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Course Overview

• May 6th = Seminar and high-level overview

1. History of Sequencing Technology
2. Introduction to analyzing sequence data
3. The information we can extract from sequence 

data (Phylogenetics and molecular evolution)
4. How current networks use sequence data for 

outbreak identification and resolution
5. Where the data is stored and how to access it
6. Sequence data and regulatory decisions
7. Looking to the future
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Course Overview

• May 7th = Hands-on Workshop

1. Explore NCBI’s Pathogen Detection
2. What you need to analyze sequence data
3. Diving into the command line
4. Working with raw sequence data from 

beginning to creating a phylogenetic tree
5. Tree interpretation
6. Other uses for sequence data (e.g. AMR genes)
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Purpose of DNA Sequencing

• Determine the number and order of nucleotides that make up 
a given molecule of DNA.

• Sequence a lot of shorter fragments and align/assemble them 
together

• Ultimately you want to get the entire* genomic sequence 

• DNA sequencing, however, was second to development of 
protein sequencing – even after discovery of DNA double 
helix
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Delay of DNA Sequencing

• Chemical properties of different DNA molecules were too 
similar
• Appeared difficult to separate them

• 20 amino acid (AA) residues (with wildly varying properties 
that made separation easier)
• DNA has four nucleotides (5 for RNA)

• No nucleotide-specific DNAases were known

• Protein sequencing had proteases that cleaved certain AA 

• Chain length of naturally occurring DNA molecules much 
greater than for proteins 
• Didn’t seem feasible

• DNA was considered boring in comparison
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Different Eras of Sequencing

• 1st generation

– Sanger Sequencing (dye terminator)

– ABI 3730xl

• 2nd generation

– Massively parallel sequencing-by-synthesis (SBS)

– Illumina GAIIx, Hiseq, Miseq, NextSeq (reversible 
terminators)

• 3rd generation

– Direct sequencing of single DNA molecules

– PacBio SMRT and Oxford Nanopore
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PulseNet USA forms; Sacchromyces Cerevisiae genome released (12.07 Mb)

Maxim-Gilbert Sequencing and sequence of lac operon generated (24bp)1973

Maxim-Gilbert and Sanger Sequencing methods finalized and genetic sequence of 
bacteriophage ΦX174  (Sanger Sequencing)

1975 Sanger Sequencing introduced

1st commercial and automated DNA sequencer released (AB370A)1986

Human Genome sequencing project announced1990

1st free-living organism (haemophilus influenzae) sequenced (1.83 Mb)1995

1996

First use of DNA forensics in a criminal court case to ID a murder suspect1988

Escherichia Coli K12 genome published (4.64 Mb)1997

Draft version of Human Genome published by 2 groups2001

Pulse-field Gel electrophoresis (PFGE) invented1984

Human Genome sequence published by 2 groups2004

1977

Human Chromosome 22 sequenced (33.4 Mb)1999

Alanine tRNA sequence generated by ribonuclease cleavage (77bp)1965

First multicellular organism (Caenorhabditis elegans) sequenced (97Mb)1998

Watson, Franklin, and Crick discover DNA is a double-helix1953

Dr. Friedrich Miescher discovers DNA 1869

Historical DNA events

8

1st Generation 
Sequencing
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Gel Electrophoresis

• DNA is negatively charged at neutral pH

• DNA will travel towards a positive charge

• DNA in a gel (subject to electric current) will 
travel according to its chain length
• Shorter fragments will go farther
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Improvements to Sanger 
Sequencing

• Development of PCR (polymerase chain reaction)
– cyclically amplifies DNA

– requires heat-stable DNA polymerase

– sequencing occurs much quicker

• Use of fluorescent dyes
– absorb and emit fluorescent light at specific wavelengths

– these molecules are attached to the nucleotides that are being 
incorporated

– reactions can occur in a single lane and move from gel to capillary 
tube
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Human Genome Project

• Large scientific endeavor that spurred the development of 
new sequencing technologies
– Without the HGP, we would not be using sequencing today for 

outbreak detection

• Began in 1990 by US DOE/NIH
– Budget = $3billion

– Timeline = 15 years

– Target accuracy = 1 error in 10,000 bases

• Used Sanger sequencing (many machines in many sequencing 
centers)

• Draft genome published 2000, complete genome 2003 *



How HGP Was Accomplished
• Became a race involving 2 groups

• Public Project (DOE/NIH) - 1990
– Hierarchical shotgun approach

– Large segments of DNA were clones via Bacterial Artificial 
Chromosomes (BACs)

– These BACs were sequenced one at a time

– Progress posted on web (public access)

• Celera – 1999 (wanted to do it in 3 years and for $300 million)
– Private company by Craig Venter

– Pure shotgun sequencing

– Used public data to help with assembly

– Goal was to patent human DNA (raises ethical concerns)
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Paired-end
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Paired-end read alignment



Outcome of the HGP

• Spurred technology development
– Cheaper, faster, and more accurate

• Spurred sequencing of other organisms
– Eukaryotic, Microbial, and Viral genomes in the thousands!

• Opened the door to other projects (knowing the DNA 
sequence is not the final step in understanding biology or 
function)
– Encode, modeEncode (understanding functional regions)

– HapMap, dgGAP, dbSNP, 1000 genomes (understanding variation)

– GWAS, WTCCC

– Medical testing, Gene tests, 23AndMe, Ancestry DNA, personal 
genomes (cancer sequencing, COSMIC)

• Provides a context to organize diverse datasets



25

Next generation of high-throughput DNA sequencers begin to be released 2005

Next-Generation
Sequencing

FDA sequences first foodborne-outbreak related pathogen (at a cost of $1500)  
and first uses WGS to resolve an outbreak of S. Montevideo in spiced salami

2009

Retrospective WGS helps to understand 2010 outbreak of S. Enteritidis in shell eggs 
and highlights the increased specificity over PFGE in narrowing epidemiological 
traceback

2010

FDA launches GenomeTrakr to build a database of food and environmental isolates 
in order to link clinical isolates back to a contaminated food product or geographic 
source 

2012

WGS is used as a preventative control to pre-emptively stop a foodborne 
outbreak of S. Braenderup in nutbutter

2014

WGS FDA’s GenomeTrakr grows to x state and y international labs and its 
database surpasses 100,000 sequenced isolates housed at NCBI

2016

First sequence uploaded to GenomeTrakr database at NCBI2013

Current* DNA events
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https://www.youtube.com/watch?v=fCd6B5HRaZ8 

https://www.youtube.com/watch?v=fCd6B5HRaZ8#https://www.youtube.com/watch?v=fCd6B5HRaZ8
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Why Develop a WGS based Network?

• Tracking and Tracing of food pathogens
• Insufficient resolution of current tools

-matching clinical to environmental

-improve the environmental database 

• Faster identification of the food involved in the outbreak

• Limited number of investigators vs. facilities and import lines

• Global travel

• Global food supply
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Benefits of a WGS Approach

• More discriminatory and informative than PFGE

• Clues to geographic origin of pathogen

This means:

• Greater certainty when matching clinical, environmental, and product sample 
isolates

• Links between illnesses and the potential source of contamination can be made 
with fewer isolates

• Investigators can be deployed in a more targeted manner, saving resources

End Result:

• Faster identification of the food involved in the outbreak

• Potential to help reduce the number of foodborne illnesses and deaths over the 
long term both in the U.S. and abroad.





Note: 

• These slides are for teaching purposes only and have 

been collected from images that I have made, from the 

CDC, and from around the web. 

• The findings and conclusions in this report are those of 

the author and do not necessarily represent the official 

position of the Food and Drug Administration 




