have been some reports on foxtail
millet nutrient content, however more comprehensive
analysis is needed, particularly for the effects of growing
conditions and agronomic methods on nutrients.
(4) Germplasm resources of good quality foxtail millet
are limited, and this narrow genetic diversity strongly
restricts breakthroughs in quality breeding. (5) There is a
lack of molecular markers for quality traits, and therefore
the only means for selecting high quality millet is
assessment of appearance. Rapid generation of molecular
markers should be a priority.

The way forward is to take full advantage of the genome
sequence, to understand molecular mechanisms underlying
millet quality, and to identify genes and markers by a
genome wide association study on a pool of accessions
with diverse traits in millet quality, or mapping through
recombinant inbred lines, as has proved successful in other
cropst”?1°%! In addition, the genomes and transcriptome of
the higher quality cultivars produced by irradiation could
be compared to the original cultivars to identify candidate
genes for quality traits. Molecular markers could then be
used to identify lines with high quality at an early growth
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stage, which would not only enhance the accuracy of
selection but also significantly reduce the workload, time
and cost.
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