
Ameer Effat M. Elfarash 

Dept. of Genetics 

Fac. of Agriculture, Assiut Univ. 

aelfarash@aun.edu.eg 

How to Sequence a whole genome 



Why do we want to know the 
sequence of an entire genome?? 

To know all the genes – then proteins, then pathways… 

We can understand: 

• the biochemistry of the organism 

• diseases 

• Regulation 

 



Genome Sequencing 

(Shotgun) 



Method to sequence longer regions 

cut many times at 

random (Shotgun) 

genomic segments 

Get one or two reads from 

each segment 

~500 bp ~500 bp 



~160 kbp 

~1 kbp 



Cloning vectors for genome sequencing 



Sizes of inserts in sequencing vectors 

Vector Size (approx.) 

P1 100 Kb 

YAC 300 -1500 Kb 

BAC 70 - 300 Kb 

Cosmid ~ 40 Kb 

Plasmid 2 -10 Kb 

M13 or Phagmid ~ 1 Kb 



Capillary/ies 

CCD Camera 

Buffer 

Laser 



Reconstructing the Sequence  
(Fragment Assembly) 



Genomes to Date 

- 69 higher animals + other model animals 
- 55 insects and lower metazoans 
- 39 plants 
- 563 fungi 
- Over 200 protist species and subspecies 
- Over 20 000 bacteria species and subspecies 

- Microbial communities in oceans, desserts, hot springs, inside bodies 
 



Where can I find genome sequences? 

Websites „genome browsers“ (include annotations of genes) 
Ensembl genome browser 
UCSC genome browser 
NCBI genome browser 

http://www.genomenewsnetwork.org/ 



The Human Genome Project 

• The Mission of the HGP: To understand the human 
genome and the role it plays in both health and 
disease.  

• Initiated 1990 -Completion originally planned for 
2005 (expected to take 15 years) 

• $3-billion 

 

 

 

Finished sequence anticipated Spring, 2003, after 
50 years of Watson and Crick publication (Nature 
171: 737-738, April 25, 1953) 

movie 

E:/animation/dna/3D.mov


VENTER’S SHOTGUN 
Human genome sequencing  

Venter         Collins 













Human genome content 
      
•Total length 3 billion bp ~ 30,000 genes (coding seq) functions of more than 
half of them are unknown 
 
•30,000 genes but > 500,000 known proteins (possibly exceed 2 million) 
 
•Gene sequences  < 5%      

•Exons  ~ 1.5%  (coding)  
•Introns ~ 3.5%  (noncoding)  
 

•Intergenic regions (junk) > 95% 
 
•The human genome is nearly the same (99.9%) in all people 
 
•Almost half of all human proteins share similarities with other organisms 
 



DNA sequencing 
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Next Generation Sequencing 
(NGS) 

• Roche/454 
–  (GS FLX+/GS Junior) 

• Illumina Genome Analyzer 
–  (HiSeq/MiSeq/NextSeq) 

• Life Technologies 
–  (3500 Genetic Analyzer, Ion Torrent Proton/PGM) 

• Pacific Biosciences  
– (PACBIO RSII) 

• Applied Biosystems 
–  (SOLiD, 3730xl DNA Analyzer ) 



Sequencing Principles 

• Sequencing by Synthesis 

– Sanger/Dideoxy chain termination (Life Technologies, Applied Biosystems) 

– Pyrosequencing (Roche/454) 

– Reversible terminator (Illumina ) 

– Ion torrent (Life Technologies) 

– Zero Mode Waveguide (Pacific Biosciences)     

 

• Sequencing by Oligo Ligation Detection 

– SOLiD (Applied Biosystems) 

 

• Direct reading of DNA sequence 

– Nanopore sequencing                                   3rd generation sequencing 

– Electron microscope                                     3rd generation sequencing 

 

 







Phospholinked Fluorophores 

 



Illumina sequencing 



IlluminaIsequencingIcanIsequenceIbillionsIofI
templateIstrandsIsimultaneously 












