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ABSTRACT

Foxtail millet (Setaria italica L.) is an important food and fodder grain crop fid@and semi-arid regions of Asia
and Africa. Being an elite drought-tolerant cragxthil millet is thought to be an excellent expegittal model in studying
abiotic stress tolerance system. In recent yeami-quantitative RT-PCR has emerged as a verstidbnique in
transcriptomics, as it can generate rapid measureaienRNA levels in minimal tissue samples. Thegent study deals
with semi-quantitative RT-PCR of gene specific neaskfor drought stress viz. DREB1 and DREB2 in twmtrasting
foxtail millet accessions 1C97109 and IC97189. Biase the IDV values, the relative upregulation dREB2 due to
dehydration stress in tolerant accession was foohe 7.86 % whereas, DREB1 showed the relativegupation of about
18.67% respectively. DREB1 and DREB2 showed highgression in both unstressed and stressed candititolerant
accession, 1C97189. Analysis on the expressionilimpfof these genes revealed that the expressfogenoes was

upregulated by water stress treatment, suggesteigrole in drought tolerance 8étaria italica L.
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INDRODUCTION

Foxtail millet (Setaria italica L. Beauv) is one of the oldest cultivated millebpgs serving as food grain in Asia
and as forage/fodder in America, Australia and @&frianking second in the world’s total productiénmillets after pearl
millet. India ranks second after China in the warldmall millet production with Tamil Nadu and Amé Pradesh as the
leading producers. It is an important food and &rdgiain crop in arid and semi-arid regions of Amia Africa. Being an
elite drought-tolerant crop and the attributes Bkeall genome (1 C ~ 515 Mbn2 2x = 18), low amount of repetitive
DNA, a highly conserved genome structure relatovéhie ancestral grass lineage, inbreeding natuleshart life cycle,
makes foxtail millet an excellent experimental modein studying abiotic stress tolerance
(Devos et al., 1998; Jayaraman et al., 2008; Detust, 2009; Li and Brutnell, 2011; Zhang et al., 20ll&ta et al., 2013).

The adaptation of foxtail millet to low water cotidhs has been ascribed to its relatively small é&&aa, the cell
arrangement in its epidermis, its thick cell wadlad its ability to form a dense root system (1997). Also, the water use
efficiency of foxtail millet has been shown to biler than that of maize, wheat, and sorghum (Gal.et1987).
However, the molecular mechanism underneath afridsight adaptation is still not clear. Understagdinought tolerance
at molecular level particularly identification aflevant genes in foxtail millet is likely to paveetways for mitigating the
drought stress losses in major crops. An extergévenplasm collection of the crop is available, jdowg opportunities to
study the various biological processes and to fetghthe molecular mechanism underneath its toteramhe biological

differences among the genotypes used, plant grosahditions, stress treatment conditions and thedtection
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methodologies may result in variation in extenswéss adaptive mechanism. The tolerant specieermgss some novel
stress responsive genes. Hence, comparison ofegggmession profiles between contrasting genotypesptovide much
information in understanding the spatial and terappatterns of gene expression required for abisiiiess tolerance
The identification, manipulation and comprehensidbgene expression patterns would play an impogaritin unlocking

the mysteries of drought responses and adaptation.

First report about analysis of differentially exgged transcripts (early- and late- induced) indibxhillet cv.
Prasad after dehydration stress was given by ledtal. The previously reported as well as unknoeneg suggests their
function in possible regulation of dehydration adéipn in this crop (Lata et al., 2010). Variouskmown genes in
response to abiotic stress have been reportediaiffonillet. Zhang et al. (2012) identified 586rgs that were predicted
to have roles in stress responses. Qi et al. (2@hdlyzed the whole transcriptome of foxtail millst using the next
generation deep sequencing technology and idethtiiéotal of 2,824 genes with drought-responsivaression patterns
(Qi et al., 2013). Differentially expressed signglipathways of up-regulated genes in foxtail milledre studied and

significantly up-regulated genes were identifiedVimgu-1 in response to rust in foxtail millet (Ltia., 2015).

To gain a better understanding of the moleculapamses of this crop to dehydration stress, varioathods
based on transcript profiling can be used for thalysis for differentially expressed genes. In fhesent study,
semi-quantitative evaluation of the relative mRN&@amulation shows upregulation of genes involvedtiass tolerance.
The genes studied here for the tolerance mechastisming higher expression can be explored in dgvaémt of tolerant
lines by MAS as a functional marker and can alsawded as candidate genes for development of watssstolerant

transgenics in other related crops.

