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LI mitati on of Kochods Post L
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e Kochés postul
| sufficient but not necessary

® The microorganism must be found "'_"?;? blood t t bI 1 h t
in abundance in all organisms suffering Suspected O e S a. I S C au S a I O n
from the disease, but should not be pathogen Observe sample

Koch's Postulates:

. . under a microscope
found in healthy organisms. P

Red blood
cell

Asymptomatic Carriers

2 The microorganism must be isolated
from a diseased organism and grown
in pure culture.

No pathogens

Culture sample from
present

diseased or healthy
animals

Inability to Culture

Cultured

th I late health imal -
Sl [ [ Ethical Concerns

3 The cultured microorganism should
cause disease when introduced into a
healthy organism.

Complex Interactions

Suspected
pathogen

@ The microorganism must be
reisolated from the inoculated,
diseased experimental host and
identified as being identical to the
original specific causative agent.

Kochoés Postul ates car
applied, especially to viral diseases.
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Infectious diseases diagnostic approaches
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Culture based

Traditional
methods

> /
/ NGS based

Molecular methods

\ PCR based

Serology based

Antigen  Antibody
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Laboratory Fallure to ldentify Pathogens: Inadequacy of

Current Tools

= 1

Diarrheal Disease Meningitis / Encephalitis
Up to 50% 60-80%
unknown cause unknown cause
Pneumonia
15-25% Sepsis
unknown cause 20% unknown
cause

Chiu et al. Nature Reviews Genetics volume 20, (2019)

Culture

A Labor intensive

A Need for special media

A Prolonged period of time to culture
A

Some organisms are uncultivable on
artificial media

A Potential health hazards

Antigen Detection

A Negative tests require confirmation
A Effected by poor specimen collection
A Low microbe burden

Serology

A Unhelpful during early stage of
infection



A changing world
requires changing

sclence

A Pathogen emergence
A Disease dynamics

A Global spread

Nat Rev Microbiql2021)

Climatic change
Technological change
Transportation

Health care

Demographic change
Population growth and
land use

Urbanization

Ageing

/ /E’athoger\l\‘\\

/ emergence

Drives range shifts for
reservoir species

Improved global
surveillance

Increased contact with
reservoir species

Depends on species

Imunosenescence affects
spillover risk

@ase dy%

Pathogenevolution

Affects transmission and
susceptibility

Vaccination affects
dynamics

Population numbers affect
evolution, birth rates affect

dynamics

Density affects contact rate

Ageing population increases

transmission

Affects the geographical range
of vectors

Air transit and high-speed rail
affect pace and range of spread

Improved care reduces burden

Larger population travelling

Urban population more
connected

Possible larger burden
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FIGURE 1 | Metagenomics timeline and milestones. Timeline showing advances in microbial communities studies from Leeuwenhoek to NGS (Ottman et al.,
2012, Yarza et al., 2014).




Next generation sequencing (NGS)

genomic DNA

ST
Sanger N

Second Generation

Sequencing / \ Sequencing

Amplification of region
of interest by PCR
= ==
| =]
S s

Chain termination PCR using l
fluorescently labeled ddNTPs

PCR fragments are separated
based on size and the DNA
sequence is read by the order in
which fluorescent signals are
detected

Ik

T & RECE® & T €

Shearing of genomic DNA
and ligation of adaptors
SN S ==

Hybridization of fragments
to solid surface, followed by
amplification of fragments
to form clusters Amplified DNA
— Solid support
(beads or array)
Fluorescently labeled
- ©® l e i
T ‘ ®» ® while highly sensitive
cameras record the
m m sequence of lights
Sequence reads can be used
for de novo assembly of the
genomic sequence, or be
mapped back to a known
genome and quantitated
Gene 1 Gene 2

a Roche/454, Life/APG, Polonator
Emulsion PCR
One DNA molecule per bead. Clenal amplification to thousands of copies cccurs in microreactors in an emulsion
100-200 million beads

/ ;'\\ [ PCR Break Template ] 5\ ‘Q /)\l‘?pfj“‘(‘)\;ﬁ\
~ amplifi camn emulsion dlssoaanon Nad

