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NGS* WGS**
*NGS, next generation sequencing; WGS, whole genome (shotgun) sequencing.

Global Microbial Identifier initiative

http://www.globalmicrobialidentifier.org/

Aarestrup et al. (2012). Emerg. Infect. Dis. 18:e1 [PubMed].

Microbial Genomic Epidemiology

‘CDC collaborated with international partners to identify the core genome and create
a whole-genome multilocus sequence typing (wgMLST) scheme for Lm.’
Jackson et al. (2016). Clin. Infect. Dis. 62: pii: ciw242 [PubMed].

Challenges Towards Personalized Microbiology NGS
• Scientific challenges involve developing robust evidence of predictive utility.
While the richness of NGS data expands predictive potential, it also increases
the complexity of showing analytical and predictive validity.
• Clinical challenges involve providing robust evidence of clinical utility.
Innovators must go beyond establishing analytical utility and show how the test
can be used effectively in clinical practice to change actual treatment decisions
and improve clinical outcomes. QC/QA must be operational.
• Regulatory challenges require innovators to navigate a fluid and increasingly
demanding regulatory environment, including evaluating the pros and cons of
different potential pathways to market (e.g., laboratory-developed tests [LDT] vs.
FDA-approved IvD kit) and associated evidence demands, costs, and risks.
• Reimbursement challenges await those products that successfully navigate the
challenges above. Increasingly, innovators must show that the new test provides
value to payers: that its clinical value drives economic value for payers.
www.analysisgroup.com; fall 2014, Diagnostics and next-generation genetic sequencing.
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Regulatory NGS Challenges
Although the FDA is now developing regulatory frameworks for NGSbased tests, NGS test developers face significant uncertainty that has
the potential to undermine product economics. Historically, a significant
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In Europe neither FDA-like 510(k) clearance* (only CE labeling; i.e.,
‘self-declaration’) nor LDT oversight. Therefore, even American
companies frequently enter clinical market first in Europe. Most clinical
microbiology NGS scientific evidence currently emerge also from here!
*This will change somewhat as the EU has published a new IVD Regulation which will replace the
current Directive 98/79/EC on In-Vitro Diagnostic Medical Devices (IVDD) from around 2017.

Assuring Quality of NGS in Clinical Laboratory Practice

http://www.cap.org/

Gargis et al. (2012). Nature
Biotechnology 30 (11): 1033 [PubMed].

Reimbursement NGS Challenges
The move away from code-stacking (i.e., utilizing miscellaneous codes
and/or process step codes) has increased the importance of obtaining new
CPT (current procedural terminology) codes for novel diagnostics.
Recognizing the potential of these NGS techniques, the American Medical
Association (AMA) has proposed in February 2014 new CPT codes (for
oncology, human genetics) to cover a broad range of NGS-based tests,
which are under consideration for introduction.
Historically, however, securing new CPT codes has been a multi-year
proposition, and the effectiveness of changes in the AMA’s process
remains unknown.
www.analysisgroup.com; fall 2014, Diagnostics and next-generation genetic sequencing.

Cost of NGS in Clinical Microbiology
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Pacific Biosciences

Not really a desktop machine! However, closed genomes at a cost per bacterial
genome that is competitive with Illumina!
www.pacb.com

Roche is developing a high-throughput low cost sequencer for NGS
December 16, 2015 by sjwilliamspa
Roche Diagnostics invested $75 million in the development of the [PACBIO] Sequel. The
company is planning to release its own, modified version of the instrument in the second half
of 2016, specifically for diagnostic use. Roche will initially promote the device for clinical
studies, and eventually seek FDA clearance to sell it for routine diagnosis of patients.
In an email to Diagnostics World, Paul Schaffer, Lifecycle Leader for Roche’s sequencing
platforms division, wrote that the new device will feature an integrated software pipeline to
interpret test results, in support of assays that Roche will design and validate for clinical
indications. The instrument will also have at least minor hardware modifications, like near
field communication designed to track Roche-branded reagents used during sequencing.
First heard about and seen NGS at 10th ASM General Meeting, 6th – 8th June 2005, Atlanta, GA, US.

