


Efficient and Cost-Effective DNA Extraction methods from Pearl millet leaves
[bookmark: _GoBack]
Abstracts
DNA extraction is very tedious process of different plant species because the presence of secondary metabolites and huge amounts of phenol that create the difficulty of DNA isolation. In molecular biology the DNA isolation is very crucial steps and their application viz. gene amplification, DNA restriction digestion, and gene cloning. A simple cost-effective and efficient method are required for isolation of genomic DNA of Bajra. The present work relatively rapid, simple, cost-effective, time saving, methods for DNA isolation from old and young leaves of Bajra genotypes without using liquid nitrogen in extraction buffer. Using this methods, high quality and quantity of genomic DNA was get from (were taken)1.0 g of old and young leaves and extracted total genomic DNA was amplified by employing SSR markers, which produced reproducible results. This protocol resolves the basic problems of DNA degradation, RNA contamination, and low DNA yield due to binding and/or co-precipitation with starches and complex polysaccharides.
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Introduction
Pearl millet (Pennisetum glaucum L.) is a major crop grown mainly in the arid and semiarid regions of Asia and Africa. In India bajra (Pearl millet) is the 4th most widely grown food crop after rice, wheat and maize. It’s an important small grained C4 plant belongs to the grass family poaceae (graminae) and subfamily panicoideae. Pearl millet is a diploid (2n=2x=14), cross pollinated, high tillering, polymorphic has a short life cycle, a large genome size approximately 1.76 GB and an outbreeding nature [1]. Pearl millet has several nutritional properties compared to other cereal grains (Figure 1) and excellent source of inorganic and organic nutrients and a cost-effective source of energy.
Total nucleic acids isolation is prerequisite steps in evaluation of genetic diversity, marker-assisted selection (MAS), Genetic purity analysis, quantative trait loci (QTL) analysis, conformation of transgenic and germplasm identification in modern breeding programs. High throughput molecular studies like MAS, QTL mapping and other genomic analyses often necessitate processing hundreds to thousands of samples required rapid and cost-effective DNA isolation protocols. Several researchers [2, 3, 4, 5,6] have explain DNA isolation protocols are mostly used in plant biotechnology and/or plant molecular biology, but available different methods comparatively expensive, used hazardous chemicals, time consuming, involved multiple steps, required expensive enzymes and used liquid nitrogen for grinding the samples [5, 7, 8].  
Various research (3-7) has defined DNA isolation technique play key role in molecular biology and plant biotechnology. The DNA isolation many methods are available but they are relatively costly, involved hazardous reagents, time consuming, require multiple procedural steps, even utilize expensive enzymes and often depend on liquid nitrogen for sample grinding.
The Cetyl-trimethyl-ammonium bromide (CTAB) is most commonly used surfactants in DNA isolation include the lyses of cell wall and cell membrane, which release the genetic material into extraction buffer. CTAB protocols are very famous methods for plants DNA isolation, including other organism such as bacteria, Fungi, nematods, and animals [9, 10, 11, 12]. Though CTAB protocols have been widely used and effective isolated total genomic DNA from various plant species, they are time consuming, laborious, simple, and cost effective especially in resource limited laboratories [6, 13, 14, 15].  Some protocols have been informed to reduce the DNA isolation steps but required more amount of plant tissue samples, phenol, beta-merceptaethanol and liquid N2 [16]. The modified CTAB isolation protocols employing high concentration of salts to used removed polysaccharides because huge quantity of polysaccharide in samples the problematic at the time of PCR reaction. 
A number of protocols are available and are being developed for extraction of genomic DNA from plants. While, diverse plants contain different amounts of DNA, high-quality nucleic acids is a requirement for marker assisted selection, biotechnological application, molecular biology practices such as DNA restriction digestion, gene cloning, PCR amplification, DNA fingerprinting, southern blotting etc. Different total genomic DNA isolation methods have been developed for pearl millets [23, 24]. But extraction of high molecular weight, high quality genomic DNA from pearl millet having higher amounts of polysaccharides, polyphenols, secondary metabolites is a major problem and big challenge in PCR amplification. However, in the protocols provided by [17, 18, 19], the concentrations of nucleic acids from cereal crops viz. rice, wheat and maize were relatively low. Therefore, a protocol for extracting genomic DNA from young or old, fresh leaves samples that is applicable to a variety of plants, regardless of the complexity of their genomes is presented. The objective of this study was to develop a simple an efficient and rapid method to isolate DNA under normal laboratory condition from small amount of tissue for large number of samples.


