Gain greater insights
INto microblal mysteries

Innovative microbial sequencing solutions
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VWorking togetner to
Mmake an impact in
the micropial worlo

Today more than ever, next-generation sequencing (NGS) is empowering a new level of
accuracy and speed in obtaining answers in microbial and infectious disease research.
This proven sequencing approach greatly enhances research efforts and offers potential
solutions to address One Health issues.*

A broader view, a brighter future

With lllumina technology and support, researchers around the world are rapidly sequencing
the genomes of microbes and gaining insights into their behavior, interactions with their
hosts and environments, evolution, and circulation within and throughout global populations.
Depending on the microbes of interest, sample type, and the kinds of questions you want

answered, different NGS workflows and solutions can be used. The optimal workflow should
be determined by what goals need to be achieved.

lllumina NGS solutions are up for the challenge

Single-genome, multipathogen, and discovery workflows can support the full range of
microbiology and infectious disease research applications.

lllumina offers powerful library preparation Kits, sequencing systems, and corresponding

analysis and reporting solutions that enable discoveries and provide insights for a better
understanding of the microbes most relevant to your research.

~
ADVANCE YOUR RESEARCH
Learn how the right suite of NGS
tools can help you gain a more
complete picture in your research

7

*One Health: cdc.gov/onehealth.



E1_~|-' | WORKFLOW APPLICATION
Microbial discovery

NGS isauseful approach forunbiasedanalysis of aprimary sample. Shotgun DNA or
RMNA sequencing enables analysis of the genetic material present in complex microbial
communities, such as environmental samples (eg, wastewater), human microbiomes,
and primary samples (eg, sputum, lower respiratory aspirates).

Metagenomics and metatranscriptomics i
: UNCOVER MORE
lllumina DNA Prep Discover how metatranscriptomics enables
community-level gene expression studies
Fast, flexible library prep for microbiome discovery research and surveillance =
Run multiple sample types, input amounts, Access fast library prep with a total

and methods starting from DNA or cDNA turnaround time of ~3.5 hours

Apply the DRAGEN™ Metagenomics

pipeline to perform taxonomic classification
of reads and provide single-sample and
aggregate reporting

lllumina Stranded Total RNA Prep with Ribo-Zero™ Plus Microbiome

Fast, efficient library prep that provides robust depletion of undesirable host
and panbacterial rRNA from complex microbial samples for microbiome analysis

Eliminate unwanted rRNA from bacteria Obtain reliable results with an optimized
in complex microbial samples for highly library preparation workflow
efficient metatranscriptomics research

Simplify data analysis and visualization

with the BaseSpace™ Microbiome
Metatranscriptomics App




WORKFLOW APPLICATION
Single-genome sequencing

Sequencing of a single pathogen is best used in situations when a single, known microbe
is being analyzed.T These solutions will help you gain valuable insights in your research as
you work to develop effective diagnostic tools, vaccines, and targeted therapies.

Small whole-genome sequencing
lllumina DNA Prep

Fast, flexible library preparation kit for characterizing cultured isolates; ideal
for investigating foodborne outbreaks and health care-associated infections

Reduce library preparation time Qptain robust, consistent resuits
(~3.5 hours) with a low numberof over a wide range of DNA inputs,
steps and minimal hands-on time even at low amounts (1 ng)

Targeted tuberculosis sequencing

lllumina and GenoScreen Deeplex® Myc-TB Combo Kit

Determine tuberculosis (TB) strain and drug-resistance profiles faster than
traditional culture-based methods for a more timely response to this critical public
health threat

Produces results in < 48 hours directly Predicts resistance to 15 anti-TB drugs
from sputum, no culture required
Provides secure, automated analysis and

easy interpretation of resulis via
the Deeplex Myc-TB Web App

MONITOR MORE

Download the single-genome sequencing
methods guide to select the right solution
for your lab




WORKFLOW APPLICATION

X Single-genome sequencing

Targeted virus characterization

COVIDSeq™ Assay and COVIDSeq Test

Scalable, simple, and affordable solutions for whole-genome analysis of the "Iumma M'cm_b'al Ampl_ic“" Prep S _ _
SARS-CoV-2 virus to aid in COVID surveillance and viral research efforts FIEKIIIJIE, streamlined NGS Ilhraw preparatll’.}ﬂ kit that enables various pUhIlC health
surveillance and microbial research applications

