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INTENDED LEARNING OUTCOMES 

1. To understand the relevance of Bioinformatics in Data Science 
2. To understand how big data are generated in Biochemistry (genomics and proteomics) 

by gene sequencing and expression. 
3. To understand how to use important computer tools in bioinformatics (eg NCBI/ 

GenBank). 

COURSE DETAILS 

Weeks 1-2: General overview of molecular biology and DNA structure 

Weeks 3-4: Introduction to bioinformatics (big data in biological science eg human genome 
project). 

Weeks 5-6: Generations of Sequencing Technologies: From First to Next Generation 

Weeks 7-8: Practical sessions of BLAST(Basic Local Alignment Search Tool)ing gene 
sequences on the NCBI database.  

Weeks 9-10:Relevance of genomics and proteomic 

Weeks 11-12: Revision 

 
 
 
 

 



 

RESOURCES 

Book: 

1.  Essential Cell Biology. Bruce Alberts, Dennis Bray, Karen Hopkins… (2nd ed.). 
2004. ISBN:0-8153-3480-X 

2. Molecular Biology. Robert. F. Weaver,….(4th ed). The McGraw Hill Companies, Inc. 
3.    Harpers illustrated Biochemistry. Robert K. Murray, Daryl Granner, Victor Rodwell 

(27 ed.)   ISBN 007-125301-7 
4. Principles of Biochemistry by Leninger 

 
Course assessment 

1. Class and home assignments: 30% of final grade 
2. Exams: Final (according to university schedule): 70% of final grade 

Points to note 
1. All assignments must be independently done 
2. In cases  where you discuss the assignments with others, the names of such 

individuals must be written on top of the assignment sheet as collaborator(s) 
3. All assignments must be promptly submitted as late submissions will not be accepted 
4. You can turn in your home works early if you will be absent from the class for 

genuine reasons. 
 

PREAMBLE 
    Biochemists determined the components of nucleotides during the 1940s. The component 
parts of DNA are Nitrogenous bases: Adenine (A), Cytosine (C), Guanine (G), Thymine (T); 
Phosphoric acid; Deoxyribose sugar. 

Life depends on the ability of cells to store, retrieve and translate genetic information 
necessary for the sustainability of a living organism. Hereditary instructions are stored within 
every living cell in its genes. The genetic information in the DNA of chromosomes can be 
transmitted by replication, recombination, transposition, crossover and conversion. Alteration 
in these processes results in diseases. The DNA is a polymeric structure composed of four 
monomeric units; deoxyadenylate, deoxyguanylate, deoxycytidylate, and thymidylate. The 
backbone is built of repeating sugar-phosphate units. The sugar molecules are deoxyribose. 
Joined to each deoxyribose is one of four possible bases: adenine (A), cytosine (C), guanine 
(G) and thymine (T).  The DNA consists of two complementary chains which are held by 
hydrogen bonds between the base portions of the nucleotides. 
 
In eukaryotic cells, long double-stranded DNA molecules are packed into the chromosomes 
present in the nucleus. The complex task of packaging DNA is accomplished by specialized 
proteins that bind to and fold the DNA, thus generating a series of coils and loops that 
provide increasingly higher levels of organization and that prevent the DNA from becoming 
an unmanageable tangle. Bacteria (prokaryote) typically carry their genes on a single, circular 



DNA molecule. Prokaryotic DNA is also associated with proteins that condense DNA, but 
differ from proteins that package eucaryotic DNA.  
 

 
 

1. Figure 1: Double helix structure of a DNA (Principles of Biochemistry by Leninger) 

 

 

Figure 2: The base pairs (Biochemistry Stryer) 
 

 

 

 



 

 

 

BIOINFORMATICS 

Bioinformatics simply put can be refer to as a subject which involves the building and use of 
biological databases. 

Databases here includes DNA sequences of genomes. 

Required for removing massive amounts of biological data for meaningful knowledge about 
gene structure and expression 

 

 

DNA SEQUENCING 

Sanger, Maxam, Gilbert developed 2 methods for determining the exact base sequence of a 
cloned piece of DNA 

Modern DNA sequencing is based on the Sanger method. 

Sanger DNA sequencing method uses dideoxy nucleotides to terminate DNA synthesis. The 
process yields a series of DNA fragments whose size is measured by electrophoresis. 

Last base in each fragment is known as the dideoxy nucleotide was used to terminate the 
reaction. 

Ordering the fragments by size tells the base sequence of the DNA 

 

BLAST (BASIC LOCAL ALIGNMENT SEARCH TOOL) 

The National Center for Biological Information (NCBI) database contains a vast store of 
biological information, including genomic and proteomic data 

Start with a sequence and discover gene to which it belongs, then compare that sequence with 
that of similar genes 

Query the database with a topic for information  

View structures of protein in 3D by rotating the structure on your computer screen. 

 

RELEVANCE OF GENOMICS AND PROTEOMIC 

A proteome is the complement of proteins produced by a cell’s genome. The new field of 
proteomics encompasses an effort to catalog and determine the functions of all the proteins in 
a cell.One of the most effective ways to determine the function of a new gene is by 
comparative genomics, the search of databases for genes with similar sequences. Paralogs 



and orthologs are proteins (and their genes) with clear functional and sequence relationships 
in the same or in different species. In some cases, the presence of a gene in combination with 
certain other genes, observed as a pattern in several genomes, can point toward a possible 
function. 
 
Cellular proteomes can be displayed by two dimensional gel electrophoresis and explored 
with the aid of mass spectrometry. 
The cellular function of a protein can sometimes be inferred by determining when and where 
its gene is expressed. Researchers use DNA microarrays (chips) and protein chips to explore 
gene expression at the cellular level. Several new techniques, including comparative 
genomics, immunoprecipitation, and yeast two hybrid 
analysis, can identify protein-protein interactions. These interactions provide important clues 
to protein function. 
 

 

SUMMARY 

1. Genetic information is carried by DNA molecules and encoded in the linear sequence 
of nucleotides; A,T,G,C 

2. A molecule of DNA exist as a double helix and is composed of a complimentary  
strands of nucleotides held together by hydrogen bonds between G-C and A-T 

3. NCBI database contains a vast store of biological information, including genomic and 
proteomic data 

4. Querying the database can provide information on DNA sequences whether they are 
similar to already existing sequence or they are entirely new ones (comparative 
genomics). 

 

ASSIGNMENT 

Generate a hypothetical DNA Sequence and try the BLAST on an NCBI database for 
comparative genomics. 

 