Material and Methods
Materials 
In current study we were used the Bajra [Pennisetum glaucum (L.) R. Br.] plant material of young (Figure 2) stage top most miner developed leaf grown in fields conditions for isolation of DNA. All leaves sample were collected from grown in fields conditions Pearl millet 15 day to 3-month-old plants, collected leaf sample wrapped in aluminum foil and kept at environmental temperature or ice pack.  
Primers
Isolated genomic DNA were amplified with SSR markers and specific primers (Table:  1.0).
Table 1.0 List of four SSR primers pairs utilized for amplification of pearl millet genomic DNA extracted from five entries used in the study.

	Primers
	Forward
	Reverse

	IPES0034
	CCACAGGAGGAAAGAACACC 
	AGCACCGTGAACACAACAAC 

	IPES0012
	TCAAATGCACGCCTAAGAAA 
	TCACCCGAAATGTCACAAGA

	ICMP3028
	ACGATTCTTCGTCGTTCCAG 
	ATACGATACGCGCGAGCTAC

	ICMP3013
	TGTGGGAGAGAGGAGAGTCC 
	CGCGAGATGATGTGTGGT



Reagents 
1. 1M Tris-HCl (prepared using 7.88 g Tris-HCl dissolved in 45 ml deionized water & pH 8.0 adjusted using 2N HCl and/or 3M NaOH solution, makeup the 60 ml volume with double distilled water). 
2. 0.5M EDTA (pH 8.0) (prepared using 9.34 g of EDTA dissolved in 40 ml de-ionized water and 50 ml final volume makeup with de-ionoized water). 
3. The 3M NaOH and 2N HCl solution was used to adjust the pH to 8.0. 
4. The 2.0 M NaCl (23.16 g NaCl added into 70 ml of de-ionized water and adjudged the final volume to 100 mL with de-ionized water); 
5. 3% CTAB (3 g CTAB dissolved into 100 ml de-ionized water); 
6. 2 % PVP (2 g PVP dissolved into 100 ml de-ionized water)
7. 70% ethanol (70 ml absolute ethanol mixed with 30 ml de-ionized water. 
8. The 3X extraction buffers was prepared by using 3 % (w/v) CTAB solutions 2.5 % PVP, 1MTris-HCl (pH8.0), 0.5M EDTA (pH 8.0), and 2.05M NaCl (Table-2). Another solution chloroform: isoamyl alcohol (24:5) (CI) (Table 3), stock and working solution of 50X TAE (Tris-acetate- EDTA) buffer were prepared as Table 4.0, and 1X TE buffer (Table 5) their composition and preparation are available.
DNA extraction procedure
The young leaves were collected from 30 to 35 days old plants raised in the field, wrapped in aluminium foil and kept immediately in a box containing ice. 0.5-1.0-gram fresh young leaves (Figure 2) sample were grind in mortar and pastel in 1000 µl 3X preheated extraction buffer and 1000 µl extraction buffer added after grind the samples.
Table 2: Composition (only for 100ml) and Preparation of 3X CTAB extraction Buffer.
	Reagent
	Weight in gram
	Stock Solution
	Final Concentration in 100 ml
	100 ml preparation

	NaCl
	12.0
	5.13 M
	2.05 M
	40 ml

	EDTA
	4.65
	0.5 M
	20 mM
	10 ml

	Tris-HCl
	3.94
	1.0 M
	100 mM
	10 ml

	PVP
	2.5 (w/v)
	---
	2.5 %
	2.5 g

	CTAB
	3 (w/v)
	---
	3 %
	3.0 g

	Double Distilled Water
	---
	---
	40 ml*

	Final Volume 
	100 ml


*Water amount more or less as required to maintain 100 ml final volume.

