






1 

irtigation 

Sl. No Chapter 

INDEX 

2 

5 

9 

14

16 

20 

25 

28 

29 

31 

37 

39 

Page no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 Sanger Sequencing 

Quantitative Polymerase Chain Reaction (qPCR) 

Seed health testing 

Conventional Methods for detecting seed-borne pathogens 

Serological method for detecting seed-borne pathogens 

Genomic DNA Extraction From Seed Borne Fungi 

Genomic DNA Extraction from Seed Borne Bacteria 

Genomic DNA Extraction from Seed Borne Viruses 

Isolation Of RNA From Plant Cells 

Complementary DNA (cDNA) Synthesis 

In Vitro Amplification Of DNA By Polymerase Chain 
Reaction 

Application of nanotechnology for detection and diagnosis 
viral pathogens 





2 

irtigation 

Chapter 1 

Seed Health Testing 

 
Seed health is an essential component of seed quality. It is estimated that 30% of seed-

borne diseases can be controlled by using disease-free seeds. For many of these diseases, 
fungicides are not available or registered, and resistant cultivars are not available, 
necessitating the use of disease-free seed as the only means of crop protection. Hence, 
research and development priorities to facilitate and improve the scope of seed health testing 
need special attention. 

Seed Health 

 Seed health refers to the presence or absence of disease-causing organisms viz., fungi, 
nematodes, bacteria, viruses and insects in a seed or seed lot. 

 Seed status is also affected by the presence of non-disease causing contaminants viz., 
weeds, and soil particles in the particular seed lot. 

 Insect eggs overwintering could degrade the quality of the seed lot. 

Seed Health Testing 

Seed health testing is a procedure which can be determined whether tile seed is healthy 
or diseased or presence or absence of seed borne pathogen in a seed lot. 

Objectives of Seed Health Testing 

1. Improvement of seed stock in the certification scheme. 

2. Satisfy the quarantine requirements of a country. 

3. Improve the planting value of a given seedlot which predicts the health of the mature 
crops. 

4. Assessment of storage quality or feeding value of a seed lot. 

5. Assess the efficiency of seed-treating chemicals 



Paul Neergaard, Father of Seed Pathology 
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Importance 

Seed Pathology 
Seed Pathology is the integral part of Seed Technology and Plant Pathology dealing with seed
borne plant diseases and their detection and management etc. 

Requirements for selection of seed health test methods 

 Specificity: Distinguish the target pathogen from all organisms likely to occur on 

seeds from the field or store, i.e. to avoid false positives. 
 Sensitivity: Detect target organisms, which are potentially significant in field crops at 

a low incidence in seed stocks. 

 Seed testing has been for furnishes the different quality attributes viz., moisture 

content, germination and vigour, physical and genetic purity, freedom from seed-
borne diseases and insect infestation. 

 Standard seed testing procedures were developed by three primary organizations. 

1. International Seed Testing Association (ISTA) 

2. International Seed Health Initiative (ISHI)

3. National Seed Health System (NSHS) for International trade. 
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 Speed: Ensure rapid results, followed by more definite testing. 
 Simplicity: Minimize the number of stages to reduce room for errors 
 Cost-effectiveness: Test costs should form part of acceptable production margins for 

each crop. 
 Reliability: Test methods must be sufficiently robust, repeatable within and between 

samples of the same stock.

Methods of Seed Health

Testing l. Conventional

methods  Direct Examination or Microscopic examination 

 Incubation tests 

 Seedling symptom test 

2. Serological method 

3. Molecular method 
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2. Seed Washing Test 
 The washing test is helpful for detecting surface-borne fungal spores causing smuts, bunts,
rusts, downy mildews, powdery mildews, etc. and of bacterial crusts on seed surface. 

1. Direct and microscopic examination 
This refers to the detection of such seed-borne pathogens that cause discolouration of
the seed or change in the shape and size of the seed and hence are visibly detectable.
The visual examination also helps in detecting fungal structures present on or with
seed, such as the sclerotia, galls, smut balls, discolouration, malformation, resting
hypha, fruiting bodies of fungi (oospores, pycnidia, perithecia), and bacterial masses. 

 

Chapter 2

Conventional Methods for detecting seed-borne pathogens 

Conventional seed testing methods include a range of procedures that assess various aspects
of seed quality. The primary methods are: 

 

Some examples of visibly detectable diseases are maize seeds infected with Nigrospora, 
which have white streaks with black spore masses near the tips. Soybean seeds infected with 
Cercospora kikuchii show symptoms of purple seed stain. The fungus Claviceps, the cause of 
ergot of sorghum and pearl millet, often is mixed with seed as sclerotia. Yellow ear rot or 
tundu disease-infected wheat seeds can also be detected by visual inspection of black galls 

caused by the nematode Anguina tritici (Agarwal and Sinclair, 1997). 
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Procedure: 

1. Two grams of seed is taken in a test tube with 10 ml of water and shaken for 10 minutes on 
a mechanical shaker. 

2. The suspension is examined as such or the suspended spores are concentrated by 

centrifuging at 3000 rpm for 15-20 minutes. 

3. The suspension is discarded, and the spores are again suspended in 2 ml of Lactophenol (a 

mixture of lactic acid, phenol, water and glycerol in the ratio of 1:1:1:2). 
4. This suspension is then examined under the microscope for the presence of conidia and 
other fructification. 

3. NaOH Seed Soak Method 
This method is used for the easy detection of Tilletia indica and T. barclayana, causing 
Karnal bunt in wheat and paddy kernel smut/bunt, respectively (Agarwal and Srivastava, 
1981). In this method, a sample of a minimum of 2000 seeds is soaked in sodium hydroxide 
solution (NaOH 2%) for 20 h at 20 °C. The infected seeds exhibit loose spores of shiny jet 
black in colour of the fungus at the infected portions in contrast to the pale yellow healthy 
seed. Upon rupturing the black seeds in a drop of water, a mass of teliospores is released. The 
sodium hydroxide treatment increases the colour contrast between diseased and healthy 
wheat and paddy seeds, making the detection easier. 

This technique was developed exclusively for the detection of loose smut fungi
(Ustilago tritici) in wheat. The fungal mycelium is localized in the embryo of the
seed. To separate the intact embryo, from the rest of the seed, for microscopic
observation is not possible. Therefore, the embryos are released from the wheat
seeds by soaking in a solution of NaOH (5%) + trypan blue (0.03%) for 12 h. The
embryos thus released are processed, dehydrated with spirit, and cleared in a
solution of glycerine + lactic acid (1:1) and examined under a stereo binocular
microscope. The test is performed with a sample size of a minimum 2000 seeds
(Cappelli and Covarelli, 2005). 

4. Embryo Count Method 
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5. Incubation Test 

The incubation test is the most common and widely used method for detecting a large
number of seed-borne pathogens. In this, the seeds are incubated on a substrate, under
specific environmental conditions for specified times to allow pathogens to grow on the
seed. At the end of the incubation period, seeds are examined for the fungal growth of
the pathogen on each seed using a stereomicroscope or compound microscope. 

 Standard Blotter Method: 

 

Blotter method for the detection of chilli anthracnose pathogen. 
(a) Infected seeds showing acervuli of the fungus. (b) Blotter test showing the growth of the 

fungus on seed surface. 

The blotter method was developed by Doyer in 1938 which was later included in the
International seed Testing Association (ISTA) rules of 1966. 

