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ABSTRACT 

 

Finger millet is an allotetraploid. It is an important food among 

people. It has a low glycaemic index and has several medicinal properties. 

Finger millet has become the centre of scientific research of late because of 

its superiority over other cereals with respect to grain properties and 

abiotic stress tolerance. Molecular biology inputs like use of markers for 

finger printing and diversity analysis have been employed on finger millet. 

In the present study five different genotypes obtained from International 

Crop Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, 

Hyderabad, and twenty different OPA primers were taken to perform 

multiplex PCR (MPCR). OPA P8, OPA P9, OPA P11, OPA P15 and OPA P17 

were the primers which showed polymorphic bands and were taken for 

multiplexing. Combination of two (duplex PCR) and three (triplex PCR) 

primers were taken. The results indicate that with a greater degree of 

refinement of multiplex PCR conditions several, genotypes can be 

distinguished in a single tube reaction.  
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Chapter-1 

INTRODUCTION 

 

A great increase in our knowledge of cereal genetics and our understanding of 

structure and behaviour of cereal genomes has led to the development of molecular 

techniques. These molecular techniques, in particular the use of molecular markers 

have been used to monitor DNA sequence variation in and among the species and 

create new sources of genetic variation by introducing new and favourable traits from 

landraces and related grass species. The techniques used to identify markers linked to 

useful traits and improvement in marker detection system has enabled great advances 

to be made in recent years (Korjun et al., 2001).  

Recent developments in DNA technologies have made it possible to uncover a 

large number of genetic polymorphisms at the DNA sequence level, and to use them as 

markers for evaluation of the genetic basis for the observed phenotypic variability. The 

markers revealing variations at DNA level are referred to as the molecular markers. 

Based on techniques used for detection, these markers are classified into two major 

categories: Hybridization-based markers and PCR-based markers (Kumar et al., 2009). 

Because of the unique genetic properties and methodological advantages molecular 

markers are more useful and amenable for genetic analysis compared to other genetic 

markers (Gupta and Rustgi, 2004). 

Hybridization-based markers such as restriction fragment length polymorphism 

(RFLP) and PCR-based markers as random amplification of polymorphic DNA (RAPD), 

amplified fragment length polymorphism (AFLP) and micro satellite or simple sequence 

repeat (SSR), and sequence-based markers as single nucleotide polymorphism (SNP) are 

widely employed. The majority of these molecular markers has been developed either 

from genomic DNA libraries (e.g. RFLPs and SSRs) or from random PCR amplification of 

genomic DNA (e.g. RAPDs) or both (e.g. AFLPs). These DNA markers can be generated in 

large numbers and can prove to be very useful for a variety of purposes relevant to crop 

improvement (Jain et al., 2002). 

Multiplex polymerase chain reaction (MPCR) is a modification of polymerase 

chain reaction in order to rapidly detect deletions or duplications in a large gene. This 
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process amplifies genomic DNA samples using multiple primers and a temperature-

mediated DNA polymerase in a thermal cycler. Multiplex-PCR was first described in 

1988 as a method to detect deletions in the dystrophin gene (Chamberlain et al., 

1988). It has also been used with the steroid sulfatase gene. PCR multiplexing has been 

applied in many areas of DNA testing including the analysis of deletions, mutations, and 

short tandem repeats (STRs). In 2008 multiplex-PCR was used for analysis of micro 

satellites  and SNPs (Chamberlain et. al., 1988). 

Finger millet (Eleusine coracana L. Gaertn.) commonly referred as ragi or 

mandua ranks third in importance among millets after sorghum and pearl millet in India 

(Gupta et al., 2010). Finger millet subspecies coracana belongs to family poaceae and is 

considered a native crop of Central Africa (Hilu and Dewet, 1976). It is highly nutritious 

as its grain contains carbohydrate, protein, fibre and minerals. It is the main food grain 

for many people, especially in dry areas of India and Sri Lanka. Eleusine grain is rich in 

protein, fat and minerals (Dullo et al., 2008). 

             Finger Millet is a staple food crop in many communities. It is a nutritious food. It 

is a rich source of calcium and iron. It is good for those allergic to milk and dairy products. 

The plant is used as a vegetable for domestic use, traditional medicine and chemicals 

(Bewely et al., 1994). The high fibre content slows the rate of digestion providing energy 

for a long time after consumption. Due to rich cellulose it is excellent medicine for 

constipation (Ramma, 2009). Foods from finger millet have a low gylcaemic index and are 

good for diabetic patients (Chandrasekhar, 2010).   

 It is mostly self-pollinating with some amount of cross pollination mediated by 

wind (Jansen and Ong, 1996; Purse glove, 1972). Finger millet is adaptable to a wide 

range of environmental and climatic condition, grows successfully at higher elevations 

than most other tropical cereals and tolerates salinity better than most cereals. Finger 

millet grows best in environment with medium rainfall, an annual temperature range of 

11-27C and pH of 5.0-8.2 (Duke, 1979). 

The present study was undertaken to explore the possibility of development of a 

single tube reaction for identification of different genotypes. Twenty different primers 

and five different accessions were used to standardize the multiplex PCR for this 

purpose. 

 



 
 

Chapter- 2 

REVIEW OF LITERATURE 

 

The advent of PCR has greatly accelerated the progress of studies on genomic 

structure of various organisms. Any region in even highly complex genomes can be 

specifically amplified in few hours by the technique if the flanking nucleotide sequence 

is known. PCR therefore overcomes problems associated with the often limited 

availability of sites for restriction endonuclease (Saiki et al., 1988). 

Multiplex PCR is a demanding PCR technique used for genetic screening, micro 

satellite analysis and other application where it is necessary to amplify several products 

in a single reaction. This technique requires optimization because primer dimers and 

other non specific products may interfere with the amplification of a specific product. 

 

 

Fig. Schematic diagram showing multiplex pcr (MPCR) 
(www. Premierbiosoft.com/tech_notes/multiplex-pcr.html) 

 

There are several applications of MPCR -: 

 Pathogen Identification 

 High Throughput SNP Genotyping 

 Mutation Analysis 

 Gene Deletion Analysis 
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 Template Quantization 

 Linkage Analysis 

 RNA Detection 

 Forensic Studies 

This method has been applied in many areas of DNA testing, including analyses 

of deletions, mutations, and polymorphisms, or quantitative assays and reverse 

transcription PCR. Typically, it is used for genotyping applications where simultaneous 

analysis of multiple markers is required, detection of pathogens or genetically modified 

organisms (GMOs), or for micro satellite analyses. MPCR, like all PCR variations, makes 

use of oligonucleotide primers for amplification. The process of selecting such a large 

set of primers by current methods, including trial-and-error can be time-consuming and 

difficult. 

 
RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) 

 In 1991, Welsh and Mc Clelland developed a new PCR- based technology named 

random amplified polymorphic DNA. RAPD have been used for many purposes. It has 

been applied in gene mapping, studies to fill gaps (William et al., 1990, Hadrys et al., 

1992). RAPD markers are well suited for genetic mapping, study of genetic variability of 

species and in identification of genotypes. This procedure detects nucleotide sequence 

polymorphism in DNA by using a single primer of arbitrary nucleotide sequence. In this 

reaction, a single species of primer anneals to the genomic DNA at two different sites 

on complementary strands of DNA template. A discrete DNA product is formed through 

thermocyclic amplification, if priming sites are within an amplifiable range of each other 

(Tingey et al., 1993). 

The Indian commercial wheat varieties were distinguished using Random 

Amplified Polymorphic DNA (RAPD) based DNA fingerprint by Thomas et al., (2005). 

Their study was undertaken to test the efficiency of RAPD in determining and 

distinguishing the extent of genetic relatedness among 96 varieties belonging to 

Triticum aestivum, T.durum, T.diccocum and Triticale, using 50 random decamer 

primers. Eighty two percent of these primers and 78.8% of the amplified fragments 

were found to be polymorphic. The number of polymorphic fragments per primer 
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ranged from 1-13 with an average of 4.92. A relatively narrow genetic base of the 

tetraploid varieties as compared to tetraploids was suggested. 

