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Molecular characterization of metal homeostasis
related gene orthologsin nutri- rich foxtail millet
accessons

W M.P. MOHARIL, S.S. GANGURDE, K.P. INGLE, V.C. KHELURKAR, P.V.

JADHAV, R.B. GHORADE, SM. JADHAO, R.N. KATKAR, M.S. DUDHARE AND
A.G. DESHMUKH

SUMMARY : Foxtail millet isdrought tolerant and nutritionally reached functional food in tribal parts
of world. The present study aim to focused the nutritious accessions through the molecular
characterization and differential gene expression profiling of nutritionally rich (iron and zinc) accessions
of foxtail millet. Accessions 1C12059, was found to be more promising having high concentration of
both zinc and iron content, whereas, 1C120175, 1C120213, 1C97111, 1C120179, 1C1220207 and 1C1220407
has high zinc content and 1C97189, 1C120150, 1C120159, 1C120239, 1C120235, 1C120355 and 1C403579
were found to be high iron content amongst sixty six accessions. High iron containing accessions
1C120239 (59.77 ppm), IC120235 (57.81 ppm), 1C120355 (56.82 ppm) and onelow iron containing 1 C344225
(9.69 ppm) were then explored for spatial expression profiling using genes belonging to ferritin, ZIP,
Y SL, HisrichNAC families and found high expression of ferritin and NAC genein highmineral containing
accessions. Histidine rich gene targeted studies showed 500 bp of isoform expressed in both high and
low iron containing accessions, whereas, 297 bp isoform was found associated with high mineral
containing foxtail millet accessions.

How to citethisarticle: Moharil, M.P, Gangurde, S.S., Ingle, K.P,, Khelurkar, V.C., Jadhav, P.V., Ghorade, R.B.,
Jadhao, S.M., Katkar, R.N., Dudhare, M.S. and Deshmukh, A.G. (2017). Molecular characterization of metal
homeostasis related gene orthologs in nutri- rich foxtail millet accessions. Agric. Update, 12(TECHSEAR-2) :
409-420; DOI: 10.15740/HAS/AU/12. TECHSEAR(2)2017/409-420.

(Vincevica-Gaile et al., 2012). Poor
micronutrient content in soil and edible part
of the plant isprimary cause of micronutrient
deficiency inworld (Imtiaz et al., 2010; Genc
et al., 2005 and Thompson, 2011) this
micronutrient deficiency is expressed as
“hidden hunger”. Micronutrient deficiencies
can affectsmorethan a1/3 of thetotal world

BACKGROUND AND OBJECTIVES

Metals have binary rolein biochemistry
like some are essential and some aretoxicin
higher concentrations (Guengerich, 2009).
Among metal elements Fe, Mn, Zn, Cu, Mo,
Ni are considered plant micronutrients
because they are necessary for physiological
and metabolic processes in small amounts
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population (Palmgren et al ., 2008). Feisvital elementin
heamoglobin, and its deficiency leads to anaemia
(Ekweagwu et al ., 2008). Zinc isa so used in more than
300 eukaryotic enzymes as cofactor and deficiency of
zincin human beingsleadsto the underdevel oped growth
and lowered resistance which often contributes to
diseases like pneumonia and malaria (Ekweagwu et al .,
2008). Nutritional deficiency of essential micronutrients
isserioushealth probleminworld. Approximately 60 per
cent people are iron deficient, 30 per cent are zinc
deficient, calcium, magnesium, copper and manganese
deficiencies are very common in many devel oped and
devel oping countries (Welch and Graham, 2005; Grusak
and Cakmak, 2005 and Thacher et al., 2006).

Foxtail millet (Setaria italica) contains high
amounts of proteins and minerals (Pawar and Pawar,
1997). Millets are rich in micronutrients and proteins
(Geervani and Eggum, 1989). Phenoalics, tannins and
phytates are the antinutritional factorswhich are called
as antinutrients reduce the bioavailability of minerals.
Millets are rich in antinutrients (Thompson, 1993). On
the other hand, these antinutrients are plays important
role to reduce the severity of colon and breast cancer
inanimals (Graf and Eaton, 1990). The bran of foxtail
millet has highest radical scavenging activity as
compare to wholeflour suggesting that the antioxidant
compounds are present in the bran (Suma and Asna,
2012). After these entire properties of these cropsstill
the millets are the nutritionally rich neglected cereals
from research as well as diet in both developed and
devel oping countries.

Foxtail millet grainscontain higher seed protein (14
- 16%), crude fat (5-8%) and minerals than finger millet
(Ravindran, 1991 and Dwivedi et al., 2012). Biological
valueof thedigestible proteininfoxtail millet issuperior
tomagjor cereal cropssuch asriceand wheat asit contains
seven of the eight essential amino acids (Zhang et al.,
2012). Thegrainscontain 2.5-fold moreediblefibrethan
riceand its bran contains 9.4 per cent crude oil enriched
withlinoleic (66.5%) and oleic (13.0%) acids (Dwivedi
et al., 2012) and high fibre (42.56%) (Amadou et al.,
2011).

