Pathogen Genomics

Helena Seth-Smith

Simon Harris, Nicholas Croucher, Ankur Mutreja, Thomas Connor,
Stephen Bentley, Nicholas Thomson & Julian Parkhill

Wellcome Trust Sanger Institute
May 2012

3B UNIVERSITY OF
&% CAMBRIDGE

wellcome trust

SYsanger

institute

“® Hughes Hall




Bacterial Genomics 10 years ago

Nature 1998 2 letters to nature 51

Deciphering the biology of Genome sequence of Yersinia pestis,

Mycobacterium tuberculosis from the causative age“t of plague
the complete genome sequence

J. Parkhill*, B. W. Wrent, N. R. Thomson*, R. W. Titball:, M. T. G Holden",

S. T. Cole*, R. Brosch*, J. Parkhill, T. Garnier*, C. Churcher, D. Harris, S. V. Gordon*, K. Eigimeier*, S. Gas*, .
C. E. Barry lllf, F. Tekaia:, K. Badcock, D. Basham, D. Brown, T. Chillingworth, R. Connor, R. Davies, M. B. Pmmﬂ, M. sﬁldhla" ' K D. James* ' c. cmlﬂ"' ’ K.L. Ml..m"",
K. Devlin, T. Feltwell, S. Gentles, N. Hamlin, S. Holroyd, T. Hornsby, K. Jagels, A. Kroghs, J. McLean,
S. Mc:uleyY L. Murphy: K. Oliver, Ji Osborne, iVI A. ngil,’M.-A. Raia!:lvdrearg, I8 'Rogers:gS?'Rutter, ' s- Bauer‘ ] D- Bas’l“‘ L] s- D- mﬂ" ] K- ms‘ L]
K. Seeger, J. Skelton, R. Squares, S. Squares, J. E. Sulston, K. Taylor, S. Whitehead & B. G. Barrell A. “. cerm"o_'ra'n-agax . T. ﬂllllil‘lgmrﬂl‘ . A. mina . “. M. D“BA’
Sanger Cenre, Wellcome Trust Genome Campus, Hinxion CB10 ISA, UK

P. Davis*, G. Douganl, T. Feltwell*, N. Hamlin*, S. Holroyd*, K. Jagels”,

letters to nature 2000 A. V. Karlyshevi, S. Leather’, S. Moule*, P. C. F. Oystoni, M. Quail*,
K. Rutherford*, M. Simmonds*, J. Skelton*, K. Stevens*, S. Whitehead*

The genome sequence of the &8 & Baren

food—bome pathogerl * The Sanger Centre, Wellcome Trust Genome Campus, Hinxton,
.« - Cambridge CB10 15A, UK

Campylobacter jejunireveals

letters to nature 51 hypervariable sequences

J. Parkhill, B. W. Wrenf, K. Mungall*, J. M. Ketley:, C. Churcher",
complete genome sequence D. Basham’, T. Chillingworth*, R. M. Davies*, T. Feltwell*, S. Holroyd",

K. Jagels*, A. V. Karlyshev', S. Moule*, M. J. Pallens, C. W. Pennl,

ofa II'III"I[‘E drug resistant M. A. Quail*, M-A. Rajandream*, K. M. Rutherford", A. H. M. van Vliets,

Salmonella enterica S. Whitehead" & B. G. Barrell
serovar Tvphi cT" 8 * The Sanger Centre, The Wellcome Trust Genome Campus, Hinxton, P NAS 2004

Cambridge CB10 15A, UK
J. Parkhill*, G. Dougan, K. D. James*, N. R. Thomson", D. Pickard, Complete g_enf)me_s of two clinical S_taphytocpccus
J. Wain', C. Churcher, K. L. Mungall*, S. D. Bentley*, M. T. G. Holden", aureus strains: Evidence for the rapid evolution of
M. Sebaihia“, S. Baker", D. Basham*, K. Brooks", T. Chillingworth", virulence and drug resistance