An important work was done by Rahman et al., (2007) described genetic 

polymorphism in rice (Oryza sativa L.) through RAPD analysis. To estimate genetic 

polymorphism in six different rice (Oryza sativa L.) cultivars viz. Basmati 370, DM 25, 

IRATOM 24, Binadhan 6, TNDB 100 and Y 1281 RAPD assay was performed. Three out of 

the 15 decamer random primers showed amplification of genomic DNA in 24 

individuals. The primers produced a total of 26 bands of which 14 were polymorphic. 

Proportion of polymorphic bands and gene diversity estimate were 26.92% and 0.09% 

for Basmati 370, 11.54% and 0.04 for DM25, 11.54% and 0.05 for IRATOM 24, 7.69% 

AND 0.02 for Binadhan 6 and 23.08% and 0.11 for TNDB 100 whereas Y 1281 cultivar 

was monomorphic and it indicate the existence of high level of intra cultivar genetic 

variation in Basmati 370 and TNDB 100. High level of population differentiation and low 

level of gene flow estimate across all the loci indicate sufficient existence of genetic 

variation among these six cultivars. At a number of loci low intra cultivar variation and 

significant differentiation in different cultivar pair was observed at a number of loci. 

Sathish and Kumar (2007) developed RAPD markers for identifying oil palm                         

(Elaeis guineensis Jacq.) parental varieties (dura and pisifera) and the hybrid tenera. All 

the three varieties were evaluated using thirty, 10-mer primers. Of the thirty primers, 

26 yielded significant polymorphic DNA bands. A total of one eighty five bands were 

generated, of the total one eighty five bands, fifty nine represents dura, sixty five bands 

for pisifera and sixty one bands for tenera. By using UPGMA all varieties were grouped 

into two cluster i.e. shelled one and the other shell less one. 

Singh and Kumar (2010) studied the genomic fingerprints profile of  

Magnaporthe griesa from finger millet (Eleusine coracana) by random amplified 

polymorphic DNA- polymerase chain reaction (RAPD-PCR). Blast caused by heterothallic 

ascomycete 5Magnaporthe grisea (Hebert) Barr. (Anamorph: Pyricularia grisea) is the 

most important constraint to finger millet production in most finger millet growing 

environments. The study was aimed to generate genomic finger prints using random 

amplified polymorphic DNA (RAPD) markers as well as to find out genetic diversity in M. 

grisea isolates collected from three different geographical regions (hilly area) of 

Uttarakhand. A total of forty five isolates and fifteen RAPD primers were used to 
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generate genomic fingerprint profile which result in about 25 to 40% linkage distance 

and resulted in formation of two major groups. RAPD primers show a polymorphic 

range of 71.40 to 90%, whereas the range of total loci scored from 07 to 10. The 

molecular weight of scorable loci ranged from 150 to 2500 bp. The results obtained 

confirmed the genetic diversity and virulence complexity of rice blast fungus among 

samples under study. 

Kumari and Pande (2010) studied the genetic diversity in finger millet using 

RAPD markers. The genetic diversity was studied using twelve germplasm of finger 

millet including two of the same variety (VL-149) but from different regions. Using 

seventeen random primers three replica of each germplasm was amplified. A total of 

113 distinct fragments ranging from 117 bp to 2621 bp were amplified. Of these, 70 

(61.9%) were found to be polymorphic. Individuals belonging to genotypes OUAT-2 and 

VL-324 had the lowest and highest polymorphism. Nei’s analysis revealed the highest 

similarity between OUAT-2 and JWM-1 and the highest distance between BM-1 and VL-

315. Maximum closeness was shown by white seeded germplasms, OUAT-2 and JWM-1. 

The study helped in identifying the germplasm in a quick and reproducible manner and 

studying their relatedness. 

Another work was done by Das and Misra (2010) for the assessment of genetic 

diversity among finger millet genotypes using RAPD markers. Genetic diversity among 

fifteen finger millet genotypes was estimated using RAPD markers. Out of the initial 

twenty-five random primers, nine RAPD primers were found to be highly reproducible 

and produced a total of 60 loci of which 51 loci were polymorphic. Highest number of 

polymorphic bands was amplified by primer OPC18. Percentage of polymorphism varied 

from 50% to 100% with an average of 80.8%. Polymorphism information content (PIC) 

value of the primers ranged from 0.17 to 0.38 and the resolving power (Rp) varied from 

2.66 to 12.06. Primers OPN16 and OPD8 exhibited high Rp along with high PIC value. 

The coefficient of similarity in banding pattern among genotypes ranged from0.42 to 

0.89. High genetic similarity of 0.89 and 0.87 was shown by the genotypes OEB 65& HR 

374 and BM 107 & SRS 2, respectively indicating low genetic diversity and also showed 

similarity in growth traits. DM 7 and AKP 2 showed the lowest similarity of 0.42 

indicating them to be quite diverse.  Cluster analysis by UPGMA method grouped the 

fifteen finger millet genotypes into one major cluster of eight genotypes and five minor 
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clusters indicating presence of genetic diversity among the genotypes at molecular 

level.  

 

MULTIPLEX PCR (MPCR) 

 Multiplex PCR is a special kind of PCR that simultaneously amplify two or more 

target site during the same enzymatic reaction, instead of synthesis of multiple loci 

sequence by individual reaction, which represents both advantages in terms of time and 

cost. This method has been applied in many areas of DNA testing, including analyses of 

deletions (Henegariu et al., 1997), mutations (Shuber et al., 1993), polymorphism  

(Mutirangura et al., 1993), or quantitative assay (Mansfied  et al., 1993) and reverse 

transcription PCR (Crisan et al., 1994). 

 Tao et al., (2001) performed a study to detect the exogenous gene in genetically 

modified plants with MPCR. MPCR include seven primer pairs were used. Detection of 

promoter, terminator, selection gene, reporter gene, and function gene is possible. 

According to AT/TA % the concentrations of each primer was optimized.  The genes in 

PBI121, GM tobacco, and imported soybeans were detected. The method was sensitive 

enough to detect a single copy sequence. 

Zhang et al., (2003) developed a MPCR typing of high molecular weight glutenin 

alleles in wheat. In Australian commercial cultivars, each high molecular weight glutenin 

(Glu-1) homoeologous locus consists of one or two predominant alleles: Glu-Ala or Glu-

A1b at the GluA1 locus, Glu B1b or Glu-B1i at the Glu-B1 locus, Glu-D1d or Glu-D1a at 

the Glu –D1 locus. To discriminate between these common alleles at each locus PCR 

based assays have been developed .Primers specific for the Glu-A1 Ax2 gene give a 

single fragment of 1319 bp only in the presence of this gene. Primers targeting the Glu-

B1 locus resulted in a co-dominant marker for which the Bx7 genotype produced two 

fragments (630bp and 766bp) and the Bx17 genotype produced single fragment 

(699bp).The third pair of primers was specific for the Dx5 gene and resulted in a single 

band of 478bp. The HMW glutenin composition of a wheat line is extremely important 

in determining the functional properties of wheat glutenin, therefore markers would be 

useful for the purpose of marker assisted breeding. 

The detection of genetically modified organisms (GMOs) in food and feed is an 

important issue for all the subjects involved in raw material control, food industry, and 
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distribution. A method has been proposed for the simultaneous detection of four  

transgenic maize (MON810, Bt11, Bt 176, and GA21) and one transgenic soybean 

(Roundup Ready), which allows routine control analyses to be speeded up. DNA was 

extracted either from maize and soybean seeds and leaves as reference materials. 