96- and 3072-sample kits available Highly accurate virus characterization Pairs with lab-designed primers, Enhances flexibility to accommodate

enabled by the DRAGEN Microbial published primers, or commercially different sample types, including nasal
Flexible input for multiple Amplicon App available primer sets swabs, wastewater, and culture
sample types, including nasal swabs Simplifies analysis with the DRAGEN

and wastewater samples
P Microbial Amplicon App

Influenza virus

lllumina Microbial Amplicon Prep-Influenza A/B

Simple and affordable whole-genome characterization of influenza A and B
viruses for surveillance and seasonal vaccine research

Covers more than 98% of both influenza Simplifies whole-genome analysis and
A and B virus genomes variant interpretation with the DRAGEN

Streamlines workflows; nine hours from Microbial Amplicon App

extracted RNA to sequencing-ready library

M-GL-02402 v3.0  For Research Use Only. Not for use in dlagnostic procedures,



WORKFLOW APPLICATION
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Broad viral, zoonotic, and environmental surveillance
Viral Surveillance Panel v2 anAI_.‘!fZE MORE

See how targeted microbial sequencing

e e T e e N e Ry e e brings more profiling capabilities to your lab
Extensive WGS panel for reliable characterization of the most critical viral public : -
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WORKFLOW APPLICATION

Multipathogen sequencing

Flexible, comprehensive syndromic sequencing

and antimicrobial resistance surveillance

Respiratory Pathogen ID/AMR Enrichment Panel Kit

Comprehensive panel designed for reliable identification and quantification of
respiratory pathogens and characterization of associated antimicrobial resistances
for clinical research and surveillance

DETECT MORE
Download the Precision Metagenomics eBook
to go deeper intc sequencing possibilities

N

Identifies > 280 pathogens associated Accommodates various sample types

with respiratory tract infections
i Y Performs automated analysis powered by

Characterizes antimicrobial resistance the DRAGEN Microbial Enrichment Plus App

of > 2000 markers associated with
26 antimicrobial classes

Urinary Pathogen ID/AMR Enrichment Panel Kit

The broadest sequencing-based panel for detecting urinary and sexually
transmitted pathogens and their associated antimicrobial resistances for clinical
research and surveillance

Identifies > 170 pathogens associated Accommodates various sample types
with urinary tract and sexually transmitted :
rdactions Performs automated analysis powered by

the DRAGEN Microbial Enrichment Plus App
Characterizes antimicrobial resistance

of = 3700 markers associated with
18 antimicrobial classes

Vibrio choleroe bacteria
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— | SEQUENCING PLATFORM

0] Introducing the MiSeq™ i100 Series

Impossibly simple sequencing, from
setup to data analysis

The MiSeq i100 Series brings sequencing capabilities to users of all
levels. Advancements in system design, sequencing chemistry,
and data analysis integration deliver operational simplicity,
exceptional speed, and proven accuracy.

As part of an end-to-end NGS solution, the MiSeq 1100 Series
provides same-day results for various applications that have
impacts in infectious disease and microbiology. Whether tracking
outbreaks, classifying novel microorganisms, or researching
microbiomes, the simplicity of the MiSeq 100 Series enables
sequencing with confidence and certainty.

~N
SIMPLIFIED RUN SET-UP
Completed in three steps in under 20 minutes. Download
the MiSeq i100 Series infographic to learn more
o

ENHANCED FLEXIBILITY
Multiple reagent kits support a wide range of throughputs
and applications. Check out the MiSeq i100 Series virtual

overview for details

J

8 M-GL-02402 v3.0  For Research Use Only. Mot for use in diagnostic procaedures,



— | SEQUENCING PLATFORM

U] Advanced flexibility

Scalable output enables expanded applications

With the MiSeq 100 Series, you can access 10 reagent configurations across multiple flow )-
cell options and read lengths. You can readily increase sample throughput and perform deeper

sequencing for various applications, from sWGS to metagenomics and more. Use With  MiSeq™ 100 Dry Cartridge

300 Cycles
8

[E87]123456789  mwwmoeoo.sun
Labal Pl 123056TAA

MiSeq i100 Series System# MiSeq i100 Series Plus System

(miseq 100 seriEs ) (SEQUENCING SYSTEM ) (miseq 00 series ) (PLus ) (SEQUENCING SYSTEM )
Qutputs ranging from 1.5 to 15 Gb Qutputs ranging from 1.5 to 30 Gb

Read lengths from 1 x 100 bp to 2 x 300 bp Read lengths from 1 x 100 bp to 2 x 300 bp
5M and 25M flow cells 5M, 25M, 50M. + and 100M+ flow cells
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SEQUENCING PLATFORMS

EXPLORE MORE
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@ Turn data into meaningful results

Intuitive, efficientllluminadata analysissolutions are built withthesameexceptional level of
accuracy, accessibility, andsecuritystandardsas lllumina sequencing solutions.The apps
meet a broad range of microbial research, regardless of bioinformatics experience.