P. Connerton?, A. Cronin*, P. Davis*, R. M. Davies*, L. Dowd ", N. Whitez, Matihow T. G, Holdan". Edward I il Jodi A Lindsay", Shiafon J. Pascock!”, Nicholas P. . Day™”, Mark €. Enight'
N s - im J. Foster|, Catrin E. Moore$, Laurence Hurst!, Rebecca Atkin®, Andrew Barron®, Nathalie Bason®,
J. Farrars, T. Feltwell*, N. Hamlin*, A. HaqueT, T. T. Hien§, S. Holroyd", Stephen D. Bentley*, Carol Chillingworth*, Tracey Chillingworth®, Carol Churcher*, Louise Clark®, Craig Corton®,
* | | 4 H 1 = Ann Cronin*, Jon Doggett*, Linda Dowd*, Theresa Feltwell*, Zahra Hance*, Barbara Harris*, Heidi Hauser*,
K Jawls 3 .ﬁ. m ') T. 5. I.AI'SBI'I '] 5. I.eamr‘ 1 5. MDIIIB 3 P. ﬂ' Eam Ty Simon Holroyd*, Kay Jagels*, Keith D. James*, Nicola Lennard*, Alexandra Line*, Rebecca Mayes*, Sharon Moule*,
o - & .1 » Karen Mungall*, Douglas Ormond*, Michael A. Quail*, Ester Rabbinowitsch*, Kim Rutherford*, Mandy Sanders*,
C. HWQ! M. ﬂm“ ’ K. Rutherford ’ M. Simmonds ’ J. Skelton ’ Sarah Sharp®, Mark Simmonds*, Kim Stevens®, Sally Whitehead®, Bart G. Barrell*, Brian G. Spratt**,
£ & b and Julian Parkhill***
K Stevens*, S. Whitehead* & B. G. Barrell
#The Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinston, Cambridge C810 15A, United Kingdom; *Department of Biclogy and

* The Sanger Centre, Wellcome Trust Genome Campus, Hinxton, Cambridge, 4 wellcome trust
S§sanger
)

institute



Impact of Next Generation
Seqguencing at Sanger
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‘Next Generation’ Bacterial Genomics
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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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MRSA, ST239
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MRSA: Accumulation of SNPs
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Seqguencing Isolates within
Sappasithiprasong Hospital
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Streptococcus
pneumoniae

Widespread Gram positive
bacterium

Assoclated with natural

carriage as well as being * Strep. pneumo
complex pathogen (pneumococcus) used
— Respiratory disease to establish DNA as the
— Otitis media B ] L .,
— Invasive: meningitis transformlng prmClpIe

: (Avery, MacLeod & McCarty, 1944)
Complex population

structure « Capsule as virulence
— No simple association with disease factor

Increasing drug resistance T elcome st
I¥sanger
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pneumoniae:
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2 - Initial Analysis

« 240 ST81 strains
sequenced

« Europe (7 countries),
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Recombination in Bacteria

Mutations (SNPs) often
accumulate randomly

High density of SNPs
Implies gain of foreign

DNA

——

Recombined igenome

Compa

rator ger

ome

Linear reference genome
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Streptococcus pneumoniae

ST81
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Croucher et al. Science 2011
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Root-to-tip distance

MRSA: Accumulation of SNPs
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. pneumoniae 23F: Capsule Replacement
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Vibrio cholerae

Common marine Gram
negative bacterium

Infects small intestine causing
profuse watery diarrhoea

Endemic in some areas but
also pandemics / epidemics

How do outbreaks occur?

Image: www.microbiologybytes.com
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Vibrio cholerae i
Genome Analysis + |
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Vibrio cholerae o
Genome Analysis
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Vibrio cholerae;
Accumulation of SNPs
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Vibrio cholerae:
Repeated Global Transmission
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Chlamydia trachomatis

Gram negative pathogen

Intracellular

« Specialised lifecycle
« Genetically intractable

STI, infectious blindness,
Invasive form

Easily treated

36 strains sequenced
(52 total) across whole

- http://www.ispub.com/journal/the-internet-journal-of-microbiology/volume-2-
S p e C I e S number-2/infectivity-assays-for-chlamydia-trachomatis.html
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Difficulties with C. trachomatis

« Strains derive from swab samples

« Successful strain growth technically challenging
« Highly time consuming & labour intensive

4—

weeks — 3 months

« Can we generate genomes directly from swabs?

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

cells / DNA and other bacterial cells / DNA A clcome trust
I¥sanger

institute



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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