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Molecular Diagnosis Centre

> Founded 1n 1998 (20 year history)
> CAP-accredited
> Offer ~100 tests

> Infectious diseases
» Oncology
> Genetic diseases

> Prenatal diagnostics
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@ APPLICATIONS OF NEXT-CENERATION SEQUENCING

i

Towards precision medicine

Euan A. Ashley

Abstract | Thers is great potential for genome sequencing to enhance patient care through
improved diagnostic sensitivity and more precise therapeutic targeting. To maximize this
potential, genomics strategies that have been developed for genetic discovery — including
DMA-sequencing technologies and analysis algorithms — need to be adapted to fit clinical
neads. Thiz will require the optimization of alignment algorithms, attention to quality-coverage
metrics, tailored solutions for paralogous or low-complexity areas of the genome, and the
adoption of consensus standards for variant calling and interpretation. Global sharing of this
miore accurate genotypic and phenotypic data will accelerate the determination of causality for
nowvel genes or variants. Thus, a deeper understanding of diseazs will b= realized that will allow its
targeting with much greater therapeutic precision

The sequencing of the human genome led many o specu-
late on the near-term potential u:-r climical medicine'.
Understanding the genetic basis of disease was naturally
*rp.'\.'b:dlm._._ to better targeted therapies Indieed, the
steep decline in the cost of sequencing. pt

the invention of ‘next-generation’ technologies, Eacili-
tated the discovery of many more causative genes™ and,
muore recently, application to individuwal patients, inched-
ing several widely reported examples of genome-driven
medical decision making “. Pilot studies explored the
wse of genomic information more b
care” ® and the US National Human Ge
Institute (NHGRI) laid out 2 20-year pl |
ing insights from genomics to medicine'™". Additionslly,
direct-to-consumer companies put genotypes in the
hands of interested participants™. However, the bright-
est spotlight was provided in 2015 by President Obama
in his State of the Union address where he laid out 2
vision for a national Precision Medicine Initiztive in the
United States™".

The term ‘precision medicine (80K 11 was first given
prominence by a publication from the US National
Research Council that sought to inspire 2 new tax
anomy for disease classification viz a knowledge net-
work”, In the appendix of that publication, the suthors
clarify that its coining, 25 opposed to the more com-
monly used term ‘personzlized medicing, was intended
o comvey the principle that although therapeutics were
rarely developed for single individuals, increasingty,
subgroups of patients could be defined, often by genom-
ics, and targeted in more specific ways. Worldwide
internet searches for the term increased dramatically

fthe Union address and have remained
o that of ‘personalized medicing’

The timing does seem right for a new approach:
genomic data are more readily availzhle, we have 2
gn.a er understanding of population-scale genetic

ariation'™", and 2 ]:rpma..hu.x to data integration with
electronic medical records will lead to much improved
characterization of phenotypes™. However, for precision
medicine to suoceed it also needs to be more accurste.
The current glgorithms for genome analysis were devel-
oped for population or cohort variant discovery where
the consequences of reduced accuracy are a lost oppor-
tunity for discovery. By contrast, an inaccurate clinical
genetic test could lead to very serious CONSEQUETIOES
individuals and families with genetic disezse. In this
Review, I describe promising applications of preci
medicine as it currently exists then move on to discuss
the challenges our community needs to face, in the areas
of sequencing technology, algorithm development and
data sharing, to bring genomics up te clinical grade.

Promising appll:atmn" -ufl:pr\eclslnﬂ medicine

Cystic fibrosis. In the State of the Union address,
President Obama specifically gave as an example the
or, which was dew ed for patients with

cystic fibrosis. Cystic fibrosis is an autosomal reces-
isease that affects approximately 70,000 people
ldwide and that is caused by variants in the cystic

is transmembrane conductznce regulator | {CFTR)

The protein product of this gene is an epithelial
iom channel located on the cell surface where it regu-
lates cellular chloride transit. Mutations of CFTH cause
abnormal regulation of salt and water, which particu-
Larty affects the function of the lungs, pancreas and sweat
glands. Recurrent pulmonary disezse and resistant infiec-
represent the major therapeutic challenges of cystic

and traditionz] therapies have focused entirely
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Synopsis
Fuelled by technological advancement, the past decade has
witnessed a rapid acceleration in our understanding of the genetic
basis of many diseases. With this greater understanding comes the
possibility of redefining disease at a deeper level and targeting it
with more precise therapy. In this talk, the speaker will discuss the
history of the Precision Medicine concept and, using illustrative
examples, outline the impact of genome sequencing on the
management of patients with both rare and common diseases.