Procedure: 

 Four hundred seeds of each variety were tested by employing the standard blotter 

method in three replications. 

 Three pieces of blotting paper of 90 mm size were moistened with distilled water and 

placed in 90 mm sterilized Petri plates after draining excess water. 

Untreated seeds were placed at the rate of 20 seeds per Petri plate at equal distances.  

 The plates were incubated at room temperature (25± 2º C) under alternate cycles of 12 

hrs NUV light and darkness. 

 After eight day of incubation the seeds were examined under a stereoscopic –

binocular microscope for the associated fungi and they were identified based on 
morphological characteristics. 


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SELECTED REFERENCES: 

To estimate the frequency and relative percentage of fungi and
bacteria, 400 seeds will be placed in replications on PDA and NA media
by agar plating method. Samples were placed on PDA and NA media at
10 seeds per plate. The plates will be incubated under alternating
periods of 12 h darkness and 12 h daylight at 25 ± 20C for 7 days.
Seeds will be examined for fungal and bacterial growth. (Singh et
al.,2018). 

 This method involves raising seedlings under controlled conditions to allow for
symptom development due to seed-borne infections. It can predict field performance
and estimate the number of infection foci per unit area in relation to seed-borne
seedling and plant diseases. 

 Deep Freeze Method: 

400 seeds will be placed at the rate of 10 seeds per plate on a moistened blotter in the way as 
described under the standard blotter method. The Petri plates were incubated at 25± 2 ºC for 

24 hrs under alternate cycles of 24 hrs NUV light and darkness, for the next 24 hrs the plates 
were incubated at -20 ºC in the dark and then kept back under original condition for the next 

six days. After eight days of incubation, the seeds were examined under stereoscopic 
binocular microscope. (Singh et al.,2018). 

GEBEYAW, M., 2020, Review on: Impact of seed-borne pathogens on seed quality. Am. J. 

Plant Biol, 5: 77-81. 

ISTA, 2024. International Seed Testing Association, Chapter 7: Validated Seed Health 
Testing Methods, ISTA rules for seed testing 2024, accessed on 22 July 2024. 

6. Seedling symptom test: 

 Agar Plate Method: 
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Types of ELISA 

Enzyme-Linked Immunosorbent Assay (ELISA)
Principle of ELISA 

 

Chapter 3 
Serological method for detecting seed-borne pathogens 

Introduction 

„ 

1. Direct ELISA: Antigen is directly immobilized on the microplate and detected with 

an enzyme-linked antibody. 

The Enzyme-Linked Immunosorbent Assay (ELISA) is a widely used serological
technique for detecting the presence of antigens (pathogens) or antibodies in a sample.
The principle of ELISA is based on the specific binding between an antigen and its
corresponding antibody, and the detection is achieved through an enzyme-linked
secondary antibody that produces a measurable signal, usually a color change and the
sensitivity of ELISA was 1 μg/ml (Kumar et al., 2020). 

The serological method is used for the identification of diseases based on antigen and
antibody interactions and colour change in the assay. Serological assays depend on
antibodies generated against specific antigens of plant pathogens. The antibodies bind
specifically to its antigens and consequently are detected by the enzymatic digestion of
substrates. These methods are usually applied to detect many bacterial and viral
pathogens. Enzyme-linked immunosorbent assay (ELISA) is widely used to detect
seed-derived fungi, bacteria, and viruses. 
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Microtitre plate with 96-wells 

 Microtitre plates: 96-well plates suitable for ELISA 

Antisera: suitable for detection of particular pathogen
Balance: capable of weighing to the nearest 0.01 g
pH meter: capable of being read to the nearest 0.1 pH unit
Automatic pipettes: capable of pipetting to the nearest 0.001 ml
Grinder: capable of grinding seeds to fine flour
Pestle and mortar: to grind seed samples
Incubator: capable of maintaining a temperature of 4 ±2 °C and 37 ±2 °C
ELISA plate reader Tubes: 10 ml
Vortex: suitable for vortexing 10 ml tubes 

 

2. Indirect ELISA: Antigen is immobilized on the microplate, detected with a primary 
antibody, and then a secondary enzyme-linked antibody that recognizes the primary 
antibody. 

3. Sandwich ELISA: Capture antibody is immobilized on the microplate, the antigen is 
sandwiched between the capture antibody and a secondary antibody, which is then 

detected with an enzyme-linked antibody. 

4. Competitive ELISA: Sample antigen competes with a labeled antigen for binding to 

a limited amount of antibody. 

Materials: 



















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Sample preparation: 
This can be done before the assay. It is vital to exclude any possibility of cross-

contamination between seed samples. It is therefore essential to clean all equipment, surfaces, 
containers, hands, etc. both before and after handling each sample. 

Sample size: 
The sample size (total number of seeds to be tested) and subsample size depend on 
intended use, the maximum acceptable infection level and the analytical sensitivity of the 
method. The minimum recommended working sample size is 2000 seeds and the maximum 

subsample size must be 100 seeds. 

1. Count the number of seeds in a known weight. Calculate the estimated thousand-seed 

weight (TSW) as 
TSW = (weight of seeds/number of seeds) × 1000 

2. Based on the estimated TSW, weigh out subsamples of the required size into new, 
clean polythene bags or containers. 

Methodology (ISTA, 2024) : 
I. Coating of ELISA plates 

1. Add appropriate (as defined by supplier) dilution of coating serum to coating buffer to 

obtain a coating solution. 
2. Coat one plate with 100 µl of coating solution per well. 
3. Cover ELISA plates with a lid or wrap with plastic to minimize evaporation. 
4. Incubate plates overnight at 4 ±2 °C. 

II. Extraction of virus from the seed and incubation of extracts 
1. Count or weigh 20 × 100 seeds per subsample. 
2. Grind each subsample to fine flour in a pestle and mortar 
3. From each subsample, weigh out 0.5 g of flour and transfer it to a 10 ml tube. 

4. Add 5 ml of extraction buffer to each tube. 
5. Vortex each tube for 15 s. Allow extract to settle for at least 5 min on the bench to 

facilitate pipetting. 
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6. Remove the coating solution from ELISA plates and immediately rinse plates 
thoroughly, three times, using PBS/Tween™ 20 to remove residues. 

7. Immediately after rinsing, pipette 100 µl of each seed extract into a well. Use two 
wells per subsample. 

8. Add positive and negative controls to each ELISA plate. Use at least two dilutions for 
the positive control: one „low‟ dilution that gives a high extinction and a „high‟ 
dilution that gives an extinction just above the detection threshold. Negative controls 
must include a healthy seeds extract. 

9. Cover plates with a lid or wrap with plastic to minimize evaporation and incubate 
overnight at 4 ±2 °C. 

III. Incubation of conjugate 
1. Prepare appropriate dilution of conjugated antiserum using conjugate buffer as 

defined by the supplier. 
2. Remove seed extracts from ELISA plates and rinse plates three times with washing 

buffer PBS/Tween™ 20 to remove residues of seed extract. 

3. Immediately after rinsing, add 100 µl of diluted conjugate to each well of the ELISA 

plate. 

4. Cover plates with a lid or wrap them with plastic to minimize evaporation and 
incubate for 3 h at 37 ±2 °C. 

IV. Addition of substrate to ELISA plates 
1. Prepare substrate solution (10 mg para-nitrophenyl phosphate in 20 ml of substrate 

buffer). 