Foxtail millet was called as nutri-cereal sincethey
are rich in micronutrients like minerals and B-complex
vitamins. Iron content of foxtail millet is2.8-6.0mg/100g
which is in rice found to be 1.8 - 5.8 mg/100g.
phytochemical screening revealed the presence of
flavonoids, phenolics, tannins along with other
Agric. Update, 12 (TECHSEAR-2) 2017 : 409-420
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components which are potent antioxidants. High
antioxidant activity was observed in the extracts from
bran rich fraction compared to whole flour, suggesting
the presence of antioxidant componentsin the branrich
layer (Sumaand Asna, 2012). Additionally millets are
asorichin health promoting phytochemical sand can be
used as functional foods.

The micronutrient status of wild accessionsis still
unknown and no reports found on investigation of trace
elements from edible parts. Hence, the wild collection
of foxtail millet accessions from different geographical
areas of India were analysed for grain micronutrient
content and antioxidant activity. Prasad and Lepakshi
are the commercial varieties and standard checks of
foxtail millet. The micronutrient analysis of these two
accessions revealed that the zinc content 15.62mg/kg
and 43.73mg/kg, respectively and iron content 20.53mg/
kg and 39.63mg/kg, respectively. In the set of 66
accessionsthewidediversity for grainiron, zinc, calcium,
magnesium content. Most of the accessions are found
superior than the checks for micronutrient content.

Therefore, present investigation was carried out to
screen high mineral (Cu, Fe, Mn and Zn) containing
accessions collected from varioustribal packets of India.
Differential depositions of mineral in embryo and
endosperm of devel oping grains has been known to play
important role in generating genotypic variation in foxtail
millet grain micronutrient content (Prom-u-thai et
al.,2009). Differential gene expression for mineral
accumulation was carried out using eight putative
candidate genes belonging to five gene families viz.,
OsYSLs, OsZIPs, OsSNRAMPs, OsFROs and Ferritin
(Gross et al., 2003). Micronutrient characterization for
grain micronutrientswith good radical scavenging activity
will prove to be a central phase in fetching important
accessions useful in building interest of farmers in
cultivation of foxtail millet on large scaleswhichinturn
will benefit the consumers.

RESOURCES AND METHODS

Experimental site :

The experiment was carried out during Kharif -
2014 at the experimental field of Department of
Agricultural Botany, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth. The soil was medium black with clay, fairly
leveled and uniform in topography with appropriate
drainage system.




MOLECULAR CHARACTERIZATION OF METAL HOMEOSTASIS RELATED GENE ORTHOLOGS IN NUTRI- RICH FOXTAIL MILLET ACCESSIONS

Plant material :

Theexperimental material comprising 66 accessions
of foxtail millet (SetariaitalicaL.) including 2 standard
checks Lepakshi and Prasad were procured from
National Bureau of Plant Genetic Resources (NBPGR),
Akola. Also collection of two local accessions from
Jalgaon (JLG) and Akola(AKL) districts of Maharashtra
asenlisted in (TableA).

Experimental design :

The experiment was laid out in a Randomized
Complete Block Design with three replicates. The plot
was ploughed one month before sowing and followed by
three harrowing to bring thelandto afinetilth. The spacing
of row to row and plant to plant was of 45 x 10 cm.
Seedswere sown using drill method during Kharif- 2016.
Thefertilizerswere applied at therate of 30kg N, 75 kg
P,O, and 20 kg K.,O per hectare at the time of sowing.
Fertilizerswere applied intheform of urea, single super
phosphate and murrate of potash. Asflowering initiated,
2-3 irrigations were provided as per requirement.
Harvesting was done as per maturity of the genotypes.

Sample preparation :

5 g seeds of each sample weredried in oven for 48
hoursat 60°C and were ground to superfine powder with
bran. This powder was used for estimation of
micronutrients analysis for the identification of potent
accessions having more mineral content.

Estimation of iron, copper, manganese and zinc
from foxtail millet accessions

Grain Cu, Fe, Mn and Zn densities were analysed
in the laboratory of Soil science and soil chemistry
(AICRP) on micronutrientsat Dr. PDKV, Akola. Samples
were digested according to di-acid digestion described
by Wheal et al., 2011. Grain sampleswerefinely ground
and oven dried at 60°C for 48 h. Ground sample (0.2 g)
with 7.0ml of 69 per cent conc. nitric acid (HNO,) and
3ml of 30 per cent Perchloric acid (HCIO,) was digested
by adding in 200ml digestion tubes. Temperature adjusted
inthree steps80°C for 1 hour, 120°Cfor 2 hours, 200°C
for 2 hoursand 300°C for 1 hour. Final volume of digest
is made to 50 ml by adding double distilled water and
filtered through Whatman number 1 filter paper.
Micronutrient densities were analyzed using Atomic
Absorption Spectrometer (AAS) (M odel- Varian Spectra

