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Introduction



Neighbours



“Immunity and infection”

● Research
● Teaching
● Public health and reference labs
● Diagnostic services
● Clinical care in ID and immunity



Microbiological Diagnostics Unit

● Oldest public health lab in Australia
○ established 1897 in Melbourne
○ historical ~600,000 isolate collection back to 1950s

● National reference laboratory
○ Salmonella, Listeria, EHEC

● W.H.O regional reference lab
○ vaccine preventable invasive bacterial pathogens



Bacteria + Viruses + Fungi

Foodborne, human (clinical), animal and 
environmental samples



Lots of genome sequencing



Bioinformatics

Computer
Scientist ❌

Epidemiologist



Software tools for bacterial genomics



Traditional public health and 
clinical microbiology



The roles of a public health laboratory

Diagnostics Surveillance Outbreak response



The roles of a public health laboratory

Diagnostics Surveillance Outbreak response



MLST
genotyping



Other schemes

∷ Spa   S.aureus
∷ EMM   S. pyogenes
∷ SBT  L.pneumophila
∷ NG-MAST   N.gonorrhea
∷ MLVA    Salmonella enterica
∷ MIRU VNTR   M.tuberculosis
∷ Ribotyping  Clostridium sp.

Pleƀƒƞ ƦakƄ 
it ƒƭƎp



Pathogen: Homerbacter simpsonii



Focus on a small informative section

Genotyping via one or more marker genes.



Another sample arrives at the lab

Looks related.



Another sample from same city

Possible outbreak ?



D’oh !



Case study





Salmonella typing 

∷ Serotyping
: O, H, Vi antigens -> 2500 serovars

∷ Phage typing
: Panel of 34 phage -> 200 phage types

∷ MLVA (multilocus variable tandem repeat)
: 5 locii -> 100s of MLVA types

∷ MLST (multilocus sequence typing)
: 7 locii -> 3000 sequence types



The outbreak begins

∷ Started in Victoria
∷ <100 samples

∷ Sero - identical 
∷ Phage - identical
∷ MLVA - identical
∷ MLST - identical



The outbreak spreads

∷ Spreads interstate
∷ 100s of samples

∷ Sero - identical 
∷ Phage - identical
∷ MLVA - identical
∷ MLST - identical



So now what?   Epidemiology!



Good - but includes wasted time & effort 



How can we improve this?
Of course you know the answer.



Whole genome sequencing

∷ Use 100% of the genome

∷ Single nucleotide resolution
: Infer source and transmission of infection

∷ Full complement of genes
: Track mobile elements and antimicrobial resistance



Routine sequencing of isolates

>500 per week
(and increasing+)



Species identification

 1.04  1046    1046    U       0       unclassified
98.96  99624   142     -       1       root
98.81  99473   1       -       131567    cellular organisms
98.81  99472   194     D       2           Bacteria
98.57  99233   111     P       1224          Proteobacteria
98.45  99110   318     C       1236            Gammaproteobacteria
98.07  98728   0       O       91347             Enterobacteriales
98.07  98728   52477   F       543                 Enterobacteriaceae
44.95  45256   665     G       561                   Escherichia
44.20  44498   33391   S       562                     Escherichia coli
 8.84  8899    8899    -       1274814                   Escherichia coli APEC O78
 0.29  287     0       -       244319                    Escherichia coli O26:H11
 0.29  287     287     -       573235                      Escherichia coli O26:H11 str 11368
 0.21  216     216     -       316401                    Escherichia coli ETEC H10407
 0.19  193     0       -       168807                    Escherichia coli O127:H6
 0.19  193     193     -       574521                      Escherichia coli O127:H6 str E2348/69



Antimicrobial resistance



Virulome



Pan genome content (genes)



Trees show relationship



Every SNP is sacred

∷ Chocolate bar tree
: branches were based on phenotypic attributes
: size, colour, filling, texture, ingredients, flavour

∷ Genomic trees
: want to use every part of the genome sequence
: need to find all differences between isolates
: show me the SNPs!



Finding differences

AGTCTGATTAGCTTAGCTTGTAGCGCTATATTAT
AGTCTGATTAGCTTAGAT

      ATTAGCTTAGATTGTAG

           CTTAGATTGTAGC-C

    TGATTAGCTTAGATTGTAGC-CTATAT

        TAGCTTAGATTGTAGC-CTATATT

             TAGATTGTAGC-CTATATTA

             TAGATTGTAGC-CTATATTAT

SNP Deletion

Reference

Reads



bug1  GATTACCAGCATTAAGG-TTCTCCAATC
bug2  GAT---CTGCATTATGGATTCTCCATTC
bug3  G-TTACCAGCACTAA-------CCAGTC

Collate reference alignments

The reference is a “middle man” to generate a 
“pseudo” whole genome alignment.



bug1  GATTACCAGCATTAAGG-TTCTCCAATC
bug2  GAT---CTGCATTATGGATTCTCCATTC
bug3  G-TTACCAGCACTAA-------CCAGTC
core  | |   |||||||||       ||||||

Core sites are present in all genomes.

Core genome



bug1  GATTACCAGCATTAAGG-TTCTCCAATC
bug2  GAT---CTGCATTATGGATTCTCCATTC
bug3  G-TTACCAGCACTAA-------CCAGTC
core  | |   |||||||||       ||||||
SNPs         |   |  |          |

Core SNPS = polymorphic sites in core genome

Core SNPs



bug1  ATAA
bug2  TTTT
bug3  ACAG

Infer phylogeny from aligned core SNPs
This is the primary 

information given to to 
tree building software.

Neighbour joining
Minimum evolution
Maximum likelihood

Bayesian models

bug2

bug1

bug3



Pathogens without borders



The success of Pulse Net 



GenomeTrakr

∷ International cooperation 
: Led by FDA + NCBI
: >60 collaborating institutes inc. UK PHE, DK DTU, MX
: Salmonella, L.mono, E.coli, Campy, Vibrio

∷ Public SRA BioProject #183844 
: Real-time submission of WGS genome reads
: Nightly updates of phylogenomic trees
: Contains ~60,000 strains of Salmonella  





Bill Klimke



180 x Listeria monocytogenes



Nightly updates to find new matches

Errol Strain 
(FDA)









∷ FIXME



What is preventing sharing? 



A vision for Australia
(and the world)



“AusTrakka” 

∷ A shared online system for all Australian labs
: upload samples
: automated standard/specific analyses in real time
: simple reports and visualization
: easy to submit to international archives (SRA)

 
∷ Access control

: each lab controls their own data
: jurisdictions can share data in national outbreaks



Conclusions



Traditional workflow



Modern workflow



Does WGS deliver?

Yes!Bioinformatics Epidemiology

Technology

Microbiology

This means
scientists

not just software

Domain 
expertise

Always changing...
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Thank you for listening



The End


