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Commercilal Disclosure

Dag Harmsen is co-founder and partial owner of a
bioinformatics company (Ridom GmbH, Munster, Germany)
that develops software for DNA sequence analysis. Recently
Ridom and lon Torrent/Thermo Fisher (Waltham, MA)
partnered and released SeqgSphere* software to speed and
simplify whole genome based bacterial typing.



Fourth Dimension Needed for More Specific
Surveillance

Place, Time, ‘Person’ ... Type!



Fourth Dimension Reloaded
Next Generation Sequencing - Bench-top Machines

Roche/454 GS Junior

lon Torrent Personal Genome Machine (PGM)

- Affordable
« Speed
« Simple workflow

illumina MiSeq Personal Sequencing System



Rapid ,Ad hoc‘ NGS - E. coli 0104:H4 Outbreak
(Germany May/June, 2011)
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Mellmann et al. (2011). PLoS One. 6: €22751 |

Phylogenetic Analysis of EHEC
0104:H4

Method

= By ‘quick and dirty’ hybrid reference
mapping & de novo assemblies of
WGS data & BIGSdb core genome
MLST (cgMLST)

= n=1.144 core genome genes and
minimum-spanning tree

Results

= Strain LB226692 (outbreak 2011)
and strain 01-09591 (2001 German
iIsolate causing historic HUS
outbreak) belong to the HUSEC041
complex

= Both strains are only distantly related
to commonly isolated EHEC
serotypes

FI000  semas



http://www.ncbi.nlm.nih.gov/pubmed/21799941

Rapid NGS/WGS Applications in Clinical &
Public Health Microbiology

Applications Details

» |ntroduction of benchtop Next Generation Sequencing
(NGS) machines, enables small- and medium-sized
laboratories (‘democratizing of NGS’) to perform ‘ad hoc’
genomic prospective epidemiology

‘Ad hoc’ epidemiology

= Speciation / identification & pathogenicity profiling
» Molecular diagnostic screening tests

» Ultra-deep sequencing for pathogen discovery from human
tissues (e.g., hemorrhagic viruses)

Diagnostics

= Susceptibility profiling
Therapeutics » Vaccine preventability
= Reverse vaccinology (rationale vaccine design)
= Non-targeted new drug detection
Global surveillance, early » Standardized Whole Genome Sequencing [WGS] NGS
warning & outbreak for detection of transmission between individuals
detection » Qutbreak detection, i.e., establishing the spread of

particular strains locally, regionally or cross-border
= Longer-term and evolutionary studies to identify the
emergence of particularly pathogenic or virulent variants




It’s the Consensus

Genome-wide Gene by Gene de novo
Consensus Accuracy

Venn diagram of de novo consensus Details
accuracy for PGM, MiSeq and GSJ

= Consensus errors were analyzed for 4,632
coding NCBI Sakai reference genes
retrieved from MIRA de novo assemblies
using SeqSphere* for all 3 platforms

= Number of variants confirmed by
bidirectional Sanger sequencing
indicated in parentheses

= Validation of the 8 substitution and 15
400 8659 indel variants identified using all 3 NGS
GsJ GsJ platforms, suggested that either the Sakai
strain  experienced  micro-evolutionary
changes or the genome sequence

. deposited in 2001 contains sequencing
PGM, lon Torrent Personal Genome Machine 300bp;

MiSeq, lllumina MiSeq 2x 250bp PE; errors
GSJ, 454 GS Junior with GSJ Titanium chemistry;
bp, base pairs

Substitutions Insertions and deletions

Junemann et al. (2013). Nature Biotechnology 31: 294 | ]


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=23563421

Current NGS Bottlenecks

Library Prep Template Amplification

"\ - lon Torrent
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AB Library Builder™ lon Chef™

Bioinformatics,

Sample

Processing IT infrastructure
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NeoPrep™ done on the NGS machine
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Third party

NuGen Mondrian PE NGS Express



X

Read and assembly metrics
inconsequential for clinical utility
of whole-genome sequencing in
mapping outbreaks

To the Editor: length, accuracy and alignment, and on

In their paper “Performance comparison assembly-level metrics, such as contig N50
of benchtop high-throughput sequencing and gap number. The results were discussed
platforms” published in the May 2012 issue, in the context of the utility of whole-genome
Loman et al.* provide a detailed comparison sequencing for public health microbiology.
of the metrics associated with three different We believe, however, that one of the
benchtop DNA sequencing platforms forthe  primary uses for sequencing in clinical
assembly of a single genome. Information microbiology (at least initially) will be in
was given on read-level metrics, such as the detection of pathogen transmission

VOLUME 31 NUMBER 7 JULY 2013 NATURE BIOTECHNOLOGY

Harris et al. (2013). Nature Biotechnology 31: 592 [

].



