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Gene Regulation

If transcription and translation were only dependent on random

collisions thousands, if not millions, of times within the nucleus

(transcription) and at ribosomes (translation), there would be no cell

differentiation and organisms would be shapeless and lack structure.

The latest estimates are that a human cell, a eukaryotic cell, contains

approximately 35,000 genes.

• housekeeping genes are expressed in all cells all the time.

• Some are expressed all the time in only those cells that have differentiated in a

particular way.

• Some are expressed only as conditions around and in the cell change. For example,

the arrival of a hormone may turn on (or off) certain genes in that cell.

•The gene must have Exon; start signals; stop signals; regulatory control elements



Gene Regulation
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The basal (core) promoter: provides recognition and binding sites for the RNAP II

and is located about 40 base pairs (bps) from the start of the gene. It is typically

contains a sequence of seven bases (TATAAAA, the ‘TATA box’).

Proximal promoter tends to contain primary regulatory elements

Enhancer (and/or Silencer) serve to activate or repress transcription.

promoters and enhancers form a DNA sequence, called a cis element, which is

recognized by regulatory proteins, called a trans element.

This still leaves the question of where the first trans element comes from.
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Gene Regulation

http://pbil.univ-lyon1.fr/members/sagot/htdocs/team/projects/chromo_net/images/reg.jpg



Gene Regulation



Gene Regulatory Network

 Gene regulatory networks (GRNs) are the on-off 

switches of a cell operating at the gene level.

 Two genes are connected if the expression of 

one gene modulates expression of another one 

by either activation or inhibition



Gene A Gene B Gene C Gene D

If A and B then D

If B then NOT D

If C then D

Gene Regulatory Network



Why Study GRNs?

 Genes are not independent

 They regulate each other and act collectively;

 This collective behavior can be observed using
microarray

 Some genes control the response of the cell to
changes in the environment by regulating other
genes

 Potential discovery of triggering mechanism
and treatments for disease

Gene Regulatory Network



Molecular Systems Biology (2007) 3, 124

Gene Regulatory Network



pre-mRNA

transcription

splicing

translation

mature mRNA

protein

a gene

Folding

Sequence story



Sequence story

Schematic representation of the five omics technologies



Biological networks

Different types of information can be represented in the

shape of networks in order to model the cell

https://www.ebi.ac.uk/training/online/course/network-analysis-protein-interaction-data-introduction/networks-cell-biology-summary-0
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Biological networks

http://www.biomedcentral.com/1471-2105/14/S8/S10



Biological networks

Appl Bioinformatics 2006; 5 (2): 77-88



Protein Sequences

Nomenclature and Symbolism for Amino Acids

by IUPAC (International Union of Pure and Applied Chemistry)

A protein fragment defines as the

succession of its constituent amino

acids, listed in order from the

N-terminus to the C-terminus.



DNA Sequences

By convention, the primary structure of a DNA or RNA

molecule is reported from the 5' end to the 3' end.



http://www.ncbi.nlm.nih.gov

Insulin human



http://www.ncbi.nlm.nih.gov



http://www.ncbi.nlm.nih.gov



Retrieving Protein Sequences

http://www.expasy.org/











A sequence in FASTA format begins with a single-line description, followed by lines of

sequence data. The description line is distinguished from the sequence data by a greater-

than (">") symbol in the first column. It is recommended that all lines of text be shorter than

80 characters in length.

>sp|P64007|DUT_ECO57 Deoxyuridine 5'-triphosphate 

nucleotidohydrolase OS=Escherichia coli O157:H7 GN=dut PE=3 SV=1

MKKIDVKILDPRVGKEFPLPTYATSGSAGLDLRACLDDAVELAPGDTTL

VPTGLAIHIADPSLAAMMLPRSGLGHKHGIVLGNLVGLIDSDYQGQLMI

SVWNRGQDSFTIQPGERIAQMIFVPVVQAEFNLVEDFDATDRGEGGF

GHSGRQ

E. coli dUTPase protein sequence in FASTA format.

SWISS-PROT         

accession

name

Organism

Gene name

Protein 

existence

Sequence Version Number 



Protein Data Bank

http://www.rcsb.org



Retrieve the protein sequence

structure of Human, Horse, Rat and

Chimpanzee Insulin


