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YALE JOURNAL OF BIOLOGY AND MEDICINE 8% (2016), pp.353-362

REVIEW Y]BM

Metagenomic Assembly:
Overview, Challenges and Applications

Jay S. Ghurye, Victoria Cepeda-Espinoza, and Mihai Pop*
Depariment of Computer Science and Cenier of Bivinformatics and Computational Biology, University of Maryland

Table 1. Overview or current sequencing technologies.
Technology Read Length Accuracy Time per run

Single Molecule Real-Time Sequencing 10 kbp o 15 kbp 87% (Low) 30minutesto4 5-10Gb
Pacific Biosciences

hours

Oxford Nanopore MinlON Sequencing Skbpto10kbp  70% to 90% (Low) 1to 2 days

lon Semiconductor Up to 400 bp 98% (Medium) 2 hours 10Gb
(lon Torrent sequencing)

Sequencing by ligation 75 bp 99.9% (High) 11to 2 weeks 3 Gb
(SOLID sequencing)

Pyrosequencing (454) 700 bp 98% (Medium) 24 hours 400 Mb
Chain termination sequencing (Sanger 400 to 900 bp 99.9% (High) 20 mins to 3 50 — 100 Kb

sequencing) hours

Bases per run
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R Separation of target bacterial cells

Step 1: Magnetc beads coated with
antibodies binds to bactarial cells

Slep 2. Host cells are washed away
and bacterial DNAis extracted
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Differential lysis

Step 1: Chemical agents are used to lyse

host celle and degrade exposed DNA
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Step 2 Extraction of preserved bacterial
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Step 3: DNA enrichment methods are
used to bulk up the remaining DNA
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Capture of target DNA
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Clinical Metagenomic Sequencing
for Diagnosis of Meningitis and Encephalitis
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E Clinical Effect (13 cases diagnosed by metagenomic NGS only)

v

B 7 (54%) Enabled appropriate and targeted treatment

—N. farcinica — long-term treatment with oral moxifloxacin and
minocycline

—Candida tropicalis — treatment with high-dose fluconazole and liposomal
amphotericin B (started empirically for elevated 1,3-8-D-glucan level)

—HEV — successful treatment with IV ribavirin after patient was
readmitted with liver failure and consideration of liver transplantation

1 (8%) Helped to rule out coinfections; enabled patient to proceed with
chemotherapy (EBV-associated lymphoma)

B 1 (8%) Supported clinical decisions to narrow coverage (neisseria)

2 (15%6) Had no effect, because patient already discharged from
hospital (enterovirus)

M 1 (%) Had no effect, because clinical significance unclear (MW polyomavirus)

1 (894) Provided reassurance to patient or surrogate (SLEV)

E. aerogenes — narrowing of antibiotic therapy to IV cefepime
and oral trimethoprim-sulfamethoxazole

—Emterococcus faecalis— narrowing of antibiotic therapy to IV vancomycin;
discontinuation of meropenem

—5. mitis — narrowing of antibiotic therapy to IV cefepime; continuation
of antibiotics for 4 wk to treat CNS infection

5. agalactiae — treatment with an additional 4 wk of therapy with IV
ceftriaxone and vancomycin

N ENGL) MED 380;24 NE/M.ORG JUNE 13, 2019
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Table 3 | Resistance genes found by ARMA in relation to pathogens grown: optimized pipeline (41 samples; 183 genes detected)