Table A: Foxtail millet accessionsused in present investigation

Sr. No. Accessions Source

1 IC 28439 Amrdli, Gujarat

2. 1C41883 Betul, Madhya Pradesh

3. 1C41898 Akola, Maharashtra

4. 1C58243 Uttarakhand

5. 1C97086 Maharashtra

6. 1C97087 Maharashtra

7. 1C97109 Maharashtra

8. 1C97111 Madhya Pradesh

9. 1C97123 Parbhani, Himachal Pradesh
10. 1C97172 Maharashtra

11. 1C97174 Maharashtra

12. 1C97175 Kangra, Himachal Pradesh
13. 1C97177 Kangra, Himachal Pradesh
14. 1C97179 Basti, Himachal Pradesh
15. 1C97182 Basti, Himachal Pradesh
16. 1C97189 Maharashtra

17. 1C97295 Simour, Himachal Pradesh
18. 1C120148 Gulbarga, Karnataka

19. 1C120150 Gulbarga, Karnataka

20. 1C120158 Osmanabad, Maharashtra
21. 1C120159 Parbhani, Maharashtra
22. 1C120160 Buldhana, Maharashtra
23. 1C120163 Maharashtra

24, 1C120164 Unknown

25. 1C120165 Unknown

26. 1C120166 Unknown

27. IC120175 Unknown

28. 1C120177 Unknown

29. 1C120179 Unknown

30. 1C120191 Unknown

31 1C120192 Unknown

32. 1C120200 Unknown

33. 1C120201 Unknown

34. 1C120204 Unknown

35. 1C120207 Unknown

36. 1C120208 Unknown

37. 1C120210 Unknown

38. 1C120212 Unknown

39. 1C120213 Adilabad, Andhra Pradesh
40. 1C120221 Bidar, Karnataka

41. 1C120228 Osmanabad, Maharashtra
42. 1C120239 Unknown

Table A: Contd...........
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Table A : Contd......

43.
44.
45.
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

1C120251 Sholapur, Maharashtra
1C120234 Parbhani, Maharashtra
1C120235 Parbhani, Maharashtra
1C120244 Yavatmal, Maharashtra
1C120250 Sholapur, Maharashtra
1C120255 Gulbarga, Karnataka
1C120346 Unknown
1C120355 Unknown
1C120394 Unknown
1C120404 Andhra Pradesh
1C120406 Andhra Pradesh
1C120407 Andhra Pradesh
1C120408 Andhra Pradesh
1C200125 Amravati, Maharashtra
1C325968 Narmada, Gujarat
1C344224 Maharashtra
1C344225 Maharashtra
1C372606 Osmanabad, Maharashtra
1C403579 Andhra Pradesh
1C480117 Uttar Pradesh
LEPAKSHI Check/control variety
PRASAD Check/control variety
AKL Akola, Maharashtra
JLG Jalgaon, Maharashtra

AA 220). Micronutrient standard solutions of (2mg/kg,
4mg/kg, 6mg/kg, 8mg/kg) for Fe, Zn, Cu, Mn were used
asreference. Ironisvery sensitive element so, care was
taken to avoid any contamination with dust particles or
any extraneous matter (Stangoulis and Sison, 2008).

RNA extraction and semiquantitative RT-PCR:
Total RNA wasisolated from flag leaf at mid-grain
filling stages using TRIzol reagent (Invitrogen, USA).
After DNasel treatment (Ambion Inc, Austin TX USA),
RNA integrity was checked by electrophoresis and
quantified by using nanophotometer (Implen) and
qualitative estimation has been done on 1 per cent
agarose gel. Synthesis of first-strand cDNA was
obtained from the total RNA using acDNA Synthesis
Kit (InVitrogen Japan). The reaction contained
template RNA, 2.0 ul of Accu Script RT Buffer (10X),
oligo(dT) primer (0.5 ug/ul), 0.8 ul of ANTP mix (25
mM each dNTP) and RNase- free water to total
volume 16.5 ul inan air incubator. The reaction mixture
was kept on ice till next step. The reaction was
Incubated at 65°C for 5 minutes, cooled at room
temperature to allow the primersto anneal to the RNA
(approximately 5 minutes) and the following
components were added to the reaction mixture, in
order, for afinal reaction volume of 20 ul; 2 ul of 100
mM DTT, 1 ul of AccuScript RT, 0.5 ul of RNase
Block ribonuclease inhibitor (40 U/ ul). The tubeswere

TableB : Primers sequence of metal homeostasisrelated genes
Gene Reference gene FR Nucleotide seguence Length  Tmvalue
Ferritin PREDICTED: Setaria italica ferritin-1, chloroplastic- Forward CTCCCACAATCCACGCACTC 20 61.02
like Reverse CCTCCCTCCACGTGTGTTTT 20 60.18
His-rich Setaria italica cysteine and histidine-rich domain- Forward CTGCCAATACCATCCCTCCG 20 60.25
domain containing protein RAR1-like Reverse TTTTGTACCTTGGGCTGCGA 20 60.18
IRT PREDICTED: Setaria italica Fe?* transport protein 1- Forward AGCTTAGCTGCCGGTATTCG 20 60.25
like Reverse GGATCCACACAGTTACGCGG 20 61.08
NAC PREDICTED: Setaria italica NAC domain-containing Forward CCTGACCTCGGGTCTGACTA 20 60.03
protein 100-like Reverse GATGCAGCACCACCCCTAAT 20 60.11
NRAMP PREDICTED: Setaria italica metal transporter Forward TCTGGAACCGTCTGCAACTC 20 59.97
Nrampl-like Reverse AATGGGAGCTCAACGGACAG 20 60.04
Spf40 Setaria italica zinc transporter ZTP29-like Forward AAGGCTGATGATGGTGGCTC 20 60.11
Reverse TGACACTGTGGAGGACTTGC 20 59.89
WRKY 40 PREDICTED: Setaria italica probable WRKY Forward GCCTTTTGGAAGGAGGAATTTCG 23 60.37
transcription factor 2-like Reverse CAGTCCTCCATGAGCGATCC 20 59.97
YSL9 PREDICTED: Setaria italica probable metal- Forward CAGGAGCGGCGAAGGAG 17 59.83
nicotianamine transporter YSL9 Reverse CGGCCATCTCGTAGGTCTTC 20 59.97
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placed in atemperature-controlled thermal block at 42°C
and incubated for 60 minutes. The reaction was
terminated by incubating the reaction at 70°C for 15
minutes.