Seven primer pairs were used to detect recombinant DNA target sequences. These 

primers were designed to be highly specific for each investigated transgene. Cross and 

negative controls were performed to ensure the specificity of each primer pair. The 

method was validated on an inter laboratory ring test and good analytical parameters 

were obtained (LOD = 0.25%, Repeatability, (r) = 1; Reproducibility, (R) = 0.9). Then the 

method was applied to a model biscuit made of transgenic materials baked for the 

purpose and to real samples such as feed and foodstuffs. On account of the high 

recognition specificity and the good detection limits, this multiplex PCR represents a 

fast and reliable screening method (Germini et al., 2004). 

In 2007, Merdinoglu et al., developed and characterized a large set of micro 

satellite markers in grapevine (Vitis vinifera L.) suitable for MPCR. To increase the 

information per simple sequence repeat (SSR) assay in the grapevine a large set of new 

markers suitable for multiplexing and multi-loading are developed. Three hundred and 

fifty clones were sequenced and 190 of them (54%) contained micro satellite motifs 

with suitable flanking regions for primer design. 169 new SSR markers were developed 

giving suitable signal with fluorescent based DNA detection. The total number of 

alleles detected varied from 1 to 8 per locus with an average of 3.5 and the mean 

expected heterozygosity was 0.544 (range: 0.86). Sixty-eight loci (40%) were perfect 

types, 73 (43%) were imperfect and 28 (17%) were compound or imperfect-

compound. The number of alleles generated by perfect and imperfect type loci was 

positively correlated to the length of the micro satellite motif. Forty-six multiplex sets 

based on 125 selected loci were developed. Up to four PCR multiplex were pooled 

together for multi-loading, considering their allele size range. The 169 SSR loci 

developed in this study represent a new and informative set of markers easy to 

combine for multiplexing and multi-loading according to the needs of any user and 

suitable for large scale genetic analyses in grapevine. 

Deb et al., (2008) developed a multiplexed PCR detection method .Barley and 

Cereal yellow dwarf viruses (B/CYDVs), Wheat spindle streak mosaic (WSSMV), Soil-
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borne wheat mosaic virus (SBWMV) and Wheat streak mosaic virus (WSMV) constitute 

the most economically important group of wheat viruses. A multiplex reverse 

transcription polymerase chain reaction (M-RT-PCR) method was developed for the 

simultaneous detection and discrimination of eight viruses: five strains of B/CYDVs, 

WSSMV, SBWMV and WSMV. Specific primer sets were used for each virus producing 

five distinct fragments 295, 175, 400, 237, and 365 bp, indicating the presence of two 

strains of BYDVs, -PAV, -MAV, CYDV-RPV and two unassigned Luteoviridae BYDV-SGV 

and -RMV, respectively. Detection of WSSMV, SBWMV and WSMV specific amplicons at 

154, 219 and 193 bp, respectively. Use of fluorescently tagged primers that can 

streamline the detection of each virus through capillary electrophoresis. The need for a 

rapid and specific wheat virus diagnostic tool that also has the potential for 

investigating the epidemiology of these viral diseases was fulfilled by this study. 

Zhou et al., (2008) developed a technique for detection of Genetically Modified 

Crops (GMO). Two sets of multiplex PCR were used for amplification of target genes in 

GM soybean. Seventeen probes and seventeen pairs of corresponding primers were 

designed. According to genetic characteristic of Roundup Ready soybean (GTS40-3-2), 

maize (Mon810, Nk603, GA21), Canola (T45, MS1/RF1) and Rice (SCK) in many GM crop. 

All of the probes were categorized and identified as species specific probes .One 

negative probe and one positive control probe were used to assess the efficiency of all 

reactions and therefore eliminate any false positive and negative results .After 

multiplex PCR reaction, amplicons were adulterated with Cy5-dUTP and hybridized with 

DNA microarray. To identify multi-target genes in Roundup Ready soybean and 

MS1/RF1 Canola a combination technique of MPCR and DNA microarray was 

developed. 

Randhawa et al., (2009) studied the molecular characterization of Bt cauliflower 

with MPCR and validation of endogenous reference gene in Brassicaceae family. With 

simplex and multiplex pcr molecular detection of cry1Ac gene CaMV35 S promoter and 

an endogenous gene in Bt cauliflower was carried out. Validation of S-locus receptor 

kinase (SRK) as endogenous reference gene for Brassicaceae family using simplex PCR 

has also been taken. 

For detection of three GMO transgenic sequences multiplex PCR protocol was 

developed by Cerda et al., (2009). The DNA was extracted and the target sequences 
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were separately detected by PCR. MPCR was performed with DNA from maize, cotton, 

soybean for detection of transgenic sequence allowing the amplification of nos (125bp), 

ntp II (271 bp) and luc (450bp) at 62⁰C.With the described conditions, distinctive bands 

of the expected base pair sizes were obtained, with a 450 bp band corresponding to 

reporter gene luc, a 271 bp band for the marker gen ntp II and a 125 bp for the 

terminator gene nos. 

In 2010, Zhang et al. established a multiplex PCR system for identification of GM 

maize. More and more genetically modified (GM) crops have been approved for various 

commercial purposes in the world for high yield and resistance against abiotic and 

biotic factors. In this study, the multiplex PCR system was developed to amplify specific 

maize sequences from plant DNA (IVR and ZSSIIb) and genetic control elements CaMV 

35S, NOS terminator and Bt11 (IVS2/PAT) gene for the detection of GM maize. The 

multiplex PCR system was found to be reliable, sensitive and rapid for detection of mass 

GM maize. 

Matsushita et al., (2010) reported a multiplex RT-PCR detection and 

identification system for Potato spindle tuber viroid (PSTV) and Tomato chlorotic dwarf 

viroid (TCDV). Potato spindle tuber viroid and tomato chlorotic dwarf viroid are two 

closely related Pospiviroids which causes disease on tomato. When PSTVd is detected 

as the template amplified cDNAs resulted in a 271 bp PCR product and 191 bp when 

TCDVd is detected. This multiplex RT-PCR system was used to accurately detect both 

viroids in field cultivated tomato and petunia. 

Sayama et al., (2011) studied 304 SSR markers for allelic diversity and 

chromosomal location. Most primer pairs for the markers were redesigned to yield 

amplicons of 80–600 bp in MPCR and fluorescence-based sequencer analysis, and they 

were labeled with one of four different fluorescent dyes. Multiplex PCR with sets of six 

to eight primer pairs per reaction generated allelic data for 283 of the 304 SSR loci in 

three different mapping populations, with the loci mapping to the same positions as 

previously determined. With four-plex PCR four SSRs on each chromosome were 

analysed for allelic diversity in 87 diverse soybean germplasms. These 80 loci showed an 

average allele number and polymorphic information content value of 14.8 and 0.78, 

respectively. 



 
 

Chapter-3 

MATERIALS AND METHODS 

 
All the chemicals and reagents used were obtained from Bangalore Genei, 

Himedia, Merck and Sigma-Aldrich. 

 

3.1  COLLECTION OF GERMPLASM 

 Five varieties of finger millet (Eleusine coracana L. Gaertn) were obtained from 

the gene bank at ICRISAT, Patancheru, Hyderabad, India. 

 Passport details of finger millet germplasm accessions obtained from the gene 

bank at ICRISAT, Patancheru, India are given in Table 3.1. 

 
Table 3.1: Passport details of finger millet germplasm 

Accession no. Alternate accession 
identifier 

Source country 

IE 3693  UM 78 Uganda 

                   IE 4671  VL137 India 

IE 5066 SDFM 208 Senegal 

IE 5165 SDFM 734 India 

IE 5870 Acc. No. 2720 Nepal 

 

3.2  SOWING  

 All the varieties were sown in the College of Biotechnology on 25.03.2011. 

 
3.3  COLLECTION OF LEAF MATERIAL 

 Healthy green leaves were collected from 100 different plants of each genotype 

after 7 weeks of sowing. 

 

3.4  ISOLATION OF TOTAL GENOMIC DNA 

 Genomic DNA was isolated using standard CTAB protocol. 

 Fresh young healthy leaf samples were collected using aseptic scissors from 

100 different plants of a variety. 