A ARMA versus culture result Mo. genes  Principal examples
PATOLOGIA - ) ] . ;
p (Gene endogenous in species 26 Mostly efflux components; also blagys zq aph(3")-Ilb and catB7 from P aeruginosa and aoc(6”)-lc
CLINICA/ from 5. marcescens
MEDICINA Match to observed resistances 24 Variously including mecA in MRSA, blgye, in Enterobacteriaceae and H. influenzae; also sull and
LABORATORIAL dfr determinants for E. coli
FAZENDO O Partial match to observed resistances 4 Instances where bla, was found but where MinlON flagged an ESBL-encoding variant, usually
blarey.s, but where the phenotype indicated only a classical penicillinase, without oxyimino-
FUTU RO cephalosporin resistance
ACONTECER , . N . . - -
Unlikely match to observed phenotype 1 P oeruginosa with blag, resistant to piperacillin/tazobactam and ceftazidime—see text
Possibly present, but relevant drug not 14 Commeonly (1} where tet{C) found but laboratory tested doxycycline, which is not a substrate
CBPCML.ORG.BR tested by clinical laboratory for this pump, or (2) where streptomycin, kanamycin and macrolide determinants were found in
Gram-negative bacteria but these drugs were not tested, as not relevant to therapy
Does not match phenotype of isolate & Mostly where blarg, (a5 Blompg..) was recorded but the isolate (commonly H. influenzae) was
susceptible to penicillins as well as cephalosporins, or where tet{?.) was found together with
a tetracycline-susceptible 5. aureus
Genes unlikely to be from species grown 42 Mostly Gram-positive-associated genes when a Gram-negative organism was grown, or vice
by the laboratory versa: commonly including tet{?M) and mefA
Gene recorded in a specimen with no 56 Mostly tet, mef mel, blay,., determinants, likely to be associated with normal flora
pathogen grown
Total 183
Resultados em até 6 horas (patdgenos + genes de resisténcia)
Aumento de sensibilidade/especificidade
Realizacdo . . .
48 horas — epidemiologia molecular
SBPC - ML

NATURE BIOTECHNOLOGY | VOL 37 | JULY 2019 | 7TB3-792 | www nature.comy/naturebictechnology



CONGRESSO HKASI!.[IRO
DE PATOLOGIA CLINKCA
MEDICINA LABORATORIAL

e
Expedicio Téceboa-chentiics

24 427/09/2019

Covibs e Comurwaion Sl bemiess * K]

A
PATOLOGIA

CLINICA/
MEDICINA

LABORATORIAL
FAZENDO O

FUTURO
ACONTECER

CBPCML.ORG.BR

Realizacdo

SBPC - ML

nature

L . ARTICLES
mlcmblology hitps://doi.org/10.1038/541564-018-0349-6

Analytical and clinical validation of a microbial

cell-free DNA sequencing test for infectious
disease
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and shipped at ambiant addad on recaipt microbe assemblies
temperature in the Approximately 24
provided collection kit Automated DMA extraction million reads per sample Dynamic background
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Patient with illness

.‘ = Apcess bo mMNES testing
# Unolear clinical indications

= Lipfront or second-line testing
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= Workflow complexity manual versus automerted)
(.

FUTURO
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= Turnaround times

= Sequence quality
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= Computational power

= Mizaligned sequences

= Database mizannotations and biases in representation of
‘organisms

= Uzserfriendly software

= Biginformatics softweare validaticn

= Patient privecy

# Diata confidentiality

= EMP integration

= Regulatory approval

= Meadical reimbursement

« Clinizal interpretation Ty
» Clinizal utility

= Bymilable treatmesmts

« Clinieal indications %
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The Joumnal of Infectious Diseases

D o

Infections Dizeasez Society of America  hiv medicine assacohon

From the Pipeline to the Bedside: Advances and
Challenges in Clinical Metagenomics

Augusto Dulanto Chiang and John P. Dekker
Bacterial Pathogenesis and Antimicrobial Resistance Unit, Laboratory of Clinical Immunology and Microbiology, National Institute of Allergy and Infectious Diseasas, Bethesda, Maryland

Proés Contras

= Custos do sequenciamento = Validacao

= Agilidade = |nvestimento

= Sensibilidade/especificidade | ' = Controle de qualidade

= Genes de resisténcia = Bioinformatica

= Fatores de viruléncia * |nterpretacao de resultados

= Epidemiologia molecular Fenotipo (CIM)

Advances and Challenges in Clinical Metagenomics « JID 2019:XX (XX XXXX) « 1
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Perspectivas futuras

Grande numero de metodologias disponiveis
Novos recursos humanos — investimento
Novos equipamentos — investimento
Necessidade de validagcao microbiologica/clinica
Avaliacao do custo beneficio — impacto clinico
Negociacao com prescritores/gestores

