
D.N.R College (A), Bhimavaram                                                                Department of Biotechnology  

 
 

Name of the Faculty: Sri P D R SATISH                                                                Lab manual  for MSc 
                                 Lecturer in Biotechnology 

                                 
 

Isolation of genomic DNA from dicot and monocot plants 

isolating genomic DNA from dicot and monocot plants follows a similar general procedure, 

but there can be some specific considerations based on the plant type. Here’s a general 

outline of the materials, methodology, and procedure: 

Materials: 

1. Plant Tissue: Fresh leaves or other suitable tissues. 

2. Extraction Buffer: Typically, a buffer containing Tris-HCl, EDTA, NaCl, and SDS 

(sodium dodecyl sulfate). 

3. Proteinase K: Enzyme for digesting proteins. 

4. Phenol:Chloroform 

Alcohol (25:24:1): For organic extraction of DNA. 

5. Isopropanol or Ethanol: For DNA precipitation. 

6. 70% Ethanol: For washing DNA pellet. 

7. TE Buffer (Tris-EDTA): For DNA resuspension. 

Methodology: 

1. Sample Preparation: 

o Collect plant tissue (e.g., leaves), and grind it to a fine powder in liquid 

nitrogen to preserve DNA integrity. 

2. Cell Lysis: 

o Transfer the powdered tissue to a tube containing extraction buffer and 

proteinase K. 

o Incubate the mixture at a suitable temperature (typically 55-65°C) to lyse cells 

and degrade proteins. 

3. DNA Extraction: 

o Add an equal volume of phenol:chloroform 

alcohol to the lysate. 

o Mix thoroughly and centrifuge to separate the aqueous (containing DNA) and 

organic phases. 

o Transfer the aqueous phase to a new tube. 

4. DNA Precipitation: 

o Add cold ethanol or isopropanol to the aqueous phase and gently invert the 

tube to precipitate DNA. 

o Centrifuge to pellet DNA. 

5. DNA Washing: 

o Wash the DNA pellet with 70% ethanol to remove salts and contaminants. 

o Air-dry or vacuum-dry the pellet briefly. 
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6. DNA Resuspension: 

o Dissolve the DNA pellet in TE buffer or water by gentle mixing or incubation 

at a low temperature. 

Specific Considerations for Dicot and Monocot Plants: 

 Dicot Plants: Typically have softer leaves and less fibrous tissues compared to 

monocots. Ensure thorough grinding to maximize DNA yield. 

 Monocot Plants: Often have tougher leaves with more fibrous tissues. Additional 

grinding steps or prolonged lysis may be needed to release DNA effectively. 

Expected Results: 

 After isolation, the DNA should appear as a clear or slightly viscous solution in TE 

buffer. 

 The concentration and purity of DNA can be assessed using spectrophotometry (e.g., 

Nanodrop) or by running an agarose gel electrophoresis. 
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                        Qualitative and quantitative analysis of plant genomic DNA 

Aim: 

The aim of qualitative and quantitative analysis of plant genomic DNA is to assess the 

quality, quantity, and integrity of DNA extracted from plant samples. This information is 

crucial for various downstream applications such as PCR, sequencing, genotyping, and 

genetic engineering. 

Principles: 

 Qualitative Analysis: Determines the presence and purity of DNA in the sample. It 

involves assessing whether DNA is present, its concentration relative to contaminants 

(e.g., RNA, proteins), and its overall purity. 

 Quantitative Analysis: Measures the exact concentration of DNA in the sample. This 

is crucial for ensuring that sufficient DNA is available for subsequent experimental 

procedures. 

Materials and Methodology: 

Materials: 

 Plant tissue samples (leaves, roots, etc.) 

 DNA extraction kit (commercial or homemade) 

 Reagents for DNA extraction (e.g., buffer solutions, enzymes) 

 Spectrophotometer or fluorometer for DNA quantification 

 Agarose gel electrophoresis apparatus (for qualitative analysis) 

Methodology: 

1. DNA Extraction: 

o Homogenize the plant tissue to release cellular contents. 

o Use extraction buffers and enzymes to break down cell walls and membranes, 

releasing DNA into solution. 

o Purify the extracted DNA from contaminants (proteins, RNA, 

polysaccharides) using methods like phenol-chloroform extraction or 

commercial kits. 

