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Research areas at Sanger

Cancer Genetics and Genomics
Human Disease Genomics
Human Variation
Malaria
Pathogen Variation
Mouse and Zebrafish Genetics
Genomics Informatics

Population genomics, evolution 
and pathogenicity in bacteria

Virus genome diversity in 
infection and pathgenicity

Parasite comparative and 
functional genomics within and 
between species



Solexa (Illumina)

454

AB SOLiD

1) Surveillance/epidemiology by sequencing 1,000’s of 
isolates

2) Aetiology through deep sequencing of clinical 
samples

3) Expression analysis of isolates
4) Monitoring of colonisation/transmission dynamics by 

metagenomic sequencing
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Bacterial genome sequencing has changed 
dramatically over the last 2 years



38 Illumina GAIIx machines at the Sanger Institute

AB3730 454 Illumina
Raw data per run (Mbp) 0.25 100 30,000

Read length (bp) 700 250-500 36/54/70/108

Haploid human genome = 3,000 Mbp 10 times coverage

S. aureus genome = 2.8 Mbp ~11,000 times coverage of one

Massive increase in sequence output



@IL22_1561:1:1:1771:914
TTTTTTCAATACAATTTCATCTCTAATTTCAATTCAGCCTAA
+
>>>>7>>>>>>>>>>>>>>>>>>>:>5>>>96>+>>7;>>>>
@IL22_1561:1:1:1222:1105
ATGATATCATCTACACGGTTTAAAAATTCTGGACGGCTGATC
+
>>;>>>>>>>;>>>>>55>>>>>>>>>>>>+2>>8>>>>>57
@IL22_1561:1:1:1438:709
ACACCGATGACAATAATTGTTCCAATATCTGTAACAAAGCTA
+
<<<<<2<<2<<<<<<<<<)'<<<<<<<<<<+<;;7<)<<2<<
@IL22_1561:1:1:1671:1462
TGCAAGAACATTAGACAACGTATCTTCAATCGTTTATACAAG
+
>>7>:>:>>7>>7/:>>>7/.7>>>>>57>>0>>>>>>7>>>
@IL22_1561:1:1:1168:891
AATGGAAATCAAACTATAACTTCAACACTAAATGAGAAGCTA
+
>>>:7>>>>>>>>>>>>>>>>>>>>>>>>>>>>0>>>>>>>>
@IL22_1561:1:1:1097:1281
TAAAAGTATAACTTTCCATCACCAAAGTCAGAATTTACATCG
+
>>>>>>>>>>>>>>>>>>>>>>>>8>8>>>>>>>>>>>>>>>

TAG Strain
CGTGAT   HGSA942
ACATCG   3HK
GCCTAA   CHI59
TGGTCA   CHI61
CACTGT   BK2491
ATTGGC   TUR9
GATCTG   HU25
TCAAGT   HU109
CTGATC   HSJ216
AAGCTA   FFP103
GTAGCC   ICP5062
TACAAG   GRE4

Taming the beast: multiplexing on Solexa
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Prototype multiplexing project: MRSA ST239

62 isolate collection
(Herminia de Lencastre, Sharon Peacock)

Geographic: 15 countries
5 continents

Temporal: 1982-2007

Collaboration with Hermínia de Lencastre, Ed Feil, Sharon Peacock



Index tagged Solexa reads
36 base single end

Fastq per strain (minus tag) Tag-rejected reads Fastq

Map reads to TW20 (MAQ or SSAHA)

Core genome Accessory genome, 
plasmids

Call SNPs

Velvet 
assembly of 
novel contigs

Non-mapping reads Non-mapping reads

Coverage graphs
Alignment

>5 or 10x coverage, all SNP sites

Tree
RAxML

Detect recombination

Bioinformatics Pipeline



Geographic structure within ST239

4,310 core genome SNPs, only 38 (0.88%) homoplasies



Linear regression plot of root-to-tip distances of the ST239 
phylogenetic tree against the date of sampling of the isolates.



Comparison with other typing methods



 SNP 
position 

Locus affected No. of 
ÒbranchesÓ 

SNP Substitution Antibiotic 

7254 DNA gyrase subunit A GyrA 2 T => G Ser84Ala  
7255 DNA gyrase subunit A GyrA 8 C => T Ser84Leu* quinolone 
7266 DNA gyrase subunit A GyrA 4 G => A Lys88Glu quinolone 