Overview of apps

Microbiome Metatranscriptomics App

Performs taxonomic and pathway enrichment analysis on
metagenomic samples. Analyzes RNA sequencing libraries derived
from microbiological communities using a four-step pipeline.

16S Metagenomics App

Analyzes DNA from amplicon sequencing of prokaryotic 16S small
subunit rRNA genes. Provides visuals of taxonomic classification,

SRST2 App

Reports the presence of STs (sequence types) from an MLST
database and/or reference genes from a sequence data base of
virulence genes, resistance genes, and plasmid replicons.

Deeplex Myc-TB Web App**

Provides secure, automated analysis and easy interpretation

of results from the lllumina and GenoScreen Deeplex Myc-TB
Combo Kit.

N M-GL-02402 v3.0 For Research Use Only. Not for use in diagnostic procedures,

~N
EASY ACCESS

Explore BaseSpace Sequence Hub, a user-friendly
genomics cloud-computing platform that helps
simplify analysis o

DRAGEN small Whole Genome Sequencing (sWGS)

The DRAGEN sWGS App enables read mapping of single microbial
genomes to a reference genome.

DRAGEN Microbial Enrichment Plus App

Delivers easy-to-use, powerful secondary analysis of lllumina infectious
disease and microbiology hybrid-capture enrichment panel kits, with
workflows for sample QC, viral WGS, pathogen detection and
guantification, and antimicrobial resistance (AMR) marker profiling.
DRAGEN Metagenomics Pipeline

Aligns reads from shotgun metagenomic samples to genomic
references, classifying to the lowest common level (down to genus
level). Provides taxonomic classification for complex microbial samples.

DRAGEN Microbial Amplicon App

Analyzes sequencing libraries generated from lllumina infectious disease
and microbiology amplicon panel kits, such as the COVIDSeq Test and
lHlumina Microbial Amplicon Prep.

fﬁRAGEN

* Not available on BaseSpace Sequence Hub.



Working as one, your lab and lllumina can bring the benefits of NGS-powered

microbiology and infectious disease research to everyone

How can we help you?

At lllumina, we offer technology and support to cover integrated NGS
workflows—from library preparation to sequencing to data analysis to
sharing. With optimized end-to-end solutions, you'll experience unrivaled
accuracy, operational simplicity, and fast turnaround times.

lllumina is committed to promoting global health

Beyond product offerings, lllumina offers a wide range of educational
resources, support, and training programs to enhance your research.
Let's make an impact, together.

Hlumina

We are always available for questions, insights, and conversation.
Visit us at illumina.com.

1.800.809.4566 toll-free (US) | +1.858.202.4566 tel
techsupport@illumina.com | www.illumina.com

© 2025 llumina, Inc. All rights reserved All trademarks are the
property of lllumina, Inc. or their respective owners. For specific
trademark information, see www.illumina.com/company/legal.html.
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procegures

Learn how NGS can support your microbiology research goals

NGS is opening new doors in microbial genomics, revealing fresh insight
into how microbes impact humans and the environment. With NGS, see the
bigger picture by examining the smallest details in the tiniest organisms.
Learn more about how NGS can change your approach to microbioclogy.

Find the right workflow for your microbiology application

Take the guesswork out of your next workflow. The NGS Workflow Finder
provides personalized solution recommendations and resources for your
microbiology and infectious disease applications.