MATERIAL AND METHODS

Plant Material

The experimental material of the present investigatomprised of foxtail milletSetaria italica L.) accessions
procured from National Bureau of Plant Genetic Reses, Regional station, Akola. Two contrastingtédxmillet
accession 1C97189 (tolerant) and IC97109 (susdeptifcollectively based on the physiological anddhiiemical
screening) (Gawai et al, 2013) were planted irdit@pe in pots (20 litre capacity) separately. Rotse watered normally
(once per day) until the plants attain 21day peridbde 21-day-old seedlings were subjected to waiien-holding
experiments for a period of 9 days. Water treatnsented as the control designated as unstressed $d&dlings were

sampled by harvesting and freezing immediatelyguidl nitrogen and stored at -80°C for RNA isolatio
Total RNA Extraction

Total RNA was isolated using TRIzol (Invitrogen, A)Susing a manufacturer’'s protocol with minor
modifications and the concentration was determingsidg nanophotometer (IMPLEN, Germany). Followingdraction,
the isolated total RNA was electrophoresed in 1d&¥aturing agarose gel to check for RNA quality entelgrity. cDNA
was synthesized using First strand cDNA synthesiaskper manufacturer’s instructions and oligoiddImer primer and

stored at -20°C for further use.
Semi-Quantitative RT-PCR

Gene specific markers for drought stress studielibedn various crops were utilized which consistef DREB1
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and DREB2. Reference genes for quantifying geneessiion and to ensure proper normalization wetsedi (Table 1).
Semi-quantitative RT-PCR reactions were carriedvatht 20 ul of the reaction solutions using gene specificrgris andy
tubulin and EF-& gene primers as internal controls. The reactios pexformed by adding following components in order
to sterile thin-walled PCR tubes for each PCR aifigglion reaction: 12,8 of RNase-free water, 2 of 10X PCR Bulffer,
1.2ul of 50mM MgSQ, 2.Qul of dNTP mix (2mM each dNTP), Qubof upstream primer (0.ig/ul), 0.5ul of downstream
primer (0.1ug/ul), 1ul of experimental first-strand cDNA reaction, QL2of Taq polymerase (5U/ul). The annealing
temperature for each primer and amplified fragnstre is given in Table 1. Amplifications were perfed by a cycles
of: 5.00 min at 94°C followed by 39 cycles each2omin at 94°C, 2 min at 50 -53°C, and 3 min at 7246d final

extension of 15 min at 72°C .

Table 1: Drought Stress Specific Gene/TFs Primersdéd During the Present Investigation

SN Gene Sequence Annealing Temp Reference
Forward GCCTTGTAGTCATTTGGTGGTTT o
1. | DREBZ Iooierse | CTCACAACTCCTTTTCTCAAGCT S1°C Lata et a).2010
Forward GGAGCAAGCAGAAACACACA

2. DREB1 | Reverse GCATCGGAAGCCAGAAAAGA 52°C Nawaz et 312014
Reverse GCTGGTTTGTCTGGTGGGAT
Forward TGACTGTGCTGTCCTCATCA

Reverse GTTGCAGCAGCAAATCATCT
Forward TACCAGCCACCATCTGTTGT

Reverse GGTCGAACTTGTGGTCAATG

50°C Kumar et al., 2013

3. EF-lo

50°C Kumar et al., 2013

4, TUB o

Gel Electrophoretic Analysis and Gel Elution

Separation of amplified fragments was carried @ingiBio-rad gel electrophoresis assembly. PCR #iggtion
products were analyzed by agarose gel electroploogs 1.5 % agarose gel stained with ethidium bdenrsolution
(0.5pg/ml). The gel was run in 1X TBE buffer at 70-80¢dor 45 minutes to 1.5 h. Standard ladders @bjpland 1kb
from (Fermentas') sizes was used. Gel Doc system (Alpha innoteca$ wsed for further analysis. The computer

program AlphaEaseFC (From Alpha Innotech) was tsedsualize, score and analyse the results.

Scoring Amplicons

Differential analysis on the basis of number of dogms (present/absent) as well as differencesnipliaon
intensities to understand differential expressiattgyn in stressed and unstressed of tolerant asweptible foxtail millet
accessions was done. For TDFs those were exprdgga@ntially with change in amplicons intensitieere analyzed by
densitometric analysis. This analysis based onl pitensities of bands produced intensity deriveduges (IDVs) in
AlphaEaseFC (Genetic technologies Inc.) image @sing software. The relative intensity of amplififdhgments
provided basis for quantification of level of exgg®n of gene as high, moderate, low and negligiBlenerated values

were used to compare intensity of gene expressiduriher studies.
Gel Elution, Sequence Characterization and Bioinfamatics Studies

Gel elution of amplicons of interest was perfornusthg Qiagen gel elution kit as per the manufastpretocol.
Sequencing was done through GeneOmBiotech, Pumia. |The sequences were accessed using Bioedivaseft
The sequences synthesized using reverse primees aeerverted in reverse complement using Bioeditwso€. NCBI

Blast tool was used for homology searches. Paie vaignment was done using Clustalw sequence aéghrtool
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available at EBI (European Bioinformatics Instijute align the recovered sequences with the segsensed for primer

designing.
RESULT AND DISCUSSIONS

Even though the drought-tolerance capacity of fbxtaillet is ascribed to its cellular and morphoica)
characteristics (Li, 1997), there have been vesy &udy on differentially expressed genes thaaitmrought tolerance to
foxtail millet. Semi-quantitative RT-PCR has emefges a versatile technique in transcriptomicst aan generate rapid
measurement of mRNA levels in minimal tissue samplifferential gene expression pattern was studigdusing
candidate genes involved in drought tolerance tedoearlier in other related crops. Strikingly, genthat were

significantly upregulated under drought stress sitbmuch higher expression in tolerant than in qutgle accession.