2. Remove conjugate from ELISA plates and rinse thoroughly 3 times by hand using 

washing buffer PBS/Tween™ 20. 

3. Add 100 µl of substrate solution to each well. 
4. Incubate in the dark for 2 h at 20 ±2 °C 

5. Measure extinction value with ELISA plate reader. 
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Pictorial representation of procedure of ELISA 

References: 
ISTA, 2024. International Seed Testing Association, Chapter 7: Validated Seed Health 

Testing Methods, ISTA rules for seed testing 2024, accessed on 22 July 2024. 

KUMAR, R., GUPTA, A., SRIVASTAVA, S., DEVI, G., SINGH, V.K., GOSWAMI, S.K., 
GURJAR, M.S. AND AGGARWAL, R., 2020. Diagnosis and detection of seed-borne 
fungal phytopathogens. Seed-Borne Diseases of Agricultural Crops: Detection, 
Diagnosis & Management,107-142. 
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Chapter 4

Genomic DNA Extraction from Seed Borne Fungi 
 
CTAB extraction for fungi The CTAB DNA extraction method is cheap, effective and
applicable for a wide range of applications including DNA barcoding, shotgun
sequencing and long-read sequencing. The protocol utilizes organic solvents and the
harmful nature of some of the solvents, combined with the relatively long time to
complete the protocol, can therefore be a limitation of using this method. 


    Harvest fungal material as outlined in Before you begin Steps 1-4.Homogenize tissueAdd 200 μL CTAB buffer to sample and grind tissue with a micropestle.1.5 mL Eppendorf tubes often work bestAdd 200 μL CTAB buffer to sample and grind tissue with a pipette tip with the end 

melted 
  Place end of a 1000 μL pipette tip into the flame of an ethanol or Bunsen burner until the 

hole is sealed 






 Allow the tip to cool. The plastic end often becomes cloudy as it coolsHomogenize using a Qiagen TissueLyser (or other lysis machine)Add glass beads or a heavy metal bead to the tube (2 mL Eppendorf tubes often work 

best for the heavy beads) 



 Run TissueLyser at 24 Hz for four minAdd 500 μL CTAB buffer, 7 μL Proteinase K, 7 μL RNase A and 7 μL β-

Mercaptoethanol. 














 Incubate on a rotor at 65°C for at least 3 h (1 h if samples were freeze-dried).Centrifuge for 5 min at 20,000×g.Transfer supernatant to a new tube.Add 700 μL phenol-chloroform-isoamyl alcohol (25:24:1).Mix by turning upside down 100 times and incubate for 5 min at 18°C–27°C.Vortexing for 5 s is also possible but increases the risk of shearing DNACentrifuge for 30 min at 20,000×g and 20°C. 
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 Transfer the upper phase, avoiding the white interphase, to a new tube. 

Add 700 μL chloroform:isoamyl alcohol (24:1).
Mix by turning upside down 100 times and incubate for 5 min at 18°C–27°C.
Vortexing for 5 s is also possible but increases the risk of shearing DNA
Centrifuge for 15 min at 20,000×g and 20°C.
Transfer upper phase, avoiding the white interphase, to a new tube while measuring
supernatant volume. 

  Add 1/3 supernatant volume of 5M NaCl and 2/3 supernatant volume of ice-cold 

isopropanol to the tube. 
  This step brings the DNA out of solution. While the isopropanol does not have to be ice-

cold, it helps to improve overall yield. 




















 Mix by turning upside down 20 times and centrifuge for 30 min at 20,000×g and 20°C.Discard supernatants.Avoid disturbing any pellet with a pipette tip.Add 750 μL 70% Ethanol and centrifuge for 3 min at 20,000×g.The use of ice-cold ethanol can improve yield.Can be repeated to increase purity.Discard supernatants.Avoid disturbing any pellet with a pipette tip.Air-dry pellets then add 50–100 μL EB buffer (or other elution buffer).Maximum time for air-drying is 10 min. Be sure to properly remove ethanol with a 10 μL 

pipette and the remaining ethanol will evaporate within a few minutes. 



 Allow the sample to dissolve for at least 1 h at 18°C–27°C or for 12 h at 4°C.Note: Unless otherwise indicated, centrifugation steps are at 18°C–27°C. 

REFERENCE: 
AAMIR, S., SUTAR, S., SINGH, S. K., AND BAGHELA, A., 2015, A rapid and efficient 

method of fungal genomic DNA extraction, suitable for PCR based molecular 
methods. Plant Pathol Quar, 5(2), 74-81. 

MISHRA, I. G., TRIPATHI, N. AND TIWARI, S., 2014, A simple and rapid DNA extraction 
protocol for filamentous fungi efficient for molecular studies. Indian Journal of 

Biotechnology, 13, 536– 539. 












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The basic “standard” procedures for isolation of bacterial DNA are based on lysozyme
digestion of the cell wall, detergent lysis, disruption of protein-nucleic acid complexes
and phenol:chlorophorm extraction to remove proteins. A number of other methods
have come into use; these are based on the chemotropic agent guanidine hydrochloride,
and are often successful for species resistant to detergent lysis, for instance
mycobacteria. The physiological state of cells sometimes affects the ease with which
DNA can be extracted, either by making them difficult to lyse, or by producing large
amounts of capsule or glycocalyx material, which is largely composed of
polysaccharide. Since extracellular materials are produced mostly in physiologically
limiting conditions, a sometimes successful solution is to work with very young cultures,
even though large volumes may be required for harvesting enough cells. The boiling
method is rapid and 

renders DNA of a minimum purity but enough to used in PCR reactions. The methods

given 
here usually start from liquid cultures; most can also be used with cells cultured on
solid 
media, by scraping them off and resuspending them in the appropriate buffer.

Production of 
extracellular material is more likely to be a problem than with cells grown in liquid
culture. 

1.1. BOILING METHOD 

  Equipment 

  Bacterial isolate cultured on an agar plate 

  Inoculating loopIncubator 
  

  Eppendorf tubes (vol 1,5 ml), sterilised 

  Pipettes and sterilised tips 

  Block heater (up to 100ºC) 

  Centrifuge Solutions 

  Molecular grade water, autoclaved 

Chapter 5
Genomic DNA Extraction from Seed Borne Bacteria 
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Materials: 

  Bacterial isolate cultured on an agar plate 

  Inoculation loopIncubator 
  

  Eppendorf tubes (vol 1,5 ml), sterilised 

  Pipettes and sterilised tips 

  Centrifuge Solutions 

  Chloroform: iso-amyl alcohol (24:1) 

  Phenol/chloroform: iso-amyl alcohol (1:1 v/v) 

  CTAB/NaCl: Mix 10% Hexadecyltrimethylammonium Bromide and 5M NaCl 5M (1:1). 

Store at room temperature. 

  RNAse (10 mg/ ml):Disolve 100 mg RNAse in 10 ml sterile distilled water and incubate 

at 90 ºC for 10 minutes to inactivate DNAss. 

  Keep at – 20 ºC until use. 

 

Procedure 

Add 100 µl of molecular grade water into an Eppendorf tube. 

Then, pick up 5 colonies from the agar plate and dissolve them in the Eppendorf tube. 