Please contact your lllumina authorized sales channel partner for more information

: ISN Medical 08002255476, 09139385053
1 sIn>  40-42 Association Avenue, llupeju customer@isnmedical.com
Lagos, Nigeria. www.isnmedical.com
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Track emerging infectious
diseases with wastewater
sur veillance

Broad detectionofpathogenswiththe
MiSeg™ 100 Series

Comprehensive workflow includes library praparation, target
enfichment, seguencing, and data analysis

199

Accurate detection and characternzation of a wide range of RMNA amnd
D4 wiral pathogens

(500
N

Fast, Mlexibde sequencing that delivers same-day results for effective
O and efficient wastewater surveillance

Far Research Use Only, Mot fer use in diagnostic procedures, M-GL-0Z315 vL0



MiSeq 00 Saries

Introduction

The modern world is witnessing an alarming imcrease in
the threat posed by Infectlous disesses, Globalization
and international traved Tacilitale the rapid spread

of infectious agents across borders. ] Additionally,
expanding urbanization and growing population density
create jdeal conditions for the transmizsion of infectious
agents, Moreover, the emergence of drug-resistant
sirains of bacteria and viruses Rosas a significant
challenge in the treatment and control of infections. 2

Wastewaler survaillance i & method for detecting,
identifying, fracking, and characterizing potential
pathogens to assess the health of a population.d This
method provides data to heip monitor outbreaks and
serves as an early warning of infectious threats at the
community level, as demonstrated through genomic
surveifance of SARS-Cov-2.4 By knowing where these
threats are, communities can better allocate resources
during a public ealth response. PCR based-methods
Gan provide rapid and relatively low-cost snapshots of
the prasence or absendce of expecied pathogens, but
their performance for monitoring and detection depends
on preexisting knowledge of micreorganism sagquence
variability and of variant detarmining mutations. Mext-

generation sequencing [(MGS] workflows are ralatively
more axpensive in time and cost, but are more tolerant
to mutation, enable varkant discovery, and can provide
detailed gancmic information bayond quaditative
detection of pathogens.5=7

Accurate and comprehensive detecton of viral
pathogens in wastewater depends on both the

upfront enrichment of wiral genomes by filiration

or concentration technigues and NGS llbrary prep
enrichment methods 1o overcome the analytical
challenges inherent 1o studying the relativehy small
genomes of viruses, the most abundant of which

make up only a small proportion of the total gemomic
material in wastewatar, 810 By increasing tha relatve
abundance of gemnomic content of interest in the library,
enrichmeant alse unlocks the potential for saquencing on
benchiop instruments,

This applcation nate demonstrates detection and

characterization of wiral pathogens in real=workd
wastewater samplas using an MGES workflow that
Integrates the Mumina Yirsl Survellance Panel v2, the
MiZeqg 1100 Seres, and cnboard DRAGEN ™ secondary
analysis (Figuie 1, The MiSeqg 100 Plus System delivers
same-day results for efficient wastewater surveillance
to enable a rapid pubdic health rasponsae.

Prepare samples Prepare libraries

Extract nucleic acids

Viral Surveillance Panel ¥

0 A

Sequence Analyze

DRAGEN Microbaal
Enrichmant Plus apo

MiSeg 1100 Seras

Bflzenl 'wastawyler survsisnce

Lambme lllumma ihrary preparaan @ ih test, simpie sequencing en ihe B

For Resaarch Lisa Ondy. Wat for use i dlagnosihe proceduras.
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MiZeq 1100 Series

Methods
Samples

Raw wastewater samples were coliected from
wasiewater treatment planis by Wisconsin State
Laboratory of Hygbene (WELH) [n = 12] and from
studen! dormitories by Colarada State Unbvarsity (CSU)
[n = 12); both sites are lecated in the United States.
Samples were collected from each slte over multiple
time points from Movember 4, 2022 w Decembear 16,
2022, 10=50 ml of sampla wastewatar was prepared

by WSLH by capture and concentration of viruses with
Manotrap Micrablome & Particles (Ceres NManosclences,
Ine., Catalog no. 44302), Muclele ackds wera extracted
uging the Wizard Ervire Tolal Mucleic Acid Kil (Proamega
Corporation, Catalog no. A2901). Samples prepanred

by C5U Invalved removal of solids via centrifugation

af ~Z000 x g, Tollowed by capture and concantration
of wireses with the CP Sedect Concentrating Fipatte
(InnovaPrep, Inc.). Mucleic acids were estractad using
the CHaarnp Virad BMA kinl Kit [CHAGEM, Catalog no.
E2ooda).

