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Abstract

The present investigation targeted the foxtail millet Var. Srilakshmi for a high yielding attributes. The Variety Srilakshmi was irradiated with
lethal dose of 400 Gy and post treated with 0.1% EMS at different time intervals of 6,12,18,24 hrs. The mutagenic concentration, (400 Gy +
18 hrs 0.1% EMS) found to be the best which leads significant increase in tiller and panicle number. The molecular profiling of selected
promising mutants for tillering architect were then characterized using 27 SSR primers with 17.33% polymorphism, PIC (Polymorphic
Information Content) value ranged from 0.37 to 0.69 with an average value of 0.31 and marker named SiGMS 12845 showed 100%
polymorphism. The dendrogram was constructed based on SSR’s profiling and mutants were grouped into three cluster. The SSR’s markers

were found to be helpful to determining the genetic diversity among mutants.
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Introduction

Foxtail millet Setaria italica (L) is an autogamous C,
Panicoideae crop sp (Li and Brutnell 2011). It is an
excellent experimental model system due to its relatively
small genome ~515 Mb and chromosome 2n=18, low
amount of repetitive DNA, inbreeding nature and short life
cycle (Doust et al., 2009). It was reported that cereal grain
plays an significant role in human diet thought out the
world (Nanzi and Shobhana, 2016). The Foxtail millet
grain rich in protein (112 g/100gm), iron 28 mg/100mg, fat
4 gm/100 gm and it is a good source of the B-carotene
which is a precursor of  vitamin-A (Murgun &
Nirmalakumari, 2006). It has low glycemic index and
hence referred as diabetic rice (Thathola et al., 2010).

Conventional plant breeding could be developed high
yielding varieties using back crossing the new plants with
original plants to keep the desired trait, linkage drag and
inbreeding depression is the limitation. In foxtail millet
artificial hybridization and recombinant breeding for
varietal improvement could not be taken up because of
small floret mutation breeding method which can be
applied to the enhance the variability for qualitative and
quantitative trait in number of crop plant, (Shu et al.,
2009). Mutagenesis technique have also been integrated
with molecular marker technique their by becoming more
powerful and effective in crop breeding (Shu, 2009). The
present study targeted the Srilakshmi for molecular

characterization of tillering architect. The genes
responsible for high tillering architect reported as HTD1
(Zou et al.,2006), OsTB1(Minakuchi et al.,2010 and Guo
et al., 2013), EATB (Qi et al.,2011. Molecular markers
gives the precise information about extent of mutation and
estimate genetic diversity at DNA level also facilitate the
effective evolution of natural and induced genetic
variability as well as their rational used in breeding
programme.

Materials and Methods

The experiment was carried out during Kharif 2014 at the
experimental field of department of Agricultural Botany,
Dr Panjabrao Deshmukh Krishi Vidyapeeth, Akola,
Maharashtra state, India. The soil was medium black with
uniform in topography with appropriate drainage system.

The experimental material for the present investigation
comprised of one genotype of foxtail millet (Setaria italica
L) Foxtail millet Var. Srilakshmi procured from National
Bureau of Plant Genetic Resources, Dr Panjabrao
Deshmukh Krishi Vidyapeeth, Akola.The characteristics
feature of Var. Srilakshmi listed in (Table 1).

Generationadvancement
Five hundred seeds of foxtail millet VVar. Srilakshmi were
irradiated with 400 (Gy) gamma rays and 200 seeds were
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post treated with 0.1% of EMS for duration of treatment 6,
12, 18 and 24 hrs respectively. Untreated 100 seeds were
also presoaked in distilled water for 4 hrs to raise the
control population. The treated and control seeds were
sown using dibbling method to raise M; generation M;
selected plants were advanced to M, generation by taking
150-200 seeds from primary panicle of each selected plants
using M; spike progeny method given by (The Joint
FAO/IAEA Japan.) Figure 1 illustrated the M; spike
Progeny Method for the development of M, generation.
Data on five randomly selected plants from each panicle
were recorded for various traits Viz. plant height,
reproductive tillers, grain yield, lethality, mutation
frequency, mutation efficiency and effectiveness (Table 2)
indicates the morphological characters that were
undertaken during the present investigation.

DNA was extracted from 10 days old seedlings of
promising mutants for targeting grain yield like low tillers,
medium tillers and high tillers using CTAB method (Doyle
and Doyle, 1990). The relative purity and concentration of
extracted DNA were estimated with nanophotometer. The
final concentration of each DNA samples were adjusted to
50 ng/ pl. Twenty seven SSR primers was used for the
molecular characterization of selected mutants. The
primers and their sequence along with melting temperature
allelic size and their location in genome represented in
(Table 3).

