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Sequencing 

• Determine the primary structure of biopolymers 

– DNA (Genomics) 
• What’s it made of? 

• DNA Sequencing 

– 3 Generations of sequencing technologies 

– RNAs (Transcriptomics) 
• What’s going on? 

• RNA-Seq 

– Proteins (Proteomics) 
• Who’s doing it? 

– Edman degradation 

– Mass-spectrometry 

– Peptide mass-fingerprinting 

– From DNA/RNA sequences 
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DNA Sequencing 

• Given 
– DNA Sample 

• Whole Genome 
• Short length 

• Find 
– Its nucleotide sequence 

 
• Types 

– Whole Genome Sequencing 
– Short-length sequencing  

• Targeted. Exome Sequencing (Expressed Sequence Tags, …) 

– De novo sequencing / Assembly 
– Mapping to reference genomes 

• Single nucleotide polymorphism (SNP) calling 
• RNA Short-read mapping (RNA-Seq) 
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Sequencing: History, State of the art and Future! 

 

4 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Sequencing: History, State of the art and Future! 
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Sequencing: History, State of the art and Future! 
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Karry Mullis: Invents PCR – 
a method for creating 
copies of a DNA molecule, 
used extensively in 
sequencing 
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Human Genome Project 

• Started in 1990 

• Objective: Sequence the human genome by 
2005 

• Achieved: 2000  
– Government consoritium 

• Cost: $3 Billion 

– Craig Venter’s Celera / Solexa 

 

• $1000 genome project 

• 1000 genomes project 
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Sequencing: History, State of the art and Future! 
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First Generation 

2nd Generation 
(Next Generation Sequencing, NGS) 
(Deep Sequencing) 
(High-throughput sequencing) 
Amplified Single Molecule Sequencing 
Most widely used right now 

3rd Generation 
(Next Next Generation Sequencing) 
Single molecule sequencing 
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Sequencing Technologies 
• Sanger Sequencing 

 

• 454 Sequencing / Roche 

– GS Junior System 

– GS FLX+ System 

• Illumina (Solexa) 

– HiSeq System 

• Genome analyzer IIx 

– MySeq 

• Applied Biosystems - Life Technologies 

– SOLiD 5500 System 

– SOLiD 5500xl System 

• Ion Torrent - Life Technologies 

– Personal Genome Machine (PGM) 

– Proton 

 

• Helicos 

– Helicos Genetic Analysis System 

• Pacific Biosciences 

– PacBio RS 

• Oxford Nanopore Technologies 

– GridION System 

– MinION 
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First Generation 

2nd Generation 
(Next Generation Sequencing, NGS) 
(Deep Sequencing) 
(High-throughput sequencing) 
Amplified Single Molecule Sequencing 
Most widely used right now 

3rd Generation 
(Next Next Generation Sequencing) 
Single molecule sequencing 

HiSeq 2000 
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Steps in Sequencing 

• DNA Extraction 

• Preprocessing (Amplification , …) 

• Sequencing  

– Shotgun sequencing 
• Reads 

– Assembly 

• Data analysis 
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Shotgun Sequencing: The case of exploding newspapers 
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Joining overlapping reads 
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Completing the overlap puzzle 
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Sequencing and newspaper explosions: 1 

• Take (millions of) copies of the DNA you want 
to sequence 
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Sequencing and newspaper explosions: 2 

• Fragment the DNA into smaller pieces 

– Because our sequencing technologies can only 
read very short fragments reliably 
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Sequencing and newspaper explosions: 3 

• The short fragments resulting from DNA 
fragmentation are called reads 

 

 

 

• Some reads get disappear 
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Sequencing and newspaper explosions: 3 

• We get the reads but we have no idea where 
they came from in the DNA 

– No position information 

– Need to reconstruct the DNA sequence 
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Sequencing and newspaper explosions: 4 

• Solve it as an overlap puzzle 
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Sequencing and newspaper explosions: 5 

• Reconcile the pieces 
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Sequencing as a computational problem 
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Review of Sequencing Technologies 

• Following concepts will be useful in comparing them 

– Reads 
• Read length 

– Depth 
• How many reads a certain location gets 

– Coverage 
• Are all parts covered? 