(¥ ,' ’ t» ~/‘ﬁ"\‘;’p /. )‘ff"i"{' FHe
\ "; . ‘ / — a» c.z: - ig )‘;5 #ﬁ
\ T Ps -> ﬂ f;f\ Fa s@,{p‘ﬁ‘\;{ |
Primer. tr;mplare \\Q Chemically cross-
dNTPs and polymerase  * linked to a glass slide

b lllumina/Solexa € Helicos BioSciences: one-pass sequencing

Solid-phase amplification
One DNA molecule per cluster

Single molecule: primer immobilized

Sample preparation
DNA (5 ug)

Template
dNTPs
and
polymerase “

Bridge amplification Billions of primed, single-molecule templates

e Pacific Biosciences, Life/ Visigen, LI-COR Biosciences

d Helicos BioSciences: two-pass sequencing
Single molecule: polymerase immobilized

Single molecule: template immobilized

Billions of primed, single-molecule templates Thousands of primed, single-molecule templates

Nature Reviews | Genetics



Genome
sequence

’ ' Comparative analysis of genome sequences from multiple
- Population Structure, strains of the same species allows for the creation of a tree
Evolutlonary Hlstory showing lineage and relationships among the strains

- (e.g., strains of Yersinia pestis in the United States were
. probably introduced in San Francisco in 1899).
‘o / \ A ‘

,» Specific Sequences for Strain Detection | Outbreak |
and Outbreak Investigation ] ~ Investigation ‘ ____\

N "y

Spec.fc Sequer;ces I The determination of Bacillus

Dlagnostncs '—> Real-time PCR assays

. Insights into Growth ’
: Requirements ’ for Strain Detection J anthracis genome sequences
e = enables the development of tests
Drug-susceptibility profiles make it easier for specific to the Ames strains found
laboratories to detect and diagnose infection. in the 2001 mailing of anthrax-
= containing letters and greatly
aids in the federal investigation.

Hospitals are now using real-time

P \ \ PCR assays to screen patients for colonization
Insights into ‘ rotein | _ by Staphylococcus aureus, including
Virulence L EXP'ess'on DNA microarrays methicillin-resistant strains. a

Identification of

virulence factors as

new targets for
therapeutics leads

to development of

new preventive

strategies to minimize
occurrence or effect of
outbreaks (e.g., emergence
of strains of Salmonella

enterica serovar Typhimurium

that has taken on features
of serogroup Typhi).

~
o

- -I "
Proteins and —> Serologic tests
. Immunoresponse

. Proteins and |
_ Drug Design | ————— 3D structure —————> Drug design

SR

Purified protein can be used to determine its 3D structure, and from the structure drugs that might

inhibit the activity of the protein can be designed. Libraries of possible drug compounds can be screened

to see whether they inhibit or bind the protein directly (e.g., new drugs for treating schistosomiasis).
> %

A
v

Microbial
Genomics
and Tool
Development

N Engld Med2011; 365:344357
DOI:10.1056/NEJMral003071



Metagenomics allows pan-nucleic acid
detection directly from specimens

DNA EXTRACTION AND FRAGMENTATION

000000

C0CO000
CLONING INTO VECTORS
SAMPLE COLLECTION AND LIBRARY PREPARATION

METAGENOMICS

ORF PREDICTION AND PR [(mm——

SEQUENCE COMPARISONS oo COLONY OR PHAGE

TO EXISTING DATABASES | @202 oo ] ACTIVITY SCREENING ON
1 o | CHEMICAL SUBSTRATE

HOMOLOGY BASED ENZYME \ )

https://www.genome.gov/genetics-glossary/Metagenomics

Metagenomics studies the
structure and function of
nucleotide sequences from all
organisms in a sample.