 The leaf material was cleaned by alcohol. 
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 By wiping with 70% ethyl alcohol, 5 g of pooled leaf samples of each 

genotype was taken and ground to a fine powder in a precooled mortar and 

pestle using liquid nitrogen. Care was taken not to allow the samples to 

thaw. 

 With the help of a sterile spatula the leaf powder was transferred to sterile 

Oakridge tube containing 25ml extraction buffer (Table 3.2) prewarmed to 

65°C and mixed thoroughly with a clean spatula. The mixture was incubated 

at 65°C for 1hour with gentle mixing at intervals. 

 

Table 3.2: Preparation of extraction buffer  

Stock (Appendix) Volume taken Final concentration 

1 M Tris- Cl  (pH-8.0) 10 ml 100 mM 

0.5 M EDTA (pH-8.0) 4 ml 20 mM 

5 M NaCl 28 ml 1.4 M 

10% CTAB   20 ml 2 % 

β-Mercaptoethanol 200 µl 0.2 % 

20% SDS 0.75 ml 0.15 % 

 Total volume was made 

upto 100ml using d.w 

 

 

 After one hour the tube was removed from the water bath and allowed to 

cool to   room temperature and 15 ml of 24:1 chloroform: Isoamyl alcohol 

solution was added. 

 The contents were emulsified manually for 15 minutes and then centrifuged 

at    19,500g (13,500 rpm, Rotor- 220.80VO2, Hermle Table top centrifuge) at 

20°C for 15 minutes. 

 The upper aqueous phase was carefully transferred to a sterile 50 ml round 

bottom tube using a 5ml micropipette. 

 0.6 volume of ice cold isopropanol was added to this and mixed gently by 

inversion to precipitate the DNA. 

 The precipitated DNA was transferred to 2ml microfuge tube by spooling or 

with the help of pipette. 
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 To this 70% ethanol was added and allowed to stand for 10 minutes at room 

temperature. The microfuge was centrifuged at 5000 rpm for 5 minutes                        

(   9000 g, Rotor-220.87VO3/4, Hermle Table top centrifuge). The supernatant 

was decanted carefully. The 70% ethanol wash was repeated once more. 

 The pellet was then air dried. 

 The DNA was then dissolved in 500 µl of TE buffer (Appendix). Those 

samples that did not dissolve were kept at 60°C for 30 minutes to 1 hour.  

 DNase free RNase was added to a final concentration of 10 µg/ml and the 

tubes were kept at 37°C for 1 hour.  

 DNA was purified using the Phenol: Chloroform method. Equal volume of                         

Phenol: Chloroform: Isoamyl alcohol (25:24:1) (Appendix) was added to the 

sample. The aqueous and organic phases were mixed gently for 15 seconds. 

The two phases were separated by centrifugation at 5000 rpm for 2 minutes                                               

  2500g (5000 rpm, Rotor-220.87VO3/4, Hermle Table top centrifuge) at 

room temperature. 

 The upper aqueous phase was collected in a fresh microfuge tube. To it 

equal volume of Chloroform: Isoamyl alcohol (24:1) was added. The two 

phases were mixed gently for 15 seconds and then centrifuged at 5000g for 

2 minutes   2500g (5000 rpm, Rotor-220.87VO3/4, Hermle Table top 

centrifuge) at room temperature.  

 The upper aqueous phase was extracted in a microfuge tube. To it 1/10 

volume of 7.5 M ammonium acetate was added. 0.6 volume of ice cold 

isopropanol was added and mixed by inversion. The content was left for 30 

minutes to 1 hour at -20°C for DNA precipitation. 

 Centrifugation was carried out at    19,500g (13,500 rpm, Rotor-

220.87VO3/4, Hermle Table top centrifuge) for 15 minutes at 4°C. The 

supernatant was discarded and 70% alcohol was added to the pellet and left 

to stand at room temperature for 10 minutes.   

 The pellet was then air dried and dissolved in 500 µl of TE buffer.  
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3.5 QUANTIFICATION OF ISOLATED GENOMIC DNA THROUGH GEL 

ELECTROPHORESIS 

 The quality and quantity of genomic DNA sample was assessed by 0.8% agarose    

(Sigma- A9539) gel electrophoresis at 1-5 V/cm. The genomic DNA (1µl) was visualized 

using a dye, ethidium bromide, which intercalates between the bases of DNA molecule 

and fluoresces when illuminated by U.V rays. After visualization the DNA was diluted if 

required to 50 ng/µl concentration. 

 

3.6   PRIMERS USED IN THE STUDY 

 Primers used were OPA P series of Operon technology. Total twenty primers 

were used for the RAPD analysis. The random primers were 10 bases long (Table 3.3).  

 
Table 3.3: Name of the primers and their sequence 

Random primers Sequence 

OPA P1 5’ GTA GCA CTC C 3’ 

OPA P2 5’ TCG GCA CGC A 3’ 

OPA P3 5’ CTG ATA CGC C 3’ 

OPA P4  5’ GTG TCT CAG G 3’ 

OPA P5 5’ CCC CGC TAA C 3’ 

OPA P6  5’ GTG GGC TGA C 3’ 

OPA P7 5’ GTC CAT GCC A 3’ 

OPA P8 5’ ACA TCG CCC A 3’ 

OPA P9 5’ GTG GTC CGC A 3’ 

OPA P10 5’ TCC CGC CTA C 3’ 

OPA P11 5’ AAC GCG TCG G 3’ 

OPA P12 5’ AAG GGC GAG T 3’ 

OPA P13 5’ GGA GTG CCT C 3’ 

OPA P14 5’ CCA GCC GAA C 3’ 

OPA P15 5’ GGA AGC CAA C 3’ 

OPA P16 5’ CCA AGC TGC C 3’ 

OPA P17 5’ TGA CCC GCC T 3’ 

OPA P18 5’ GGC TTG GCC T 3’ 

OPA P19 5’ GGG AAG GAC A 3’ 

OPA P20 5’ GAC CCT AGT C 3’ 
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3.7  PCR WITH RANDOM PRIMERS 

 Polymerase Chain Reaction was set up for all the 20 OPA primers. A gradient 

PCR was set up for all the primers with A404 genomic DNA to decide the best annealing 

temperature to be used. The different annealing temperatures used were 35:C, 40:C, 

45:C, 50:C, 55:C and 60:C.  

PCR was carried out for 40 cycles with initial denaturation at 94:C for 5 min 

followed by PCR cycles of denaturation at 94:C for 30 sec, annealing at different 

temperature for 30 sec and extension at 72:C for 30 sec and final extension of 72:C for 

5 min. The annealing temperature which gave the best amplification was used for 

further study. 

A master mix was prepared. The master mix consisted of sterile water, all the 

four dNTPs i.e. deoxyadenosine triphophate (dATP), deoxyguanosine triphosphate 

(dGTP), deoxythymidine triphosphate (dTTP) and deoxycytidine triphophate (dCTP), Red 

Taq DNA polymerase (Bangalore Genei) and Taq buffer A. After dispensing the master 

mix primer and 50ng of template DNA was added. A control tube was prepared without 

any template DNA. 

 
Table 3.4: Preparation of master mix. 

Solution Stock concentration Volume taken for six 
reaction 

 Taq Bufffer A*  10X 12µl 

dNTPs (mix) 10mM 9.6µl 

Primer 100 pmole/ µl 12µl 

Red Taq DNA Polymerase 1U/µl 6µl 

Sterile water  74.4µl 

Total volume  114µl (19µl per reaction 
mixture) 

*10X Taq Buffer A has 100 mM Tris (pH=9.0), 500 mM KCl, 15 mM MgCl2 and 0.1% Gelatin 

PCR was set up for all the 20 OPA primers using different concentration of 

magnesium chloride. Eight different concentrations was used, the concentrations were: 

0.5mM, 1.0mM, 1.5mM, 2.0mM, 2.5mM, 3.0mM, 3.5mM and 4.0mM. Amplification 

was carried out using these concentrations at the best annealing temperature to decide  
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the optimum MgCl2 concentration. After deciding the optimum temperature and MgCl2 

concentration amplification was carried out using all the five genotypes. 