Library preparation

Sequencing-reedy libraries were prepared from a
maximum Yedume of 8.5 pl (= 100 ng of extracted total
muchelie acid (TMAY) Input using the Viral Survedlance
Panel v2 Kit, Sat & (36 sampbes) (lluminag, Catalog na,
20108081}, Libraries were combdned imto four pools of
gix librares each {6-plex) with a loading concentrathon
al B0 phd Tor Ssequendcing,

Sequencing

Preparad Fbraries were seguenced on the MiSeg 100
Plus Systern wsing & 25M flow cell with & run
conflguration of 2 = 150 bp, For larger studies,
sefusncing runs can be scaled up to the NaxtSeq”
1000, MedSeq 2000, MovaSeq™ G004, and MovaSeg X
Systems,

Data analysis

Aftar sagquancing was complete, data wera downsampled
to th and 4M clusters/fragments per sample using the
FASTO Toolkit App, Downsampled and nondownsarmpled
data  was  analyred using the DRAGEMN  Microbial
Enrichment Plus (DME+) app onboard the MiSeg 100 Plus
System, The app can also be accessed In the clowd In
BasaSpace™ Sequence Huls,

Results
Sequencing metrics

The four wastewater pools were sequenced across fouwr
rums cn the MiSeg 00 Plus System, Al four runs resulied
in an average ¥ Q30 greater than 90% and percent resds
passing filber [FF} of ~80%, indicating both high-guality
reads and consistent instrument loading concentrations.
The total number of peired-end (PE) reads obteined
excesds the 50M specification of the flow cell, For all fous
rums, the cambined instrument run time and onboard
analysis times were under eight hours [Tzable 1. This
demonstrates that the MiSeg 00 Plus Systern offers
spead and efficiency necoessary to provide timely resulls
important for public health monitoring and responsa,

WET: -
MiSeq 1100 i * PF Total no, of Tatal no. of paired- Run time Enl;m;:u::ﬂ'ue
Pl run % Q30 paired-end reads end reads PF ¥
Run 1[C5L) B369% 73.49% 78,073,280 B2,0E4, 196 7 hr 11 min 18 smin
Run 2 105U Bl 35% Fa.0 8% 74,073 240 E1.723 176 2 b 12 i 1 min
Run 3 {WELH) B4.57% B1.62% 78,073 280 £4,530,830 P — 49 rran
Run 4 (WSLH) AN B1.43% 79,073,280 54,369,944 7 he 12 min P

= G- 0288 w10

For Researcn Use Dnly. Mot for use In diggnosiic procadures.,
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Detection of viral genomes

To help establish and compare the amouwnt of
gaquencing depth nesdad for effective pathogen
detection, anahysis of the reads was simukated at various
dapths, In addition, data normalization was naaded

for accurate quantification due to the large variation in
length of the detected viral genarmes, Thersfore, the
percent of the genames covered swiss platted agaris
the log1d RPKM [Reads Per Kilobasa par Million} reads
across the four wastewater semple library pools and
simulated &t three sequencing depths: downsampled to
184 fragments, dewnsampled to 40 fragrments, and full
dapth (Ao dewnsampled or <5 fragments per sampal.
REKM is a common means to normalize NGS data that
combénes the depth of coverage with the length of the

target region. This permits more accurate comparisons
gcross different pathogens, as well as for a singbe
pathagen over thme. Coverage of the detected viruges
can ba segragated inlo theae ganaral ranges, defedction
(5=20%), surveillance [(20=60%], and full genome
coverage {G0-100%) (Frgure 2§ Viral pathogens Inthe
loweest range were confidently detected, bul lacked
sufficient coverage to frack vival evolution or accurate
variant information. Viral genomes in the mid-range
had sufficient coverage for effective molecular
characterization and changes in viral concentrations
aver ime, Ganomas detectad in the highest range wers
able to be characterized with variant determination. At
greater read depths, the total number of viral genomes
wias higher, bul platesued at arcund 4M clusters/
fragments (80 PE reads) [Figura 2 and Table 2).
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MiZeq 1100 Series
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Characterization of viral genomes

Az part of the longitudinal stedy, detected viral genomea
were plotted and arranged with ascending logid RPKM
velues in a heat map that showed warious levels of
detection for enteric and respiratory viruses Bcross
collection sites and over time, as mesasured by relative
abundance [Figure 2} and by genome coverage (Figure 4],
Flotting genome cowerage over time showed increased
lewals of enteric winuses, including Coxsackie virus AFB,
Morowirus, Mamestrovirus  [human  astrowirus), and
Salivirus in Decermber time points (Figure 4), consistent
with previous reports detecting high abundance of these
and other pathogenic viruses shed in humean stool. 11
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Similerly, the respiratory vineses Bocavirus and
Ahinowirus A'C showed alevated levels in samplas
callected In December (Figure ), These data ane
consistent with historically cbserved ssasonal increasss
in transmission of respiratory pathocgens in early winter,
perhaps accelarated by travel aver the Thanksgiving
hotiday, 12

summary

The MiSeq 100 Series is part of a fast, comprehensive
MWGS workflow that enables broad detection of viral
pathogens for effective wastewater surveillance as part
af public health efforts,

