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Advances in Genomic Characterization
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Increasing the resolution of genomic information

Whole Genome Sequencing (WGS)
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Where we have been and where we are going
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Sanger Sequencing
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Where we have been and where we are going

Sanger Sequencing Next Generation Sequencing (lllumina)
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Increases in data requires advanced analyses (MiSeq)
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Increases in data requires advanced analyses (MiSeq)

15,000,000,000 ATGC's generated per sequencing run
40,000 - 150,000 words in a novel
average word length in English is 4.79

one sequencing run would generate 32,963 novels with 95,000 words each



Increases in data requires advanced analyses (Nextseq 2000)

e 360,000,000,000 ATGC's generated per sequencing run
e 40,000 - 150,000 words in a novel
e average word length in English is 4.79

e One sequencing run would generate 791,121 novels with 95,000 words each
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Application of Next Generation Sequencing




Bacterial Genomic Classification - Multi Locus Sequence Typing
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Bacterial Genetic Makeup
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Viral Genomic Classification
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Metagenomic Classification
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https://github.com/marbl/Krona/wiki

Gene Identification
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Phenotypic Prediction - Antimicrobial Susceptibility Test

Antimicrobial Susceptibility Testing ( rarc: Enerobacteraios ) (cPer ) EsaL )
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Next Generation Sequencing in Public Health




Pathogen Genomic Surveillance
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Outbreak Investigations
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Managing a growing data infrastructure

Laboratory & Epidmiological &

- Sample Data Clinical Data
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Genomic Data Lake

Genomic Data
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Bioinformatics Data Dashboards, Data Analytics &
Pipelines & Reports & Statistics
Data Workflows Visualizations




Next Generation Sequencing and Diagnostic Testing




EUA Approved lllumina COVIDSeq Test

lllumina
COVIDSeq Test

lllumina COVIDSeq Test

This high-throughput, next-generation sequencing test detects SARS-CoV-2 in patients suspected
of COVID-19 and enables virus genome analysis in research use. Read More...

Key Features and Benefits

» Accurate: Detects 98 targets on SARS-CoV-2 for highly accurate detection

= Comprehensive: Detects SARS-CoV-2 virus RNA; reports consensus genome calling for virus
analysis under research use

+ Quality Controlled: Built in quality control features in every reaction

s Flexible: Seamless end-to-end workflow. Temperature specification allows use of different
thermocyclers.

= Scalable: Available on NovaSeq 6000, NextSeq 2000, or NextSeq 500/550/550Dx (in RUQ
mode) systems.

lllumina COVIDSeq


https://www.illumina.com/products/by-type/ivd-products/covidseq.html

Metagenomic Pathogen Detection
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Rapid pathogen detection by metagenomic
next-generation sequencing of infected body

fluids

Wei Gu'?"°, Xianding Deng'?'°, Marco Lee3'°, Yasemin D. Sucu'?, Shaun Arevalo'?, Doug Stryke'?,
Scot Federman'?, Allan Gopez'?, Kevin Reyes'?, Kelsey Zorn©*, Hannah Sample*, Guixia Yu'?,
Gurpreet Ishpuniani*?, Benjamin Briggs'?, Eric D. Chow®*, Amy Berger®, Michael R. Wilson®%7,
Candace Wang'?, Elaine Hsu', Steve Miller'?, Joseph L. DeRisi*® and Charles Y. Chiu®"29%2

We developed a metagenomic next-generation sequencing (mNGS) test using cell-free DNA from body fluids to identify
pathogens. The performance of mNGS testing of 182 body fluids from 160 patients with acute illness was evaluated using two
sequencing platforms in comparison to microbiological testing using culture, 16S bacterial PCR and/or 28S-internal transcribed
ribosomal gene spacer (28S-ITS) fungal PCR. Test sensitivity and specificity of detection were 79 and 91% for bacteria and
91 and 89% for fungi, respectively, by lllumina sequencing; and 75 and 81% for bacteria and 91 and 100% for fungi, respec-
tively, by nanopore sequencing. In a case series of 12 patients with culture/PCR-negative body fluids but for whom an infectious
diagnosis was ultimately established, seven (58%) were mNGS positive. Real-time computational analysis enabled pathogen
identification by nanopore sequencing in a median 50-min sequencing and 6-h sample-to-answer time. Rapid mNGS testing is
a promising tool for diagnosis of unknown infections from body fluids.