Table 3: Composition of fresh Chloroform: Isoamyl alcohol (24: 5) 
	S.N.
	Reagents
	100  preparation

	1. 
	Chloroform
	82.76 ml

	2. 
	Isoamyl alcohol
	17.24 ml

	Total
	100.0 ml


*Note store in refrigerators at -4 ℃
Table 4: preparation of the 50X and 1X TAE Buffer
	S.N.
	Reagent
	2 Litre 50X Buffer
	1 litre 1 X TAE Buffer

	1. 
	Tris Base (pH 8.0)
	484.80 g
	20.0 ml TAE + 980.0 ml double distilled water DDH2O

	2. 
	Glacial Acetic Acid
	114.60 ml
	

	3. 
	EDTA (0.5M) at pH 8.0
	200.00 ml
	



Table 5: Composition and Preparation of the 1X TE Buffer
	S. N.
	Reagents
	Stock Solution (M)
	Final Concentration (mM)
	250 ml preparation

	1. 
	Tris-HCl (pH 8.0)
	1.0
	10 mM
	2.5 ml

	2. 
	EDTA (pH 8.0)
	0.5
	1.0
	0.5 ml

	3. 
	dd H2O
	----
	---
	247 ml

	Final volume                                                          
	250 ml 



The homogenised mixture transfer in 2.0 ml eppendorf centrifuged tube and the content were mixed gently by swirling and inverting the tube and incubated at 65 ˚C in water bath for 45 min to 1 hour with occasional mixing at 10 to 15 min interval. The tube was taken supernatant and equal volume of Chloroform: isoamylalcohol (24:5) was added [22, 23, 24, 25].  The content was mixed by inversion tube and centrifuged at 10,000 rpm for 10 min. The clear supernatant aqueous layer was transferred to new tubes and re-extracted with an equal volume of CI and centrifuged at 10,000 rpm for 10 min. The supernatant was transferred into new tubes mix 2/3 volume of isopropanol was added and mixed gently by inverting the Eppendorf tube and placed at -20 ˚C for 40 min. Genomic DNA was pelleted by centrifuging at 10,000 rpm for 10 min and the pellet was wash with 400 µl 70% ethanol and centrifuge at 10,000 rpm for 5 min. The DNA pelleted was air dried and dissolved in 30 µl TE buffer by gentle tapping and isolated genomic DNA was stored at -20 ˚C for further use. 
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Figure 1: Depicted the picture of selected seed of Bajra varieties. 
Determination of isolated DNA quality purity and yield,
The concentration of extracted nucleic acids (ng/ul) were determined on wavelength of 260 nm and 280 nm using nanodrop. Purity of DNA was estimated by ratio of absorbance at 260 nm wavelength and 280 nm (Table 6). The determination of quality of isolated DNA is essential to assess the suitability of good quality DNA for PCR amplification. The isolated genomic DNA samples were subjected to electrophoresis through agarose gel to assess the quality of DNA isolated from the young leaves of plant achieve from the genotypes under evaluation in the present study. The DNA sample 3 µl were mixed with 1/8th volume of 6 X DNA gel loading dye and was loaded onto 0.8 % agarose gel containing of ethidium bromide (EtBr), in a submarine horizontal electrophoresis unit filled with 1X TAE buffer. Electrophoresis was carried out at 50V for 35 min. The gel was viewed under UV light to detect the quality of DNA. The DNA fragments were visualized as fluorescent bands because of fluorescence of ethidium bromide intercalated between major groves nitrogenous bases of DNA under UV light. Appearance of a single, sharp band of high molecular weight without smearing indicated the extraction of a good quality DNA sample with uniform segment size and less damage during extraction process.
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Figure 2: Plant leaves sample used for Genomic DNA isolation 
Table 6 Quality determination of DNA by the spectrophotometer 
	Sl. No
	Pedigree
	A260
	A280
	A260/A280 Ratio
	DNA Concentration (ng/ml)

	1
	Baif Bajra
	0.040
	0.022
	1.818
	100.0

	2
	Gaint Bajra
	0.043
	0.023
	1.869
	107.5

	3
	Nutrifeed Bajra
	0.039
	0.021
	1.857
	97.5

	4
	Moti Bajra
	0.042
	0.022
	1.909
	105.0

	5
	Rajko
	0.039
	0.020
	1.950
	104.8


Separation of amplified genomic DNA through agarose gel electrophoresis
	Amplification of DNA was carried out using standard protocol of polymerase chain reaction (PCR) adjusted to laboratory conditions. The amplification was carried out in a thermal cycler using 15 μl of reaction mixture (Table 7). The reaction mixture was prepared by varying the components involved in composition of reaction mixture. The primer vials were centrifuged before and after the addition of 1X TE buffer to the vials. After dilution the concentration of each primer stock solution was obtain as 100 μM. The diluted primers were stored at -20 0C.
Table 7: Composition of PCR reaction mixture (15 μl)
	Sl. No.
	Components
	Volume (μl)