Validation of differentially expressed genes :

The product of first strand cDNA synthesis can be
used directly for PCR. Thevolume of first strand cDNA
synthesi sreaction mixture should not comprise morethan
1/10 of the total PCR reaction volume, 1 uL of the first
strand cDNA synthesis reaction mixture was used as
template for subsequent PCR in 20 pL total volume. RT-
PCR for genes predicted in the Rf region was performed
using PCR mastermix (2X) of puregene. PCR cycles
were as follows: 94°C for 3 min, 94°C for 30 seconds,
Tm 59°C-62°C for 45 seconds (annealing varies
according to primers), 72°C for 2 min and a final
extension at 72°C for 10 minute. Gene specific primers
were designed for metal homeostasis related candidate
genesY 919, ferritin, His-rich, NRAMPetc using Primer-
3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www. cgi) enlisted in (Table B) were used for
expression profiling. Amplified productswerevisuaized
on al per cent TAE agarose gel and photographed. The
relative intensity of amplified fragments provided basis
for quantification of level of expression of geneashigh,
moderate, low and negligible.

Sequencing and in silico prediction :

The amplified cDNA fragments from semi
guantitative RT-PCR were purified using aGel Extraction
kit (Genaxy) and sequencing wasdone through Europhins
Genomics, Bangalore, India. His-1 and His-2 sequences
data were analyzed using BLAST program from NCBI
against non redundant protein database. Clustalw
sequencealignment tool of EBI (European Bioinformatics
Institute) was used to align the sequences of his-1 and
his-2 genes. The protein sequences of Hisisoform (297
bp) and (500 bp) were used as an input datafor the PSI-
Blast again protein data bank to identify its homol ogous
structures. Swiss-Model online tool used for structure
prediction.

OBSERVATIONS AND ANALYSIS

Theresults obtai ned from the present study aswell
as discussions have been summarized under following
heads:

Identification of core set of accessions having high
mineral content :

In present study the screening of foxtail millet
accessions for high minera content revealed that there
was broad diversity in grain zinc, iron, manganese and
copper content within the accessions. The grain iron
content was found in range of 9.69-60.04mg/kg. While
the grain zinc content was found in range of 1.14-53.98
mg/kg. The grain manganese content was recorded in
therange of 1.20-29.80 mg/kg and the grain copper (Cu)
content was recorded in the range of 0.40 mg/kg-28.8
mg/kg. The detailsare enlisted in (Table 1).

Ironisan exceptionally essential element to human
health. Current studies focusing to increase the iron
content in edible part of the grains of important staple
food cropsto overcome the problem of malnutrition. The
range of iron content in whole grains of foxtail millet is
9.69mg/kg-60.04mg/kg (Table 1 and Fig 1). Highest iron
containing accession was 1C120159 (60.04mg/kQ)
followed by 1C120239 (59.77mg/kg), 1C120150 (59.15mg/
kg), 1C97189 (58.12mg/kg), 1C120235 (57.81mg/Kkg),
1C120355(56.82mg/kg),| C403579(56.6mg/kg). Wheress,
the lowest iron containing accessions was found to be
1C344225 (9.69mg/kg), JLG (10.88mg/kg) 1C120407
(11.83mg/kg), 1C120251 (12.78mg/kg), 1C120234
(12.75mg/kg), 1C97179 (11.95mg/kg), 1C120200
(15.87mg/kg). Accessions 1C120239 (59.77mg/kg),
1C120235 (57.81mg/kg), 1C120355 (56.82mg/kg) contain
more iron as compare to the standard checks L epakshi
(39.63mg/kg) and Prasad (20.53mg/kg) as shown in
(Tableland Fig 1).

Highest zinc containing accession was found to be
1C120159 (52.98mg/kg) followed by IC120175 (52.67mg/
kg), 1C120213 (49.78 mg/kg), 1C97111 (49.63mg/Kkg),
1C120179 (48.75mg/kg), 1C120207 (48.51mg/kg),
1C120407 (48.9mg/kg). Whilethelowest zinc containing
(7.24mg/kg), 1C372606 (8.44mg/kg), |C120408 (12.82mg/
kg), 1C120255 (12.16mg/kg), IC120355 (13.57mg/kg).
Accessions|C120175 (52.67mg/kg),1C120213 (49.78mg/
kg), 1C120207 (48.51mg/kg) contain more Zinc as
compare to the average and standard checks L epakshi
(15.62 mg/kg) and Prasad (43.73 mg/kg).