The PCR was performed in a final volume of 20 ul,
containing 10X PCR buffer, 50mM Mgcl,, 10 mM dNTP
solution, 0.4mM of each primer and 50 ng genomic DNA
and 1U Tag DNA polymerase. Each up the 40 PCR cycles
consisted of 30 cycles at 94°C for template denaturation,
30 cycles at 55°C to 60°C for primer annealing and 30
cycles at 72°C for primer extension. The PCR reaction was
completed with 5 minutes incubation at 72°C. The PCR
products were then separated on 8% PAGE.

Statistical Analysis was done using screening of all SSRs
loci for each polymorphic amplicons as 1 for presence and
0 for absent. This allows estimating at each locus of the
number of allele present and PIC. The PIC value of each
primers were then calculated and similarity coefficient
base on SSR profile were calculated according to
procedure described by Sneath and Sokel (1978) and
dendrogram based on the similarity matrix and UPGMA
cluster was produced using the online software (XLSTAT).

Results and Discussion

Result suggested that treatment T3 (400 Gy + 01% EMS,
18 hrs) was the best combination for observing the
variation related to tillering architect (reproductive tillers),
panicle number, panicle length, chlorophyll mutants and
yield. The highest panicle length was observed in T;
treatment (25 cm), panicle number (>15), reproductive

tiller (16), chlorophyll mutants (120) and yield per plant
(35-40 gm) compared to Srilakshmi (T, treatment) having
panicle length (8cm), panicle number (5), reproductive
tiller (9), yield per plant (21 gm). Our results reflected the
significant increase in panicle length as compared to
control. Reproductive tillers are characterized by fully
elongated stem and differentiation of the shoot apex in to
the inflorescence. Each tiller has the potential to produce a
grain head and thus it is important to have maximum
tillers. High tillers generally accountable for high vyield,
similar results were reflected in our present investigation as
increase in tiller number grain yield per plant also
increased. Grain yield can also refer to the actual seed
generation from the plant. In M, population screening,
twenty one mutants have been identified for higher plant
yield Treatment T; (400 Gy + 0.1% EMS, 18 hrs) shown
the highest yield per plant (31-45 gm/plant). Our results
reflected the considerable increase in grain yield/plant as
compare to control (Srilakshmi) (Table 2).Thus it can
conclude that grain yield was positively associated with
reproductive tillers per plant, Sabesan et al (2009).

The mutagenic efficiency gives an idea of the proportion of
mutation in relation to other associated undesirable
biological effect such as injury, lethality and sterility
induced by mutagen. Efficient mutagen and their treatment
are indispensible for the cost effective use of the mutagen
as a tool for the induction of mutations and their direct
utilization in successful breeding programme. Considering
the effect of combined treatment of gamma rays and EMS
reflected the significant increase in macromutation
frequency. Maximum mutational frequency was observed
in treatment T3 (400 Gy + 01% EMS, 18 hrs) ie 85%,
followed by treatment T, (400 Gy + 0.1% EMS, 24 hrs) i.e.
(81%) (data not shown). Singh et al., (2014) observed the
similar results in lentil variety (HUL-57) by treating seeds
with 10kR, 20kR and 30kR of gamma rays with 0.3% EMS
concentration Considerable variation was observed in M,
generation indicating the good effectiveness of the
mutagen.

In M, generation twenty thousand plants were screened for
the mutation. Among these mutated population two
hundred promising mutants were identified and
phenotypically evaluated for the traits (dwarfness, short
internode, stem girth, panicle density and vyield
attributing).Based on the morphological observations the
five mutants were selected for the tillering architect
comprising low tiller (R1-3/A-13), Medium tiller (R2-4/A-
7 and R2-1/E-6), and high tiller (R2-1/D-12 and R2-5/A-6)
and compared with control (Srilakshmi) for the molecular
characterization of mutants. Tillering is one of the most
important agronomic traits in cereal crops because tiller
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number per plant determines the number of spikes or
panicles per plant, a key component of grain yield and
biomass, Kuraparthy (2006).

Total twenty seven SSR primers were screened for the
molecular characterization of the foxtail millet mutants as
shown in (Table 3). The primers were scored as (1) for
presence of allele and (0) for absence of alleles,
polymorphic information content, percent polymorphism
and monomorphic and polymorphic allele were enlisted in
details in (Table 4).