1. Incubate at 100ºC for 10 minutes. 

2. Add 900 µl of molecular grade water and mix well until the solution is 
homogeneous. 

3. Harvest by centrifugation (12.000 rpm for 10 min) 

4. Transfer supernatant to an sterile Eppendorf tube For PCR applications, use 1-5 µl 
of the supernatant . 

1.2 CHROMOSOMAL DNA EXTRACTION 
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Proteinase K (20 mg/ ml): Disolve 100 mg proteinase K in 5 ml sterile distilled water. 
Keep at – 20 ºC. 

TE (pH 8.0): 10 mM Tris-HCl, 1mM EDTA. Autoclave and keep at room temperature. 

10% SDS (w/v): Disolve 10 g of SDS in 100 ml of distilled water. Keep at room 
temperature. 

5M NaCl: Disolve 292.2 g of NaCl in a final volume of 1 litre. Autoclave. 

Molecular biology grade water, autoclaved 

Procedure

1. Resuspend a loop of colonies from a cultured agar plate in 500 µl of TE and dissolve 
completely. 
2. Add 30 µl of 10% SDS. Mix well. 

3. Add 3 µl of proteinase K (20 mg/ml). Incubate at 37 ºC for 60 minutes. 

4. Add first 100 µl of 5M NaCl, mix well and then, 80 µl of CTAB/NaCl. Mix by inverting 
the tube (gentle tilting) and incubate at 65ºC for 10 min. 










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5. To the solution add an equal volumen of phenol/chloroform:iso-amyl alcohol (25/24:1), 
mix to emulsify and spin for 5 minutes at 8000 rpm. Pipette upper layer into a fresh tube..6 
6. Repeat step 5 

7. Add RNAse to a final concentration of 50 µg/ml and incubate for 30 minutes at 37 ºC 

8. Repeat step 5 

9. Precipitate DNA adding 1/10 vols of 5M NaCl and 2 vols of 100% cold ethanol and keep 
at -20º C o/n or at -80º C for 60 minutes. 

10. Spin at 12.000 rpm for 20 minutes. 

11. Remove supernatant. 

12. Wash by adding 70% etanol followed by centrifugation as in step 10. Dry completely. 

13. Redissolve in 50-200 µl of TE and keep at -20 ºC Guidelines for quantification of the 
DNA are described in the section of “Basic procedures” of the course. 

REFERENCE 

BERG, T., TESORIERO, L. AND HAILSTONES, D. L., 2005, PCR‐based detection of 
Xanthomonas campestris pathovars in Brassica seed. Plant pathology, 54(3), 416-
427. 

DUTTA, B., GITAITIS, R., SMITH, S., AND LANGSTON JR, D., 2014, Interactions of 
seedborne bacterial pathogens with host and non-host plants in relation to seed 
infestation and seedling transmission. PloS one, 9(6), e99215. 
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Chapter 6
Genomic DNA Extraction from Seed Borne Viruses 

 
Extraction procedures for plant DNA in general must accomplish the following:
1. The cell wall must be broken to release the cellular constituents. Grinding the tissue in the
liquid nitrogen with pestle and mortar usually does this.
2 The cell membranes must be disrupted, so that the DNA is released into the extraction
buffer. This is achieved by using detergents.
3. The DNA must be protected from endogenous nucleases.
4. Shearing of the DNA must be minimized.
5. The time between thawing of the frozen, pulverized tissue and its exposure to the
extraction buffer must be minimized to avoid nucleolytic degradation of the DNA. 

There is one major consideration associated with the isolation of DNA from higher 
plants that is not encountered in most organisms. Enzymes inhibiting polysaccharide are 
often present in purified DNA. Most extraction methods employ expensive and time- 
consuming CsCl gradient techniques to eliminate polysaccharides. Plant tissues are 
notoriously difficult material for DNA isolation due to the presence of various secondary 
products. A protocol that works with one plant group may fail with others. Consequently. 
several DNA isolation methods have been developed for different target plant groups. The 

methods described here are based on potassium acetate (Dellaporta, et al. 1989) and the 
CTAB (Murray and Thompson, 1994; Taylor and Powell, 1994) that make it possible to 
extract purified high molecular weight plant DNA without the use of expensive equipment 
and time-consuming procedures. 
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CTAB protocol:
Materials: Gloves, mortar and pestle, liquid nitrogen, water bath, microfuge
micropipettes, pipette tips, leaf sample and ice bucket.
Chemical and reagents: 
  СТАВ 
  Tris-HCl pH 8.0 
  NaCl 
  Ethylenediaminetetraacetic acid Disodium (EDTA) salt 
  Polyvinyl Pyrrolidone Powder (PVP) 
  B-mercaptoethanol 
  Chloroform 
  Isoamyl alcohol 
  Isopropanol 
  70% Ethanol 

tubes. 
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Composition of CTAB buffer: 

Reagent 
CTAB 

NaCl 
Tris-HC1 

EDTA 

Required concentration 
2% 

1.4 M 
100 mM (pH 8.0) 

20 mM (pH 8.0) 

DNA extraction procedure: 

1. 100mg of fresh leaf tissue was ground to a fine paste with liquid nitrogen. 
2. Homogenized cell mixture was transferred to a 2 mL microcentrifuge tube and add 500 μl 

of CTAB buffer, a pinch of PVP and lul B-mercaptoethanol and incubated at 60°C for about 
30min in water bath. 

3. 500ul of Chloroform:Isoamyl alcohol (24:1) was added to the cell homogenate after 
500pation and mixed by repeatedly inverting the tubes until a milky texture is obtained and 

then centrifuged at 13000 rpm for 10 min. 
4. The supernatant (upper aqueous phase) was transferred to new 1.5 mL. microfuge tube 

5. Chloroform: Isoamyl alcohol purification (steps 3&4) repeated for one more time 
6. An equal volume of ice-cold isopropanol was added to the aqueous supernatant and 

incubated at -20°C overnight. 
7. Plant DNA was precipitated by centrifuging at 13000 rpm for 15 min and supernatant was 

discarded. 
8. DNA pellet was washed twice with 70% ethanol by addition of 500 µl 70% ethanol and 
centrifugation at 5000 rpm for 2 min. 
9. Ethanol was evaporated from the DNA pellet by exposing the tubes to clean air 
10. DNA pellet was re-suspended in 50 µl of TE buffer and stored at -20°C until further use. 
11. RNAse treatment 
  Bring the tubes to room temperature. 
  Add 3 µl of RNAseA per 50 ul of DNA. Incubate for 5 minutes at 37°C. 
  Inactivate the RNAse by incubating at 85°C for 5 to 10 min. 
  Repeat steps 4-16 (optional for getting pure DNA) 
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Quantification of DNA: 
The amount ofDNA in each sample was quantified individually using the 
NanoDropspectrophotometer. Two ul of each DNA sample is pipetted onto the pedestal of 
NanoDrop spectrophotometer and measured thesample absorbance at 260 nm (A260). The 
DNA quantity in ng /µl, and A260/280 and A260/230 ratios for each sample was noted. Pure 
DNA typically yields an A260/280 ratio of -1.8 and an A260/280 ratio of -2.0 (Desjardins 
and Conklin, 2010). NanoDrop readings were used to dilute the DNA sample to the working 
concentration of 100 ng/µl. 

Polymerase chain reaction (PCR) and gel electrophoresis 
Polymerase chain reaction was carried out in 20 ul reaction volume containing 100 ng of 
template DNA, 0.5uM each of the forward and reverse degenerate primers, IU of Taq 
polymerase, 200 mM dNTPs and 10x buffer with 20mM Mg PCR was performed in 

Eppendorf Nexus Mastercycler programmed at 95°C for 5min, 30 cycles each of 94°c for 30 
s, 50-60°C for 50 s and 72°C for 1 min, and final extension at 72°C for 10 min. The resulting 

PCR products were separated on 1.5% agarose gel electrophoresis at 80V for 2hr. 

