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Me,	a	regular		intruder visitor	at	6.00	am	

6.00	AM	,	MORU

googlemap



Cheaper	cost	of	DNA	sequencing	makes	it	possible	to	sequence	more



An	exponential	increase	in	projects	employing	next	generation	sequencing

Source:	NCBI	Gold
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Sinusitis	(sinus)

Otitis media
(ear)

Meningitis	
(Central	nervous	system)

Bacteraemia (blood)

Pneumonia	(lung)

A	killer	of	1.2	million	children	
annually.

Treatment	has	become	difficult
as	the	bacteria	quickly	develops
antimicrobial	resistance.

Streptococcus	
pneumoniae
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Myanmar

Thailand Maela refugee camp: Approx 40,000 Karen refugees, Approx 2.4 km2

“Mhor Claudia Clinic”

Paul Turner MD ClaudiaTurner MD

Streptococcus	pneumoniae	collection



Myanmar

Thailand Maela refugee camp: Approx 40,000 Karen refugees, Approx 2.4 km2

“Mhor Claudia Clinic”

Paul Turner MD ClaudiaTurner MD

Size of Faculty of Tropical Medicine

3,085 whole genome sequenced pneumococci 
collected between 2007-2010.

Streptococcus	pneumoniae	collection



Prof	Stephen	
Bentley

Prof	Julian	Parkhill

Let’s	use	this	3K	collection	to	identify	
genetic	culprit	for	penicillin	non-susceptibility



Person	1	…ATCTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…
Person	2	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…
Person	3	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGATAGGAGTCCCA…
Person	4	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
Person	5	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…

Person	1	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
Person	2	…ATGTTACCGGGTAACTGCCTTAGATAATCGTTAGGAGTCCCA…
Person	3	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
Person	4	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGTGTCCCA…
Person	5	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…

Human	Genome	wide	association	study	(GWAS)
Disease	(case)

Health	(control)
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pneumo 1	…ATCTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…
pneumo 2	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…
pneumo 3	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGATAGGAGTCCCA…
pneumo 4	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
pneumo 5	…ATGTTACCGGGTAAGTGCCTTAGCTAATCGTTAGGAGTCCCA…

pneumo 1	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
pneumo 2	…ATGTTACCGGGTAACTGCCTTAGATAATCGTTAGGAGTCCCA…
pneumo 3	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…
pneumo 4	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGTGTCCCA…
pneumo 5	…ATGTTACCGGGTAACTGCCTTAGCTAATCGTTAGGAGTCCCA…

Bacterial	Genome	wide	association	study	(GWAS)
Penicillin	non-susceptible

Pennicillin susceptible



Chewapreecha	et	al.	PLoS Genetics	2014

It	worked!

pbp2x pbp1a pbp2b



Chewapreecha	et	al.	PLoS Genetics	2014

But	are	these	resistance	alleles	restricted	to	one	
lineage,	or	they	pass	on	to	others	?

pbp2x pbp1a pbp2b
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BC2	- 23F

BC3	- Non-encapsulated
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BC5	- 23A/23F
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BC7	- 14

Chewapreecha	et	al.	Nature	Genetics	2014

Maela Pneumococcal	population	
structure
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Mutation	rates	are	comparable.
(Kruskal-Wallis	test	,	p-val =	0.98)	

Chewapreecha	et	al.	Nature	Genetics	2014
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Highest	rate	of	recombination	is	observed	in	
Non-encapsulated	pneumococci	
(Mann-Whitney	test,	p-val 1.76	x10-5 )	*

* **

Chewapreecha	et	al.	Nature	Genetics	2014
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Recipient	of	
recombinant	
DNA

Potential	donors	of	
recombinant	DNA

- Positive	correlation	
between	the	probability	of	
becoming	donors	and	
cluster	population	size	
(Spearman’s	rank	
correlation,	p-val =	2.69	x
10-4)

-Positive	correlation	
between	the	probability	of	
becoming	donors	and	
diversity	observed	within	
the	clusters (Spearman’s	
rank	correlation,	p-val =	
1.45	x 10-6)

Chewapreecha	et	al.	Nature	Genetics	2014
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B-lactam	
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Clinical	Records
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BAPS	cluster: 19F23FNT 6B15B/C 23A/F14 The	rest

Resistant SensitiveResistant	profiles:

pbp1a pbp2b pbp2X

β-lactam	resistant

- Isolates	undergone	recombination	at	either	pbp1a,	pbp2b and	pbp2x are	
phenotypically	more	resistant	to	B-lactam	compared	to	those	not	having	
undergone	recombination	(Fisher’s	exact	test:	p-val <	2.2e-16)



How	whole	genome	sequencing	can	help	tackle
antibiotic	resistance	and dissemination of

the	deadly	bacteria?

- By	providing	high	resolution	for	identification	of	novel	
resistance	alleles.

-By	providing	high	resolution	to	dissect	the	mechanism	that	
mediate	the	resistance	alleles;	and	key	players	in	the	
bacterial	population.



How	whole	genome	sequencing	can	help	tackle
antibiotic	resistance	and dissemination	of

the	deadly	bacteria?



Thailand

Pathogen



Environmental suitability
Burkholderia pseuodmallei

1
 
0

Disease	hotspots

Burkholderia pseudomallei:	A	global	burden

Limmathurotsakul et	al.	Nature	Microbiology 2016

-An	estimated	165,000	cases	of	human	melioidosis per	year	world	wide
-89,000	were	predicted	to	be	fatal.	
-B.	pseudomallei is		soil	bacterium	and	thus	should	be	geographically
restricted.	How	did	it	travel	globally?



TRACK

KEEP CALM
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Peacock



Environmental suitability
Burkholderia pseuodmallei

1
 
0

Disease	hotspots

A	global	burden

Limmathurotsakul et	al.	Nature	Microbiology 2016

How	did	B.	pseudomallei travel	globally?
Data:
-whole-genome	sequences	of	469	isolates
-collected	from	30	countries	between	1935-2013
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BAustralasia	has	largest	
accessory	genomeChewapreecha	et	al.	Nature	Microbiology 2017
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antibiotic	resistance	and dissemination	of

the	deadly	bacteria?



How	whole	genome	sequencing	can	help	tackle
antibiotic	resistance	and dissemination	of

the	deadly	bacteria?

-Identify	genetic	culprits	for	AMR
-Understand	the	mechanism	of	how	bacteria
develop	AMR
-Track	how	bacteria	(and	AMR	alleles)	spread
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http://systems.illumina.com/systems/sequencing.html
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The missing genetic “dark matter”?

Manolio et al (2009) Nature 
461:707-13 

More loci of smaller effect, might emerge with ever larger sample sizes?
Apparent heritability from epigenetic effects, rather than mutations?
Rare alleles, not represented in SNP screens, maybe with large effects?

46



Detecting (usually rare) mutations of large effect:
Exome Sequencing, ~ 2% of genome

Faster & cheaper coverage of protein-coding sequence,

Bamshad et al (2011) Nature Reviews Genetics 12:745-755 47