In present investi gation the average copper content
of sixty six foxtail millet accessions was 10.81mg/kg.
Suddenly, it ismaximum as per the previous reportsare
concern. Therange of grain copper content among foxtail
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Table1: Iron, zinc, copper and manganese densities of foxtail millet accesion

Sr. No. Accession Fe (mg/kg) Zn (mg/kg) Mn (mg/kg) Cu (mg/kg)
1. 1C 28439 31.1+0.18 37.2+£0.30 7.2+0.08 5.2+0.06
2. 1C41883 22.1+0.79 34.2+0.75 5.6£0.13 5.8+0.13
3. 1C41898 16.7+ 0.97 33.8+ 0.58 8.2+0.19 7.2+0.16
4. 1C58243 16.5+ 0.82 43.1+ 0.47 7.8+0.10 4.8+0.06
5. 1C97086 21.0£0.26 46.8+ 0.26 17.0+0.32 7.0£0.13
6. 1C97087 18.8+ 0.56 24.6+ 0.51 6.2+0.08 5.0£0.06
7. 1C97109 25.5+ 0.62 40.9+ 0.39 25.4+0.17 5.4+0.04
8. 1C97111 21.4+ 0.47 49.6+ 0.46 17.0+£ 0.27 5.4+0.09
9. 1C97123 19.4+ 0.64 40.1+ 0.70 14.6+ 0.11 5.8+0.04
10. 1C97172 19.6+ 0.47 42.1+ 0.60 13.0£ 0.51 6.0£0.23
11. 1C97174 18.0+ 0.62 22.1+ 5.46 29.8+ 0.63 4.6+0.10
12. 1C97175 43.8+0.70 45.5+ 0.86 12.6+ 0.14 5.6+0.06
13. 1C97177 42.1+ 0.15 45.9+ 0.74 15.4+ 0.17 5.2+0.06
14. 1C97179 11.9+ 0.16 38.6+ 041 5.60+ 0.04 9.0+0.06
15. 1C97182 19.6+ 0.49 45.0+ 0.55 5.20+ 0.20 5.0£0.19
16. 1C97189 58.1+ 0.90 33.9+£ 0.30 9.40+0.11 5.8+0.07
17. 1C97295 21.0+ 0.40 35.5+ 0.54 8.60+ 0.10 2.6£0.03
18. 1C120148 27.2+0.19 26.1+ 041 12.4+ 0.28 3.6+0.08
19. 1C120150 59.2+ 1.09 26.2+ 0.27 27.6+ 0.63 5.2+0.12
20. 1C120158 50.7+ 0.60 324+ 0.14 11.2+0.13 28.8+0.34
21. 1C120159 60.0+ 0.41 54.0+ 0.58 25.4+ 0.48 28.4+ 0.53
22. 1C120160 57.5+ 0.59 46.4+ 1.03 134+ 0.17 4.8++ 0.06
23. 1C120163 55.7+ 0.79 321+ 051 6.8+ 0.05 5.2+0.04
24. 1C120164 35.8+ 0.59 25.9+ 0.42 7.0£0.11 4.8+0.08
25. 1C120165 37.9+£0.27 20.7+£0.48 6.0+ 0.04 5.2+0.04
26. 1C120166 23.2+ 0.50 50.8+ 0.30 4.6+ 0.18 15.0+0.58
27. 1C120175 29.8+ 0.61 52.7+ 0.30 54+ 0.12 14.8+0.32
28. 1C120177 23.9+0.20 40.7+ 0.40 4.0+ 0.05 18.2+0.21
29. 1C120179 48.4+ 0.48 48.8+ 0.32 6.0+ 0.08 11.6+ 0.13
30. 1C120191 20.2+0.70 31.0+ 044 4.6+ 0.03 18.2+0.12
3L 1C120192 56.7+ 0.66 29.0+ 0.53 6.4+ 0.25 22.2+0.86
32 1C120200 15.9+0.31 43.8+ 0.55 9.0+ 0.11 24.6x0.29
33 1C120201 19.7+ 0.40 42.8+0.30 8.2+ 0.09 22.6+0.25
34. 1C120204 30.3£0.57 42.1+0.35 4.0+ 0.09 21.4+0.49
35. 1C120207 18.7+ 0.35 48.5+ 0.53 3.0+ 0.07 22.6x0.51
36. 1C120208 16.8+ 0.22 26.0+0.17 1.8+ 0.02 6.60+0.08
37. 1C120210 21.6x 0.51 41.0+0.17 2.4+ 0.05 0.40+0.08
38. 1C120212 43.9+ 0.25 42.8+0.37 2.0+ 0.03 19.8+0.25
39. 1C120213 48.9+ 0.57 49.8+ 0.34 6.4+ 0.03 15.6+ 0.11
40. 1C120221 42.7+ 0.36 37.4+1.02 6.8+ 0.11 145+ 0.24
41. 1C120228 52.3+0.14 31.1+0.38 5.0+ 0.04 148+ 0.11
42. 1C120239 59.8+ 0.34 27.7£ 044 12.6+ 0.49 13.0+0.51
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Table1: Contd.................