Global Metagenomics Sequencing Market
Market forecast to grow at a CAGR of 17.9%

USD 14.25 Billion

USD 2.34 Billion u

2023 2034

RESEARCH MARKETS
THE WORLD'S LARGEST MARKET RESEARCH STORE

ARXS



Molecular method vs Metagenomics

Molecular Methods

D !
m
Sample J, Nucleic acid
collection extraction

TR PCR (qualitative; DNA)
% gPCR (quantitative; DNA)

RT-gPCR (quantitative; cDNA)

I

Viral Metagenomics

i
m ;
Sample Nucleic acid
collection \|/ extraction

i Sequencing

N2

Eﬁj! | Bioinformatics

Molecular Method:

AAnalyzes specific genes from
cultured organisms.

ARequires prior knowledge of the
target.

Metagenomics:

AAnalyzes all genetic material from
environmental samples.

ANo culturing or prior knowledge



A typical workflow ahNGS

A Sample Selection and Collection

(a) Lung B

local infection):
(a) Sputum, BALF,

(b) CSF;  (c) Joint fluid.

- Tissue biopsy:

& 3 - Infectious bodily fluid (suspected of ;-1 - Blood (suspected

(b) Brain

(c) Bone & Joint

of disseminated

hydrothorax; infection).

’ Sample Processing

VAR »
VAR VAR

B Sample Processing and DNA/RNA Extraction

Reverse Transcription

Etjl::;v RNA ‘ S JO00C ~
OO0
nS A
[boiling/ pna| Y/ »
bead bashing] RNA cDNA

DNA and ¢cDNA

C DNA Libraries Construction

WA

(a) Lung tissue (attained directly VRARA. Wi YYIVA P VAR VARA VR
) or through bronchoscopy); !J AV b VAW wmmsm
(c) Cold absecess. _ .//“0 VA, WA
Library Preparation Adaptors Sequences
E Bioinformatic Analysis D Sequencing
/ ——
= < S PR
AN » —_—
...... Kingdom Bacteria Species
= Viruses Genus A Mycobacterium tuberculosis (50-300bp)
e T Fungi Genus B wmmm Mycobacterium bovis -
— Bacteria Genus C  mm Mycobacterium leprae

(c) Co-infection

Mycobac mm: Non-tuberculous Mycobacteria
-terium mm Mycobacterium wolinskyi

(b) Tuberculosis Identification

(d) Comorbidity

(d) Antibiotics Resistance

Sequencing (taking lllumina for example)

F Clinical Decision

adjust the
wmedication

Clinical Assessment and Treatment Adjustment

AViral phylogeny and
taxonomy

AProviral metagenome

AViral community
structure and ecology

A Snapshot of microbiome

Alnvestigation of possible
co-infection



When to use the
MetagenomicshdlIG Gl Y ¢ H G



Clinical applications of metagenomic sequencing In
Infectious disease diagnosis

A Infectious disease diagnostics B Resistance gene ) Mobility element

Aa Microorganism identification Ab Antibiotic resistance prediction B Resistance regulatory element

gacEDeltal Cfla or pp-flo

Acinetobacter m
baumanii -_

— ———— = —=2

Ebola virus Zaire

Ad Antiviral resistance prediction

HIV-1
Ac Detection of vnruleré(;;::;:i;mmants nggx WWWMWM;? - NRTI 1 04 [ sensitive
Cell wall B \ = 800x- 30 X NRTI 2 0.41 M Intermediate
[ = 700x- -70 § NRTI 3 0.96 | Resistant
m e M 600~ R © NRTI 4 0.55
— - % ‘3183*‘ “3‘8 E’: NNRTI 2 5.0*
Exotoxin-e © o€ O o . = PI1 -0.16
" 200 B PI2 ~0.02
0 ] ] ] | 0 P13 0.17
0 7 4 6 8 0 2.0 4.0 6.0
Genomic position (kb) Z-score

Nature Reviews Genetigelume 20, pages34¢355 (2019)



https://www.nature.com/nrg

Therapeutic Perspectives

Clinical Metagenomics RSO it
: Sé N2\ 7N/ N7,

Pathogen detection

ZAASY

s 2D VAl
000200300
fungi bacteria parasite virus

Antimicrobial resistance prediction
Virulence factor
Epidemiological studies

® S

Targeted treatment Discontinuation of Avoid invasive Global health
if available empiric treatment procedures measures

Drugs 81, 14531466 (2021)