133864 immunoglobulin G binding protein A precursor 2 G => A Synonymous - 
134787 92 bp upstream of  immunoglobulin G binding protein A  2 G => T Intergenic - 
278498 129 bp upstream of putative acetyl-CoA transferase 2 T => C Intergenic - 
436474 34 bp upstream of putative dioxygenase 2 C => T Intergenic - 
594883 tetrapyrrole (corrin/porphyrin) methylase family protein 2 C => T Pro49Ser - 
657696 DNA-directed RNA polymerase beta chain protein RpoB 4 C => A Asp471Glu rifampin 
657724 DNA-directed RNA polymerase beta chain protein RpoB 5 C => A His481Asn rifampin 
657869 DNA-directed RNA polymerase beta chain protein RpoB 2 C => T Ser529Leu rifampin 
666536 translation elongation factor G 2 T => A Leu461Lys fusidic acid 
666537 translation elongation factor G 2 T => A Leu461Lys* fusidic acid 
681826 48 bp upstream of serine-aspartate repeat-protein C 2 C => A Intergenic - 
862898 putative membrane protein 2 A => C Ser160Ala - 
1130135 63 bp upstream of FolD bifunctional protein 2 G => T Intergenic - 
1138698 phosphoribosylglycinamide formyltransferase PurN 3 T => A Leu174Met - 
1172434 50 bp upstream of probable manganese transport protein 3 T => G Intergenic - 
1172436 52 bp upstream of probable manganese transport protein 2 T => C Intergenic - 
1172444 60 bp upstream of probable manganese transport protein 2 C => G Intergenic - 
1206826 ribonuclease HIII 2 C => T Glu199Lys - 
1261219 isoleucyl-tRNA synthetase 2 G => T Val588Phe mupirocin 
1448063 topoisomerase IV subunit A GrlA 4 T => C Ser80Phe quinolone 
1524413 dihydrofolate reductase type I DfrB 2 T => C His150Arg trimethoprim 
1524566 dihydrofolate reductase type I DfrB 4 A => T Phe99Tyr trimethoprim 
1524789 dihydrofolate reductase type I DfrB 2 G => A Synonymous - 
1525796 thymidylate synthase 3 G => A Synonymous - 
1525817 thymidylate synthase 3 G => A Synonymous - 
1525832 thymidylate synthase 3 G => A Synonymous - 
1640281 glyoxalase/bleomycin resistance protein 2 T => G Synonymous - 
1689862 putative transcriptional repressor CcpN 2 C => T Synonymous - 
1755814 probable cell wall amidase LytH 2 A => G Pro63Ser - 
1921379 bifunctional riboflavin biosynthesis protein RibD 2 G => T Asn208Lys - 
2334865 protein SprT-like 2 G => A Ser43Phe - 
2753531 458 bp upstream of conserved hypothetical protein 2 A => T Intergenic - 
2828688 200 bp downstream of putative exported protein 3 T => C Intergenic - 
2828714 226 bp downstream of putative exported protein 3 G => T Intergenic - 
2859765 39 bp upstream of O-acetyltransferase OatA 2 C => T Intergenic - 

Clinical practice is shaping the genetic makeup of ST239



Genetic variation within the lineage 



Streptococcus pneumoniae
PMEN1 aka Spain23F-1 (ST81)

• Highly recombinogenic
• Penicillin, chloramphenicol, tetracycline, fluoroquinalone, macrolides
• Among the first recognized pandemic clones
• ~40% of penicillin-resistant pneumococcal infections in US in late 1990s
• Low odds ratio for disease (0.4)
• Capsule switches to 14, 19A, 19F
• Genome of ATCC 700669, Barcelona 1984 (Croucher et al, J. Bact. 2009)

roles for integrative and conjugative elements (ICE) in the evolution of 
pneumococci and emergence of the clone.



PMEN1 240-isolate collection (1984-2007)
Keith Klugman
Anne von Gottburg
Lesley McGee
Kwan Soo Ko
Steve Baker
Lotte Lambertsen
Mark van der Linden
Tim Mitchell
Bruno Pichon
Bill Hanage

Emory University, USA
NICD, South Africa

CDC, USA
ARFID, South Korea

OUCRU, Vietnam
SSI, Denmark

NRCS, Germany
Glasgow University, UK

HPA, UK
Imperial College, UK

West Europe
Denmark 8
France 9
Germany 23
Portugal 1
Spain 17
UK 26

East Europe and Asia
Croatia 2
Russia 8
Turkey 11

America
USA 20

Africa
South Africa 37

South East Asia
China 10
Korea 17
Malaysia 3
Singapore 4
Thailand 4
Vietnam 11

Recently accepted for publication in Science



MLST definition of S. pneumoniae

ST81



Total 17416 SNPs detected, 2662 SNPs “core” SNPs used to build tree







Serotype Switches



Serotype Switches



PMEN1 in the USA



PMEN1 in the USA

USA 19A 
Switch: (1991-

1998)



Tn916 comparisons

Spain, 
1984

Spain, 
2002

France, 
2002

UK, 
2003

Russia, 
2004

Malaysia, 
1999



Multiple independent acquisitions of macrolide 
resistance

Tn917

Omega 
element

Omega 
fragment

Mega 
element

ATCC 700669



Multiple independent acquisitions of macrolide 
resistance
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