Learn more —
Wiral Surveillance Panel w2
MiSeq 100 Series

DRAGEM sacondary analysis
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APPLICATION NOTE

Wastewater surveillance
using the Urinary Pathogen
ID/AMR Panel

Broad pathogen detection and antimicrobial
resistance (AMR) tracking with the
MiSeq™ 100 Series

8 i e

Exceptional breadth and Fast sequanting delivers Simplified anatysis with

dapth of coverage of rasults In < 12 hr for tha DRAGEN™ Micrabial
antimicrabial resistance effickent wasiewaner Enrichment Plus app
genes (ARGS) enabled survediance provides streamiined

with ensichment with pathegen detection and
the Urinary Pathagen characterization

1Dy AbAR Pare




MiSeq %0 Series

Introduction

Arifirnicrobial resstance (AMRL has been described a5 2
“silant pamdemic™ By ‘decreasing the effectveness of
available antimicrobias,  AMBE has  the  potental to
rdisciminately influence the severity and clingal cutome
af wleltions independant af undarhyer deseacs af cther fsk
lactors. ] Expandsng urban zalon, glodd fuvel, and groswing
popwiation  densty  create deal  conddiors for the
ransmission of Infeclicus  agerds, and  wih  them,
artirniciabial resistance genes (ARGSL2-3

Mary exsbng AME survelllance programe are based an

wleracions with heaith cang providers and, heefore,
canndl effeciively caplure Sngoing fensmission of
drug-resistant arganisms oulside of the health care
sating. Furthermaore, tradicnal growth-based methods
fir ronitaring drug suscaptitiity cannol provide
gencdypic information about the ceganisme nor e
ARG themselves, or any Information atoul organisms
That are nat cullivable in Ehe BROrEOny wsng standarc
pratacals 3-4

Wastewater suryesilance includes a labaratony method
fhiat Can hedp addfess hesde gaps and undioves (P
cireufating "resisiorme” of a given community, ncluding
drug-resistant organisms and associated mobile
genetic elamants bearing ARGE (Bg. pasmeds) that
may circusate in parallel 3 Maxt-generation ssquencing
[MEE]-bazsd wastewstar surveillance of AMR has been
Showen i Corfeiate with Dhenclypic resistancs gata
from conveniional isolake-Dased sunveillangs In vanals

] | EP'
& |
i :
\
Prepare Prepare libraries
samples
Extract nuchsic acids Lirimary Pathogen

10/ AMR Enrichement Ki

Figura t Cormprehenaive MGES workllow for wasiewaler sarvedlanae

MiSeq 100 Sedqes

populstions and mﬂms.d Funhesmora, waslesarar
survesiance can be useful for oread survefance of
KMo of mowel Eheaals et may e transmitted bebween
PECEFEE, nanhuman pogulaiors, SUch s companion
Anirais O gricultura anirngss, aod their shared
enwironmeant ma "One Headth™ approach 3

Accimate and comprabenslve detection of ARGS and
gssociated bDadieria in wastewalar deperds an the
upfront enrchment of ralevant genomic comlent by
filration co concerdraticn technigues. Library preparation
enrnchmeni matnods can helgp overdome the sequencirg
depih othenwise meeded to-comprehensively profile

e resstome in wastewatar samples.B By increasing
The relative alindance of geaomic content of interest

in the Eorany, ennchment a550 unlocks the potential for
Gduancineg it rahes 1rom a Diglogacaly carmglax campas
e wastewataran NS Denchbop insdrurents,

Tries applization npte. demonstrakes the dedecton and
characterizanon of ARGS and assocated Dacierial
palhiegens in-real-warld wastewsier samples Using an
HGES workflow hat integrates the Urimary Pathogen 1)
ANR Envichrment KL tha MSed 100 Plug System, and
onkoand DRAGEN sacondary anatysis [Figura 1]. The

hiSeq iM0 Seres delivers same-day resulfs for etficiert
wastewatar survediance with high-resolution data to

infarm public nealh esponse.

