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Molecular biology: definition 

• Molecular biology is the study of molecular underpinnings of the 
process of replication, transcription and translation of the genetic 
material. 



Molecular Biology 
• ... is the study of biology at a molecular level. 
• The field overlaps with other areas of biology, particularly genetics and 

biochemistry  
• Molecular biology concerns itself with understanding the interactions between 

the various systems of a cell, including the interrelationship of DNA, RNA and 
protein synthesis and learning how these interactions are regulated.  

Schematic relationship between biochemistry, genetics and molecular biology  
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Components involved in molecular biology  

DNA  

 

                         RNA 

 

Protein 



Three Domain of Life 

• Eukaryotic 

• Prokaryotic  

• Archaea 

 



Eukaryotic Cell 

Eukaryotes are generally 

more advanced than 

prokaryotes 

 



Eukaryotic Cell 

 Eukaryotic cells are found in animals, plants, fungi and protists 

cell; 

 Cell with a true nucleus, where the genetic material is 

surrounded by a membrane;  

 Eukaryotic genome is more complex than that of prokaryotes 

and distributed among multiple chromosomes;  

 Eukaryotic DNA is linear; 

 Eukaryotic DNA is complexed with proteins called histones; 

 Numerous membrane-bound organelles;  

 Complex internal structure; 

 Cell division by mitosis. 

 



Prokaryotic Cell 

  



Prokaryotic Cell 

 Unicellular organisms, found in all environments. These 

include bacteria and archaea;   

 Without a nucleus; no nuclear membrane (genetic material 

dispersed throughout cytoplasm; 

 No membrane-bound organelles;  

 Cell contains only one circular DNA molecule contained in the 

cytoplasm;  

 DNA is naked (no histone);  

 Simple internal structure; and 

 Cell division by simple binary fission. 

 



Basic differences between eukaryotes and prokaryotes 

Attribute Eukaryotes Prokaryotes 

Organisms Plants, animals and fungi  bacteria and cyanobacteria 

Cell wall  No (animals); Yes (plants) yes 

Chromosome segregation  Mitotic spindle  Cell membrane  

meiosis + _ 

Ribosome size 80 s 70 s  

Cell organelle 

Nuclear membrane + Absent  

Endoplasmic reticulum + - 

Golgi apparatus  + - 

Mitochondria + - 

Chloroplast + - 



Archaea 

Archaea is prokaryotes; 

organisms without nucleus 

but some aspects of their 

molecular biology are 

more similar to those of 

eukaryotes. 

 





The Genome 

 

• Totality of genetic information of an organism. 

 

• Encoded in the DNA (for some viruses, RNA). 

 



The Genome Size 

  



  

Species/ Number of Chromosomes 

 

 
Species  Number of chromosomes 

Human 46 

Mouse 40 

Rat 42 

Fruit flies 8 

Bacteria 1 



Human Genome 

Human Genome; Arranged on multiple chromosomes; 

twenty three pairs of chromosomes; 

• Twenty two pairs  (autosomes). 

• One pair (sex chromosome)  (xx)  (female) or (xy) (male).  

 

Humans have 23 pairs of chromosome in every cell (except 

mature red blood cells..); Gametes or sex cells (sperm and 

eggs) have half the normal complement of chromosomes. 

 



Human Genome 

  



From Genes to Proteins  

DNA 

mRNA 

Protein 

Gen 







The Gene 

 The gene; it is a segment within a very long strand of 

DNA. 

 Genes are the basic units of hereditary.   

 Genes located on chromosome on its place or locus. 

 Allele; a variant of the DNA sequence at a given 

locus. Each allele inherited from a different parent.  

 



The Gene 



Dominant and Recessive 

• Dominant   

 The one pair of allele that masks the effect of the 
other when present in the same cell. 

• Recessive   

 The one pair of allele that is masked by the other 
when present in the same cell and capable of 
producing its characteristics phenotype in the 
organism only when two alleles is present and 
identical.    