Gerar demanda — marketing

Monitorar e divulgar os resultados
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Genoma

Sequenciado

Fixo

Pequeno

Pouca diversidade
Estatico

Ndo sofre interferéncias com o estilo de vida
Sem possibilidade de intervencao

Microbioma
Sequenciado

Dinamico
100 a 1000 vezes o numero de genes
Ampla diversidade

Passivel de mudanca

Varia com a alimentacao, ambiente, estilo de vida e uso
de medicamentos

Alvo para modulacgao




The role of the microbiome in human
health and disease: an introduction for

:ZCEJNGRISS()Z:'GRASIQ.[I!.O Cll n I CI a ns‘
s Vincent B Young
24 .27/09/2019
Covis e Comerraios Sl embess = 1) . Hydrolysis
: e s METABOLICAS
Xenchiotics Reduction ~ H o
PATOLOGIA T o Produgao de vitaminas
CLINICA/ U B e Producéo de SCFA
MEDICINA S ) (P — Metabolizag&o de carcindgenos
|L=/AszOER:1TSgAcL> ' Diferenciacéo de células epiteliais
Fermentacao de substancias néo digeriveis
FUTURO Produca gd neurotransmi r ’
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CBPCML.ORG.BR r Ay IMUNOLOGICAS
{ § [ rma Producéo de citocinas
Imunidade inata/ especifica
Atividade anti-bacteriana
ESTRUTURAIS
Tight junctions
Criptas e vilosidades
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BMJ 2017 ;356 doi: https://doi.org/10.1136/bmj.j831 (Published 15 March 2017)
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'Mechanisms by which gut

microorganisms influence food
sensitivities

Alberto Caminera’2, Marlies Meisel>*, Bana Jabri? and Elena E Verdu'*

Healthy status T cell-mediated food sensitivity (e.g. coeliac disease)
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Review Article  Published: 29 May 2018

concreso miskono Gut microbiota-mediated inflammation in

MEDICINA LABORATORIAL

S obesity: a link with gastrointestinal cancer
2_4:2.71(2/'{019‘ Patrice D. Cani ™ & Benedicte F. Jordan
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( Obesity, diabetes, cancer and cardiovascular disease Liver




The gut microbiome, diet, and links to
cardiometabolic and chronic disorders
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Journal of Psychiatric Research 63 (2015) 1-9

(& lists available at SciencaDirect

Journal of Psychiatric Research

ELSEVIER

journal homepage: www.elsevier.com/locate/psychires

Review
Collective unconscious: How gut microbes shape human behavior

Timothy G. Dinan >, Roman M. Stilling * ¢, Catherine Stanton *" <, John F. Cryan *¢
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Protecbacteria
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* Most abundant phylum
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* Gram-positive bacteria

* Found in atheresclerotic
plagues, the oral cavity,
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Review Article Published: 01 December 2016

Role of gut microbiota in atherosclerosis
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Bacteroidetes

* Oram-negative bacteria mainly
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extent, in the oral cavity and
atherosclerotic plaques
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and the species Forphyromonas
gingivalis

* The number of Bacteroidetes

Imvading
bacteria
s
@ Macrophage

Proatherogenic

cytokines

@ Foam cell

@Upiﬂs

"y, Cholesterol

FXR.

Choline/carnitine Dial:a; fibre

Shaort-chain
fatty acids:
* Acetate
* Butyrate

* Propionate

T Foam cells
Platslst
activation

J Systemic
inflammation

¥

decreases in patients with CAD
compared with healthy individuals

Atherosclerosis



nature
COMMUNICATIONS

&
Y A o & &
a S P £
& & F r F &
ARTICLE
o mieswencromanss JRNSORY i 1 .