Date : 2 February 2018, Friday

Time : Registration & Breakfast at 7.10am - Talk begins at 7.40am

: NUHS Tower Block Auditorium, Level 1
: Ms Sheri Tan, Tel: 67725992 | Email : sheri xl_tan@nuhs.edu.sg

Location

Contact
A member of the NUHS




The term ‘precision medicine (BOX 1) was first given
prominence by a publication from the US National
Research Council that sought to inspire a new tax-
onomy for disease classification via a knowledge net-
work". In the appendix of that publication, the authors
clarify that its coining, as opposed to the more com-
monly used term ‘personalized medicine, was intended

to convey the principle that although therapeutics were
rarely developed for single individuals, increasingly,
subgroups of patients could be defined, often by genom-
ics, and targeted in more specific ways. Worldwide
internet searches for the term increased dramatically
after the State of the Union address and have remained
at similar levels to that of ‘personalized medicine’
ever since (FIG. 1a).




Evolution of sequencing technologies

1st Generation 2nd Generation 3rd Generation
DNA sequencing Massive Parallel Single Molecule
sequencing sequencing
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Adopted from Pereira MA et al. (2017). Application of Next-Generation Sequencing in the Era of Precision Medicine In Marchl FA
Cirillo PD & Mateo EC (Eds), Biochemistry, Genetics and Molecular Biology - "Applications of RNA-Sea and Omics
Strategies - From Microorganisms to Human Health”. InTechOpen.
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Clinical Genomics in Singapore - Current Landscape

> Oncology

> Mostly small (<100 genes) targeted NGS panels

» Larger panels cost-prohibitive
> Inherited Diseases

» Cancer predisposition targeted panel

> Whole-exome sequencing on the horizon (SureKids)
> Infectious Diseases

» Metagenomics on the horizon

> Prenatal Diagnostics
> NGS-based NIPT offered locally (iGene)



Challenges

> Skilled workforce:

» Life science and medical graduates do not possess
adequate genomic and computing literacy

» Bloinformaticians scarce

> Less than ten genetic counsellors on the 1sland
> Organizational buy-in:

» Management

> Human resource

> I'T department



Infectious Diseases:
Metagenomics
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SEVERE ILLNESS AND DEATH FROM POSSIBLY INFECTIOUS CAUSES (SIDPIC)
PROGRAMME

The SIDPIC programme is a hospital-based sentinel surveillance programme which reviews cases of unexplained
deaths and critical illness to identify possible emerging infections caused by novel pathogens. It aims to reduce
delays in recognising emerging infections of public health importance. The project is presently operational in four
public hospitals (TTSH, NUH, SGH and KKH). In year 2015, a total of 12,406 hospital patients were screened

by SIDPIC project coordinators in participating hospitals (Table 1.30). Of these, 217 SIDPIC cases that fulfilled
the inclusion criteria were identified. The majority of SIDPIC cases (35.48%) had illnesses with respiratory
syndromes (Table 1.31). Of the 217 cases identified in 2015, 108 were found to have alternate aetiologies. 47
of these 108 cases had causative pathogens found. The top two causative pathogens were respiratory viruses
(17%), and Streptococcus (17%). The remaining cases had clinical presentations that were consistent with the
clinical diagnosis, e.g. auto-immune disorders. Despite extensive laboratory testing, the aetiology in 109 (50.23%)
cases remained unknown. Table 1.32 lists the pathogens which may be tested for under the SIDPIC programme.

Accessed 9™ March 2018
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Putting metagenomics
to the test in the clinic

By Carrie Arnold
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Encephalitis diagnosis using metagenomics: ®

www.elsevierhealth.com/jour

updates

application of next generation sequencing

for undiagnosed cases

Julianne R. Brown **, Tehmina Bharucha "¢, Judith Breuer ¢

# Microbiology, Virology and Infection Prevention and Control, Great Ormond Street Hospital for Children

NHS Foundation Trust, UK

b Infectious Diseases and Microbiology, Royal Free London NHS Foundation Trust, UK
¢ Division of Infection and Immunity, University College London, UK

Genomic material in a brain biopsy or CSF

Human genome

Pathogen genome

Target-specific PCR \_// Sequencing of total DNA or cDNA

amplification (real-time PCR) P

Positive

Negative

Pros: Fast, inexpensive, sensitive

Cons: Unexpected or novel pathogens not
detected; multiplereactions required for
multiple pathogens, limited by specimen
volume

{metagenomlcs}

A sequence for every piece of genomic material in the
sample (1 sequence = 1 read)

Pros: Pan-pathogen detection in a single
reaction

Cons: Relatively expensive with slower time-
to-result than PCR

Journal of



Actionable Diagnosis of Neuroleptospirosis
by Next-Generation Sequencing
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14 year old boy

Severe combined immunodeficiency

Fever, headache to status epilepticus
over 4 months

Conventional diagnostic workup
negative

L32 g
(798 nt, partial-length)

NGS of CSF revealed leptospira

Antimicrobials given

Discharged after 32 days



Metagenomics in pediatrics: using a shotgun 2018
approach to diagnose infections

Jeffrey M. Bender*® and Jennifer Dien Bard™*

Purpose of review

‘With the advent of novel massively parallel sequencing technologies and bicinformatic processing
capabilities, clinical applications of metagenomic studies are rapidly being infegrated into medicine.
Through this paper, we hope to introduce this powerful new tool to clinicians caring for children.

