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My prior interests (1965 -1977:

Bacterial genetics in general

Plasmids in general

Bacterial conjugation

F factor

Gene mapping

Protein synthesis in vitro

Outer membrane proteins

Falkow, Ann Rev Microbio. 2008: ôI was especially lucky 

that first year to have Staffan Normark as a sabbatical 

visitor. He, like Gordon Douganand Mark Achtman , who 

were visitors in Seattle, had decided to change his focus 

from é to the study of pathogenicityõ

My new goals (1977-1978):

Investigating the bacterial properties that were responsible 

for disease

Focus on E. coli K1 (Bureau of Biologics, Bethesda; John 

Robbins and Richie Silver)

Learning how to perform an animal model (infant rats) for 

E. coli K1 meningitis (Univ. of Maryland, Richard Moxon)



Memories from sabbatical (Seattle 1978-79)

Daily meetings with Stan for 8 months. General discussions 

about medical microbiology and pathogens

To students: ôGive me a data fix!õ

To me: ôMark, U Wash is a non-smoking area! I have found a 

cubicle in the library where you can smoke behind closed 

doors, but you canõt tell anybodyõ 

To me: ôMark, why donõt you do your sonication of Vibrio 

cholerae in a safety cabinet. Seattle is a port and if we had a 

case of cholera in Seattle, they would quarantine all of 

Seattle. You donõt want that on your academic recordõ 

Never published the exciting finding: SDS-PAGE of E. coli 

membrane preps from urine showed different OMPs than after 

single colony purification



Subsequent work

ÅE. coli K1 animal model (1979-1984)
ÅDemonstrated that anti -LPS antibodies were protective against newborn meningitis in infant rats.

ÅDeveloped an interest in population structures of pathogenic bacteria
ÅRobert Selander and Howard Ochman used MLEE to investigate the population structure of E. coli and 

defined the representative EcoRcollection

ÅStopped using animal models and working on pathogenesis when I demonstrated that human 
babies with newborn meningitis had more anti -LPS antibodies than healthy babies (unpublished)

ÅEpidemic meningitis due to serogroup A N. meningitidis (1984-2001)
ÅMolecular epidemiology

ÅSerological analyses of epitopes in outer membrane proteins

ÅPopulation genetic studies, which shifted in the 1990s from MLEE to DNA sequence analyses, 
including phylogenetic trees.



Important encounters 1978 -2014

Me: Iõm having extreme stomach pains. 

Stan: Stop drinking espresso coffee.

Me: Iõm feeling weak and feverish every 

afternoon. 

Stan: Youõve got atypical pneumonia due to 

Mycoplasma. Take erythromycin.

I suspect strongly that Stan was one of the 

external reviewers whose recommendations 

were crucial to me obtaining my current job. 

I feel very privileged to have met Stan.
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ÅAlleleÅfumC Sequence (500 bp)

abcZ fumC gyrB recA mdh ureI icd

1 2 1 5 22 39 7Alleles:

Sequence type (ST) Alleles

1 1 2 1 5 22 39 7

2 1 2 1 7 22 39 7

3 1 5 1 5 22 39 7

4 1 2 1 5 25 39 7

Multilocus sequence typing (MLST)
(Maiden et al., PNAS 95: 3140-45, 1998)  Cited 3,506x 

Sequences

Sequence

Types (STs):



Minimal spanning tree of 460 E. coli according to MLST.
Recombination is extremely frequent (grey/white)

Cited 1380x

Population

MLST schemes for Escherichia
MLST: 7 housekeeping genes
rMLST: 51 ribosomal genes
cgMLST: 2,512 core genome genes
wgMLST: 25,002 pan-genome genes



Bacterial genomics and epidemiology

ÅHigh throughput sequencing has become economical 
and common since 2013 (Illumina HiSeq& MiSeq). 

ÅLarge numbers of genomes have been sequenced and 
their short reads deposited in short read archives. 
Until very recently, the genomes for these short reads 
were not available for public access. 

ÅMany microbiologists struggle to acquire the necessary 
bioinformatic skills to evaluate genomic sequences, 
especially if they are in the form of short reads.

ÅThe most common solution is to hire one or more 
bioinformaticians. 

ÅWe developed EnteroBase, which enables 
microbiologists to work directly with genomes without 
assistance by IT specialists. 



EnteroBase (http://enterobase.warwick.ac.uk/ )

ÅDatabase of genotypes from Salmonella, Escherichia, Yersinia, 
Clostridioides , Vibrio , Helicobacter

ÅCan help microbiologists go from Illumina sequence reads to looking at 
closest relatives in 150 min

ÅPredicts serovar

ÅCalls MLST, rMLST, cgMLST, wgMLSTgenotypes 

ÅGrapeTree presentation of MLST and SNP trees

ÅCan help in epidemiological investigations
The userõs guide to comparative genomics with EnteroBase. 

Three case studies: micro-clades within Salmonella enterica serovar Agama, ancient 

and modern populations of Yersinia pestis, and core genomic diversity of 

all Escherichia

Zhemin Zhou, Nabil-Fareed Alikhan, Khaled Mohamed, the Agama Study 

Group, Mark Achtman
bioRXivApril 18 2019 https://doi.org/10.1101/613554

http://enterobase.warwick.ac.uk/
http://orcid.org/0000-0002-1243-0767


Genotypes and genomes publicly 
available in EnteroBase (May, 2019)

User usage of EnteroBase tools and short read uploads



EnteroBaseprovides a catalogue of ever increasing genomic data

Genus Assembled genomes 

(05/2019)

Monthly increase

Salmonella 200,000 5,000

Escherichia 96,000 2,800

Clostridioides 14,000 600

Yersinia 2,675 50

Helicobacter 2,400

Vibrio 6,900

Sources of Escherichia MLST genotypes with time 



Haplogroups vs hierarchical clustering (HC1100) of EcorRPlus
9500 genomes representative of all Escherichia
Right: ML SNP tree coloured by haplogroups
Left: NJ GrapeTree colour-coded by HC1100 
Middle: Details of inset within ML SNP tree colour-coded by HC1100