As the initial step in expression studies is isotabf good quality RNA, the RNA extracted in tisisidy met the
quality requirement for semi-quantitative RT-PCRalgis based on the agarose gel electrophoresisalphd imager
analysis. Amplification products presented in alietions indicated that the reaction conditiongpéetb here were suitable
for the analysis of differential expression in faktmillet. There were neither primer-dimers noe tbccurrence of
non-specific amplifications. To confirm the nornsaliion of cDNA, appropriate internal control geiie lo. tubulin and
EFla were used which showed constant expression imags&td and stressed condition and hence the naatiati were

found to be accurate.

In the present study, semi-quantitative evaluatiérthe relative mRNA accumulation of two genes nigme
DREB2 and DREBL1 induced by dehydration stress veafopmed. Tolerant accessions showed higher expreksvels of
drought responsive genes/TFs in stressed conditibne gene studied here was DREB i.e. DehydratiespBnsive
Elements which have been reported to be involvedaiious types of abiotic stress responses via ARRpendent and
ABA-independent pathways (Shinozaki and Yamagudttin& aki, 1997). The DREB transcription factor fams one of
the largest and is broadly divided into DREB1 andHB2 sub families and each sub family contain sdvearalogs.
In the present study, the DREB2 primer amplifiefdlagment of 215 bp, whereas, DREB1 amplified arragt of 500 bp
in the selected contrasting accessions in unsttemsé stressed conditions. RT-PCR analysis showagpeegulation of
transcript in stressed condition in both the adoess(Figure 1). Based on the IDV values, qRT-P@Rlysis of DREB2
showed the relative upregulation of about 7.86 % thudehydration stress in 1C97189. Whereas, DREf#wed the
relative upregulation of about 11.80% (Figure 19ttBDREB1 and DREB2 showed higher expression ih biostressed
and stressed condition in tolerant accession, 1897The up-regulation of these transcripts in tierant cultivar clearly

suggests their role in providing dehydration stterance to the selected accession.

Hence induction of these transcripts suggeststtiee genes might impart drought avoidance capézithe
tolerant accession in comparison to the sensitive, @s the expression analysis of up-regulatedsdrgots between
drought tolerant and susceptible cultivars uponydedtion stress suggests their function in dehyainaadaptation and

tolerance in foxtail millet (Lata et al., 2010).

Sequence characterisation of the drought respangiates was done to confirm that the results oflificapion
are not contaminated with foreign DNA. For DREBZ were able to sequence a stretcR1d& bp with respect to 200 bp

product length respectively. . This may be dueeyyminor modification in nucleotide sequence @ tfene that has been
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taken place during evolution process. Insertiosashe nucleotides that occurred at 3' end may hikeof§equences may be
reason for the increase in length of PCR produRatabase analysis of DREB2 with BLAST revealed thatdeduced
sequence has high homology to PREDICTED: Setaaficdt dehydration-responsive element-binding prot2iA
(LOC101780153) with an identity of 89% agdery coverage of 68 %. However the sequencindtsefen DREB1 were
difficult to reproduce regardless of repetitive exments. This may be due the differences in gereotysed for actual

experiments and primer designing.
CONCLUSIONS

Water withholding experiments in plants can sinmikatseries of physiological and biochemical reastieading
to expression of genes related to drought-tolerabifferential gene expression of genes involveddiought stress
tolerance yielded valuable information about pgrtiton of these genes in providing tolerance gbiid foxtail millet.
These genes were found to be more active in greiise. The high expression of these genes undess stondition
confirms their role in drought tolerance. Here,hotite genes showed considerable upregulation, henaosidering their
importance in drought stress tolerance, more detastudy of their role in drought tolerance shob#l carried out.
Further validation of these genes could help imidiging the potential candidate genes involveddiought tolerance.
More emphasis should be given on analysis ofcikeegulatory elements in the promoter region of ¢hgsnes showing

high expression which could help to fetch the reasshind their tolerance.
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APPENDIX
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Figure 1: Semi-Quantitative RT-PCR Profile Of Drought Related Candidate Genes Samples from Two Contréieg
Foxtail Millet Accessions, IC-97109, IC-97189 in Rsponse to Water Stress Were Run on 1.5% Agarose Gel
Graphs Show Differential Expression of DREB2 and DIEB1; A Tubulin and EF1 o Used as Internal Controls; US:
Unstressed; S: Stress
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