sequance Analyze

DRAGEN Microbaal
Enrichment Plus agp

Faor Reaearch Use Dnly. Mot far use in disgnostic proceduras.
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Methods
Samples

Ry wedsiewainl sampeas werg cofectad from
wisEnvalar Draatrment piants PWW TR Dy Wiscoogin

State Laboratary of Hygiers (WSLHI (no= 27) and fram
shaclent dormitaries by Colorade Stete Universay (CSL

[ = 231 Dot Stes arein the United Siales, Samples
ware cofected from esch sde over mulipke tme

paints from Mowemiber 4, 2022 to December 16, 2023,
Samiples from WSLH were prepared trom =50 miof
Sampla wasiewatar by LAapiurmg and Soncantiatng e
microbas with Matotap Mrabime & Parbcies iCeres
Manosciences, Inc., Caalog no 42202 Mucleic acids
were extrached using e Wizard Enviro Tedal Muckeic Acid
Kit [Prosmacgs Conporalion, Caakg no, A28 dccording
o the marufackurer's instruckons. Sampées obtained
from CEU wwaheed removal of soficds wa centrifugation

@ ~ 2000 » g followeed By caphure and concantration

b wifusss wah the GR Salkec! Concerdraling Papete
HanovaPred, NG, Mutleis acds were axiiacled using e
GlAsamp Yral R Bini Kit (QIACEN, Catalog no. H2304)
Fccord,g o the manufachurar's instrucions.

Library preparation

SepHEncing-raacly litfanes weae peeparad Tiom a
MUy Wolure of 30yl of axiischad 1ol nuckic

acid (THA] input using the Urmary Pathcgen IDf&MR
Enrichrent Kit, Set A (RLIO) (96 indexes, 96 samples)
[Aurwirs, Sataiog nd, 20080308 Forl comparisan
shotgun metagemomice librariee were préepased using tha
game kit, omitting enfchment steps,

WSeq 100 Sarles

Sequencing

Prguised libraries were sequentsd on [he Miseq
00 Pius System using a 256 flow cell with B run
configumAtion of 2 = 151 bp.

Data analysis

After Seguencing Wiy Complats, data weste downzamphsd to
M |enrichad and unennched) and 4b urennched  anly)
clustersffragments per sampée using the FASTS Toolkt App
Downsampled and sondewnsampled data were analyzed
LsEng e DRAGEM  Microbial Envichrmant Pleg apd in
BaseSpaca™ Sequence Hub This app can also b aocessed
anboasd the MiSeg 100 Plus System

Results
Sequencing metrics

Tre wiasiawatar [braras weds shauenced acrss

thres rums an tha MiSeq (100 Plus System. Ssquencimg
mEircs preoss he thres runs wers high with = S,
repds greaher tnan QA0 and of = 57 % reads passing fiter
(PF], inckCating Doty high-gquality data and consistent
instrument Ioading concantrations. The total number

of pairad-end [PE] reads pbtamed exceeded the

S0M specification of the fiow cell, resuling In deeps
ConrScpe and pataniialy mare contdant idertifasatian
of ARGs and microbes. Far all three runs, the comoined
insfrument run fime and analyss fimes weare under 1
hours | Takée 1}

Table 1: Saquencing matrics For the MiSeq 10D Plus System

: Mo, of Total no. PE % reads
% PF
Sequencing run samples Ruimn time Analysis time read PF - Q30
Fun " Ehe 44 min 045 min GeFEs08E B0 9 §68N
Fun 2 4] 7 hr 12 min ~40-45 min BB B50.076 8707 B4.72%
Run 3 18 Fhr13 min =045 min FDLEF 364 3900% 9410
3 M-GL-D3522 w1.0 Far Research Uose Onby Mot for use in disgnostic procedunas.
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Wastewater sample compaosition

WisLEAT FnahyEE 10015 within The DRAGEN Microbdins
Emrichment Phas app facilitale irferpeetalion of
enrichmeant parformancs at a glance. Sample
cornposiion plols show the proportion of tangeted,
uniasgated, amoiuous, and undlassified feads. The
parceriage of readd in each cafegorny represerds Hair
pro@artion retEative fo the iotal rumber of reads inibe
sampe (Figure F4) or relative 10 1he proartion of reads
within the Ergstedor untangeled categones themssives
(Figure 28], For example, 52 1% of the 1okl reads.in the
samphe gre classified as fargeted AMR reads; and 33.1%
of ail the reads in the spmple are untargeted beienal
(Figure 22] In confrast, B8 7% of largeted reads are AMA
ragds, and 24 4% of all untargeted reads are classified as
bacteral reads (Figure 26}