 



Dominant and Recessive 



Gene Structure 

• Most of the genes consist of; short coding 

sequences or exons are interrupted by a longer 

intervening noncoding sequence or introns; 

although a few genes in the human genome 

have no introns. 

 



General Structure of Nucleic Acid 

DNA and RNA are long chain polymers of small chemical 

compound called nucleotides. 



Nucleotides 

Nucleotides; ring shaped structures composed of: 

 Nitrogenous base; these bases are classified based on 

their chemical structures into two groups:  
 Purine; double ringed structure (Adenine and Guanine).  

 Pyrimidine; single ring structures (cytosine and thymine). 

 

 Sugar  

  

 Phosphate group 

 



Nucleotides 

• DNA: Four different types of nucleotides differ in 

nitrogenous base:  

    A is for adenine;  

    G is for guanine;  

    C is for cytosine and  

    T is for thymine. 

 

 RNA: thymine base replaced by uracil base. 

 



Nucleotides 

Jypx35. Source: Wikipedia 

 



The DNA 

 Deoxyribonucleic Acid (DNA); the genetic material 

of all cellular organisms and most viruses.  

 DNA; the gigantic molecule which is used to encode 

genetic information for all life on Earth. 

 A human cell contains about 2 meters of DNA. DNA 

in the body could stretch to the sun and back almost 100 

times. So it is tightly packed. 

 DNA responsible for preserving, copying and 

transmitting  information within cells  and from 

generation to generation. 



DNA Double Helix 

Linked as a twisted ladder.  

The curving sides of the ladder represent the 

sugar-phosphate backbone of the two DNA 

strands; the rungs are the base pairs.  

Possess antiparallel polarity. 

Stabilized by hydrogen bonds between the 

bases.   

 

 



DNA Double Helix 



DNA Organization 

DNA molecules 

complexed with other 

proteins, especially basic 

proteins called histones to 

form a substance known as 

chromatin. 

 





Ribonucleic Acid (RNA) 

• Nitrogenous Bases (Adenine, Uracil, Guanine, 
Cytosine) 

 

 



Ribonucleic Acid (RNA) 
• Ribose Sugar 

 

 

 

 

 

 

 

• Phosphate Group 



RNA world 
• Hypothesis that all the existing life came from RNA 

based living system. 
 

• Many of the most critical components of cells (those 
that evolve the slowest) are composed mostly or 
entirely of RNA. Also, many critical cofactors (ATP, 
Acetyl-CoA, NADH, etc.) are either nucleotides or 
substances clearly related to them. 

  
• This would mean that the RNA and nucleotide cofactors 

in modern cells are an evolutionary remnant of an RNA-
based enzymatic system that preceded the protein-
based one seen in all extant life. 



Chemical Differences Between RNA and 
DNA 

1. Single stranded RNA while double stranded DNA 

 



Chemical Differences Between RNA and 
DNA 

2. Ribose sugar in place of Deoxyribose sugar 

 

 



Chemical Differences Between RNA and 
DNA 

3. Uracil in place of Thymine 

 



Summary 



Versatility of RNA 

• mRNA: Messenger RNA 

 

• tRNA: Transfer RNA 

 

• rRNA : Ribosomal RNA 

 



mRNA: Messenger RNA 

• Large family of RNA molecules that convey genetic 
information from DNA to the ribosome, where they 
specify the amino acid sequence of 
the protein products of gene expression. Following 
transcription of primary transcript mRNA (known 
as pre-mRNA) by RNA polymerase, processed, 
mature mRNA is translated into a polymer of amino 
acids: a protein, as summarized in the central 
dogma of molecular biology 



mRNA: Messenger RNA 



Non-coding RNA 

• RNA does not get translated into proteins. 