Agarose gel electrophoresis of PCR amplicons 
Equipment: Casting tray, combs, power pack, Horizontal Gel electrophoresis unit, Gel box, 
UV light source and Microwave. 
Reagents: TAE buffer, Agarose, Ethidium bromideand distilled water 

50x TAE buffer (500ml): 
1. 121g Tris base 
2. 28.55ml Glacial acetic acid 
3. 50ml of 0.5M EDTA (pH 8) 
4. The volume is made up to 500ml with distilled water. 
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Preparation of 1.5% agarose gel: 1.5 g of agarose dissolved in 100 ml of Ix TAE buffer by 
heating in microwave. Molten agarose was cooled to approximately 40°C, and 10 ul of 
ethidium bromide solution was added and poured into casting tray fitted with appropriate 
combs. Gel was cooled until solidification and removed from the casting tray and placed into 
horizontal electrophoresis unit. IX TAE buffer was poured into electrophoresis unit until the 

gel was completely submerged in the buffer. PCR products were mixed with 3 ul of 
bromophenol blue dye and loaded into the wells. The electrophoresis unit was connected to 

the power pack and run at 80V until the bromophenol blue reached the end of the gel. Gels 
were documented under gel documentation unit fitted with UV transilluminator. 

REFERENCE: 
KAUR, S. I., KASHYAP, P. L., KANG, S. S. AND SHARMA, A., 2020, Detection and 
diagnosis of seed-borne viruses and virus-like pathogens. In Seed-borne diseases of 
agricultural crops: detection, diagnosis & management, 169-199. 

PEARCE, D. A. (1998). PCR as a Tool for the Investigation of Seed-borne. In Applications 

of PCR in mycology, 309. 
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Chapter 7

Isolation of RNA from Plant Cells 
 

Modern biotechnological advances in functional genomics and the access to whole 
genome sequences are invaluable tools for crop improvement. Identifying the molecular 
factors affecting crop growth and productivity under harsh environmental conditions and 
evaluating their functional responses will help decode pathways enhancing in crops. 

Deciphering these molecular factors and stress tolerance mechanisms high-quality RNA, 
which is a pre-requisite for various techniques in molecular biology, highding gene 
expression quantification by RT-PCR, RT-PCR, RNA-seq, northern blot analysis, 
construction of cDNA libraries and PCR amplification-based gene cloning. 

Reagents 

1. TRIzol Reagent 

2. Isopropanol 

3. Chloroform 

4. 75% EtOH

5. DEPC-treated ddH2O 

Procedure: 

1. Grind 100 mg tissue in liquid nitrogen in a motar and pestle. 

2. Put tissue into an Eppendorf tube centrifuge tube containing 1.5 ml TRIzol reagent. 
Incubate samples for 5 min at room temp or 60° C. 

3. Homogenize tissue with homogenizer for 15 sec., repeat once more. 

4. Centrifuge samples at 12,000xg at 4°C for 10 min. 

5. Transfer supernatant into new Eppendorf tube and Discard pellet. 

6. Add 0.3 ml chloroform to each tube and shake tubes vigorously with vortex for 15 sec. 7. 
Incubate the tubes at room temp 2-3 min. 
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8. Centrifuge tubes at 10,000xg at 4°C for 15 min. 

9. Carefully pipette aqueous phase into a clean Eppendorf tube centrifuge tube, discard 
interphase and lower phase. 

10. Add isopropanol and 0.8 M sodium citrare/1.2 M NaCl, 1/2 volume of the aqueous

phase 
each. Close tube and mix by gentle inversion. 

11. Incubate the tubes at room temp for 10 min. 

12. Centrifuge tubes at 10,000xg at 4°C for 10 min. 

13. Discard supernatant. Wash pellet with 1 ml of 75% ethanol by votexing briefly. 

14. Centrifuge at 10,000 x g at 4° C for 10 min. 15. Discard supernatant; briefly dry

pellet (5-10 min, not longer). 16. Add DEPC-H2O, 40 µL, to pellet. Resuspend by

pipetting up and down a few times. 17. Pipette supernatant into new Eppendorf tube;

put an aliquot into the spectrophotometer to 
determine RNA concentration and quality. For optimal spectrophotometric
measurements, 

RNA aliquots should be diluted with water or buffer with a pH > 7.5. Distilled water with

pH 
< 7.5 falsely decreases the 260/280 ratio. 

Formaldehyde-agarose gel electrophoresis: 

Formaldehyde gels are generally more frangible, slimier and less elastic than non-

denaturing 
gels. However, the bands of RNA in formaldehyde-agarose gels are often fuzzy and
do not 

match the crisp beauty of bands in glyoxal-agarose gels. 

1. Prepare 1.2% agarose formaldehyde gel of the size 10 x 14 x 0.7 cm. Mix 1.2 g

agarose 
with 10 ml 10x formaldehyde agarose buffer. Add RNase free water to makeup 100
ml (or 

adjust the quantities as required depending on gel size) 
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2. Heat the mixture to melt agarose and cool to 65 0C in a water bath. Add 1.8 ml of

37% 
(12.3M) formaldehyde and 1 ul of a 10 mg/ml ethidium bromide stock solution. Mix 

thoroughly and pour onto gel support. Prior to running the gel, equilibrating in 1X 
formaldehyde agarose gel running buffer id recommended for at least for 30 minutes. 

3. RNA sample preparation: add 1 volume of 5X loading buffer per 4 volumes of RNA 
sample and mix. Incubate for 3-5 minutes at 650C, chill on ice and load onto the
equilibrated 
formaldehyde agarose gel. 4. Run gel at 5 V/cm in IX formaldehyde agarose gel running

buffer. Composition of formaldehyde agarose gel buffer 

10X formaldehyde agarose buffer: 

  200 mM 3-(N-morpholino) propanesulfonic acid (MOPS) (free acid) 
  50 mM sodium acetate 
  10 mM EDTA 
  pH to 7.0 with NaOH 

1X formaldehyde running buffer 

  100 ml 10X formaldehyde agarose gel buffer 
  20 ml 37% formaldehyde 
  880 ml RNase free water 

REFERENCE: 

JOHANSEN, E., RASMUSSEN, O. F., HEIDE, M. ANS BORKHARDT, B. 1991, The 
complete nucleotide sequence of pea seed-borne mosaic virus RNA. Journal of 

General Virology, 72(11), 2625-2632. 

WANG, D., HAYES, I. M. AND MAULE, A. J., 1992, Procedures for the efficient 
purification of pea seed-borne mosaic virus and its genomic RNA. Journal of 

virological methods, 36(3), 223-230. 
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Chapter 8

Complementary DNA (cDNA) Synthesis 
 

cDNA synthesis is the first step for many protocols in molecular biology, notably
gene expression analysis using real-time quantitative PCR (qPCR). All subsequent steps
require that the synthesis step produce cDNA with high fidelity, accurately representing the
target DNA. The advent of cDNA synthesis kits has made reverse transcription easier and
faster with reproducible high quality. 

CDNA Synthesis using oligo dT primers 

1. Isolated RNA is used to synthesize cDNAs (Invitrogen, cDNA synthesis kit). The cDNA 
templates, primers and reaction conditions for RT-PCR are used as below. 