2. Qualitative Analysis: 

o Agarose Gel Electrophoresis: Separate DNA fragments based on size. 

 Load extracted DNA samples onto wells in an agarose gel. 

 Apply an electric current to separate DNA fragments by size (smaller 

fragments move faster). 

 Stain the gel with a DNA-specific dye (e.g., ethidium bromide) and 

visualize under UV light to confirm the presence and size range of 

DNA fragments. 

3. Quantitative Analysis: 

o Spectrophotometric Method (e.g., UV-Vis): Measure absorbance of DNA at 

260 nm. 
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 Prepare a standard curve using DNA standards of known 

concentration. 

 Measure absorbance of extracted DNA sample at 260 nm. 

 Calculate DNA concentration using Beer-Lambert law or reference to 

standard curve. 

o Fluorometric Method (e.g., Qubit): Use DNA-specific fluorescent dyes. 

 Mix DNA sample with fluorescent dye specific to DNA. 

 Measure fluorescence intensity using a fluorometer. 

 Quantify DNA concentration based on fluorescence intensity relative 

to standards. 

Procedure: 

1. DNA Extraction: 

o Grind plant tissue in extraction buffer. 

o Incubate with proteinase K and other reagents to release DNA. 

o Purify DNA using spin columns or organic extraction methods. 

2. Qualitative Analysis: 

o Prepare agarose gel (typically 0.8-1.5% agarose). 

o Load DNA samples and DNA ladder onto gel wells. 

o Run gel at appropriate voltage and time. 

o Stain gel with dye and visualize under UV light. 

3. Quantitative Analysis: 

o Prepare DNA standards of known concentration. 

o Measure absorbance or fluorescence of DNA samples. 

o Calculate DNA concentration using appropriate equations or software. 

Expected Results: 

 Qualitative Analysis: Visualization of DNA bands on the agarose gel under UV 

light. Presence of high molecular weight bands indicates intact genomic DNA. 

 Quantitative Analysis: Numerical value representing DNA concentration in ng/µL or 

µg/mL. 
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                                 Amplification and cloning of a plant gene 

Aim: 

The aim of amplification and cloning of a plant gene is to obtain multiple copies of a specific 

gene of interest and insert it into a suitable vector (such as a plasmid or a viral vector) for 

further study or manipulation. 

Principles: 

1. PCR (Polymerase Chain Reaction): PCR is used to amplify the gene of interest 

from the plant genome. It involves repeated cycles of DNA denaturation, primer 

annealing, and DNA extension using a heat-stable DNA polymerase. 

2. Cloning: After amplification, the gene of interest needs to be inserted into a cloning 

vector. This can be achieved using restriction enzymes that cut both the gene and the 

vector at specific recognition sites. DNA ligase is then used to join the cut ends of the 

gene and the vector together. 

3. Transformation: The recombinant vector is introduced into a host organism, such as 

bacteria (e.g., Escherichia coli), for replication and amplification. This step allows for 

the production of a large quantity of the cloned gene. 

Materials and Methodology: 

 Materials: 

o Plant tissue (leaves, stems, etc.) containing the gene of interest. 

o PCR reagents: DNA polymerase, primers specific to the gene, dNTPs 

(deoxynucleotide triphosphates), buffer solution. 

o Restriction enzymes and DNA ligase for cloning. 

o Plasmid or other vector for gene insertion. 

o Host organism (e.g., bacteria) for cloning and amplification. 

 Methodology: 

1. Isolation of DNA: Extract DNA from plant tissue using suitable extraction 

methods. 

2. PCR Amplification: 

 Design and synthesize primers specific to the gene of interest. 

 Perform PCR cycles to amplify the gene segment. 

3. Cloning: 

 Digest both the PCR product and the vector with the same restriction 

enzymes. 

 Mix the digested PCR product and vector. 

 Use DNA ligase to ligate the gene into the vector. 