Transmissiomhaintrackingduringoutbreaks
usingvirusgenomics

&
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Nature Microbiologyvolume 4, pages1G19 (2019)



Outbreak detection:
Realtime genomic investigation Dfsease X

a Datection b Snapshot c Transmission chain d Spread

T AsArs

ol 1XPandenﬂc
AR Influenza

R4 AMERS
R ka

' T T ALRBGCOCAT . i : ° )
COARALTOCALTIGCGUUGUAL LS & o Q
| v S )
o N] o

g—— [\ :
ATTAGCCG \ 0
I\

PTATT] - T2 d = ’ A

| | 0 A -

L LALLAAOCEANS /2 1! o | .f,
TAGATGCGCCGAT : O el

A A AATHA L SN o \J R
| € [ s 0
ATTAGCCG o : £ i@ e
TAGGAAGSAGCCGA( . L > ®
CGATGATATACAGCAGAC 5

R R R Tl IR P N
AT RA RS T AN AT C

Nature Microbiologyvolume 4, pagesik19 (2019)



PROBABLE ORIGIN PROBABLE ORIGIN
7

':: 20 - . ¢ 7
COVID 19 ([20] = 2019- present) \e\‘; 0 /1//< Smallpox ([11=165-180, [3] = 735-737
Likely bats or pangolins o) { & [5] = 1520) Likely rodents

as intermediary hosts 0<(/

v ] \Oé
Jp— <
Ebola ([19] = 2014-2016) & Plague ([2] = 541-542, [4] = 1346-
5 1353, [6] = 1600, [7] = 1709-1713 &
o
~

&
A
o

Likely bats as a reservoir
[9] = 1855-1960) Rats and their fleas

MERS ([fS] =2012-present)
Camels as intermediary hosts

Cholera ([8] =1817-1923)
Likely contaminated rice

Novel HINT ([17] = 2009-2010)
Pigs

SARS ([16] = 2002-2003)
Likely civet cats as intermediary hosts

¢ .

\\
Yellow Fever ([10] = late 1800s)
Mosquito

Influenza - HIN1, H2N2, H3N2 & H3N8
([11] = 1889-1890, [12] = 1918-1919, [13] = 1957-1958 &

HIV ([15] = 1981-present) [14] =1968-1970)
Chimpanzee Comprising avian/human genes
Trends in Ecology & Evolution

Cell

P RES S

Major zoonotic
pandemic
outbreaks in the
recorded history

DOI: https://doi.org/10.1016/j.tree.2020.06.001



Major Emerging and Re-emerging Infectious Disease Outbreaks

Avian influenza A H5N1
Avian Influenza A
H5N1 (Hong Kong)
West Nile virus (UsA) SARS-CoV
Itaya virus (Peru) EBLV-2 (Scotland)

Melaka (Malaysia)

Lujo virus (Southern Africa)

by | '

Lassa fever (Ghana)
Swine Influenza A H3N2v

Avian Influenza H7N9

Avian Influenza H10N8

Sosuga virus

Chikungunya (Carribean)

Variegated Squirrel Bornavirus 1
Monkeypox (Nigeria)
Yellow Fever (Brazil)
Rat hepatitis E virus

Zika (Americas) l

SARS-CoV-2

Lassa Fever (Nigeria, Togo, UK)
Yellow Fever (Kenya)

Ebola (DRC)

Monkeypox (Europe and North
America))

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

T 1 Zika (I\Icronesia) ?

Monkeypox (USA) Pandemic Influenza A H1N1

Avian Influenza H7N7 (Netherlands) Heartland virus

; i Bas-Congo virus
Chapare virus (Bolivia .
Rift Valley Fever P ( ) Lassa Fever (Mali)

(Saudi Arabia & Yemen)

Nipah virus (Malaysia)
Ngari virus (East Africa)

Human CoV HKU-1
Human retroviruses
HTLV3

HTLV4

Huaiyangshan virus - SFTS virus

2012 2013 2014 2015 2016 2017 2018 2019 2020

¥ f

CCHF (Spain)
MERS-CoV Chikungunya (Pakistan)