Commercial Nanopore Sequencing / Genia
• The company Oxford Nanopore Technologies in 2008 licensed technology
from Harvard, UCSC and other universities and is developing protein and solid
state nanopore technology with the aim of sequencing DNA and identifying
biomarkers, drugs of abuse and a range of other molecules. They revealed the
idea of their first working device in February 2012. The company introduced its
pocket-sized sensing device MinION to an early-access community in early 2014
and made it commercially available in May 2015. A variety of applications for the
device have now been developed including environmental or pathogen
monitoring, genome research, investigation of fetal DNA. The higher-throughput
PromethION will be available to early users through an access programme.
• Sequenom licensed nanopore technology from Harvard in 2007 using an
approach that combines nanopores and fluorescent labels. This technology was
subsequently licensed to Noblegen.
• NABsys was spun out of Brown University and is researching nanopores as a
method of identifying areas of single stranded DNA that have been hybridized
with specific DNA probes.

• Genia applied for a patent on a method of nanopore sequencing which uses a
series of RNA "speed-bump" molecules to infer the sequence of the molecule
based on the pattern of delayed progression.
Wikipedia.org

Oxford Nanopore Technologies – Point-of-Care NGS

SmidgIon is in early development and is expected to be available
in late 2017.
www.nanoporetech.com

Nature of and Requirements for Microbial Genomic Nomenclature

• is always a reduction of complexity/information and
serves mainly for human communication to quickly
group/compare isolates
• is artificial, i.e., it is man made for humans and NOT for
bugs
• must be public
• must be stable
• must be sustainable
• must be automatic expandable at low compute cost
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Jolley & Maiden (November, 2010). BMC Bioinformatics. 11:
595 [PubMed].

ClonalFrame trees were generated from 43 streptococcal
genome sequences, i.e., from concatenated sequences,
using A seven MLSA gene fragment loci and B 77 complete
genes found to be present throughout the genus identified
by BIGSdb.

Phylogenetic Analysis of EHEC 0104:H4
Method
§ first real-time prospective outbreak genomics
outbreak analysis. Hybrid assembly from reference
mapping & de novo assembly with Ion Torrent PGM
desktop machine WGS data and BIGSdb genomewide gene-by gene allele calling against a fixed set
of loci/targets
§ n = 1,144 STEC core genome gene scheme defined
before outbreak analysis and SeqSphere minimumspanning tree (not yet termed so but first cgMLST
application; internally called at that time ‘super MLST’
and/or ‘MLST on steroids’)
Mellmann et al. (July, 2011). PLoS One. 6: e22751 [PubMed].

Evaluation of contiguity and consensus accuracy
of draft de novo assemblies from benchtop
sequencers. a) evolution of genome contiguity for
GSJ, MiSeq and PGM. The contiguity of the de
novo assembly consensus sequences generated
by MIRA was analyzed for 4,671 non-pseudo- or
non-paralogous chromosomal coding E. coli
Sakai NCBI reference sequence genes. This
genome-wide gene-by-gene allele analysis
was performed with the Ridom SeqSphere+
software. (b) Venn diagram of consensus
sequencing accuracy for PGM 300 bp, MiSeq 2 ×
250-bp PE (MIS) and GSJ. reported consensus
errors were analyzed for 4,632 coding Sakai
genes that could be retrieved using SeqSphere+
for all three platforms.
* Numbers of variants
confirmed by bidirectional sanger sequencing are
indicated in parentheses.
Jünemann et al. (April, 2013). Nature Biotechnology 31: 294 [PubMed].

*Avoidance of the term core genome as core genome genes are here determined from DNA
with rather high similarity values! – term MLST+ abandoned by Ridom September 2015.

Maiden et al. (October, 2013). Nature Rev. Microbiol. 11: 728 [PubMed].

cgMLST at that time for the
authors NOT a fixed set of
loci but ‘shared’ loci of
selected isolates under
study.

Kohl et al. (April, 2014). JCM 52: 2479 [PubMed].

First original publication using the term cgMLST and using a fixed genome-wide set of genes.

cgMLST Nomenclature Harmonization

Vaz et al. (October, 2014). J Biomed Semantics 5: 43 [PubMed].