	    1
	Water (Protese and Nuclease free)
	3.5

	    2
	5X PCR Buffer
	3.0

	    3
	MgCl2 (10 mM)
	1.6

	    4
	dNTPs (200 μM)
	3.0

	    5
	Primer F (5 μM)
	0.8

	    6
	Primer R (5 μM)
	0.8

	    7
	Taq DNA polymerase (1 unit)
	0.8

	    8
	Template DNA (Diluted1 : 9 (DNA:H2O))
	1.5

	
	Total 
	15.0 µl


The polymerase chain reaction was performed with the help of microsatellite sites based 3 pairs of forward and reverse simple sequence repeat (SSR) primers. The amplification was carried out in a thermo-cycler using the program standardized for this purpose. The amplified product was separated using 2.0% agarose gel with ethidium bromide as staining reagent. The amplified product with expected product size above 100 bp was subjected to 2% gel electrophoresis at 70 V for an hour and then visualized and documented in gel documentation system. The size of the amplified product was estimated with the help of a 100 bp ladder. 
Result and Discussion
The superior quality of genomics DNA per sample was obtained from young leaves of five pearl millets (Pennisetum glaucum) genotypes and amplified using four SSR markers viz. IPES0034, IPES0012, ICMP3013 and ICMP3028. The amplified products were observed in all samples tested with little variation in intensity of the amplified bands. After amplification IPES0034 produced 250 to 270 bp, IPES0012 produced 200 to 230 bp, ICMP3013 produced 150 to 180 bp, and ICMP3028 produced 170 to 180 bp polymorphic product and allelic size difference, 20, 30, 30 and 10 bp respectively (Figure 4) [24, 25].  Here is described a simple, easy, cost effective and reproducible procedure for PCR amplification of pearl millets genomic DNA, that also is applicable for other plant genomes. 
DNA samples prepared using the extraction procedures lane 1. Baif Bajra, 2. Gaint Bajra 3. Nutrifeed Bajra 4. Moti Bajra and 5.  Rajko bajra genomic DNA in Figure 3 were subjected to PCR amplification using different primers viz. IPES0034, IPES0012, ICMP3013, and ICMP3028 respectively. All the genomic DNA samples produced a clear, sharp, and reproducible PCR product when the primers were used for PCR amplification (Figure 4). 
 	Different type of DNA isolation and purification protocols are available for plants however, the better results were obtained with those utilized CTAB [1, 5, 7, 16, 19, 20]. In this experiment is concerned with minor modification of CTAB method to isolated and purified genomic DNA without using liquid nitrogen (N2), β-mercaptoethanol, and phenol. The salt (NaCl) concentration was high (2.05 M) which extracted good quantity genomic DNA. The main function of NaCl in extraction buffer is the removal of glycoproteins, proteins and carbohydrates which are associated with genomic DNA. High concentration of polyvinylpyrrolidon form H-Bond with phenolic metabolites and prevent the plant genomic DNA contamination by phenolic metabolites [16, 17,18, 19, 21, 23]. There are several advantages in using genomic DNA extraction protocol is suitable for polymerase chain reaction (PCR) genotyping, which can be employed for the recognition of alleles in diverse genetic, breeding and biotechnological approaches, viz. marker assisted selection (MAS), quantative trait loci (QTL), genetic mapping, and Transgenic screening, mutant introgression [13, 18, 21, 24]. All four microsatellite markers show very good amplification and polymorphism with the DNA extracted through this method. Therefore, this method should be recognizing as a good rapid and inexpensive method for DNA extraction from pearl millets leaves.
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Figure 3: Crude genomic DNA isolated from five different varieties (1. Baif Bajra 2. Gaint Bajra 3. Nutrifeed Bajra 4. Moti Bajra 5) isolated from young leaves of Pearl millet.
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Figure 4: Amplification of genomic DNA with selected four different primers A. IPES0034 B.  IPES0012 C. ICMP3013 D. ICMP3028 with M= Marker and selected five genotypes 1. Baif Bajra 2. Gaint Bajra 3. Nutrifeed Bajra 4. Moti Bajra and 5. Rajko respectively.
Conclusions
In summary, the procedure for pearl millets total genomic DNA extraction described here could be a trusted and reliable protocol to work well for analysis without using liquid nitrogen, 2-mercaptoethanol and Phenols. High salt (NaCl) concentration cause protein to denature and aggregate making to easier to separate from DNA. NaCl provide positive charged ions (Na+) that prevents DNA strands from repelling (DNA strand negative charged due to phosphate backbone) each other.
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