Among these primers, 15 were monomorphic, 6 were
polymorphic and remaining 6 primers were not amplified.
One primers SiGMS12845 shown 100% polymorphism,
whereas, 66% polymorphism observed in SiGMS4069,
SiGMS4882 and SiGMS10184, 33% polymorphism was
detected in SIGMS1995 and SiGMS14282 and showed an
average 17.33% polymorphism percent. Total alleles per
locus were 2.09, whereas, average number of
monomorphic and polymorphic alleles are 1.61 and 0.47,
respectively The PIC (Polymorphic information content) of
21 microsatellite loci ranged from 0.37 to 0.69 with an
average value of 0.31. For each markers the maximum PIC
value was observed in marker SiGMS4069 and
SiGMS11633 ie 0.69 and minimum was in SIGMS9551 ie
0.37. In a null allele frequencies analysis all microsatellite
had null allele frequencies close to zero From (Table 4) it
can be conclude that the primer SiGMS12845 showed
100% polymorphism percent and also 0.38 PIC value
Similarly, the monomorphic and polymorphic amplicons is
depicted in (Figure 2).

Based on similarity matrix and dendogram (Figure 3),
cluster analysis (represented in Table 5) using
morphological traits (tillering architect and panicle
number) gouped the six genotypes in to four main clusters.
It was also found that among the four clusters. cluster |
includes control (Srilakshmi) and LT-1 (R1-2/ B-27) (low
tiller) which shows the 100% similarity between them. The
control and LT-1 mutant in this cluster had shown low
number of tillers and low panicle density and panicle
number. Cluster 1l includes only (R2-4/ A-7) MT-1
(medium tiller). The mutant in this cluster represented
medium tiller numbers and medium panicle density and
panicle number. Cluster 111 includes two mutants (R2-1/E-
6) MT2 and (R2-1 /D-12) HT1 (high tiller). Among the
two one represented for medium tillers and panicle
numbers while other for high tiller and panicle numbers.
Cluster IV cluster represent only one mutant (R2-5 / A-6)
HT2 and has very high tiller and panicle numbers. Muduli
and Das (2014) also showed the same results that the
nature and magnitude of genetic divergence was estimated
in 44 mutant lines of finger millet variety VR708,
developed by single and combination treatments with
gamma rays and EMS.

The  present investigation  entitled  “Molecular
characterization of useful mutants of Foxtail millet (Setaria
italica (L) Var. Srilakshmi” was under taken with the view
to identify the promising mutants with respect to yield
contributing traits. The genotype of Foxtail millet Var.
Srilakshmi was irradiated with 400 Gy and 0.1% EMS as
50% lethality was observed at this treatment. Treated seeds
were sown at experimental field of Department of Botany
to rise M, generation. The phenotypic observations with
respective to yield contributing traits such as plant height,
panicle number and density, anthocyanin coloration of
bristles, reproductive tiller, distance of third internode,
lethality, mutation frequency and mutagenic effectiveness
were carried out in both M; and M, generation. Based on
the phenotypic evaluation 121 promising mutants with
respective to yield contributing traits have been identified.
The mutagenic concentration (400Gy+ 0.1% EMS, 18 hr
treatment) resulted in significant increase in tiller numbers
and panicle numbers and considered as best treatment
among all and responsible for significant increase in yield
attributing traits.

Promising mutants for tillering architect were subjected to
molecular screening. Molecular characterization using SSR
markers revealed considerable variability induced at
various loci, targeted by SSR markers Amongst 27 SSR
markers used, SiIGMS 12845 showed 100% percent
polymorphism.

The polymorphic marker identified in the present
investigation for the characterization of promising mutants
will be explored, in future, to see the association with any
desired phenotype. However, point mutations cannot be or
very rarely detected by the SSR marker, considering this
different approaches like single stranded confirmation
polymorphism (SSCP), Endonucleolytic Mutation Analysis
by Internal Labelling (EMAIL), High resolution melting
(HRM), Heteroduplex, should be used in future to
investigate the important point mutation in functional gene.
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The identified polymorphic marker in the present
investigation will be explored in future to see the
association with desired phenotype. Selective genotyping
may be used for the screening of segregating population.
Future study need to detect the point mutation using
different approaches HRM (High Resolution Melting
Point) and SSCP (Single Strand Conformational
Polymorphism). Promising foxtail millet mutants will be
advanced to next generation to obtain homogeneity and
stability yield performance and other important
phonological attributes can be studied after M4 generation.
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Table 1. Characteristic feature of Var. Srilakshmi