 Based on the result obtained above the primers which show polymorphic bands 

was selected for further study.  

 

3.7.1    PREPARATION OF PCR MIXTURE 

 For multiplex PCR we have combined the primers which yield specific bands for 

all the genotypes. We have combined the primers and divided into two: Duplex PCR           

(combination of two primers) and Triplex PCR (combination of three primers). 

DUPLEX PCR      TRIPLEX PCR 

Primer 9, 11       Primer 9, 15, 17   

Primer 8, 9      Primer 9, 11, 15   

Primer 9, 17      Primer 8, 9, 15 

                Primer 9, 11, 17           
                 

A master mix was first made. The master mix consisted of sterile water, all the 

four dNTPs i.e. deoxyadenosine triphophate (dATP), deoxyguanosine triphosphate 

(dGTP), deoxythymidine triphosphate (dTTP) and deoxycytidine triphophate (dCTP), Taq 

DNA polymerase and Taq buffer. 

 
Table 3.5(a): Preparation of master mix for duplex PCR  

Solution Stock concentration Volume taken 

Taq buffer A 10 X 37.5 µl 

 dNTPs  10 mM 30.0 µl 

 Primer (a & b)  100 pmole/µl 60.0 µl (30µl each) 

Taq DNA polymerase 3U/ µl 30.0 µl 

Sterile water  187.5 µl 

 

Since 15 samples have to be amplified, the master mix was dispensed into 15 

tubes @ 23 µl each. To this 2 µl of DNA was added. All the preparations were done on 

ice. 
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Table 3.5(b): Preparation of master mix for triplex PCR 

Solution Stock concentration Volume taken 

 Taq buffer A  10 X 62.5 µl 

dNTPs   10 mM 50.0 µl 

Primer (a , b, c) 100 pmole/µl 150.0 µl (50µl each) 

Taq DNA polymerase 3U/ µl 50.0 µl 

Sterile water  262.5 µl 

(a, b, c = different primers) 

 
The master mix was dispensed into 25 tubes @ 23 µl each. To this 2 µl of DNA 

was added. All the preparations were done on ice. 

For multiplex PCR the primers which we have chosen are at different annealing 

temperature (OPA 8, 9 @ 55:C and OPA 11, 15, 17 @ 60:C). So we performed the 

reaction in two steps.  

 First initial denaturation for 5min at 95:C followed by 5 cycles of 94:C 

denaturation for 30 seconds, annealing at 60:C for 30 seconds, extension at 

72:C for 30 seconds. 

 Then in second step, 30 cycles of denaturation at 94:C for 30 seconds, annealing 

at 55:C for 30 seconds, extension at 72:C for 30 seconds followed by final 

extension at 72:C for 5 minutes. This was done to prevent non specific binding 

of primers whose best annealing temperature was found to be 60:C.  

 

3.8  AGAROSE GEL ELECTROPHORESIS OF AMPLICONS 

 Electrophoresis of the amplified product was carried out on 2% agarose (Sigma 

A9539) gel. The gel was prepared in by dissolving 6 gm of agarose in 300 ml of 1X TAE 

buffer which was also the running buffer. 15µl of EtBr was added and mixed gently to 

avoid air bubbles. 20 µl of the each PCR reaction mix was combined with 2µl gel loading 

dye (6X) and loaded into the wells.  A DNA ladder was also loaded in a different well. 

The samples were electrophoresed at a constant voltage 100V (5V/cm). 

 The sample was then visualized under UV light on a transilluminator and 

documentation of the samples was done on Alpha digi doc system (Alpha Innotech). 



Chapter- 4 

RESULT AND DISCUSSION 

 
4.1  QUANTIFICATION OF ISOLATED GENOMIC DNA THROUGH GEL 

ELECTROPHORESIS 

 High molecular weight DNA was obtained as assessed on 0.8% agarose gel. The 

DNA was quantified by visual comparison to the 23,130 bp of λ Hind III d igest ladder. 

The DNA samples were thereafter diluted to 50ng/µl. Previously isolated DNA of A404, 

which is the ruling variety of finger millet in India (Haider et al., 2003), was used for all 

standardization and also as a positive control in the amplification experiments.  

 
4.2  STANDARDIZATION OF PRIMER ANNEALING TEMPERATURE  

 The results of the standardization of the different annealing temperature used are 

shown in plate 1 (a-f). Distinct amplicons were obtained for all the primers except primer 

OPA P19 and OPA P20. Large number of diffused bands were obtained in these cases. As 

no distinct amplicons were found these primers were not taken for further studies. In 

some cases for e.g, primer OPA P3 (Plate 1a) and OPA P5 (Plate 1b) lower and higher 

annealing temperature of 40⁰C and 50⁰C showed amplification whereas no amplification 

was observed at 45⁰C. This can be attributed to experimental error. However, as the 

pattern of amplicons obtained at 40⁰C and 50⁰C were comparable no need was felt to 

repeat the experiment. The annealing temperature which was selected for further 

experiments is listed in Table 4.1 and also indicated by arrows in plate 1 (a-f). 

 
Table 4.1: Annealing temperature selected for different primers  

OPA primers Optimum annealing 
temperature 

OPA primers Optimum annealing 
temperature 

P1  55⁰C  P10 60⁰C 

P2 55⁰C P11 60⁰C 

P3    55⁰C P12 50⁰C 

P4  55⁰C  P13 35⁰C 

P5 55⁰C P14 60⁰C 

P6 50⁰C P15 60⁰C 

P7 55⁰C P16 55⁰C 

P8 55⁰C P17 60⁰C 

P9 55⁰C P18 60⁰C 
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4.3  ANALYSIS OF OPTIMUM MAGNESIUM CHLORIDE (MgCl₂) CONCENTRATION 

FOR AMPLIFICATION AT THE SELECTED ANNEALING TEMPERATURE: 

 Magnesium is an essential component of PCR reactions and affects the quality of 

RAPD profiles obtained (Munthaly et al., 1992). It affects primer annealing and template 

denaturation, enzyme activity and fidelity and the formation of primer dimer artefacts 

(Saiki, 1988). Increasing amount of magnesium ions (Mg2⁺) will result in the 

accumulation of non specific amplification products, although insufficient Mg2⁺ will 

reduce the yield   (Williams et al., 1990). The use of greater than 1mM MgCl₂ has been 

reported to be generally necessary for good levels of DNA amplification in bacterial and 

plant DNAs (Bassam et al., 1992). Similar observations have been reported in RAPD 

studies on other plants e.g. Chrysanthemum (Woff et al., 1993). 

Therefore, optimum concentration of MgCl₂ at which best amplification could be 

obtained was studied. The annealing temperatures were taken as already standardized 

(Table 4.1). The MgCl₂ concentration varied from 0.5mM to 4.0mM with 0.5mM 

increment. 

