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Genetic Materials 



 History of Genes and Related Techniques 

1865: Hereditary Transmission, Mendel 

1869: DNA isolated, Miescher 

1879: Mitosis, Flemming 

1909: Gene, Johannsen 

1953: Double DNA Helix, Watson and Crick 

1955: Human Chromosomes, Tjio 

1966: Genetic Code 

1977: Sanger Sequencing 

1980: First Genome Sequenced 

1983: PCR 

1992: Digital PCR 

1995: Microarray 

2005: Next Generation Sequencing 



 Human Genome 

Mitochondial Genome 

consists of 2 rRNA, 22 

tRNA and 13 

polypeptides genes 



 DNA vs RNA 



DNA, RNA and Protein 



 RNAs 



Polymerase Chain Reaction (PCR) 

It’s a means of selectively amplifying a particular segment of DNA.  

i.e. It is a molecular photocopier of DNA. 

Invented by Kary Mullis in 1983 (get Noble Prize in 1993).  



Polymerase Chain Reaction (PCR) 

Requirements:  

 Template DNA,  

 Primers 

 Reaction buffer (Tris, ammonium ions (and/or potassium ions), 

magnesium ions, bovine serum albumin),  

 Nucleotides (dNTPs),  

 DNA polymerase (usually Taq) and  

 PCR Controls 

 a thermocycler. 

 

 

PCR Cycles: 

 30–35 cycles each comprising: 

– denaturation (95°C), 30 sec. 

– annealing (55–60°C), 30 sec. 

– extension (72°C), time depends on product size. 



PCR template (starting material) 

PCR template is DNA. If RNA is the starting material, it must be converted to 

cDNA by a reverse transcriptase and this is called RT-PCR. RT-PCR could be 

One-Step OR two-Step (cDNA step separated) 
 

Steps: 
A- Storage: Samples (5-10 mg tissue, 10 µl to 1 ml if fluid) must be used freshly 

or rapidly stored either in RNA Later OR flash frozen in liquid nitrogen then 

stored at -70. 

 

B- Cell disruption: by homogenization, sonication or vigorous vortexing with or 

without enzymes (Ex. Lysozyme) and detergents. 

 

C- Removal of proteins by digestion with proteinase K. 

 

D- Nucleic acids (DNA/RNA) extraction: 

1- Organic (Ex. Phenol) extraction (Ex. Trizol reagent). 

2- Column-based procedures (binding to anion exchange or silica glass-fiber 

filters in the presence of chaotropic salts (Ex. guanidine isothiocyanate or 

phosphate). 

3- Salting out. 



PCR template (starting material) 

E- DNA recovery: by precipitation using ethanol or isopropanol OR 

elution. 

 

F- Sample Purification: 

Ex. DNAse treatment for RNA extract to avoid contaminant DNA. 

 

G- Check Sample Purity, integrity and quantify: 

1- A260/A280 ratio (1.8-2 for pure DNA/RNA) 

2- Formaldehyde agarose gel electrophoresis (for RNA). 

3- Quantification by measuring A260. 

 

H- Purified DNA/RNA storage: 

Purified RNA may be stored at –20°C or –70°C in water for 1 year.  

Purified DNA may be stored at –20°C or –70°C in TE buffer for 1 year. 

 

I- If RT-PCR: 

cDNA syntheis using dNTPs, RNase inhibitor, Reverse Transcriptase, 

and primer (random or anchored poly dT).  



PCR Primers Guidelines 

 Primers should be ~20 (18-24) bases long. 

 The G/C content should be 40-60%. 

 The Tm of all primer pairs should be similar 

 Optimal annealing temperature ~ 5°C below the calculated Tm 

 The primers must not base pair with each other or with themselves or 

form hairpins. 

 Primers must avoid repetitive DNA 

 Tm calculation: 2°C x (A+T) + 4°C x (G+C) 

 Ensure primer sequence is unique for the template sequence (BLAST) 

 Use a concentration of 0.1–1.0 µM of each primer. For many applications, 

a primer concentration of 0.2 µM will be sufficient 

 Primers differ according to the type of PCR Ex. , qPCR and multiplex 

PCR 



PCR Enzymes 

 Taq DNA polymerase, isolated from the eubacterium Thermus aquaticus, is 

the most commonly used enzyme for standard end-point PCR. However, as 

this enzyme is active at room temperature, it is necessary to perform 

reaction setup on ice to avoid nonspecific amplification. 
 