Mojiang Paramyxovirus Lassa Fevgr (Togo)
Ntwetwe virus

Ebola (West Africa)
Avian Influenza H5N6
Lassa fever (Benin)
Bourbon virus

Avian Influenza H7N4
Monkeypox (Liberia, UK)
Nipah virus (India)

The most problematic EIDs were caused by RNA viruses

2021 2022

T

Yellow Fever (West/Central, Afria)
Ebola (DRC)

Gerald T.Keusch, et al PNAS 2022



Metagenomics In the identification of SARS,2

ﬂm a patientwhowas a

worker at the market
and was admitted to
the Central Hospital

of Wuhan on 26
December 2019 —_— Extraction of total
. . . @O .
while experiencing a ———— RNA, and library
sevzre respiratory BALF preparation
syndrome sample
WHCV 1a - ‘_E:Im I 29,903 bp

Bat SL-CoVZC45

8a. ,8b

SARS-CoV Tor2 7a
1b E:II 1NN

I T T I I I I [ I [ I I I I
2000 4000 6000 8000 10,000 12,000 14,000 16000 18000 20,000 22,000 24,000 26,000 28,000

Position

Longest contigs generated by Megahit (30,474 nt) and showed high
similarity to the bat SARS-like coronavirusisolate bat SL-CoVZC45

Wu et al, Nature, February 2020

Otherrespiratory pathogens were not
detected by real-time RT-PCR; FluA, FluB,
/' ADV, Chlamydia pneumoniae

Sequencing
with lllumina

|

] Embecovirus

—

Whole genome

ChRCoV_HKU24
HCoV_0C43

BtRt-BetaCoV/GX2018 | Nobecovirus

Ro-BatCoV_HKU9
Bat_Hp-BetaCoV ] Hibecovirus

Bat coronavirus BM48-31/BGR/2008 7

00— WH-Human 1

Bat-SL-CoVZC45

Ro-BatCoV_GCCDC1 ]

Bat-SL-CoVZXC21

Bat SARS coronavirus HKU3
BtCoV/279/2005

Bat SARS CoV Rm1

BtCoV Rp/Shaanxi2011
BtRf-BetaCoV/JL2012
Batcoronavirus JTMC15
BtRf-BetaCoV/HeB2013
BtRf-BetaCoVISX2013




Discovery and identification 8BARSCoV-2

AMetagenomics

AComplete genome sequence

APrimers design for the diagnosis

ADevelopment of MRNA vaccine

APhylogenetic analysis, Tracking the origin and transmission
ADisease surveillance and control



Interval time between an outbreak and
pathogen identification Is shorter afteNGS

Time Intervals from Outbreak Start to Pathogen Identification

COVID-19 (SARS-CoV-2) 0.5 months

Zika Virus Outbreak I‘LS months

Ebola Virus Outbreak 0.0 months

MERS-CoV l5.0 months

H1IN1 Influenza (Swine Flu) 0.5 months

SARS .0 months

Outbreak

HIV/AIDS 6.0 months

Hong Kong Flu (H3N2)
Asian Flu (H2N2) F 2.0 months

Spanish Flu (H1IN1) 180.0 months

0 25 50 75 100 125

150 155
Interval (months)



Milestonesanthe Discoveryof the HepatitisC Virus

Hepatitis A virus

- Australian Antigen
discovered

--Two types of hepatitis
classified: Aand B

. - Australian antigen
linked to hepatitis B

1960 1970

HarveylamedAlter

Hepatitis A identified
Determination that 75%
of TAH caused by
NANBH virus

NANBH transmitted to
chimpanzees

Serologic tests for HAV
antibody developed

envelope glycoproteins

= viralRNA
approx60 nm

Structure of Hepatitis C Virus

-NANBH discovered to
have lipid envelope

-- NANBH discovered to
be 301 60 nm

-HCV cloned,
sequenced, classified

-Anti-HCV assays
developed

1980s

-Use of 1st generation
HCV screening assay

-Use of 2nd -generation
HCV screening assay

-Cultured the first
infectious clone HCV

Drug development

!