As the final aim was to perform multiplexing, the concentration of MgCl₂ 

selected was the one that gave the least number of amplicons. Plate 2 (a-f) shows the 

amplification pattern obtained at different MgCl₂ concentration for each primer at their 

optimum annealing temperature. The optimum concentration of MgCl₂ was selected 

where the least number of distinct, strong bands were obtained. At lower and higher 

concentrations large numbers of diffused bands were obtained which was not possible 

to score unambiguously and these were probably the result of non specific PCR. OPA P6 

gave no amplification even after repeated PCRs. This primer was not considered for 

further study. The results are shown in plate 3(a-f) where the optimum MgCl2 

concentration is marked by an arrow. The optimum MgCl₂ concentration for each 

primer is also listed in Table 4.2.  
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Table 4.2: MgCl₂ concentration selected for different primers  

OPA primers Optimum Mgcl₂ 
concentration 

OPA primers Optimum Mgcl₂ 
concentration 

P1 1.0 mM P11 1.5 mM 

P2 1.0 mM P12 4.0 mM 

P3   3.0 mM P13 4.0 mM 

P4 4.0 mM P14 1.0 mM 

P5 4.0 mM P15 1.0 mM 

P7 1.0 mM P16 1.0 mM 

P8 1.5 mM P17 4.0 mM 

P9 1.0 mM P18 1.5 mM 

P10 1.5 mM   

 
4.4  AMPLIFICATION OF DIFFERENT GENOTYPES AT OPTIMUM TEMPERATURE AND 

MgCl2 CONCENTRATION 

 After deciding the optimum temperature and MgCl2 concentration, the five 

genotypes were amplified with different primers. Three more genotypes available in 

the lab viz. VL 149, VL 315, VL 324, obtained from VPKAS, Almora, Uttarakhand, were 

also concomitantly amplified in some cases. However, they have not been discussed in 

the thesis. The positive control with A404 template DNA was set to ensure that there 

was no error in setting the PCR. A negative control which had all components of the PCR 

mix except template DNA was taken. No amplification should ideally be obtained in this 

case and this ensures that no cross contamination has taken place and also that the 

reactions have been set with utmost precaution. 

 

4.5  AMPLICONS OBTAINED FROM THE OPA PRIMERS 

OPA P1 

A major band of 1100 bp (Plate 3) termed as 1a was found in all genotypes 

under consideration. However, the amplification of this band was poor in genotypes 

3693 and 4671. Band 1b (725 bp) was another major monomorphic band. A 150 bp 

band, 1c, was found in genotypes 4671 and 5165. Since a large number of non 

polymorphic bands ranging from 150-1100 bp were found clustered together scoring in 
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an MPCR reaction would be difficult. Therefore, even though 1c could distinguish 4671 

and 5165 from the others this primer was not selected for MPCR reactions. 

OPA P2 

 Three distinct bands 2a, 2b and 2c (Plate 4) of size 775 bp, 343 bp and 213 bp 

respectively were obtained in all genotypes. Again, as the bands were non polymorphic 

this primer was not useful for multiplexing. 

OPA P3 

 OPA P3 primer yielded multiple amplicons. The amplicons obtained were of 

different size. The amplicons were faint and non polymorphic and hence could not be 

used for multiplexing (photograph not shown). 

OPA P4 

 This primer shows multiple, diffused and non polymorphic bands in all the 

genotypes (Plate 5). As no polymorphism could be obtained this primer was also 

rejected. 

OPA P5 

 A major band 5a of size 621 bp (Plate 6) was found in all genotypes. The 

monomorphic pattern of this amplicon made it unsuitable for MPCR. 

OPA P7 

 Three major bands 7a, 7b and 7c (Plate 6) of size 678 bp, 293 bp and 158 bp 

respectively were obtained. These bands were non polymorphic and not suitable for 

multiplexing. 

OPA P8 

 One major band, 8a of 136 bp was present in genotype 5870 (Plate 7) and 

absent in genotypes 3693, 4671, 5066 and 5165. A large number of non polymorphic 

bands ranging from 300-1000 bps were also found. However, 8a was well defined and 

distinctly separate from the monomorphic bands. 

OPA P9 

 Multiple bands were obtained with OPA P9. Of the eleven distinct bands three 

were found to be polymorphic. Amplicon 9a (1931 bp) was found only in genotype 3693 

whereas 9b (682 bp) was present in genotype 5066 and 5870. Additionaly 9c (613 bp) 

was found in genotype 4671 and 5165 (Plate 7). This primer gave rise to a high degree 

of polymorphism and was considered suitable for multiplexing. 
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OPA P11 

 This primer yield a band 11a of molecular weight 530 bp which is absent in 

genotypes 3693 and 5165 (Plate 8). Hence the primer is polymorphic and was 

considered for further study. 

OPA P12 

 Primer OPA P12 shows multiple amplicons. Three major bands 12a, 12b and 12c 

of 1663 bp, 447 bp and 176 bp (Plate 8) respectively were present in all the genotypes. 

No polymorphism was obtained and the primer was rejected. 

OPA P13 

 Poor amplification was obtained with this primer even after repeated PCRs. No 

conclusions could be drawn and the primer was rejected. 

OPA P14 

 The primer showed four major bands 14a (465 bp), 14b (273 bp), 14c (176 bp) 

and 14d (108) (Plate 5). 14a amplified poorly in genotype 5870. However, the absence 

of a distinct polymorphism made this primer unsuitable for MPCR. 

OPA P15 

 Primer OPA P15 shows a major band 15b of 287 bp in all the genotypes (Plate 9). 

A band, 15a of 1486 bp is present in all the genotypes except 5165 and 5870. Similarly, 

a band 15c of molecular weight 155 bp is present in all genotypes. As 15a showed 

polymorphism this primer was used for MPCR studies. 

OPA P16 

 Two major bands 16a and 16b of molecular weight 206 bp and 153 bp             

(Plate 10) respectively are present in all the genotypes. It was not considered for 

further study. 

OPA P17 

 The primer yielded a band 17a of size 350 bp which was present only in 

genotypes 4671 and 5870 (Plate 11). Other non polymorphic amplicons were also 

observed. The primer OPA P17 was considered suitable for MPCR. 

OPA P18  

 A major band 18a of size 1484 bp (Plate 12) is present in all genotypes and is 

hence non polymorphic. Another band, 18b (1414 bp) was found only in genotype 
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3693. As the primer gave rise to a unique amplicon (18b) in 3693 it could also be used in 

MPCR studies. 

The primers which gave rise to polymorphic RAPD patterns and the amplicons 

obtained are summarized in Table 4.3 given below. 

 
Table 4.3: Polymorphic amplicons obtained with OPA primers  

PRIMERS NAME 
OF BAND 

MOLECULAR 
WEIGHT 

(bp) 

3693 4671 5066 5165 5870 

OPA P8 

(Plate 7) 

8a 136 - - - - + 

OPA P9 

(Plate 7) 

9a 

9b 

9c 

1931 

682 

613 

+ 

- 

- 

- 

- 

+ 

- 

+ 

- 

- 

- 

+ 

- 

+ 

- 

OPA P11 

(Plate 8) 

11a 530 - + + - + 

OPA P15 

(Plate 9) 

15a 

 

1486 

 

  + 

 

+ 

 

+ 

 

- 

 

- 

 

OPA P17 

(Plate11) 

17a 350 - + - - + 

OPA P18 

(Plate 12) 

18b 1414 + - - - - 

- = not amplified 
+     = amplified 
 

4.6  COMPARISON OF THE EXPECTED AND ACTUAL BAND PATTERN 

On the basis of the data obtained above the primers were combined as given in 

section 3.7.1 for multiplexing. The conditions employed for MPCR are given in        

section 3.7. 

 Line diagrams were made for the primer combinations used. These were then 

compared with the actual band pattern obtained. The duplex PCR performed used the 

combination of:  

a) OPA Primer 8 and 9 

b) OPA Primer 9 and 11 

c) OPA Primer 9 and 17 



Results and Discussion 

 

 
 

24 

These combinations were selected as they would be able to distinguish three or 

more genotypes from each other (Line Diagram 1, 2 and 3). 

 

Mol wt           Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

682 9b          

613 9c 

 

136 8a          

Line Diagram 1. OPA P8 and 9        

 

Line diagram. 1 shows that OPA P9 can give rise to specific amplicons for 

genotypes 3693 (9a) and 5066 (9b). Amplicon 9c would amplify in 4671 as well as 5165. 

Genotype 5870 should show a distinct pattern with two bands viz. 9b and 8a. Hence, 

genotype specific patterns would be obtained for 3693, 5066 and 5870. 

Line diagram. 2 shows that the use of OPA P9 and 11 can give rise to specific 

patterns of genotype for 3693 (9a), 4671 (9c, 11a), 5165 (9c). Genotype 5066 and 5870 

would give the same pattern i.e. band 9b and 11a.  