4. Transformation: 

 Introduce the recombinant vector into host cells (e.g., bacteria) using 

methods appropriate for the host (e.g., heat shock for E. coli). 

 Select transformed cells using antibiotic resistance or other selectable 

markers present in the vector. 
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                                5.Verification: 

1. Perform analytical techniques such as PCR, restriction enzyme 

digestion, and sequencing to confirm the presence and integrity of the 

cloned gene. 

Procedure: 

1. DNA Extraction: 

o Isolate genomic DNA from plant tissue. 

2. PCR Amplification: 

o Set up PCR reactions with extracted DNA, gene-specific primers, dNTPs, and 

PCR buffer. 

o Run PCR cycles (denaturation, annealing, extension). 

3. Cloning: 

o Digest PCR product and vector with appropriate restriction enzymes. 

o Ligate the gene fragment into the vector using DNA ligase. 

4. Transformation: 

o Introduce the ligated vector into bacterial cells (e.g., E. coli). 

o Plate bacteria on selective media to isolate colonies containing the 

recombinant vector. 

5. Verification: 

o Perform colony PCR, restriction digestion, and sequencing to confirm the 

presence and correct insertion of the gene of interest. 

Expected Results: 

 Successful amplification and cloning will yield bacterial colonies containing the 

recombinant vector. 

 Verification through sequencing should confirm the presence and correct sequence of 

the cloned gene. 

This process allows researchers to study and manipulate specific genes of interest from 

plants, enabling applications in genetic engineering, functional genomics, and biotechnology. 
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Mapping of a plant gene. Analysis of a plant gene sequence using Clone Map Software 

Aim: 

The aim is to accurately determine the position of a specific gene within the plant genome. 

This helps in understanding its role in plant development, physiology, and response to 

environmental factors. 

Principles: 

Clone Map Software utilizes bioinformatics algorithms to analyze DNA sequences. It 

compares the gene sequence with known genomic databases to predict its location, exon-

intron structure, regulatory elements, and potential functional domains. 

Materials: 

 Plant DNA sample: Extracted from the plant tissue containing the gene of interest. 

 Computer with Clone Map Software: To perform bioinformatics analysis. 

 Genomic databases: To compare and align sequences for accurate mapping. 

Methodology: 

1. DNA Extraction: Isolate genomic DNA from plant tissue using standard protocols. 

2. Sequence Submission: Submit the gene sequence to Clone Map Software. 

3. Bioinformatics Analysis: 

o Sequence Alignment: Compare the gene sequence with the reference genome 

to identify similarities and differences. 

o Gene Structure Prediction: Determine exon-intron boundaries and potential 

regulatory sequences. 

o Functional Domain Analysis: Identify conserved domains and motifs that 

indicate gene function. 

Procedure: 

1. Data Input: Upload or input the gene sequence into the Clone Map Software 

interface. 

2. Software Analysis: 

o Alignment: The software aligns the submitted sequence with the reference 

genome. 

o Annotation: It annotates the sequence to predict coding regions, introns, and 

regulatory elements. 

o Visualization: Provides graphical representation of the gene structure and its 

genomic context. 
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Typical Results: 

1. Gene Localization: Exact position of the gene on the chromosome. 

2. Gene Structure: Exon-intron organization and regulatory sequences. 

3. Functional Predictions: Potential protein domains and motifs crucial for gene 

function. 
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                             Western analyses of expressed plant protein 

 

Aim and Principle: 

The aim of a Western analysis (also known as Western blotting or immunoblotting) of 

expressed plant proteins is to detect and quantify specific proteins within a sample of plant 

tissue or cells. This method relies on the principles of protein separation by gel 

electrophoresis followed by protein transfer to a membrane and detection using antibodies 

specific to the protein of interest. 