SN Pedigree Pure line selection

1 Centre/Institution developed RARS, Nandyal, Andhra Pradesh

2 Year of release 2002

3 Notification number and date Central release

4 Salient features Semi compact panicles having a tuft of pink hairs at the top, medium sized

grains

5 Distinguishing morphological characters Purple pigmented panicles

6 Days to maturity 80-85

7 Reaction to biotic and abiotic stress Resistant to downy mildew and rust, tolerant to moisture stress
8 Recommended area/region/zone All foxtail millet growing areas of the country

9 Other special features High grain yield

10 Average grain yield (g/ha) 23-25

Source: (All India Coordinated Small Millets Improvement Project Report on Compendium of Released Varieties in Small Millets, 2014)

Table 2. Phenotypic characters of M, population

Plant . L . . .
Treatments height Reprf)ductlve Grain yield lethality Mutation Mut:_:\genlc Mgt_atlon
(cm) Tillers (gm/plant) frequency effectiveness Efficiency
Control 101 09 0 0 0 0
T1 45-90 12-13 28-36 54 80 0.041 1.48
T2 55-100 10-12 25-38 59 78 0.020 0.78
T3 50-111 10-15 31-45 70 85 0.014 1.21
T4 67-108 10-11 28-40 72 81 0.010 1.08
Table 3: Details of SSR markers used for the molecular characterization of mutants
|§II(F). Marker Repeat Sequence Tm Product length LG
1 SiGMS203 GA F: GAGAGGAAGGGGAATGAAGG 60.01 100 1
TGGTATCCAAACACCCCCTA 60.04
2 . GCACACAACATCTAAGCCCC 60.53
SIGMS737 CA CAGCAACTGGTGGTGGTG 59.68 102 !
3 . CCCAAAATATTTCGTCCCCT 60.01
MS151 T 11 1
SIGMSI515 ¢ GCTCCGCTGTTCTACAAAGG 60.02 8
4 . CAGTCGCAATTGTGCTCTGT 60.06
SIGMS1995 cT ACGATGTCCTCCAGCATCTT 59.69 135 2
5 . GGAACGCCAAGCAACAGT 59.84
SIGMS2453 cT ACTCAGTAATCACGCGTCCC 60.14 121 2
6 . AGGCGAGATCAGGAGGAACT 60.36
SIGMS3543 TG TGCTCACAATCAGTTAAAGCAA 58.63 118 2
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Table 4. Characterization of foxtail millet mutants using SSR primers

SN Primers Totzlrrr]m?g(k))ﬁr of Mon;lrzlzgphlc POIZ\:FJ;ENC PIC value pOI;r(re]:;epnrfism
1 SiGMS203 1 1 0 0.00 0
2 SiGMS737 1 1 0 0.00 0
3 SiGMS1995 3 2 1 0.59 33
4 SiGMS2453 1 1 0 0.00 0
5 SiGMS3543 2 2 0 0.38 0
6 SiGMS4069 3 1 2 0.69 66
7 SiGMS4882 3 1 2 0.59 66
8 SiGMS5586 1 1 0 0.00 0
9 SiGMS6281 1 1 0 0.00 0
10 SiGMS6938 2 2 0 0.38 0
11 SiGMS7828 2 2 0 0.38 0
12 SiGMS8985 2 2 0 0.38 0
13 SiGMS9021 1 1 0 0 0
14 SiGMS9551 2 2 0 0.37 0
15 SiGMS10184 3 1 2 0.59 66
16 SiGMS11596 1 1 0 0 0
17 SiGMS11633 4 4 0 0.69 0
18 SiGMS12150 3 3 0 0.59 0
19 SiGMS12845 2 0 2 0.38 100
20 SiGMS14282 3 2 1 0.59 33
21 SiGMS14792 3 3 0 0.59 0

Total 44 34 10 6.67 364
Average 2.09 1.61 0.47 0.31 17.33
Table 5. Clusters analysis derived for SSR analysis
Group Cluster Mutants
Srilakshmi (control)
1 C1
LT-1 (R1-2/ B-27)
2 c2 MT-1(R2-4/ A-7)
MT-2 (R2-1/E-6)
3 C3
HT-1 (R2-1/D-12)
4 C4 HT-2 (R2-5/ A-6)
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Fig. 1. M; Spike Progeny Method for M, population development

SiGMS 9551 SiGMS 10184 SiGMS 4882 SiGMS 12845

Fig. 2. Monomorphic (SiGMS 9551) and polymorphic (SIGMS 10184, SiGMS 4882 and SiGMS 12845) nature of
marker (1: Control (Srilakshmi), 2: Low tiller, 3 and 4: Medium tiller, 5 and 6: High tiller.

Fig. 3. Dendogram of mutants and their control (Srilakshmi) on the basis of SSR profile
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