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=23839141

Mapping & SNP Calling

MRSA outbreak on a special care baby unitin 6

month period, 2011 UK - Harris et al. (2013). Lancet
Infect Dis. 13: 130 | ]

15 outbreak (ST 2371) and 9 control isolates re-
sequenced on lllumina HiSeq & MiSeq and lon
Torrent PGM

reads were mapped against the chromosome of an
EMRSA-15 referencei(HO 50960412; accession
number ; 22,1.e. SLV of ST 2371) and

discriminatory single nucleotide polymorphisms
(SNPs) were identified in the shared core genome of
all 24 isolates (majority base needed to be present in

at least 75% of reads on each strand - consensus) gpffr‘g’;‘“l*: .
all platforms clearly discriminated outbreak from the ]2 E6 B0
9 non-outbreak isolates (with an average of 13,154 I3 E7 En
SNP differences between both groups for MiSeq and -4 W8

b |

=T AU O] GO0 O = RN AT

13,297 SNPs for PGM)
all platforms identified a total of 23 SNPs among the
15 outbreak isolates
no strong temporal signature of sequential patient
transmission (due to repeated transmission of staff _ _
) Harris et al. (2013). Nature Biotechnology 31.:
member or slow mutation rate and short outbreaks?) so2| ]


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=23839141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=23158674

Mapping & SNP Calling Il
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3HK Czech Republic 2000
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* reads were mapped for each isolate " [ B8 e s
against|TW20 reference|(ST 239) and ) ‘_E?w
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Harris et al. (2010). Science 327: 469 | ]-


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=20093474

The . @ pme project
by informaticians, for informaticians

Goal:
Develop algorithms that scale to arbitrarily large datasets

Design requirements:
1. Must handle data streams

‘n+1’ probl
2. Compute cost to add new genome must be ~ O(1) 1" problem

Examples:

1. Multiple sequence alignment via profile-HMM
2. Phylogenetic placement on reference tree

3. Bloom filters

Emerging challenge:
Deleting all the redundant data

n, number of isolates in database

Aaron Darling



Surveillance & Phylogeny

‘Molecular Typing Esperanto’ by Standardized Genome Compariso

: - Difficult to interpret with draft genomes
Multiple Genome

Alignment
(e.g., progressive Mauve)

- Computational intensive (2 O(n?), limit = 30-50 genomes)

- Not additive expandable, no nomenclature possible

k-mer + Works on read, draft & complete genome level, quickly GERES
without alignment closest matching genome
N Whole genome reduced to a single number of similarity
with f‘”gumem - Additively expandable [= O(n)], but poor mapping to
(Average Nucleotide Identity) anencI urepOSSIbIe

TES UAAR

Works weII for monomorphlc organlsms and ‘ad hoc’ anaIyS|s
Genome-wide F 5 WELTOT MONOMOrpiie of :

- Problematlc W|th rearran ement / recomblnatlon events
mapping & | ? :

SN P Cal I | n g Wl _ Not additive expandable (at least if not always mapped to same reference)

. i o)

R (T i e """{A""illl,|u|-||||l‘l-A, B
Genome-wide % ‘worki i

e to whole genome levels

gene by gene m:VB:ft >combination & point [llutation accommodated a single
a”eletyplng » 1 & nomenclature possible

i st i e NN 2l R e e T LT TL R T E
(CMLST or MLST+) : GO TOHRTTN ey S T C T Dewiet ea || || ot ||

1,4723306] 2804695 LCB length: 100546 LCB weight: 106116
SNP, single nucleotide polymorphism; cgMLST, core genome multi locus sequence typing; n, number of isolates in database

ES \ tvely evpamnable = U’ ‘
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ns g .
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y 3
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N. meningitidis MLST = o - N. meningitidis MLST+
7 genes il N. meningitidis FAM18 E 1241 genes
=\ woows 2,104,961 bp |E
0.1 % = \ ' 0
{ FAM18 genom I\ ¥ 4.5 %0
0 genome ‘ . ; of FAM18 genome

gdh [ Tr— "N‘
pdhC
Maiden et al. (1998). PNAS 95: 3140 | 1 abcZ
MLST MLST+/cgMLST
= 5-7 housekeeping genes * Hundreds/thousands of ‘core genome’ genes
= Seguence type (ST) and Clonal complex (CC) = Scalable, portable and under-standable
= Public nomenclature = Public, additive expandable nomenclature
Used mainly for population genetics & Higher discrimination power for outbreak
evolutionary studies investigation