43. 1C120251 12.8+ 0.58
44, 1C120234 12.8+ 0.61
45, 1C120235 57.8+ 0.40
46. 1C120244 36.8+ 0.48
47. 1C120250 27.7+ 045
48. 1C120255 25.6+ 0.56
49. 1C120346 18.8+ 0.41
50. 1C120355 56.8+ 0.26
51. 1C120394 22.3+ 047
52. 1C120404 19.9+0.17
53. 1C120406 24.8 +0.72
54. 1C120407 11.8+0.56
55. 1C120408 25.5+0.54
56. 1C200125 47.8+0.17
57. 1C200125 16.0+0.26
58. 1C344224 50.0+0.62
59. 1C344225 9.7+0.56
60. 1C372606 29.9+0.20
61. 1C403579 56.6+0.48
62. 1C480117 15.9+0.56
63. LEPAKSHI 20.5+0.72
64. PRASAD 39.6+0.32
65. AKL 16.8+0.34
66. JLG 10.9+0.20
General man 311
SE. (Mean) 0.29
C.D.at (P<0.005) 1.07
F-test SIG.

28.7+0.40
28.8+0.40
46.1+ 0.14
20.4+ 0.41
47.9+0.20
12.2+ 0.24
24.9+ 0.42
13.6+ 0.99
46.6+ 0.56
26.1+0.81
46.9+1.68
48.9+0.68
12.8+0.25
28.4+0.53
47.8+0.38
25.9+0.17
27.9+0.16
8.4+0.89
24.8+0.57
7.14+0.65
15.6+0.35
43.7£0.94
40.6+0.45
48.7+0.43
353
0.51
2.46
SIG.

26.8+ 0.57
18.0+ 0.20
17.4+0.20
24.7+0.17
27.4+1.06
15.2+ 0.18
7.20+ 0.08
3.40+ 0.08
252+ 0.57
19.6+0.23
20.0+0.38
17.0+0.22
7.6+0.05
27.2+0.44
22.8+0.17
2.4+0.09
6.4+0.14
2.8+0.03
2.6+0.03
4.8+0.03
3.2+0.12
1.2+0.01
1.6+0.01
3.4+0.08
10.9
0.52
147
SIG.

12.8+0.27
15.6+ 0.18
14.8+0.17
18.6+0.13
17.6+0.68
13.2+0.15
14.8+0.17
17.2+0.39
22.8+0.52
8.8+0.10
5.8+0.11
9.2+0.12
7.2+0.05
5.4+0.09
4.2+0.03
13.8+0.54
4.8+0.10
9.0£0.10
6.2+0.07
5.8+0.04
8.2+0.32
7.2+0.08
6.8+0.08
6.6+0.15
10.81
0.655
1.835
SIG.

millet accessionswas found to be 0.40mg/kg to 28.8mg/
kg. The accession 1C120158 has the copper content
(28.8mg/kg) followed by 1C120159 (28.4mg/kg),
1C120200 (24.58mg/kg), 1€C120394 (22.86mg/kg),
1C120207 (22.60mg/kg). Therefore, these accessionsare
useful to fetch the copper deficient regions of globewhere
the foxtail millet is major staple food crop the people.
Themean copper content isto agreat extent higher than
the checks Lepakshi (8.20mg/kg), Prasad (7.20mg/kg)
asshownin(Table1and Fig. 1).

The average grain manganese content is 10.88mg/
kg and it ranges from 1.2 mg/kg to 29.8 mg/kg. The
maxi mum grai n manganese content wasfoundin IC97174
(29.8mg/kg) followed by 1C120150 (27.60mg/kg),
1C120250 (27.40mg/kg), 1C200125 (27.2mg/kg),
1C120251 (26.8mg/kg), 1C120159 (25.4mg/kg) as shown
in(Tableland Fig. 1).

Fig. 1:  Graph showing the micronutrient (Fe, Mn, Zn and Cu)

in foxtail millet accessions (mg/kg)
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Selection of promising high iron containing
accessions for differential gene expression:

Expression profiling of flag leaf molecular analysis
revealed differential expression of metal homeostasis
related candidate genes among accessions and flag | eaf
tissuesat mid grainfilling stage. Four accessions sel ected
for differential gene expression studies for iron
homeostasis related candidate genes expressed in flag
leaf. Out of four accessionsthreeare highiron containing
accessions and one islowest iron containing accession
asmentioned in (Table 2). Flag |eaf total RNA analysis
of these four accessions reveal ed that the regulation of
seven foxtail millet metal transporter genes belongingto
theferritin, ZIP, Y SL, His- rich, NAC familieswith respect
to environmental and genetic factors influencing iron
uptake.