– Throughput 
• Reads per run 

– Accuracy / Quality 
• Read Errors 

– Run time and Cost 
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Cost 

 

22 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Throughput / Time 
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Review of Sequencing Technologies 

• Sanger Sequencing 
 

• 454 Sequencing / Roche 
– GS Junior System 
– GS FLX+ System 

• Illumina (Solexa) 
– HiSeq System 

• Genome analyzer IIx 
– MySeq 

• Applied Biosystems - Life Technologies 
– SOLiD 5500 System 
– SOLiD 5500xl System 

• Ion Torrent - Life Technologies 
– Personal Genome Machine (PGM) 
– Proton 

 
• Helicos 

– Helicos Genetic Analysis System 
• Pacific Biosciences 

– PacBio RS 
• Oxford Nanopore Technologies 

– GridION System 
– MinION 
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First Generation 

2nd Generation 
(Next Generation Sequencing, NGS) 
(Deep Sequencing) 
(High-throughput sequencing) 
Amplified Single Molecule Sequencing 
Most widely used right now 

3rd Generation 
(Next Next Generation Sequencing) 
Single molecule sequencing 

HiSeq 2000 
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Sanger Sequencing Video 
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Illumina Sequencing Video 
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www.youtube.com/watch?v=l99aKKHcxC4 
http://www.ytpak.com/?component=video&task=view&id=l99aKKHcxC4 
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SMRT Sequencing Video 
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Oxford Nanopore Sequencing Video 
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http://www.ytpak.com/?component=video&task=view&id=3UHw22hBpAk 
www.youtube.com/watch?v=3UHw22hBpAk 
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Sequencing Technologies Overview 

• Practical issues 

– Read Errors 

– Produce FASTQ files which are essentially FASTA files but with read 
quality scores 

• Uses 

– Whole Genome Sequencing 

– Genome wide association studies 

– SNP calling 

– Transcripts  

• Types 

– Assembly (de novo) 

– Mapping 
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Further reading 

• http://en.wikipedia.org/wiki/DNA_sequencing 
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http://en.wikipedia.org/wiki/DNA_sequencing
http://en.wikipedia.org/wiki/DNA_sequencing
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Sequencing in Pakistan 

• ICCBS 

– HEJ Inst. Of Chemistry 
• NMR Spectroscopy 

• Mass Spectrometry 

– Dr. Panjwani Center for molecular 
medicine and drug Research (PCMD) 

• Jamil-ur-Rahman Center for Genome Research 

– DNA Sequencing facilities 
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http://www.iccs.edu/ 
 

http://www.dawn.com/news/640711/genome-mapping-of-first-pakistani-completed 
 

Dr. Ata ur Rahman’s genome was 
sequenced at a cost of $40K in 10 
months. Pakistan already had sequences 
genomes of date palms, mangoes, etc. 
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Sequencing in Pakistan 

• IBGE  

• PIEAS Affiliated: NIBGE / NIAB … 
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http://ibge.edu.pk/ 
 

http://nibge.org/ 
 

http://ibge.edu.pk/
http://ibge.edu.pk/
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Sequencing in Pakistan 

• DNA Pakistan (http://dnapakistan.com/) 

– DNA Matching & Pairing 

– Center for Applied Molecular Biology (CAMB), 
University of the Punjab, Lahore 

• DNA sequencing, DNA genotyping and DNA 
synthesis 
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Sequencing in Pakistan 

• Center for noncommunicable diseases 

– http://www.cncdpk.com/ 

– whole-genome sequencing, genome-wide 
association studies (GWAS), genetic markers … 
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Sequencing in Pakistan 

• Further reading 

• Pakistan’s silent revolution, by Suhail Yusuf 
Nov. 26, 2013 

– http://www.dawn.com/news/1058496 

– http://www.dawn.com/news/100343/paec-s-
services-in-agriculture 

– http://www.dawn.com/authors/1083/suhail-
yusuf/ 
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End of Lecture 