Gu et al. Nat Med. 2021


https://pubmed.ncbi.nlm.nih.gov/33169017/
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llumina
= Bacteria: 79% Sensitivity, 91% Specificity

» Fungi: 91% Sensitivity, 89% Specificity

Gu et al. Nat Med. 202 18X
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e Case Series of 12 culture/PCR-negative
patients with infectious diagnosis; 7 were
MNGS positive

e Real time analysis enabled by Oxford
Nanopore enabled pathogen identification
in median of 50 minutes and a 6 hour
sample to answer time

Gu et al. Nat Med. 202 ¥
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Metagenomic Pathogen Detection

KARIUS

clarity at speed”

Karius Test Process

Karius Test reports are typically available 1 day after specimen receipt*

The Karius laboratory is CLIA-certified and CAP-accredited to perform high-complexity clinical laboratory testing.

* =85% of specimens received by 8:30 AM (PT) Monday through Saturday are reported the next day.
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Specimen Collection Specimen Processing Sequencing Analysis

Microbial cell-free DNA
sequencing

Curated clinical-grade
pathogen database

DMNA extraction and
library preparation

5-mL standard blood
draw in plasma
preparation tube
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Step 5
Reporting

Quantitative amounts of
clinically relevant
pathogens

Sample test report >

https://kariusdx.com/


https://kariusdx.com/

User-friendly and Intuitive

Designed by the lab for the lab. Automated and
intuitive graphical user interfaces allow any lab to
leverage Precision Metagenomics without the
learning curve.

Metagenomic Pathogen Detection

idbydna

Rapid Turnaround

Convert millions of DNA sequences into high-
confidence results in minutes, powered by artificial
intelligence and other optimized algorithms.

Actionable and Trusted
Insight

Actionable insights into thousands of pathogens with
known links to disease, combined with predicted drug

resistance markers, are provided in an easy to
interpret report, powered by artificial intelligence.
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Complete Pathogen and
AMR Profiling

Detects 50,000+ viruses, bacteria, fungi and
parasites, including 6,000+ known human pathogens.
Profiles antimicrobial resistance for viruses, bacteria,
and fungi at high-resolution.

https://idbydna.com/
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Diagnosis of Antimicrobial Resistance in Tuberculosis

Clinical specimen
e.g., sputum
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Rapid ID of TB and
MDR-TB

----» Future NGS directly on specimen
*If screen for MDR is not included in TB NAAT
**Testing protocols can be validated to reduce or remove
DST testing for these samples.

DR-TB, drug resistant tuberculosis; DST, direct susceptibility testing.
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NGS, next generation sequencing; TB, tuberculosis, NAAT, nucleic acid amplification test, AFB, acid fast bacilli, MDR, multidrug resistant;

\

AFB Smear
and Culture

l

Positive
For MTBC
(NAAT may be repeated)

l

—eessss——— N N
shep p1-2

sfkep z1-8

/ \

Genotype Phylogeny

\
\
\
\
\
\
4

Resistance
profile

Species

Rapid and

=) comprehensive
detection of DR-TB

Mutations detected that
predict resistance

l

[ Phenotypic DST ]

| |]

Rowlinson and Musser Clinical Microbiology Newsletter 2022


https://doi.org/10.1016/j.clinmicnews.2021.12.001

Acknowledgments

Abigail Shockey, PhD Dustin Lyfoung, MS

Christopher Jossart, MPH

Reveal.JS


https://revealjs.com/

Gourmet Pop Rocks

Pastry Chef Attempts to Make Gourmet Pop Rocks | Gourmet Makes | Bon Appétit



https://www.youtube.com/watch?v=lkOzch781t8

Questions?