Table?2: Selected accessionsfor differential gene expression studies

Sr. No. Accession Iron content (ppm)
1 1C120235 57.81
2. 1C120355 56.82
3. 1C344225 9.69
4. 1C120239 59.77

Spatial expression of different genes for iron
homeostasis :

cDNA gene specific primers were used for the
differential gene expression profiling and different genes
known for mineral homeostasis have been used in the
present investigation to see the polymorphism nature of
expression. Thesize of ampliconsfound to be increased
with increased iron accumulation and amplicons
corresponding to each genes were described below:

Sipf40:

Our results showed that the Sipf40 expressed only
in high iron containing accessions with amplicon size
(708bp) and found to be not expressed in accession
(1C344225) which has comparatively low iron content
(9.69ppm) (Fig. 2A).

IRT proteins:

IRTlisamember of the ZIP (ZRT IRT-like Protein)
family (Maser et al., 2001). IRT gene was expressed
uniformly in flag leaf tissues of both high and low iron
containing accessions. Our resultsindicate the conserved
nature of IRT family proteinsin foxtail millet. The size
of amplicon in all accessionswasfound to be 180bp (Fig.
2A).

YSL9an YSL super family protein :

Similarly, YSL9 an Y SL super family protein was
found to be poorly expressed among all the accessions
under study. The differential expression of YSL9 gene

sipfao IRT1
A. ’
] & o 5 ] el 3
A a5 5 %3 %] =3 A -5
oS o *,.1 -C‘Qm ‘1@ \1@ o Ky A5V
1as & & & o & L= & oy

Ladger

AP as® el
L o pt
Lick OF o oM

Ladder

Plate :Flag leaf ranscriptome analysis using gene specific primers |- Sigfd0, ond IRTL, N-
¥SLS, ond NAC Il His-rich, ond fervion His-rich expressed differentially in both high and
low iron containing accessions showing two different alleles of sims (297bp) in high iron
contsining accession and [(B00bp) common in both high and low iron contsining
accessions

Fig. 2: Flag leaf transcriptome analysis using gene specific
primers

Table 3 : Differential gene expression of 8 iron homeostasisrelated candidate genes

Sr. No. Expression level Genes Total
1. High expression NAC, Ferritin, IRT, His-rich 4
2 Genotypic variation His-rich, ferritin, YSL, Ferritin 4
3. Poor expression YSL, Spf40 2
4 No expression Wrky, NRAMP 2
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in all accessions doesn’t give any conclusion (Fig. 2B).
Thedifferentia geneexpression of iron related candidate
genesmentionedin (Table 3). Hence, during grainfilling
stage number of genes expressed at different level of
gene expression. Some are uniformly expressed (IRT,
NAC) some are differentially expressed (His-rich,
ferritin). Some are showshigh level of expression (IRT,
NAC, Ferritin, His-rich) with high genotypic variation
and some are shows poor expression (Table 3).

NAC domain containing proteins :

Expression of NAC gene in both high and low
mineral containing foxtail millet accessions except
accession (1C120355), werein it was not expressed at
al . The size of amplicons in all high and low iron
containing accessi ons observed to be (989bp) (Fig. 2B).
Our resultsof NAC genedo not seemto play animportant
rolein mineral homeostasisin foxtail millet.

Histidine and cystein rich proteins :

His-rich domainshave multiplebinding Sitesproviding
attachment to the bivalent ions. In present investigation
two ampliconsof different sizesof his-rich proteinswere
found to be expressed in both high and low iron containing
foxtail millet accessions. One 297bp is found to be
differentially expressedin highiron containing accession
(1C120355). Other high molecular weight (500bp) His-
rich protein gene wasfound to be expressed in both high
and low iron containing accessions (Fig. 2C).

Ferritin gene family :

Ferritin expression wasfound to differ with varying
iron content, different size isoforms were found to be
expressedin different minera containing accessions. The
splicing variants of different sizeswere obtained during
present investigation. The high molecular weight
amplicon of size (880bp) was found in 1C120235
(57.81ppm) followed by (747bp) in IC120355 (56.82ppm)
and (625bp) found in 1C344225 which lowest iron
containing accession (9.69ppm). Further sequence
characterization will be helpful in identifying exact
molecular reason for splicing variants (Fig. 2C).

In silico prediction of hisrich protein :

BLAST results indicate sequence similarity with
Setariaitalica Histidine rich protein RARL like protein
with query coverage of 53 per cent and E-value 2e-76

and 100 per cent identity. Protein BLAST shows
significant sequence similarity with cysteineand histidine-
rich domain-containing protein RAR1-like (Setaria
italica).

The proportions of zinc in kodo millet and foxtail
millet was reported as 19.60mg/kg and 40.4mg/kg
respectively (Banerjee and Chandel 2011). Foxtail millet
showed the highest zinc content among all followed by
Barnyard millet, littlemillet and Finger millet. Minor millets
aresignificantly differsfrom each other for zinc content
and foxtail millet content highest zinc among all small
millets. In finger millet the zinc content is reported as
15mg/kg (Iren, 2004). Astonishingly, in present
investigation we found the range of 7.14mg/kg to
53.98mg/kg for grain zinc content among the sixty six
accessions of foxtail millet whichissignificantly high
as compare to all reported data by various researchers.
Similar results were obtained by (Velu et al., 2007). He
characterized the hybrids and some germplasm lines of
pearl millet for grain micronutrient content. According
to(Velu et al., 2007) the deviation among the germplasm
was recorded for grain micronutrient (for Fe 30.1mg/
kg-75.7mg/kg and zinc 24.5-64.8mg/kg on dry weight
basis) content at ICRISAT, India