2. Incubate the tube at 65" C for 5 min, then place on ice for 1 min. 

3. Prepare the following cDNA Synthesis Mix, adding each component in the indicated order.

4. Add 10 µl of cDNA Synthesis Mix to each RNA/Primer mixture, mixe gently by brief 
centrifugation, then incubate for 50 min. at 50° C. 

5. Terminate the reaction at 85° C for 5 min. Then chill on ice. 

6. Add 1 µl of RNase H to each tube and incubate the tubes at 37° C for 20 min. 

7. Optional: Check the concentration of cDNA on NanoDrop ND-1000 spectrophotometer™. 
The absorbance is recorded at 260/280 and 260/230. 
8. Then store at -20°C till further use.

REFERENCE

KAUR, S. I., KASHYAP, P. L., KANG, S. S. AND SHARMA, A., 2020, Detection and 
diagnosis of seed-borne viruses and virus-like pathogens. Seed-borne diseases of agricultural 
crops: detection, diagnosis & management, 169-199. 
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Chapter 9 

Amplification of DNA by Polymerase Chain Reaction In Vitro

Polymerase chain reaction is based on features of semi-conservative DNA replication
carried out in prokaryotic and eukaryotic cells by DNA polymerases. All the polymerases can
catalyze the addition of bases to the 3' hydroxyl end and can extend the primer, if template is
provided. PCR is based on these principles and is used to amplify the segment of DNA that
lies between two regions of known sequence. 

Material required: 

  Gloves, Ice bucket, Pipettes: 20-200 µl. 0.2-10 µl, Pipette tips: 20-200 µl, and 0.2-10 µl, 

Microcentrifuge tubes, 0.5 ml., thin walled 

  PCR tubes/strips or microtiter plates: Thin-walled plastic tubes that fit snugly in the 

block of the thermal cycler are used for amplification. 

  Mineral oil (optional) 

  Paraffin wax (optional) 

  Thermal cycler: A number of programmable thermal cyclers marketed by different 
commercial companies (e.g., Mastercycler [Eppendorf], PTC-100 [MJ Research]) are 
licensed by PerkinElmer for use in PCR. The choice among these instruments depends 

on the investigator's inclination, the available budget, and the range of uses to which the 
machine will be put. Before purchasing a thermal cycler, we recommend soliciting as 

many opinions as possible to discover the advantages and disadvantages of different 
machines. 

Procedure 

1. In a sterile 0.5-ml. microcentrifuge tube, amplification tube, or the well of a sterile 

microtiter plate add Taq polymerase as it is already present in the mix) 

2. Set up a negative control, in which water replaces the DNA. 

3. Mix the contents, and centrifuge the vials briefly 
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4. Insert the tubes into a thermocycler and start the desired program as below 

  Initial denaturation: 94°C for 3 min 

  Denaturation: 94°C for 15 sec 

  Annealing: 55°C for 30 sec 

  Extension/Elngation: 72°C for 90 sec 

  Final Extension: 72°C for 3 min. 

5. After amplification, the tubes can be stored at 4°C for a couple of days (or for a 
longer period, if necessary, at-20°C). 

6. An aliquot of each sample is mixed with loading buffer and electrophoresed on a 
1.4% agarose gel along with a suitable size standard (mostly 1 Kb DNA ladder). 

REFERENCE 

SCHOCHETMAN, G., OU, C. Y., AND JONES, W. K., 1988, Polymerase chain 

reaction. The Journal of infectious diseases, 158(6), 1154-1157. 

ERLICH, H. A., 1989, Polymerase chain reaction. Journal of clinical immunology, 9, 437-
447. 
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Chapter 10 

Application of nanotechnology for detection and diagnosis viral pathogens 

Accurate detection and identification of plant pathogens are fundamental to plant 
pathogens diagnostics and thus plant disease management. The lack of rapid, accurate, and 
reliable diaans by which plant pathogens can be detected and identified has been one of the 
main limitations in plant disease management and has prompted the search for alternative 

Hingnoidie techniques. Nowadays, many techniques have been developed for the detection 
and identification of plant pathogens, each requiring its own protocol, equipment, and 

expertise. In addition, some of these techniques permit reliable quantification of the target 
pathogen as well, and supply the information required to estimate potential risks regarding 

disease development, spread of the inoculum, and economic losses. The early accurate 
diagnosis of plant pathogens especially viruses is a crucial component of any crop 

management system since there is no direct remedial treatment for viral diseases once 
infection becomes established. However, symptoms of a given virus-host combination may 

vary depending on cultivars, environmental conditions and virus strain per se. Infection of a 
single host by two different viruses causing similar symptoms is often noticed, which can 

complicate the diagnosis of disease and make the phenotype symptoms an unreliable criteria 
for viral identification. Many molecular diagnostics are available for detection of pathogens 

infecting important cultivated plants but the production and spread of diagnostic kits has not 
yet been attempted. Therefore the diseases will detect in pre-symptomatic stage through the 

application of nanotechnology may greatly helps to diagnose the viruses in plant as early and 
may highly useful for designing superior management strategies to contain these diseases. 

What is Nanotechnology? 

Nanotechnology is the manipulation or self-assembly of individual atoms, molecules, or 
molecular clusters into structures to create materials and devices with new or vastly different 
properties. Nanotechnology can work from the top down (which means reducing the size of 
the smallest structures to the nanoscale e.g. photonics applications in nanoelectronics and 
nanoengineering) or the bottom up (which involves manipulating individual atoms and 
molecules into nanostructures and more closely resembles chemistry or biology). 
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2. Synthesis of nanoparticles by the fungal systems 


 

The definition of nanotechnology is based on the prefix "nano" which is from the 
Greek word meaning "dwarf". In more technical terms, the word "nano" means 10%, or one 
billionth of something. For comparison, a virus is roughly 100 nanometres (nm) in size. The 
word nanotechnology is generally used when referring to materials with the size of 0.1 to 100 
nanometres, however it is also inherent that these materials should display different 

properties from bulk (or micrometric and larger) materials as a result of their size. These 
differences include physical strength, chemical reactivity, electrical conductance, magnetism, 
and optical effects. 

The concept of nanotechnology was introduced in 1959 by Richard Feynman in his 
prescient lecture "there is Plenty of Room at the Bottom" at a meeting of the American 
Physical Society.

Biosynthesis of silver and gold nanoparticles by microorganisms

1. Synthesis of nanoparticles by bacteria 


 
  
  
  
  
  
  

 
  
  
  
  
  

Pseudomonas stulzeri

Escherichia coli

Vibrio cholerae

Pseudomonas aeruginosa

Salmonellstyplus

Staphylococcus currens

Bacillus licheniformis 

Aspergillus niger

Fusarium oxysporum

Aspergillus fumigates

Penicillium brevicompactum

Fusarium semitectum

Cladosporium cladosporioides 
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3. Metal nanoparticles synthesis using plant extracts 

  Neem plant 
  Geranium 
  Alove vera 

Labelling nanoparticles 

Nanoparticles offer adjustable and expandable reactive surface area compared to the 
more traditional solid phase forms utilized in bio affinity assays due to the high surface to- 

volume ratio. The versatility of nanoparticles is further improved by the ability to incorporate 
various molecular complexes such as luminophores into the core. Nanoparticle labels 
composed of polystyrene, silica, inorganic crystals doped with high number of luminophores, 
preferably lanthanide (III) complexes, are employed in bio affinity assays. 