 

• highly abundant and functionally important RNAs 
such as transfer RNAs (tRNAs) and ribosomal RNAs 
(rRNAs), as well as RNAs such as snoRNAs, 
microRNAs, siRNAs, snRNAs, exRNAs, piRNAs and 
scaRNAs and the long ncRNAs 



tRNA: Transfer RNA 
• Adaptor molecule composed of RNA, typically 76 to 

90 nucleotides in length, that serves as the physical 
link between the mRNA and the amino 
acid sequence of proteins. It does this by carrying 
an amino acid to the protein synthetic machinery of 
a cell (ribosome) as directed by a three-nucleotide 
sequence (codon) in a messenger RNA (mRNA). As 
such, tRNAs are a necessary component 
of translation, the biological synthesis of 
new proteins according to the genetic code. 



tRNA: Transfer RNA 



rRNA : Ribosomal RNA 

• RNA component of the ribosome, and is essential 
for protein synthesis in all living organisms. It 
constitutes the predominant material within the 
ribosome, which is approximately 60% rRNA and 
40% protein by weight. Ribosomes contain two 
major rRNAs and 50 or more proteins. The 
ribosomal RNAs form two subunits, the large 
subunit (LSU) and small subunit (SSU). 



rRNA : Ribosomal RNA 
Type Size 

Large 
subunit (rRNAs) 

Small subunit (rRNA) 

prokaryotic 70S 
50S (5S : 120 
nt, 23S  : 2906 nt) 

30S (16S : 1542 nt) 

eukaryotic 80S 
60S (5S : 121 nt, 

5.8S : 156 nt,28S : 
5070 nt) 

40S (18S : 1869 nt) 
 

 



Ribozymes 

• RNA molecules that are capable of catalyzing 
specific biochemical reactions, similar to the action 
of protein enzymes. 

 

•  RNA can be both genetic material (like DNA) and a 
biological catalyst (like protein enzymes), and 
contributed to the RNA world hypothesis 

 



Types of RNA 

• Y RNA : Components of the Ro60 ribonucleoprotein 
particle which is a target of autoimmune antibodies 
in patients with systemic lupus erythematosus. 

• SL1 RNA:  Commonly, but not always, located in the 
spacer region between 5S-rRNA genes, Involved in 
trans-splicing. 

• Cis-natural antisense transcript: Group 
of RNAs encoded within a cell that have transcript 
complementarity to other RNA transcripts 

 

 



Types of RNA 

• microRNA: small non-coding RNA molecule 
(containing about 22nucleotides) found in plants, 
animals and some viruses, that functions in RNA 
silencing and post-transcriptional regulation of gene 
expression 

• Small interfering RNA: 20-25 base pairs in length. 
Plays major role in RNA interference.  

 



Piwi-interacting RNA 
• Largest class of small non-coding RNA molecules 

expressed in animal cells.  

• RNA-protein complexes through interactions 
with piwi proteins.  

• These piRNA complexes have been linked to both 
epigenetic and post-transcriptional gene silencing 
of retrotransposons and other genetic elements 
in germ line cells, particularly those 
in spermatogenesis.  

• They are distinct from microRNA (miRNA) in size 
(26–31 nt rather than 21–24 nt), lack of sequence 
conservation, and increased complexity 

 



Types of RNA 
• RNase MRP: an enzymatically active 

ribonucleoprotein with two distinct roles 
in eukaryotes.  

• In mitochondria it plays a direct role in the initiation 
of mitochondrial DNA replication.  

• In the nucleus it is involved in precursor rRNA 
processing, where it cleaves the internal transcribed 
spacer 1 between 18S and 5.8S rRNAs. 



Short Hairpin shRNA 

• Artificial RNA molecule with a tight hairpin turn that 
can be used to silence target gene expression via 
RNA interference (RNAi). 

 



Base modification of RNA 

• Post transcriptional modifications. 

 

• Most abundant in three types of stable  RNAs, 
namely, tRNA, rRNA and snRNA. 

 

• Pseudouridylation, 2′-O-methylation, and base 
methylation  





Genetic code  

















Assignments 

• RNA has Uracil in place of thymine. Justify. 
• RNA has Ribose sugar instead of Deoxyribose sugar. 

How does it help ? 
• How and why is RNA considered more versatile than 

DNA ? 
• Write extensive note on Types of RNA. 
• http://learn.genetics.utah.edu/content/cells/scale/ 
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