Copper isimportant trace element in plant system
and reported in very minute concentrations among the
millets. In pearl millet the copper content is 6.2mg/kg,
finger millet 0.3mg/kg, Proso millet 8.3mg/kg, foxtail millet
9.2mg/kg and in sorghum it is reported as much as
10.8mg/kg (Iren, 2004). Our results reflected that the
values are more significant than the previous data
reported by (Iren, 2004) the grain Mn content of pearl
millet is 18.0mg/kg, finger millet 7.5mg/kg, Proso millet
21.9mg/kg and in sorghum it is 16.3mg/kg.

Transgenic tobacco plants over expressing ferritin
either in the cytoplasm or in the plastids were generated
iron over accumulation. A major consegquence of ferritin
accumulation in transgenic tobacco was the increased
leaf iron concentration and root ferric reductase activity,
akey stepindicotyledonous plant iron uptake (Holden et
al., 1992) and reported that over expression of ferritinin
tobacco increases 3 folds of leaf iron accumulation.
However, in present study the high molecular weight
ferritin amplicon wasfound to be expressed in highiron
accumulating accessions. Thus, the size of amplicons
found to beincreased with increased iron accumul ation.
The barley and wheat encoded proteins have more than
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13 His-rich domains, whereasthe putativerice orthologue
has only 5 his-rich regions. His-rich motifs are well
established metal binding motifs, therefore, we selected
the His-rich proteins for molecular docking to study the
proteinligand docking of ironasaligandinhisrich protein
activesite.

NAC family proteins play important role iron
homeostasisin rice asreported by Chandel et al. (2011).
Similar, findings reported in sorghum by Anuradhaet al.
(2012). NAC constitutes a plant- specific transcription
factor family with ahighly conserved N-terminal DNA-
binding domain. Some NAC proteinshave beenimplicated
in devel opmental programs, metal homeostasi s, drought
stress tolerance, and pathogenesis stress (Uauy et al.,
2006). IRT protein is major root Fe transporter in
Arabidopsisasreported by (Vert et al., 2002. Orthologs
of IRT1 have also been characterized in tomato and rice;
the mRNASs of both genes, like IRT1, accumulatein Fe-
deficient roots (Eckhardt et al., 2001). Although, IRT 1is
ableto mediate the transport of multiple metalsin yeast,
including Fe, Mn, Znand Cd, (Eideet al., 1998). Similar
results were obtained by Chandel et al. (2011). IRT
gene was expressed in roots in mid grain fill stage of
ricegrain devel opment. Whereas, our study indicate that
the IRT was a so expressed in flag leaf but the expression
was found in both high and low iron containing
accessions. Hence, some regulatory proteins or
transcription factorsmay expressin flag leaf tissuesaong
with IRT proteins and involved in iron homeostasis.
However, some researchers reported that YSL family
proteins are expressed in both strategy-1 and strategy-I|
plants and transports the iron across the plasma
membrane. At thetissue level, OsYSL 2 is expressed in
the companion cells of the phloem suggesting arolefor
OsYSL2 is the transport of Fe and Mn in the phloem
(Koike et al., 2004).

Aizat et al. (2011) wasidentified agenefrom barley
encoding acell wall protein with multiple His-rich motifs
interspersed with short arabinogalactan protein (AGP)
domains and called it Hordium vulgare His-rich AGP
(HVHRAL). Sequence analysisshowsthat His-richAGPs
are very rare in plants and that the number of His-rich
and AGPdomainsdiffer between cerealsand dicots. His-
rich motifs are well established metal binding motifs;
therefore they developed transgenic rice plants that
congtitutively over expressbarley HYHRA. Micronutrient
analysis of brown and white rice showed that the grain
nutrient yield for Fe, Zn and Cu was higher in two
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transform lines compare to their respective nulls. They
investigate that His-rich arabinogalactan protein for
micronutrient biofortification of cereal grain and reported
3-foldsincreased iron content by transferring the HYAGP
(Hordiumvulgare) intorice.

Hence, present study will found to be hel pful to study
themineral sequestrationin crop plants. The dataisuseful
for breeders to establish suitable breeding programme
for nutritiona improvement of foxtail millet accessions.

Conclusion:

Dueto richnessof important micronutrientslikeiron
and zinc along with previoudly discovered health benefits,
minor millets can be one of the magic cereal foods to
combat micronutrient mal nutrition. Based on thefinding
of this study, it can be concluded that foxtail millet is
superior cereal grain with good nutrient profile and hence
will be worthy addition to one’s diet. Enhancing
micronutrient inthediet by usingminor millet cereal foods
inthe diet to ensure adequate attainment of iron and zinc
seems to be most suitable strategy to combat
micronutrient mal nutrition. Additionally, owingto their
high nutritive value, foxtail millets can also serve as
source of new genesor morevaluable alleles of existing
genes, which can be further utilized by transgenic
program to improve micronutrient content in the
dominated foods.
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