Labeling with biomarkers 

The nanoparticles labeling has been realized using very classical chemical grafting 
techniques for a covalent linkage between oligonucleotides and nanoparticles. This chemical 

grafting includes a generation and activation of carboxylic groups on the nanoparticle surface 
followed by a reaction between the biomarker and the activated carboxylic functions on the 
nanoparticle surface followed by a reaction between the biomarker and the activated 
carboxylic functions. The obtained solution after biomarker grafting has been tested with 
conventional laboratory equipments used for fluorescence detection in 10 µL. tubes. It has 
been shown that serial dilutions can be positively detected for dilutions ranging from 1/104 to 

1/108 corresponding to 10-4 to 10-8 mg/mL of biolabelled nanoparticles.

Labelling with fluorescent nanotracers 

  Fluorescein (FITC) 
  Green Fluorescein protein (GFP) 
  Quantum Dots 
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Radio labelling of Nanoparticles 

18

64







F labeled iron oxide nanoparticles 

Cu-labeled nanoparticles 
 64Ga labeled nanoparticles 

Conjugation of Nanomaterial's with different biomolecules 

In the biological and biomedical sciences, nanomaterials have the potential to open new 
research avenues. However, most of the manufactured nanomaterials are hydrophobic and 
incompatible in biological environments, for solubilization and functionalization of 
Badematerials it should be conjugated with different biomolecules such as nucleic acid 
peptides and proteins, antibodies, carbohydrates and antibiotics. Materials in the nanoscale 

range have a higher surface-to-volume ratio when compared with their microscale 
counterparts. This allows nanomaterials to be able to attach more copies of biological 
molecules, which confers greater efficiency. Bioconjugation not only further solubilizes 
nanomaterials, but also makes them suitable for various innovative biological applications, 
such as drug delivery, cancer detection and diagnosis, labeling and biosensors. Nanomaterials 
have a broad spectrum of biocidal and biostatic activity against a variety of microorganisms, 
including Gram-positive and Gram-negative bacteria, bacterial endospores, fungi and viruses. 

Quantum dots (QDs) 

QDs, also known as colloidal semiconductor nanocrystals, are novel inorganic 
fluorescence labeling agents. They are generally composed of materials in the periodic 

groups of II- VI (e.g., CdSe) or III-V (c.g., InP) and are typically less than 10nmin diameter. 
A bare QD is commonly passivated by an inorganic layer to compose a core-shell structure 
(e.g.. CdSe/ZnS). While the core defines the fluorescence optical and electronic properties of 
the particles, the outside shell layer increases the quantum yield and protects the core from 
degradation in a physiologically aggressive environment to enhance its photostability. The 

core-shell QD can be coated with an outer layer of amphiphilic polymer and further 
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conjugated with biofunctional groups. Quantum dots (QDs) can be excited by a wide range of 
light, ranging from ultraviolet to near-infrared, and can emit different wavelengths of light 

depending on their size and composition. Typically, a single QD contains a total of 
approximately 100-100,000 atoms in its crystal core. The size of QDs ranges on the 
nanometer scale, normally 2-10 nm in diameter. In the early 1990s, quantum dots were 
mainly prepared in aqueous solution with added stabilizing agents. This procedure yielded 
low-quality quantum dots with poor efficiencies in fluorescence and large size variation. 
From 1993 onwards, the high-temperature organometallic procedure was used for growing 
quantum dots. Now, the use of quantum dots heralds a revolution in biological imaging; their 

photophysical properties have broadened their application, and they have shown great 
promise as imaging probes in bio-imaging, drug discovery, and diagnosis. This review of the 
biological applications of QDs will exclude the detection of cancer, because many research 
and review articles already relate to the eventual use of quantum dots to dramatically improve 
clinical diagnostic tests for the early detection of cancer. 

Nanomaterials used in control and detection of pathogens 

The detection of numbers of microorganisms in plant, environmental or clinical 
samples, however, traditional methods need an amplification step based on growth in 

selective or differential media to increase cell numbers. These procedures are laborious and 
prolong the detection time, sometimes taking days to produce results that are often limited in 
their ability to distinguish between strains. Polymerase chain reaction (PCR) has been used in 
pathogen detection. However, it requires incubation and amplification to detect pathogens at 
low concentrations. In addition, the incubation and enrichment processes required for PCR 
may generate false positive results since it does not indicate viability. New detection 
approaches without time-consuming procedures offer obvious advantages in diagnosis, 

environmental monitoring, food quality control, and homeland security. Various 
biofunctionalized nanomaterials have also been developed for rapid and sensitive detection, 
capture, and separation of pathogens. 
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Three major types of nanomaterials as they are applied in the control and detection of 
various microorganisms: 

1. Polymeric nanomaterials: Nanoparticles, Nanotubes, Nanoemulsion that are conjugated 
with different biofunctionalities (carbohydrates, antibodies, etc.) 

2. Fluorescent agents and the applications of semiconductor nanocrystals as fluorescent 
tag/label/ probe for the rapid and sensitive identification and detection of pathogens in pure or 

mixed microbial cultures. 

3. Metallic nanomaterials such as Au, Ag, TiO2, and MgO that are used in antimicrobial 
applications. 

Elemental metal nanomaterials 



 Silver nanoparticles 
  Gold nanoparticles 
 Copper nanomaterials 
Metal oxide nanomaterials 

  Titanium dioxide (TiO2) 
  Magnesium oxide (MgO) 
  Zinc Oxide (ZnO) 
  Aluminium nanoparticles 
  Zine oxide nanoparticles 
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Chapter 11 

Quantitative Polymerase Chain Reaction (qPCR) 

 

PCR (Polymerase Chain Reaction) is a method where an enzyme (thermostable DNA
polymerase, originally isolated in the 1960s from bacterium Thermus aquaticus,
amplifies a short specific part of the template DNA (amplicon) in cycles. In every cycle,
the number of short specific sections of DNA is doubled, leading to exponential
amplification of targets. 

In qPCR (quantitative Polymerase Chain Reaction), exactly the same procedure 
happens but with two major differences: first, the amplified DNA is fluorescently labelled, 

and second, the amount of fluorescence released during amplification is directly proportional 
to the amount of amplified DNA. The method´s name derives from the fact that the 

amplification of DNA by polymerase chain reaction (PCR) is monitored in real-time. It is a 
quantitative method in contrast to conventional PCR, meaning that it enables the 

determination of exact amounts (relative or absolute) of amplified DNA in samples. 
Conversely, amplified DNA can only be detected after the amplification had been carried out 
(end-point detection) in conventional PCR.