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=9501229

Standardized Hierarchical Microbial Typing

—_

(D) SNP / Outbreak / Lineage specific

; S e.g., Koser et al (2012). NEJM 366: 2267 [PubMed]

O Alleles

D— accessory targets Stan d ard | Zed

a Species specific

8 STEC: Mellmann et al. (2011). PLoS One. 6: e22751
m PubMed

- N. meng.: Vogel et al. (2012). JCM 50: 1889 [pubMed]
é MLST™ N. meng.: Jolley et al. (2012). JCM. 50: 3046 (pubMed]
. — core genome MLST (cgMLST) C. jejuni: Cody et al. (2013). JCM. 51: 2526 [pubMed]
—

O Listeria: CIM 2014 [pubMed]; S. aureus: JCM 2014
7)) PubMed]; MtbC: JCM 2014 [pubMed]

D

Pan-bacterial specific (also suited for speciation)
I M L ST Jolley et al. (2012). Microbiology 158: 1005 [pubMed]

SNPS Species specific
e.g., Van Ert et al. (2007). JCM 45: 47 [pubMed]
confirmatory/canonical
M LST Maiden et al. (1998). PNAS 95: 3140 [pubMed]
also needed for backward compatibility
Hierarchical microbial typing approach. From bottom to top with increasing

discriminatory power. MLST, multi locus sequence typing; rMLST, ribosomal
MLST; SNP, single nucleotide polymorphism; cgMLST, core genome MLST.

For hierarchical microbial typing see also: Maiden et al. (2013). Nature Rev. Microbiol. 11: 728 [PubMed].
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One Disruptive Technology Fits it All
Genomic Surveillance

gy @
 BIGSdDb
Pure bacterial culture Jolley & Maiden (2010). BIGSdb. BMC
\l/ Bioinformatics. 11: 595 [PubMed],
R
LIMS 000 [ 4

C00

+ ridom

| DNA « SeqSphere

Rapid NGS Jinemann et al. (2013). Nature

Biotechnology 31: 294 [PubMed].

Phenotype and De novo or reference
epidemiologic assisted assembly
information (incorporated in EBI ENA/
Sequhere+) NCBI o
SRA N~
MLST+/
cgMLST
> | nomen-
clature
/ SeqSphere*/ ~_
- BIGSdb v
Standardized MLST/rMLST MLST/MLST* A SNP Antib T &
. . r cg * Accessory ntibiotic oxins
_hlera_rChlca_I targets resistance targets pathogenicity targets
microbial typing
Surveillance - .
Evolutionary Resistome /
& outbreak -
analysis Toxome

investigation
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Outlook

Standardize
WGS Typing
with
MLST+

From genotype
to phenotype

Early warning Plain language

(resistome, system & GIS report
pathogenome &

toxome analysis)

R
PATH{?

‘:«

NGenTrace

http://patho-ngen-trace.eu/

Base pairs «mmm
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From WGS Geno- to Phenotype - MRSA

Spa type Y
{001 Mupirocin
O [Clindamycin]
PVL toxin
A MupA
Toxic shock luKE :
lukS

syndrome toxin

O ermA -
O O msrA

tst
aac6’-aph2” msrB e
eta
‘ O katA Cfr
Exfoliative toxin A
[, )
O Catalase

Species identification, spa type, antibiotic susceptibility profile and presence of toxins can be rapidly determined
by query of the WGS data. Colored squares represent genes potentially present on the chromosome and/or plasmids. The
presence of genes in our cluster isolates are indicated by color: antibiotic resistance genes are shown in red, green for the

toxin gene, blue for the catalase-encoding katA, yellow for the spa gene and gray indicates genes that were queried but
not found.

[ Erythromycin
P [vancomycin]
[Linezolid]|

Leopold et al. (2014). JCM 52: ahead of print [ ]
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Predictive Models for Risk Assessment

transportation data
interfaces

UK & Ireland F #

2

disaggregation analysis

(e.g., gender)

outbreak
forecast

multi-scale transportation data

outbreak
recon-
struction

surveillance data _
interfaces - _ _

Trunk reward time (years)
0 a0

China ——
Southeast
asia —@—

- wlTh @ —
BIGSdb SeqSphere+ N 2o ' -

surveillance & genotyping ‘
databases zooB‘“’:"ﬁ;": 2002 'E;‘oa"""‘Eoba"""'?&o?"" 2006 2007

Time (year)

EWS; early warning system. Brockmann et al. (2013). Science 342: 1337 [PubMed].
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