Recent findings
Very few studies have looked at metagenomic applications in children. The ability fo perform these types of
massive sequencing projects was not possible as little as 7 years ago.

Summary

Metagenomics is defined as the sludy of all genelic material within a given sample. Novel sequencing and
analysis approaches allow for unbiased assays to identify pathogens missed by targeled sequencing and
culture methods. Although not widely available yet, metagenomic studies have been used o diagnose
pediatric infections, identify resistance genes in clinical samples, and characterize outbreaks. Although cost
and turnaround fime have limited its application in clinical laboratories 1o date, novel plafforms and
increasing comfort with these techniques continue to push diagnostic metagenomics into clinical pediatric
medicine. Much work in this field is yet to be done. That being said, we feel that pediatric clinicians will
be using metagenomic techniques in the care of children with increasing frequency in the near fulure.

Keywords

infectious disease, metagenomics, outbreak, resistance genes, sholgun sequencing

Clinical Metagenomics for the Diagnosis of
Hospital-acquired Infections: Promises and Hurdles

To the Editor:

We read with interest the paper by Pendleton and colleagues (1) [this
issue, pp. 1610-1612] about the rapid identification of respiratory
bacterial pathogens directly from a mini-bronchoalveolar lavage
sample using the MinlON sequencer (Oxford Nanopore
Technologies, Oxford, UK). Within hours of the samples being

Joumnal of the Pediatric Infactious Diseases Society ()17 Metagenomic Analysis Identified Human Rhinovirus
! B91 Infection in an Adult Suffering from

BRIEF REPORT Severe Pneumonia 2017

To the Editor:

The dinical role of human rhinoviruses (HRVs), the common
respiratory viruses, in lower respiratory tract infections has been

NeurObrucello SIS: long questioned because of their high frequency in asymptomatic

people (1). Recent studies strongly suggest the importance of HRVs

Unexp ected Answer in the pathogenesis of severe community-acquired pneumonia

(SCAP) (2, 3). Here, we identified a rarely reported HRV-B91
From Meta enomic infection in a patient with SCAP, using metagenomic analysis.
g Some of the results of this study have been previously reported in
. the form of an abstract (4).
NeXt-Generatlon A 60-year-old woman was admitted in October 2015 because
she had had a fever for 3 days (maximum temperature, 39°C), chills,
S equencing cough, and worsened dyspnea without previously recorded medical
issues. She was diagnosed with SCAP, and her general condition

Kanokporn Mongkolrattanothai'®, Samia N. Naccache®ss, progressively worsened. Chest computed tomography showed

Jeffrey M. Bender!, Erik Samayoad, Elizabeth Pham, Guixia Yu®, patchy consolidation in the right lower lobe on Day 1 and then

Jennifer Dien Bard?. Steve Miller Grace Aldrovandi's. and bilateral alveolar consolidation on Day 3 after the onset of ,
Charles Y. Chi®s ' ' ! symptoms. Her white blood cell count increased from 2.4 X 107/L

Journal of the Pediatric Infectious Diseases Society

ORIGINAL ARTICLE

Rule-Out Outbreak: 24-Hour Metagenomic Next-
Generation Sequencing for Characterizing Respiratory
Virus Source for Infection Prevention

Mlexander L. Greninger,'* Alpana Waghmare,”* Amanda Adler,” Xuan Qin,' Janet L Crowley,' Janet A. Englund,* Jane M. Kuypers,' Keith R. Jerome,'?
and Danielle M. Zerr®?

Metagenumic Sequencing Detects Hespiramry 2018 Rapid Pathogen Identification in Bacterial Pneumonia

Pathogens in Hematopoietic Cellular

Transplant Patients

To the Editor:

Using Real-Time Metagenomics 2017

To the Editor:
Pneumonia remains a tremendous cause of morbidity, mortality,

and healthcare expense (1). Despite the recent revolution in
culture-independent microbiology (2), clinical identification of

Lower respiratory tract infections (LRTIs) are a leading reason respiratory pathogens still relies on the culture-based techniques
for hospitalization and mortality in hematopoietic cellular used by Pasteur in the 1880s (3). Delayed identification of

transplant (HCT) recipients (1). Despite this, the etiologic

pathogens in pneumonia can result in increased morbidity and
mortality, as well as indiscriminate use of broad empiric antibiotics,
impeding antimicrobial stewardship. Although novel s i
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Nanopore Sequencing:
From Imagination to Reality

Hagan Bayley'"
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