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Bacterial Genomics 10 years ago 
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Time (Quarter) 

£40 / genome 

Weeks to complete 

£400,000 / genome 

Years to complete 

Impact of Next Generation 

Sequencing at Sanger 



‘Next Generation’ Bacterial Genomics 

2012; 52 strains 

2010; 

63 strains 

2011; 240 strains 

2010; 30 strains 

Dense sampling of bacterial populations 
– Population structure 

– Response to selective pressures 



Staphylococcus aureus 

• Widespread Gram positive 

bacterium 

• Associated with natural 

carriage as well as wide 

range of diseases 
– Minor wound infections 

– Food poisoning 

– Toxic shock syndrome 

– Endocarditis 

– Haemolytic pneumonia 

• Methicillin-resistant S. aureus 

(MRSA) 

– First described in 1960s Image kindly provided by Sharon Peacock, Cambridge University 
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• Tree of S. aureus 

sequence types (STs) 

• Drug resistance on 

several branches 

• Strain TW20 is 

reference for outbreak 

lineage ST239 

– Epidemic in London 

– Highly transmissible 

• Genome sequences 

give finer resolution 



• 63 ST239 strains sequenced 

• Global, over 4 decades 

• Single Nucleotide 

Polymorphisms (SNPs) 

identified 

• Used to reconstruct evolution 

Harris et al. (2010) Science 327:469 

MRSA, ST239 



Mutation rate = 

3.3 × 10−6 per site per year 

1 SNP per 6 weeks 

MRSA: Accumulation of SNPs 

Based on core genome Harris et al. (2010) Science 327:469 



Simon Harris 

Sequencing Isolates within 

Sappasithiprasong Hospital 



Streptococcus 

pneumoniae 

• Widespread Gram positive 

bacterium 

• Associated with natural 

carriage as well as being 

complex pathogen 
– Respiratory disease 

– Otitis media 

– Invasive: meningitis 

• Complex population 

structure 
– No simple association with disease 

• Increasing drug resistance  

• Strep. pneumo 

(pneumococcus) used 

to establish DNA as the 
“transforming principle” 
(Avery, MacLeod & McCarty, 1944) 

  

• Capsule as virulence 

factor 
 



Streptococcus 

pneumoniae: 

MLST tree 

• Sequence type (ST)81 

associated with capsule 

(serotype) 23F 

• Global lineage causing 40% of 

penicillin-resistant 

pneumococcal disease in USA 

• Vaccine against 7 capsule 

types used since 2000 (PCV7) 

• Includes 23F 

ST81 



Initial Analysis 
• 240 ST81 strains 

sequenced 

• Europe (7 countries), 
South Africa, 
Americas (6 
countries),           
Asia (8 countries) 

• 1984-2008 

• Odd shaped tree 

Croucher et al. Science 2011 



Recombination in Bacteria 

Mutations (SNPs) often 

accumulate randomly 

High density of SNPs 

implies gain of foreign 

DNA 

Linear reference genome 

Comparator genome 

Recombined genome 



Analysis with 

Recombinations 

Removed 

Croucher et al. Science 2011 

South 

Africa 

International 

Vietnam 

USA 



Croucher et al. Science 2011 

Streptococcus pneumoniae  

ST81 



1970 

Mutation rate =  

1.6 x 10-6 per site per year 

1 SNP per 3 months 

Croucher et al. Science 2011 

1930 

MRSA: Accumulation of SNPs 

After removal of 

recombined sites 

Before removal of 

recombined sites 



S. pneumoniae 23F: Capsule Replacement 

USA 19A Switch: 

1998 (1991-1998) 
Croucher et al.  

Science 2011 



Vibrio cholerae 

Image: www.microbiologybytes.com 

• Common marine Gram 

negative bacterium 

• Infects small intestine causing 

profuse watery diarrhoea 

• Endemic in some areas but 

also pandemics / epidemics 

• How do outbreaks occur? 

 



Mutreja et al.,  

Nature, 2011 

Vibrio cholerae 

Genome Analysis 

Sequenced 136 strains 

(total 154) 
• Global collection  

• Spanning 100 years 

• Most recent pandemic 

cluster (El Tor) 

 

 



Mutreja et al.,  

Nature, 2011 

Vibrio cholerae 

Genome Analysis 



Mutreja et al.,  

Nature, 2011 

Vibrio cholerae 

Genome Analysis 



Mutreja et al., Nature, 2011 

Vibrio cholerae:  

Accumulation of SNPs  

Mutation rate =  

8.3 x 10-7 per site per year 

3.3 SNPs per year 



Vibrio cholerae:  

Repeated Global Transmission 

Wave 3 
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Mutreja et al., Nature, 2011 



Chlamydia trachomatis 

http://www.ispub.com/journal/the-internet-journal-of-microbiology/volume-2-

number-2/infectivity-assays-for-chlamydia-trachomatis.html 

• Gram negative pathogen 

• Intracellular 
• Specialised lifecycle  

• Genetically intractable 

• STI, infectious blindness, 

invasive form 

• Easily treated 

• 36 strains sequenced 

(52 total) across whole 

species 

 

 

 

 



Chlamydia 

trachomatis 
Harris et al., Nature Genetics  2012 



Difficulties with C. trachomatis  

• Successful strain growth technically challenging 

• Highly time consuming & labour intensive 

4 weeks – 3 months 

• Strains derive from swab samples 

• Can we generate genomes directly from swabs? 

• Swabs carry low levels of Chlamydia, high levels of human 

cells / DNA and other bacterial cells / DNA 



What Has DNA Done For Us? 

• Genome sequencing has given us insights into bacterial 

pathogen lifestyles 

• Next Generation Sequencing has revolutionised bacterial 

genomics 
• Throughput 

• Speed 

• Quality 

• Bacterial population dynamics: global / local 

• Response to selective pressures:  
• Antibiotics, Vaccines 

• Further investigations required: 
• Epidemiology, outbreak control, antibiotic resistance 

• Only genome sequencing gives the required resolution 
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