 

Mol wt           Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

682 9b          

613 9c 

 

530 11a          

Line Diagram 2. OPA P9 and 11 
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Mol wt            Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

682 9b          

613 9c 

 

350 17a          

 

Line Diagram 3. OPA P9 and 17       

 

 Line diagram. 3 shows that the use of primers OPA P9 and 17 would give rise to 

specific patterns 3693 (9a), 4671 (9c, 17a), 5066 (9b), 5165 (9c) and 5870 (9b, 17a).   

   

 Triplex PCR was also performed in one reaction tube. The combinations taken 

were: 

a) OPA Primer 9, 11 and 15 

b) OPA Primer 9, 15 and 17  

c) OPA Primer 8, 9 and 15  

d) OPA Primer 9, 11 and 17 

 Line diagram. 4 (Page-26) shows that the use of primers OPA P9, 11 and 15 

would give rise to specific patterns 3693 (9a, 15a), 4671 (15a, 9c, 11a), 5066 (15a, 9b, 

11a), 9c in genotype 5165 and 5870 (9b, 11a). Thus, all the five genotypes can 

theoretically be distinguished from each other. 
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Mol wt            Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

1486 15a       

 

682 9b          

613 9c 

 

530 11a          

Line Diagram 4. OPA P9, 11 and 15   

 
 

Mol wt                             Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

1486 15a       

 

682 9b          

613 9c 

 

350 17a        

Line Diagram 5. OPA P9, 15 and 17   

  
 Similarly the use of OPA P9, 15 and 17 in a single tube should result in band 

patterns that distinguish each genotype from the other (Line diagram 5). 
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Mol wt            Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

1486 15a 

 

682 9b          

613 9c 

 

136 8a         

Line Diagram 6. OPA P8, 9, and 15 

  
 Line diagram. 6 show that MPCR with primers OPA P8, 9 and 15 should also 

give specific fingerprints for all genotypes. 

 Line diagram. 7 depicts the pattern expected from PCR with OPA primers P9, 

11 and 17 in a single reaction. This MPCR should also be able to distinguish all 

genotypes. 

  

Mol wt            Genotype pattern expected 

(bp)   3693  4671  5066  5165  5870 

1931 9a 

 

682 9b          

613 9c 

530 11a   

 

350 17a         

Line Diagram 7. OPA P9, 11 and 17  
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 The results of the duplex and triplex MPCR are presented in Plate 13 and 14. 

Plate 13 shows the absence of an    225 bp fragment in genotype 5870. This amplicon 

was not found at all in single primer PCR with either OPA P8 or OPA P9. It may be a 

result of amplification of a sequence for which OPA P8 and OPA P9 serve as forward 

and reverse primer. 

 In other combinations the expected band patterns are not obtained. This may 

be due to interaction between the primers so that they form primer dimers. The 

primers may be functioning as forward and reverse primers which are giving rise to 

several non polymorphic bands. 

 Further standardization of MPCR reaction may help in getting more specific 

patterns. The refinement could be in terms of: 

a) Change in primer concentrations 

b) Use of differential annealing temperatures 

c) Sequential addition of primers 

d) Increase in annealing temperature 

 Fenge Ge et al., (2007) had standardized MPCR with annealing temperature 

kept at 68⁰C for maize genotypes. Two step amplification systems were used. If the 

location of amplified bands was not as expected or the amplification efficiency was low, 

primers were removed and new primers were redesigned. New primers were used for 

further MPCR combination. A total of 500 highly polymorphic primer sites were 

selected. 100 evenly distributed primers 10 primer per chromosome, were further 

selected as a set of universal SSR core primers. 

 Cerda et al., 2009 designed MPCR for detection of accompanying GMO 

transgenic sequences. Seventy two grain samples were randomly taken. The sequences 

used was promoters ubi and 35S, the terminator ocs y nos, the marker genes ntp II and 

bar and reporter gene gus and luc, PCR reaction were run at 64 ⁰C, 62⁰C and 57⁰C. 

When primers were used together the best results are obtained within an annealing 

temperature of 62⁰C.  

Multiple sets of primers increases the possibility of primer complementarity at 

the 3’ ends, leading to primer dimmers. These deplete the reaction of dNTPs and 

primers outcompete the multiplex amplicons for polymerase                          

(Vandenvelde et al., 1990). Primer template mismatches have been noted to be a  
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disadvantage relative to perfect matches in multiplex, presumably, due to competition 

for binding of the polymerase (Zazzi et al., 1993). Presence of multiple primers may lead 

to cross hybridization with each other and the possibility of mis- priming with other 

templates. The difficulty of establishing multiplex PCR system lies in the components of 

the PCR reaction mixture, especially primer design and reaction efficiency 

inconsistencies among different primer sets (Germini et al., 2004) 

Sets of amplicons of varying lengths but similar sequence may show preferential 

amplification, if they share a common primer. This may be due to limited processivity or 

suppressed amplification of the outer, longer amplification by the inner, shorter one 

when primers anneal at the same strand (Repp et al., 1993). In MPCR of homologous 

amplicons with very similar lengths and no shared primers, there was no competition 

(Manam and Nichols, 1991). The optimization of multiplex PCRs can pose several 

difficulties, including poor sensitivity or specificity and/or preferential amplification of 

certain specific targets (Polz and Cavanaugh, 1998). The presence of more than one 

primer pair in the multiplex PCR increases the chance of obtaining spurious 

amplification products, primarily because of the formation of primer dimmers (Brownie 

et al., 1997). These nonspecific products may be amplified more efficiently than the 

desired target, consuming reaction components and producing impaired rates 

of annealing and extension.  

Thus, the optimization of multiplex PCR should aim to minimize or reduce such 

nonspecific interactions. Empirical testing and a trial-and-error approach may have to 

be used when testing several primer pairs because there are no means to predict the 

performance characteristics of a selected primer pair even among those that satisfy the 

general parameters of primer design (Henegariu et al., 1997). However, special 

attention to primer design parameters such as homology of primers with their target 

nucleic acid sequences, their length, the GC content, and their concentration have to be 

considered (Diffenbach et al., 1993). Ideally, all the primer pairs in a multiplex PCR 

should enable similar amplification efficiencies for their respective target. This may be 

achieved through the utilization of primers with nearly identical optimum annealing 

temperatures (primer length of 18 to 30 bp or more and a GC content of 35 to 60% may 

prove satisfactory) and should not display significant homology either internally or to 
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one another (Cha and Thilly, 1993) preferential amplification of one target sequence 

over another (bias in template-to-product ratios) is a known phenomenon in multiplex 

PCRs that are designed to amplify more than one target simultaneously (Mutter and 

Boynton, 1995). 

There are many limitations for MPCR combination, such as differences in primer 

Tm value, differences in the optimal annealing temperature, and relatively narrow size 

ranges of amplification products of different primers. Strong primer interaction may 

exist resulting in greater difficulty in selecting proper multiplex combinations         

(FengGe et al., 2007). 

Treatment with restriction enzymes (Levinson et al., 1992) hybridization of 

products and probe (Sunzeri et al., 1991) and single strand conformational 

polymorphism (SSCP) analysis (Runnebaum et al., 1991) are also used routinely to 

analyze MPCR products. The choice of the particular method is guided by the sequence 

of the amplified fragments e.g. mutations that abolish restriction sites may be detected 

by enzymatic digestion whereas, broad screening for sequence variants may 

accomplished by SSCP.  

Thus, further refinement of reaction conditions and reaction contents may show 

better and more specific MPCR patterns. 
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Chapter-5 

SUMMARY AND CONCLUSION 

 

The present study entitled “Multiplex PCR (MPCR) for the identification of 

different genotypes of finger millet (Eleusine coracana L. Gaertn)“ was aimed at 

studying the polymorphism in finger millet germplasm.  

 

 Primers which showed amplification were OPA P8, OPA P9, OPA P11, OPA P15 

and OPA P17. 