Materials and Methodology: 

Materials: 

 Sample of expressed plant proteins (extracted from plant tissues or cells) 

 SDS-PAGE gel (polyacrylamide gel for protein separation) 

 Transfer apparatus (for transferring proteins from gel to membrane) 

 Blocking solution (e.g., BSA or milk) to prevent nonspecific binding 

 Primary antibody (specific to the target protein) 

 Secondary antibody (conjugated with a detection molecule, e.g., enzyme or 

fluorophore) 

 Substrate or reagent for detection (e.g., chemiluminescent substrate for enzyme-

conjugated secondary antibodies) 

Methodology: 

1. Sample Preparation: Extract proteins from plant tissues or cells using appropriate 

extraction buffers. 

2. SDS-PAGE: Separate proteins based on their molecular weight using SDS-PAGE gel 

electrophoresis. 

3. Transfer to Membrane: Transfer separated proteins from the gel to a membrane 

(e.g., nitrocellulose or PVDF) using a semi-dry or wet transfer method. 

4. Blocking: Block nonspecific binding sites on the membrane with a blocking solution. 

5. Primary Antibody Incubation: Incubate the membrane with a primary antibody 

specific to the target protein. The antibody binds to the target protein on the 

membrane. 

6. Washing: Wash the membrane to remove unbound primary antibody. 

7. Secondary Antibody Incubation: Incubate the membrane with a secondary antibody 

conjugated to an enzyme or fluorophore. The secondary antibody binds to the primary 

antibody. 

8. Detection: Visualize the target protein by detecting the enzyme activity (if using an 

enzyme-conjugated secondary antibody) or fluorescence (if using a fluorophore-

conjugated secondary antibody). 

Procedure: 
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1. Sample Preparation: Extract proteins from plant tissue using extraction buffer. 

2. Electrophoresis: Load protein samples onto SDS-PAGE gel and run gel 

electrophoresis. 

3. Transfer: Transfer proteins from gel to membrane. 

4. Blocking: Block membrane with blocking solution to prevent nonspecific binding. 

5. Incubation: Incubate membrane with primary antibody. 

6. Washing: Wash membrane to remove unbound primary antibody. 

7. Incubation: Incubate membrane with secondary antibody. 

8. Washing: Wash membrane to remove unbound secondary antibody. 

9. Detection: Visualize protein bands using appropriate detection method 

(chemiluminescence or fluorescence). 

Result: 

The result of a Western analysis is typically a visual representation of protein bands on a 

membrane. Each band corresponds to a specific protein that has been detected and quantified. 

The intensity of the bands can provide information about the relative abundance of the target 

protein in the original sample. 

This method is crucial in plant biology research for studying protein expression levels under 

different conditions, identifying protein-protein interactions, and confirming the presence of 

specific proteins in plant tissues or cells. 
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Agrobacterium mediated plant transformation/Preparation of compotent cells  

 

Aim: The aim is to prepare competent cells of Agrobacterium tumefaciens that are capable of 

efficiently delivering foreign DNA into plant cells during transformation. 

Principle: Agrobacterium tumefaciens is a natural genetic engineer of plants. It transfers a 

segment of its own DNA (T-DNA) into the plant cell, integrating it into the plant genome. 

Competent cells are prepared to enhance the transformation efficiency by making them more 

capable of incorporating foreign DNA into their T-DNA region. 

Materials and Methodology: 

Materials: 

 Agrobacterium tumefaciens culture 

 LB broth 

 Antibiotics (such as kanamycin or gentamicin) 

 Chemicals for making transformation buffer (e.g., CaCl2, MgCl2) 

 Ice-cold solutions for washing and resuspending cells 

Methodology: 

1. Culture Preparation: Start with a fresh culture of Agrobacterium tumefaciens grown 

overnight in LB broth supplemented with appropriate antibiotics. 

2. Washing and Resuspension: Harvest the bacterial cells by centrifugation and wash 

them with ice-cold sterile water or a wash buffer to remove any residual media. 

3. Preparation of Transformation Buffer: Prepare a transformation buffer containing 

salts like CaCl2 and MgCl2, which stabilize the cell membrane and facilitate DNA 

uptake. 

4. Incubation and Recovery: After resuspending the cells in the transformation buffer, 

incubate them on ice for a specific period to allow the cells to become competent.  

5. Heat Shock (optional): Some protocols may include a brief heat shock step (e.g., 

37°C for a few minutes) to further enhance competence. 