Principle: 

When performing qPCR, a fluorescent reporter dye is used as an indirect measure of 
the amount of nucleic acid present during each amplification cycle. The increase in 
fluorescent signal is directly proportional to the quantity of exponentially accumulating PCR 
product molecules (amplicons) produced during the repeating phases of the reaction. When 
free in solution, with only single-stranded DNA (ssDNA) present, SYBR Green dye emits a 
signal of low intensity. As the PCR progresses and the quantity of dsDNA increases, more 
dye binds to the amplicons and hence, signal intensity increases. 
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Figure 1: Graphical representation of the principle of qPCR 

Procedure: 

 Reactions were prepared in a total volume of 10μl containing: 1 μl of first strand 
TMcDNA template, 1 μl of each forward and reverse primer (3pmol), 5 μl iQ

green supermix (Bio-rad) and 2 μl of sterile deionsed distilled water. 
 SYBR 

 The reaction tube should be loaded to the qPCR machine and appropriate module will 

be selected. 
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Chapter 12 

Sanger Sequencing 

Figure 2: Workflow of SeqStudio Genetic Analyser 

A. Amplify the DNA template 

The amplicon is amplified by PCR and confirmed by Agarose Gel Electrophoresis 

TM 

B. Treat the amplicons with ExoSAP-IT Express PCR Product 

ExoSAP-IT Express reagent consists of two hydrolytic enzymes, a modified Exonuclease I 
and Shrimp Alkaline Phosphatase (SAP), in a specially formulated buffer. It is used to 

remove excess primers and dNTPs from a PCR mixture with no interference in downstream 
applications. 

Sanger sequencing is the gold standard for sequencing technology: it provides a high
degree of accuracy, long-read capabilities, and the flexibility to support a diverse
range of applications in many research areas. Sanger Sequencing by capillary
electrophoresis (CE) is used to determine the specific base sequence of a particular
DNA fragment or gene segment. This method is based on the selective incorporation
of four different fluorescent dye-tagged dideoxynucleotide chain terminators by DNA
polymerase during in vitro DNA replication (cycle sequencing); the DNA polymerase
adds the different nucleotides one by one onto a growing DNA template strand in a
linear mode. This extension continues until a particular nucleotide is incorporated.
Because of the nucleotide's dideoxy-configuration the polymerase cannot add any
other base to this fragment and the extension is terminated. At the end of the selected
number of cycles, numerous fragments with different lengths and one labelled
nucleotide at the end are then generated. 



Cycle sequencing is a simple method in which successive rounds of denaturation, annealing,
and extension in a thermal cycler result in linear amplification of extension products. 
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Procedure: 

1. Place the tube of ExoSAP-ITTM Express PCR Product Cleanup on ice. 
2. Transfer 5 μL of each PCR product to a new PCR tube. 

3. Add 2 μL of ExoSAP-ITTM Express PCR Product Cleanup to the tube. 
4. Vortex the tube for 2 to 3 seconds, then centrifuge (5 to 10 seconds). 

5. Incubate the ExoSAP-IT tube: 

Temperature Time 

37°C 
80°C 

4 minutes 
1 minute 

6. Store the treated plate on ice for immediate use or at –20°C for longer term storage. 

C. Cycle sequencing 

 

Figure 3: Diagram of cycle sequencing 

Procedure: 

1. Completely thaw the contents of the BigDyeTM Terminator v3.1 Cycle Sequencing Kit 

and your primers, then store on ice. 

2. Vortex the tubes for 2 to 3 seconds, then centrifuge briefly (2 to 3 seconds) with a 
benchtop microcentrifuge to collect contents at the bottom of the tubes. 

3. Label micro centrifuge tubes “forward” and “reverse”, then add the following 

components to each tube: 
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Steps 
Initial denaturation

Denaturation

Annealing

Extension

Hold 

Conditions 
96°C for 1 minutes

96°C for 10

seconds 50°C for 5

seconds 60°C for 4

minutes 4°C hold 

Components

BigDyeTM Terminator 3.1 Ready Reaction 
Mix 

BigDyeTM Terminator v1.1 & v3.1 5X 
Sequencing Buffer 

Deionized water (RNase/DNase-free) 

Primer 

Template 

Total 

Quantity

1 μl 

1.5 μl 

5 μl 

1.5 μl 

1 μl 

10 μl 

4. Place the tubes or plate(s) in a thermal cycler and set the correct volume 
5. Perform cycle sequencing: 

D. Purify the sequencing reactions 

1. Prepare a 125 mM EDTA solution from 0.5 M EDTA, pH 8.0. 
2. Prepare 70% ethanol using absolute ethanol. 
3. Briefly centrifuge the sequencing plate in a swinging bucket centrifuge (5 to 10 

seconds) at 1,000 x g. 

4. Remove the MicroAmpTM Clear Adhesive Film from the plate. 
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5. Add the following in order: 

Components Quantity 

sequencing reaction (starting volume)

125mM EDTA

Absolute ethanol

Total 

10 μL

2.5 μL

30 μL

42.5 μL 

IMPORTANT! Dispense EDTA directly into the sample in each well. If droplets are visible 
on 

the 

the wall of the well, briefly centrifuge the plate to ensure that the EDTA mixes with 

sequencing reactions. 

6. Seal the plate with MicroAmpTM Clear Adhesive Film. 
7. Vortex the plate for 2 to 3 seconds, then centrifuge briefly (5 to 10 seconds) at 

1,000xg. 
8. Incubate the plate at room temperature for 15 minutes. 

IMPORTANT! Timing of this step is critical. 
9. Centrifuge the plate in a swinging bucket centrifuge at 1,870 x g (4°C) for 45 minutes. 

IMPORTANT! Proceed to the next step immediately. If this is not possible, then 
centrifuge the plate for 2 minutes before performing the next step. 
10. Slowly remove the MicroAmpTM Clear Adhesive Film to prevent disruption of the 
pellet. Place 4 layers of absorbent paper into the centrifuge and carefully invert the 

plate onto the paper without dislodging the pellet. Centrifuge at 185 × g for 1 minute. 

11. Do not tip out liquid first. Do not tap plate to facilitate liquid removal. Add 70% 

ethanol to each well. 
12. Add 30 μL 70% ethanol to each well. 

13. Seal the plate with MicroAmpTM Clear Adhesive Film and centrifuge at 1,870 × g 
(4°C) for 15 minutes. 

14. Slowly remove the MicroAmpTM Clear Adhesive Film to prevent disruption of the 
pellet. Place 4 layers of absorbent paper into the centrifuge and carefully invert the 

plate onto the paper towel without dislodging the pellet. Centrifuge at 185 × g for 1 
minute. 



43 

irtigation 

 

Note: To store, seal the plate with MicroAmpTM Clear Adhesive Film, and store, 
protected from light, at 4°C for CE preparation or –20°C until use. 

E. Capillary electrophoresis 

Capillary electrophoresis (CE) is a separation technique that separates molecules in an 
electric field according to size and charge. In capillary sequencing machines, 

DNA fragments are separated by size through a long, thin, acrylic-fibre capillary. A 
sample containing fragments of fluorescently labelled DNA is injected into the capillary. 

This is done by dipping the capillary and an electrode into a solution of the sample. 
A fluorescence-detecting laser, built into the machine, then shoots through the capillary 

fibre, causing the coloured tags on the DNA fragments to fluoresce. In Sanger 
sequencing, each base terminator is labelled differently with a different colour: A = 

Green, T = Red, C = Blue, G = Yellow. The colour of the fluorescent bases is detected 
by a camera and recorded by the sequencing machine. The colours of the bases are then 
displayed on a computer as a graph of different coloured peaks. 

Procedure: 

1. Resuspend purified and dried sequencing reactions in 10-μL of Hi-DiTM Formamide 
2. Briefly pulse vortex and spin down the sequencing reaction. 

3. Denaturation: Incubate at 95°C for 3 minutes and immediately place in -20°C for 2 

minutes. 

4. Remove the Clear Adhesive film and seal the plate using septa. 
5. Select the appropriate BDx run modules in the machine or desktop and start the 

reaction. 
