A curable disease

20002020

CharlesMoenRice



Major challenges when applying NGS In
clinical diagnostics

[
JHLYUH

AComplexity in workflows, instruments anddata ) g s

analysis

ALack of established pipelines for clinical use
ACost and turnaround time
A Sensitivity and specificity

DOTDDT DD MDD MBI

_ MOVOR MOVOR YIVDOX YXOVON
ATechnicalchallenge MIVON XIVOT MIVOX MIVOK
MOVOT MOV MIVDOX YOVON

A Host background MIVOX MOVOK MOVOK MOVOX e

C At DMODVDOT MDA DOVOT DODOT
A Contamination MOVOR MODIN MIVOR MIVON
A Extraction efficacy dMODOT DIVOT MOV dPVOX

dODDT DODDT DD DIDIN

>99.9% human related reads



Approaches to reduce host background

1. Nucleic acid depletior

2. Target amplification

3. Host background
subtraction

4. Hybridizatiorbased
enrichment

x  Physical depletion/
Chemical depletion

x  Ex: rRNA depletion
by probes

x Expensive, Deplete
homologous non
target sequences,
Strand specific bias

<mm<m

x  Multiplexed PCR

x Sequence
independent single
primer amplification

x  Limited number of
viruses that can be
detected

x  Computational
subtraction of
known human
sequences

x Require high
computational
power

Amplify
WAVAW IVAVAW =) SEQUENCING

WV NS

x Use probes covering a
multitude of viruses
or potentially all
viruses

x  High reproducibility
x Comparatively more

uniform genome
coverage

26




BIOINFORMATIBNALYSIS

Biodiversity workflows
What organisms are Stal't
you interested in? l»
prmer Tool Description Major advantage Major disadvantage Link to results
’ SO other
Only viruses . . H H https://docs.google.com/spreadsheet
. microorganisms Taxonomer Characterizes +  User-friendly * Results were not e e
Discover novel taxonomy of descriptive WIURNX/edit?usp=sharing&ouid=114
variants? i i 8854293567394013138&rtpof=true&sd
__________________ _I___________ s Y . 5 microbiome; web- =true
based
' ‘ Di Only known Di Only known - : :
Which organisms | LISCOVer strains v strains ViromeScan Characterizes . - *+  Only known viruses Could not obtain
ifi ? . epe
_ Specifically? ) ] ] o] taxonomy of could be identified / | results
Viuses& || eukaryotic viruses; bugs in the software
Phages \_/iral | Archaea Human cancer | ]_| Metatranscript- desktop app
(virusesof =1 | quasispecies metagenomes omes
microorganisms) = T | Virus genome- Assembly of viral »  User-friendly *  Results were not e o ™"
[_]_ i + Vitvareq Pathogens targeted assembly genome sequences; descriptive 2/VirusTAP /web/index. cei@1D=19033
(in general) Human AR . i . 115510ajml&key=01ZnHEHHfLcAKZt5T
— ; as y pipeline: VirusTAP web-based html
Viruses L lant viruses pathogens metagenome
(in general) (- Clinical Y| (-ouoes i i
A | G Vs p;;(’gi’:’s PathoScope « FACS Virus Identification | Identification of * Descriptive & easy |+ Consensus sequence | je/foiuseniouto/beskion/thesis
* MetaviC * RINS + GOTTCHA . . . . . ope . -
« Metavir (2) = + SRSA « IMSA Pipeline: VIP eukaryotic viruses to understand of the identified virus
* MetLab uman || N | || Kraken ) :
* ProViDE viruses Pathogens * LMAT from metagenomes; results cannot be obtained
: ;Tgm Any (in general) * MetaShot desktop app
+ Readscan metagenome + SMART
« VirFind
+ VIROME — z "
* VirusHunter g * Ensemble
+ VirusSeeker ) Viruses Assembler
\_) (in general) + GenSeed-
HMM
* SLIM + MEGAN 4/CE
+ ViromeScan * NBC
* RIEMS ..
+ Taxonomer (NOOJl et al., 2018)
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Clinical Specimen
(Whole Blood)

d
)

Routine Tests =
(Multiplex PCR)

o

Spike-in
Internal Control
(Newcastle Disease Virus)

n
Plasma g.‘ Cells'.'