6. Testing Competence: Assess the competence of the cells by transforming them with 

a known plasmid or by electroporation. The efficiency of transformation can be 

determined by counting colonies or using reporter genes. 

 

 

Procedure: 

1. Inoculate Agrobacterium tumefaciens in LB broth and grow overnight at 28°C with 

shaking. 

2. Harvest the cells by centrifugation at 4,000 rpm for 10 minutes at 4°C. 

3. Wash the cell pellet with ice-cold sterile water or wash buffer. 
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4. Resuspend the cells gently in ice-cold transformation buffer. 

5. Incubate the cell suspension on ice for 30-60 minutes. 

6. Optionally, perform a brief heat shock by incubating the cells at 37°C for 2-5 minutes. 

7. Plate the cells on selective LB agar plates containing appropriate antibiotics and 

incubate at 28°C for 2-3 days. 

Expected Results: 

 Successful preparation of competent Agrobacterium tumefaciens cells capable of 

transformation. 

 Formation of bacterial colonies on selective plates indicating viable cells. 

 Efficiency of transformation can be determined by the number of colonies formed and 

further confirmed by molecular techniques like PCR or Southern blotting. 
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Agrobacterium Co-cultivation method 

Aim: 

The aim of the Agrobacterium co-cultivation method is to transfer specific genes (transgenes) 

into the genome of a target plant species. This allows researchers to introduce desirable traits 

such as pest resistance, herbicide tolerance, or improved nutritional content into the plants. 

Principle: 

Agrobacterium tumefaciens is a soil bacterium known for its ability to transfer a segment of 

its own DNA (called T-DNA) into the genome of host plants, causing them to develop crown 

gall tumors. Researchers exploit this natural ability by replacing the genes responsible for 

tumor formation with desired transgenes. When Agrobacterium carrying these modified 

genes infects plant tissue, it transfers the transgenes into the plant genome. 

Materials and Methodology: 

1. Materials: 

o Agrobacterium strain containing the engineered T-DNA with the desired 

transgenes. 

o Target plant tissue (usually young explants like leaf discs, stem segments, or 

immature embryos). 

o Tissue culture media containing nutrients and hormones suitable for plant 

tissue culture. 

o Antibiotics or herbicides for selection (if needed). 

2. Methodology: 

o Preparation of Agrobacterium: Grow Agrobacterium containing the 

engineered T-DNA in culture under suitable conditions. 

o Preparation of Plant Tissue: Sterilize and prepare the plant tissue explants to 

be infected (e.g., young leaf discs). 

o Co-cultivation: Incubate the plant tissue explants with the Agrobacterium 

culture under specific conditions (temperature, humidity, and duration) to 

allow for infection and transfer of the T-DNA into plant cells. 

o Regeneration: Transfer the infected plant tissue explants onto selective tissue 

culture media that encourage the growth of transformed cells (cells containing 

the transgenes). 

o Selection and Shoot Induction: Culture the explants on selective media 

containing antibiotics or herbicides to eliminate cells without the transgenes. 

Induce the development of shoots from the transformed cells. 

o Rooting and Plantlet Formation: Once shoots are developed, transfer them 

to rooting media to encourage root formation and subsequent plantlet 

development. 

o Acclimatization: Transfer the rooted plantlets to soil and grow them under 

controlled conditions until they are established as mature plants. 
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Procedure: 

1. Preparation: Sterilize both the Agrobacterium culture and the plant tissue explants. 

2. Co-cultivation: Incubate the plant tissue with Agrobacterium containing the 

engineered T-DNA. 

3. Regeneration and Selection: Culture the infected tissue on selective media to 

encourage growth of transformed cells. 

4. Shoot Induction and Rooting: Transfer selected tissue to media promoting shoot and 

root formation. 

5. Acclimatization: Transfer rooted plantlets to soil and grow them to maturity. 

Expected Result: 

 Successful integration of the transgenes into the plant genome. 

 Development of transgenic plants expressing the desired traits (e.g., herbicide 

resistance, insect resistance). 
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