The TypON microbial typing ontology foresees immediately a
REST application programming interface (API) for cgMLST allele
nomenclature services that allows software tools to bi-directional
communicate with each other.

Matanock et al. (March, 2016). JCM 54: 768 [PubMed].

cgMLST Workshop

Informal agreement that a cgMLST scheme is a fixed and agreed upon
number of genes for each species or group of closely related species that
is going to be at least the minimum denominator for analyzing whole genome
shotgun (WGS) sequence data for surveillance purposes!

Describes a top-down
approach that includes also
several tears of reporting (e.g.,
national and international).
However, in the past the most
successful bacterial genotyping
initiatives (e.g., MLST, spatyping, or MIRU-VNTR)
followed a bottom-up - grassroot basic democratic or even
anarchic - approach.
Only the PulseNet initiative
followed a top-down
approach but never resulted in
a public nomenclature and
involved ‘heavy’ investment by
CDC.
ECDC (October, 2015).
http://ecdc.europa.eu/en/publications/Publications/food-and-waterborne-diseases-next-generation-typing-methods.pdf.

Taxonomical (‘phylogenetic’) Nomenclature

Taxonomical nomenclature principle based on SNP or wgMLST dendrogram.*
*Desirable BUT impossible for an additive expandable nomenclature system as there will be always
changes in the tree (was not possible in the past with MLST or canonical SNPs of monomorphic
bacteria; would violate stability of nomenclature). Furthermore, if done with ‘SNP addresses’ and not
with alleles very compute-intensive to calculate.
ECDC (October, 2015). Expert Opinion on the introduction of next-generation typing methods for food- and waterborne diseases in the EU and EEA.
http://ecdc.europa.eu/en/publications/Publications/food-and-waterborne-diseases-next-generation-typing-methods.pdf.

Genome Similarity-based Nomenclature (‘Genome Codes’)
Genome codes are hierarchical whereby every position
in the code reflects a different level of similarity between
organisms. The bin size – which is predictive for
diversity at this level - decreases moving from left to
right
Like MLST STs numeric value at a certain position does
not express relationship!
The information content of genome codes consists
exclusively in the extend of shared code positions.
However, depending on the submission order the last
common position of two organisms might be
occasionally wrong (‘triangulation issue; similar to CT).
In contrast to phylogeny-based codes, genome
codes (ANIb based) could be assigned to an organism
automatically as soon as its genome become available
and the codes would be stable.
… for applications in molecular disease epidemiology …
to assign codes based only on vertically inherited core
genomes …
Marakeby et al. (February, 2014). PLoS ONE 9: e89142 [PubMed].
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Registration will open soon!

For further information, contact: scientificconferences@wellcomegenomecampus.org
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28-30 October 2015 | Wellcome Trust Genome Campus, UK

2nd ASM Conference on Rapid Applied
Microbial Next-Generation Sequencing
and Bioinformatic Pipelines

Date: Friday, September 15 – Monday, September 18, 2017
Place: Crystal Gateway Marriott, Crystal City, Virginia, US
Program Chairs: Dag Harmsen (Univ. Münster, DE), Jennifer Gardy (Univ. BC, CA)
Program Advisory Committee: Marc Allard and Eric Brown (both FDA, US), Elodie Ghedin (New York
Univ., US), Paul Keim (Northern Arizona Univ., US), Duncan MacCannell (CDC, US), Adam Phillippy
(NIH, US)
ASM Conference Committee Liaison: Gary Procop (Cleveland Clinic Foundation, US)
ASM Conferences Program Manager: Lisa Nalker (Washington DC, US)

Registration and abstract submission will open April, 2017.
Twitter: #ASMNGS

3nd Conference
Rapid Microbial NGS and Bioinformatics: Translation Into Practice
The event will gather experts from all over the world active in applying
Next Generation Sequencing (NGS) techniques to discover the
epidemiology, anti-microbial resistance, ecology and evolution of
microorganisms. The program will be designed to build a bridge
between software developers and end-users.

Date: May, 2018 (?)
Place: Hamburg, Germany (?)