 By combining the primers seven combinations were made and divided into 

duplex PCR and triplex PCR. Three duplex PCR reactions were set up using the 

primer combinations of OPA P8 and 9, OPA P9 and 11, OPA P9 and 17. Four 

triplex PCR reactions were set up using the primer combinations OPA P9, 11 and 

15, OPA P9, 15 and 17, OPA P8, 9 and 15 and OPA 9, 11 and 17.  

 The PCR patterns obtained showed that further refinements of multiplex PCR   

vis a vis PCR reaction mixture contents and PCR reaction conditions is necessary. 

 

CONCLUSIONS: 

 Refined single tube MPCR can help to identify different genotypes in one 

step. 
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APPENDIX 

 
Preparation of stock solutions 

Tris-Cl (1M) 

121.1 g of Tris base was dissolved in 800 ml of water. The pH was adjusted to 8 by 

adding 42 ml of concentrated HCl. The solution was allowed to cool to room 

temperature before making final adjustments. The volume of solution was adjusted to 

1000 ml with H2O. It was dispensed into aliquots and sterilize by autoclaving. 

 

EDTA (0.5M, pH 8.0) 

186.1 g of Disodium EDTA·2 H2O was added to 800 ml of H2O. It was stirred vigorously 

on a magnetic stirrer. The pH was adjusted to 8.0 with NaOH. It was dispensed in 

aliquot and sterilized by autoclaving. 

 

NaCl (Sodium Chloride 5M) 

292 g of NaCl was added in 800 ml of H2O. The volume was adjusted to 1000 ml by 

addition of H2O. It was dispensed to aliquot followed by autoclaving. It was stored at 

room temperature. 

 

CTAB (10 %) 

10 g of CTAB was dissolved in 80 ml of d.w. Final volume was adjusted to 100 ml. the 

solution was warmed if required to make a homogenous solution. 

 
SDS (20 %) 

It is also called as sodium lauryl sulphate. 200g of SDS was dissolved in 900 ml of H2O. 

The solution was heated to 68°C and stirred with magnetic stirrer. The pH was 

adjusted to 7.2 by addition of HCl. The final volume was adjusted to 1000ml.  

 

Chloroform: Isoamyl alcohol (24:1) 

Chloroform and isoamyl alcohol was mixed in ratio 24:1 and stored at room 

temperature in amber coloured bottle.  
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TE buffer (Tris EDTA) 

10 ml of 100mM of Tris Cl (pH 8.0) and 2ml of 10mM EDTA (pH 8.0) was taken and the 

volume made up to 100 ml. The solution was sterilized by autoclaving for 20 minutes 

at  15 psi. The buffer was stored at R.T. 

 

Ammonium acetate (10 M) 

To prepare 100 ml solution, 77 g of ammonium acetate was dissolved in 70 ml of d.w. 

The final volume was adjusted to 100 ml with H2O. The solution was stored in a tightly 

stored bottle at 4°C.  

 

TAE (Tris-acetate EDTA) buffer (50X, 500 ml) 

121 g of Tris base was dissolved in 250 ml of distilled water. 50 ml of 0.5 M EDTA (pH 

8.0) and 28.55 ml of glacial acetic acid was added and the volume made up to 500 ml. 

 
Gel loading buffer (6X) 

The constituent of the gel loading buffer was 0.25% bromophenol, 0.25% xylene 

cyanol FF and 15% ficol type 400, dissolved in distilled water. It was prepared as 

described by Sambrook and Russel, 2001. The solution was stored at room 

temperature. 

 
DNAse free RNase (10 mg/ml) 

10 mg of RNase A was dissolved in 1 ml of 10 mM Tris Cl (pH 7.5) and 15 mM NaCl. 

This mixture were heated to 100oC for 15 min, and then allowed to cool to room 

temperature. It was distributed in aliquots of 100 ml and stored at -20oC. 

 

Ethidium bromide 

10g of ethidium bromide was dissolved in 1 ml of sterile H2O. The tube was wrapped 

with aluminum foil. 

 

Phenol: Chloroform 

Phenol crystals were liquefied at 60 oC equilibrated with Tris-Cl as described by 

Sambrook and Russel, 2001. Equilibrated Phenol and chloroform was mixed in a ratio 

1:1 where the chloroform was the mixture of chloroform and isoamyl alcohol (24:1).  



 

 

 

 

 

Plate 1. Agarose (1.5%) gel electrophoresis of amplicons obtained in  

    gradient PCR. 

 M- Marker 100 bp DNA Ladder 

  Lane 1- 35⁰C  Lane 2- 40⁰C  Lane 3- 45⁰C  

 Lane 4- 50⁰C  Lane 5- 55⁰C  Lane 6- 60⁰C  

 

 



   

 

 

    

 

    

        Plate 1. Agarose (1.5%) gel electrophoresis of amplicons obtained in  

        gradient PCR. 

    M- Marker 100 bp DNA Ladder 

     Lane 1- 35⁰C  Lane 2- 40⁰C  Lane 3- 45⁰C  

    Lane 4- 50⁰C  Lane 5- 55⁰C  Lane 6- 60⁰C  

 

  



 

 

 

 

 

 

Plate 2. Agarose (1.5%) gel electrophoresis of amplicons obtained at   

   different MgCl2 concentration. 

M- Marker 100 bp DNA Ladder 

Lane 1- 0.5 mM Lane 5- 2.5 mM 

Lane 2- 1.0 mM Lane 6- 3.0 mM 

Lane 3- 1.5 mM Lane 7- 3.5 mM 

Lane 4- 2.0 mM Lane 8- 4.0 mM 



 

 

 

   

 

   

Plate 2. Agarose (1.5%) gel electrophoresis of amplicons obtained at  

    different MgCl2 concentration. 

M- Marker 100 bp DNA Ladder 

Lane 1- 0.5 mM Lane 5- 2.5 mM 

Lane 2- 1.0 mM Lane 6- 3.0 mM 

Lane 3- 1.5 mM Lane 7- 3.5 mM 

Lane 4- 2.0 mM Lane 8- 4.0 mM 

 



 

 

 

 

                  

       Key: 

    M1- Marker 100 bp DNA Ladder 

    M2- x 174/Hae III Digest 

    N- Negative control    

    Lane1- Positive control (A404) Lane 4- 5066 

    Lane 2- 3693    Lane 5- 5165 

    Lane 3- 4671    Lane 6- 5870  

 

 

  



 

 

 

 

          

 

Key: 

  M- Marker 100 bp DNA Ladder 

  N- Negative control   Lane 5- 5165   

  Lane1- Positive control (A404) Lane 6- 5870   

  Lane 2- 3693    Lane 7- VL 149 

 Lane 3- 4671    Lane 8- VL315 

 Lane 4- 5066    Lane 9- VL 324 

 

 

 



 

 

 

 

 

Key: 

  M- Marker 100 bp DNA Ladder 

  N- Negative control   Lane 5- 5165   

  Lane1- Positive control (A404) Lane 6- 5870   

  Lane 2- 3693    Lane 7- VL 149 

  Lane 3- 4671    Lane 8- VL315 

  Lane 4- 5066    Lane 9- VL 324 

 

 

 

 



 

 

 

 

 

Key: 

  M- Marker 100 bp DNA Ladder 

  N- Negative control    

  Lane1- Positive control (A404) Lane 4- 5066 

  Lane 2- 3693    Lane 5- 5165 

  Lane 3- 4671    Lane 6- 5870 

 

 

 

 

 



 

 

 

 

 

 

Key: 

  M- Marker 100 bp DNA Ladder 

  N- Negative control    

  Lane1- Positive control (A404) Lane 4- 5066 

  Lane 2- 3693    Lane 5- 5165 

 Lane 3- 4671    Lane 6- 5870 

 

 

 



 

    

  

 

 

 

     Key: 

 M- x 174/Hae III Digest 

 Lane 1- 3693 

 Lane 2- 4671 

 Lane 3- 5066 

 Lane 4- 5165 

 Lane 5- 5870 

 