AMR detection in wastewater samples

Tne terget ennchment design of the Uinngny Pathcgen
ICAME panal s baghly sensitive, outperforming shataun
metagenamics for idenlifying genses assocated with
AR, The target enrichment approach slse alkies for
graatar analylical sansiivity a1 & lowes fumbsss of etal
regds comparad to shotgun melagenamecs mathods
(Figure 3}, Importantly, the CRAGEN Microoial Enrichment
Flis apn autormaically Hags relevant ARGS associaled
with exfended-specirum B-Bolamass (ESELl and
carbapenemas genes, These ganes are desgnated as
crifical prioriies by global health agencies dus to their
role in multidrug registance and rapid dssemination -8
THiG anablas useis o facus on the mesl ralasant ARGS
in fatoedats sele, providing a clear stafting poist Tor
furtter analysss

Analysis of esuls from sequencing wastewalss samples
with the Urinary Pathogzn [D/8MR pansl showed 1
proportion of AME genes detected al each callectan
Eibe, caeonired Dy kncar associaion Wil a famiy

af antirecrobils drggs [Fgurs 4481 Thess findings
higregght the pesvalence of diverse AR gerss i varkus
COMMmnites, inclusive 3 dense fuman pooulaions
[darmitary samples; and a "Cne Heallh® sample ofa
broad communiy (WWTP =ampies),

Microbe detection in wastewater samples

Arabedic of Séquencing results from wastaale: @mples
uzing the Urinary Pathogen (DfAMR panst revealad

the déztribution of microbes across wo collecticn

sibeE NCILCEN] Qram-nedative baciena, gram-postive

g R —

R S e
LR

fomg g

=EE EY

L s L]
|
a

reee — e

Figure I; Cormpositian of waslawater samples

I HigTs CIATIDEGE TG Wy frEs pTElciaT nio 1D 1R “|
aie targated fhiue), ankmdeled lyellos) arbgpeus
|orarca il umikmsfdmr owdl O Sampkh compostion
aimminded as (M) abmalie shawe ihe percantine ol resdo N
Mch ategary wEnlive 5 e ks numier of wedd In e
smamplo, and (21 reiniro shows e FRICOm3gits METAsS 1o N

prppamon o ieaeds walhin N lgeied  or LETlangeTiegd
CHEE e N s

bacters, angd viouges (Figuee 3], The majonfy of reads
fram both siles weare associated with gam-negstiva
bectera, including byoical gui-azsociated organisms
and apporunisic pehogens s ag Escharichia. ool
Kigtsiend BREuwmcoies, Fesodamionis aerimiasa,
gl Adiretodrcler boumarad, Enichment wilks s
Urinary Fathogen IDYAMR parel also revealed the
presence of genomic content from ather bacherial

and wizal grgankems,; For example, dormitany smples
shaxeead a relatively highar proportion of gram-posilive
bactera, including Enterocoecus spp, Stophylocaccus
G, Sireprocaccis spp, and acid-fas CIITANIEMS Were
datsciod Serass ol Sites . athaugh dermildey samples
shmed a higher propartan [Fgure 5.
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Samgies Trom WNWT P exhibitad graater vied divarsty,

gl feflec b the Erger and mora Relerooenedus
popuiaton from which the samples were collected from:
Wiral detections at oth sies Included JO polyormaves
aend B LObOmany ins, Aciticnd®y, Human papdlemaviug
[HF] wias entifeed in b doemitary samples, and
Adenovirus E was detactad 0 the WANTP zampleg These
findings emprasize e focus of the Urinary Pathogen
IDJaMR pans on datesing and quanihying Bactesa and
Associaled AR ganes relevant For human healim, while
at=o beghlighting ils capacily 1o caplure broader méciobis
rends ¢ comples sampde fvpes.

Summar y

The MiSeq 100 Series combdned wan e Lirnsary
Palragen IDPARR Endctiment Kil prowickes a Tast,
comorehersive workilow thal enables cetection and
chmractenzation of ARGs and associated nacierlal
LIEI||1&QBI'I‘5 il fﬂ!:i"r' fromn samples o Suchor wasieraer
supvaillance as part of public Health efforts

Learn more
hiSeq MO0 Series
Urinary Pathogen IEYAMR Enrichment Kit
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