A

Nucleic acid extraction - RBC removal _ »
- QlAamp ccfDNA/RNA kit - Nucleic acid extraction using
ot AllPrep DNA/RNA mini kit
4 oot
oo\ it |

Extracted DNA/RNA

cDNA and second-strand synthesis
- SuperScript Ill First Strand Synthesis System
- DNA Polymerase | Klenow Fragment

7/ 3000%) A
7\ 20008 » |

Double strand-éd DNA

qPCR for
Internal Control

Library Preparation

- Enzymatic Fragmentation

- End Repair/d-A Tailing

- Adapter Ligation

- Pre LM-PCR

- Pool 12 samples

- Hybridization to VirCapSeq-VERT panel
- Recovery of Captured DNA

- Post LM-PCR

v

Viral Enriched Library

Sequencing
(INumina MiSeq)) \
v !

Raw Output Data

Data Analysis using
Virus Identification
Pipeline (VIP)

=

b

Identification of Viruses

> 4 Hours

> 4 Hours

> 24 Hours

> | 52 Hours

> 0.5-4 Hours

Human Pegiviru$ in Pediatric
Hematopoletic Stem Cell
Transplantation Recipients
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Natali Ludowyke,etal Viruses2022, 14(4), 796



Entourageau-in-one sequence analysis, software for genome assembly, virus
detection, virus discovery, and intrasample variation profiling
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https://codeberg.org/CENMIG/Entourage
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Several pipelines have been
developed to support viral
detection and discovery

Call,Nayfach andKyrpides Annual Review of

Biomedical Data Scienc2021

Table 1 Resources useful for viral sequence discovery and analysis

Name Type Description Citation
Earth’s Virome Gene database Viral-specific protein families Paez-Espino et al. 2017 (58)
VPFs
VOGDB Gene database Viral-specific protein families http:/fvogdb.org/
pVOGs Gene database Prokaryotic protein families Grazziotin et al. 2017 (126)
RVDB Gene database Eukaryotic viral protein families Goodacre et al. 2018 (127)
IMG/VR Genome Viral sequence database, including uncultivated Roux et al. 2020 (41)
database viruses
NCBI RefSeq Genome Viral sequence database, including mostly isolated Brister et al. 2015 (128)
database viruses
ViralZone Knowledgebase | Fact sheets on all known virus families/genera with Hulo etal. 2011 (129)
easy access to sequence data
PhagesDB Knowledgebase | Information related to Actinobacteria phages Russell & Hatfull 2017 (130)
ViPR Knowledgebase | An integrated repository of data and analysis tools for | Pickett etal. 2012 (131)
human pathogenic viruses
VirSorter Software Viral sequence discovery Roux etal. 2015 (56)
VirFinder Software Viral sequence discovery Ren et al. 2017 (132)
DeepVirFinder Software Viral sequence discovery Ren et al. 2020 (133)
VIBRANT Software Viral sequence discovery Kieft et al. 2020 (62)
What the Phage Software Viral sequence discovery: comparing multiple Marquet et al. 2020 (134)
pipelines
PhiSpy Software Provirus identification Akhter et al. 2012 (81)
Prophinder Software Provirus identification Lima-Mendez et al. 2008 (135)
Prophage Finder Software Provirus identification Bose & Barber 2006 (136)
vConTACT?2 Software Genome clustering and taxonomic annotation Bin Jang et al. 2019 (66)
VICTOR Software Taxonomic classification Meier-Kolthoff & Goker 2017
(68)
CCP77 Method Phylogeny-based taxonomic classification for Low et al. 2019 (67)
Caudovirales
HostPhinder Software Host prediction Villarroel et al. 2016 (83)
VirHostMatcher Software Host prediction Ahlgren et al. 2017 (84)
WIsH Software Host prediction Galiez et al. 2017 (85)
CheckV Software Estimation of quality and completeness of viral Nayfach et al. 2020 (61)

genome sequences




Metagenomics
enabled microbial
survelllance

Nature Microbiologyvolume 7, pages486496 (2022)