 Hot-start polymerase Taq DNA polymerase activity can be inhibited at lower 

temperatures with chemical modifiers leading to complete inactivation of the 

polymerase until the covalent bonds are broken during the initial heat 

activation step. 
 

 High-fidelity polymerase (Proof-reading) high-fidelity PCR enzymes generally 

provide a 3' to 5' exonuclease activity for removing incorrectly incorporated 

bases. High-fidelity PCR enzymes are ideally suited to applications requiring 

a low error rate, such as cloning, sequencing, and site-directed mutagenesis. 

(Error 1 in 105 / 106 vs 1 103 / 104 for Taq polymerase) 



PCR Controls 

 NTC: No template control 

 Reference or internal or housekeeping control (Ex. B-actin, GAPDH, 

18S ribosomal RNA, ……..) 

 Positive control 

 

 

Note:  

Conventional PCR reaction is an end-point. After the 35 cycles, the PCR 

products are transferred to and isolated using gel electrophoresis (with 

ethidium bromide or SYBR green or EVA green) and visualized (with UV 

or Flourescense) and compared to a DNA Ladder for Size. 



Real-time PCR 

 Real-time PCR (also known as quantitative or qPCR) allows accurate 

quantification of starting amounts of DNA, cDNA, and RNA targets. 

 

 Fluorescence is measured during each cycle, which greatly increases the 

dynamic range of the reaction, since the amount of fluorescence is 

proportional to the amount of PCR product.  

 

PCR products can be detected using:  

 Fluorescent dyes (Ex. SYBR Green or Eva Green) that bind to double-

stranded DNA , less specific as they bind to any double stranded DNA 

OR 

 Fluorescently labeled sequence-specific probes (Ex., TaqMan probes, 

FRET Probes,.)…. More specific but more expensive 



Quantification by PCR 



Gene Information/sequence 

 Note: Bioinformatics helps identify genes within a long DNA sequence. This technique locates a gene simply by 

analyzing sequence data (by similarity or prediction) using a computer (in silico). 



Gene Information/sequence 



 mRNA information 



 mRNA information 



Primer Design Using PubMed BLAST 



Primer Design Using Primer-BLAST 



Primer Design Using Primer-BLAST 



Primer Analysis Using NetPrimer 



Primer Analysis Using NetPrimer 



BLAST 



BLAST 



BLAST 



 Other Useful Websites 

For Primer Design and Analysis 

 

 BatchPrimer3: 

 

 IDT PrimerQuest: 

 

 OligoPerfect by ThermoFisher: 

 

 

For Gene/mRNA/Exon-Intron/BLAST Information: 

 

 Ensembl: 



Multiplex PCR 

 Multiplex PCR is a variant of real-time PCR in which more 

than one target sequence can be amplified by including 

more than one pair of primers in the same reaction.  

 

 Each primer pair for a target will have a specific 

fluorescent dye different than the others 

 

 Multiplex PCR has the potential to produce considerable 

savings of time and effort within the laboratory without 

compromising test utility.  

 

 It requires special design for primers and extensive 

optimization of buffers, temperatures, ….. To avoid 

interaction between different primers and their amplicons 

(products)  



 Types of PCR – According to Detection Method 



 Digital PCR 

 Digital PCR (or 3rd generation PCR), is a new method for highly sensitive detection 

and absolute quantification of nucleic acids.  

 

 Compared with traditional PCR, dPCR adds the operation of partitioning the 

reaction system, separating the reaction system (10 µl) into tens of thousands of tiny 

independent reaction systems.  

 

 Partitioning uses oil/water partitioning into droplets (ddPCR) either through 

droplet generator or through a chip. 

 

 Ideally, each droplet contains 1 molecule of the nucleic acid template. After the 

amplification is completed, the fluorescent signals of all droplets are identified and 

counted, and the number of negative and positive reactions is calculated.  

 

 Finally, the concentration of the target molecule is calculated by the Poisson 

distribution principle, thereby realizing the absolute quantification of the target 

molecule.  

 

 Digital PCR does not rely on standard curve quantification and is not affected by 

PCR amplification efficiency, with higher sensitivity and accuracy. Thus it is used for 

example, rare sequence detection, copy number variation (CNV) analysis, and gene 

expression analysis of the rare targets. 