Meta-analysis of gut microbiome studies identifies M1 NIIENI NNl | RIEE I INN 1 N
CONGRESSO BRASILEIRO

peeiotocs i | disease-specific and shared responses

MEDICINA LABORATORIAL I I I I_I_I I I
— Claire Duvallet'2, Sean M. Gibbons"23, Thomas Gurry'23, Rafael A. Irizarry*® & Eric J. Alm'23
Expedicio Téceboa-chentiics

I
24.427/09/2019 NI

Covibs e Comurwaion Sl bemiess * K]

T

A

Miore abunadarmt

PATOLOGIA
CLINICA/
MEDICINA
LABORATORIAL
FAZENDO O s aupcen
FUTURO
ACONTECER

— ! e
CBPCML.ORG.BR

Sngn  Schubart  Vingant Youngster

(EDD) (CDIy (nonCOM (COI  (CDI)

2 164 154 25 4

2 a3 ag 25 i@

HV
1BD
—
Realizacdo
o CmtrulsG?l;.n m;gm P;Ea W;m Nﬁm—“"m“ Dirn

SBPC Il!L cases 146 108 &8 45 u o B ®



Caso

Cliente:
CONGRESSO BRASILEIRO Mascimento: 04/03/2002
S CAMTOREL Colicitante:
LSS Protocolo: 180405924893
24 2 27/09/2019 Material: Swab de fezes em solugio estabilizante (NeaSample-Z)
SRy Teste: Probiome - Microbioma intestinal
A Método: Sequenciamento de DNA de alto desempenho da regido V3/V4 do gene 145 rRNA
PATS)LOGIA Unidade de medida: Namero sequéncias de DNA
CLINICA/ Equipamento: MiSeq Sequencing System - lllumina
MEDICINA Coleta realizada em: 25/03/2019
LADSRMONA Amostra recebida em: 29/03/2019
Scib Resultado liberado em: ~ 10/04/2019
FUTURO Responsavel pela liberagio:  Dra. Aline Fernanda Rodrigues Sereia CRBio 63891/03-D
ACONTECER Dr. Alessandro Conrado de Oliveira Silveira CRF-SC 3014
CBPCML.ORG.BR
De acordo com dados fornecidos pelo paciente e profissional solicitante, o paciente apresenta o5 sequintes sintomas
e condigdes:
- IMC: 36,21 (indice que denomina a condigio de obesidade grau Il, sequndo a OMS).!
- Distensdo abdominal (hd duas semanas).
- Hatuléncia (hd duas semanas).
- Autismo.
De acordo com dados fornecidos, o paciente:
- N&o estd em uso de antimicrobianos e quimioterapicos.
- Nao faz terapia com dieta especifica.
Realizagho - Nao passou por mudanga dristica de estilo de vida recentemente.

SBPC - ML
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Grafics taxondmico do resultado:

Percentual de classificacio taxondmica
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Foi identificada a presenca de Faecalibacterium prausnitzii {23,57%).

+  Aabundancia relativa de F. prausnitzii é utilizada como um indicador da manutencdo do equilibrio
da microbiota intestinal em adultos, constituindo-se em um fator de protecio em relagio aos
diversos distdrbios gastrointestinais.*

Foi identificada a presenca de Bifidobacterium adolescentis (3,48%) (filo Actinobacteria).

« 0 filo Actinobacteria, embora represente apenas uma pequena porcentagem da microbiota
intestinal total, possui espécies bacterianas essenciais na manutengio da homeostase intestinal,
especialmente o género Bifidobactenum, amplamente utilizade como probidtico.”
Nio foi identificada a presenca do género Lactobacillus (filo Firmicutes).

« (0 género Lactobacillus possui espécies bacterianas que sio comumente utilizadas como

probidticos.

Nio foi identificada a presenca de Akkermansia muciniphila (filo Verrucomicrobia).

« D aumento de A mucniphila esta associado a adogio de dietas ricas em prebidticos e com baixa

ingestio de dcidos graxos saturades, atuande como fator de protecio em relagdo a diversos
distlirbios metabdlicos.™



Perspectivas futuras
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BM/J 2017 ;356 doi: https://doi.org/10.1136/bmj.j831 (Published 15 March 2017)



Os analfabetos do século 21 ndo s&o
aqueles que nao sabem ler ou escrever.

PATOLOGIA
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desaprender e aprender de novo.
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