 Digital PCR 



 Digital PCR 

Digital PCR 

advantages 

include 

absolute 

quantification, 

No standard 

curve required,  

detection of 

rare samples 

and low 

concentration 



 Microarray 

 A microarray is a laboratory tool used to detect the expression of thousands of genes at 

the same time. DNA microarrays are microscope slides that are printed with thousands of 

tiny spots in defined positions, with each spot containing a known DNA sequence or 

gene. 



Applications of PCR 



 Next Generation Sequencing (NGS) 

 Next-Generation Sequencing is a family of techniques that has 

accelerated the process of detecting nucleotides. Most techniques rely 

on Sequencing by Synthesis.  

 

 In this process, the genome is excised into small 100-200 base pair 

fragments via mechanical or enzymatic means. The individual 

fragments can then be modified using RNA oligomers or adaptors 

(specific sequences that can be used as barcodes) via a ligation 

reaction.  

 

 The fragments can then be immobilized to a solid surface or allowed 

to remain in solution. Critically, the fragments are hybridized to 

complementary sequences of known regions of interest (often called 

baits).  

 

 The unbound DNA is removed, and the enriched DNA is eluted for 

NGS. Solution-based reactions often use baits with a moiety that can 

be used for purification.  



 Next Generation Sequencing (NGS) 

 The dominant next-generation sequencing platform is Illumina. 

Illumina utilizes modified nucleotides that can only be added one at a 

time, preventing the addition of the next nucleotide due to a blocking 

moiety. The different nucleotides contain fluorophores that can be 

distinguished by their different spectra. Following detection, the 

blocking moiety and fluorophore are excised, allowing for an 

extension.  

 

 Roche utilizes the by-product of the incorporation of the nucleotide, 

the pyrophosphate molecule. This reacts with firefly luciferase, which 

subsequently emits light corresponding to the number of nucleotides 

incorporated.  

 

 Ion Torrent utilizes the pH change associated with nucleotide 

incorporation.  



 Next Generation Sequencing 



 Next Generation Sequencing 



 DNA Fingerprinting OR Profiling 

 Short Tandem Repeats (STRs) are short repeated sequences (tetrameric) of DNA. The 

number of repeats varies between individuals, allowing for very high discrimination when 

used in combination. Thirteen STRs are used in forensics in the US under the Combined 

DNA Index System (CODIS).  



 DNA Fingerprinting OR Profiling 

 Currently allele classifications are identified by PCR-based fragment sizing 

by capillary electrophoresis (CE).  

 

 Next-generation sequencing (NGS) adds ability to detect actual sequence 

context of the repeat motifs, the ability to multiplex even more markers, and the 

analysis of degraded samples (by purification and enrichments). The resulting 

STR profiles from NGS provide more information than just the allele number by 

analyzing the nucleotide sequence of the repeat motifs as well as nearby 

variations in the flanking regions. 

 

 Additionally, NGS have generated thousands of intact genomes that can 

function as references.  

 

 Moreover, NGS facilitate rapid, accurate detection of the entire mitochondrial 

genome. Autosomal DNA is limited to two copies per cell while mitochondrial 

DNA copy numbers can be in the thousands. It can be obtained from bones, 

teeth, hair shafts, feces, and other biological materials. Typically, detection of 

mitochondrial DNA focused on the hypervariable regions I and II. This process 

has been successful in achieving this in samples that were too damaged to 

undergo STR profiling.  



 DNA Fingerprinting OR Profiling 

For example, at the genetic locus 

known as "D3S1358", This person has 

the genotype of "15, 18". This genotype 

is shared by about 8.2% of the 

population. By combining the frequency 

information for all 13 CODIS loci, Bob 

can calculate that the frequency of his 

profile would be 1 in 7.7 quadrillion 

Caucasians (1 in 7.7 times 10 to the 

15th power! 

Genotype: represents no of repeats in 

each allele 



 DNA Fingerprinting OR Profiling 

Forensics Paternity Testing 



 Site-Directed Mutagenesis 

Ex. Synthesis of Insulin Analogues 



 Site-Directed Mutagenesis 

Ex. Synthesis of Insulin Analogues 



 Cloning 



Thank you 


