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NIH/NIAID BRC Program

Provide publicly accessible database to:

- Store, update, integrate and display genome
sequence data, annotation and associated data
for human pathogens.

> Provide query, analysis and visualization of
information with user friendly interfaces.

- Serve as public repository for NIAID-supported
genome-scale programs.

- Collaborate on experimental research projects.
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NIAID Bioinformatics Resource

Centers

» PATRIC - bacteria ~2-PATRIC
o https://patricbrc.org/

» VIPR - viruses @«) ViPR

Virus Pathogen Resource

o https://www.viprbrc.org

» EuPathDB -eukaryotes
> https://eupathdb.org

» Vectors - invertebrates

@ VectorBase
Bioinformatics Resource for I

o https://www.vectorbase.org/
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PATRIC (NIAID) Watchlist Genera

v Bacillus v Francisella
»  Bartonella » Helicobacter
» Borrelia B
» Mycobacterium
> Brucelia »  Rickettsia
» Burkholderia » Sa/monella
» Campylobacter » Shigella
» Chlamydophila » Staphylococcus
S »  Streptococcus
v Clostridium e
v Vibrio
» Coxiella »  Yersinia
Fhrlichia

PATRIC has ALL Bacterial Genomes,
not just pathogens




How many genomes does PATRIC
have?

200000 ~
150000 |~

100000 |~

Number of Genomes

50000 [~

0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
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PATRIC data processing
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Uniform annotations across all

SCIENTIFIC 0 O
& REPLIRTS ar RS (O

BATYIRE. -k oo el R

RAST publications have more
than 5,000 citations

UllllUlUlllla MUIGIITo Wi 33' VTGO

12 IR.O;ST‘; Thomas Beettin *, Jomes J. Dovis ', Terry Disz’, Robent A. Edwords*?, Svetlona Gerdes *, Gary J. Olsen®,
Robert Olson®*, Ross Overbeek' ~, Beuce Porrello *, Gordon D. Pusch'~, Moulik Shulda’,
A ‘“‘2%7: Jomes A. Thomason III*, Rick Stevens' **, Veroniko Vonstein' -, Alice R. Watom” & Fongfang Xio™#
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Some Unique PATRIC Features

» Comprehensive Data Collection

- Unified Database, including RefSeq, GenBank, other
sources

» Uniform Annotation Across all Genomes
- RAST annotation, EC, GO, plus RefSeq annotations

> Uniform projection of Protein Families, AMR related
genes and Virulence factors

» User Workspace for analysis of User data

> “Virtual Integration” your data in the context of all
the public datasets
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Protein family assignments enable
analysis

]
? frontiers
in Microbiology Systems Microbiology

Towards ntegrated metabolic and regulatory modeils of all micr|

Front. Microbiol, 08 Febeuary 2016 | Mips //dol org/10 3389/ fmed 2016 00116

PATtyFams: Protein Families for the Microbial
Genomes in the PATRIC Database

1 James J. Davis'~", | Svetlana Gerdes’’, | GaryJ.Olsen‘, | Robert Olson'’, | Gordon D.Pusch’’, |
Maulik Shukla*?, ¢ Veronika Vonstein®’, | Alice R. Wattam® and | Hyunseung Yoo'*
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PATRIC Services

» Assembly - 2015
» Annotation - 2015
» Differential Expression - 2015

BYOD: Bring Your Own Data
and analyze it in PATRIC

» Proteome comparison = zZui>s
» RNA-Seq - 2015

» Transposon-Seq - 2017

» Variation - 2016
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Does anybody use these services?

50000 -

1More than 82,000 jobs submltted|

20000

Jobs Sub

10000

2015 2016 2017 2018
(March)




What services are they using most?

10000

8000 -

Il Metagenomic Binning
[ Phylogenetic Tree

Submitted

[ IModel Reconstruction
I Proteome Comparison

B Annotation
Bl Assembly

2000

Number




How can researchers find data of interest?
B

N

i <meta ata>m~'
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Where can one
find metadata?

Locate in publications-
LABOR INTENSIVE

ARTICLES

Whole genome sequencing of meticillin-resistant

Staphylococcus aureus

Makoto Kuroda, Toshiko Ohta, Ikuo Uchiyama, Tadashi Baba, Harumi Yuzawa, ichizo Kobayashi, Longzhu Cui,

Akio Oguchi, Ken-ichi Aoki, Yoshimi Nagai, JianQi Lian, Teruyo Jto, Mutsumi Kanamori, Hiroyuki Matsumaru,

Atsushi Maruyama, Miroyuki Murakami, Akira Hosoyame, Yoko Mizutani-Ui, Noriko K Takahashi, Toshihiko Sawano,
Rywichi Inoue, Chikara Kaito, Kazuhisa Sekimizu, Mideki Hirakaws, Satoru Kuharas, Susumu Goto, Junko Yabuzaki,
Minoru Kanehisa, Atsushi Yamashita, Kenshiro Oshima, Keiko Furuya, Chie Yoshino, Tadayoshi Shiba, Masahira Hattori,

Naotake Ogasawara, Hideo Hayashi, Kelichi Hiramatsy

Summary

Background Staphylococcus aweus is one of the major
causes of communityacquired and hospitalacquired
infections. It produces numercus toxing  including
superantigens that cause unique giseasse entities such as
toxic-shock syndrome and staphylococcal scariet fever, and
nas acquired resistance to practically all antiblotics. Whole
genome analysis is 8 necessary step towarcs future
development of countermeasures against this organism.

Methods Whole genome sequences of two related
S sureus strains (N315 and MuS0) were cetermined by
shot-gun random sequencing. N315 is a meticillin-resistant
S aurcus (MRSA) strain isolated In 1982, and MuS0 Is an
MRSA strain with vancomycin resistance isolated in 1997,
The open reading frames were identified by use of
GAMBLER anc GLIMMER programs, anc annotation of each
was done with a BLAST homology search, motif analysis,
ang protein localksation prediction,

The revive senvwne wonwoers of § ausens NI A and MO hawe hoon

Findings The Staphylococcus genome was composed of a
complex mixture of genes, many of which seem to have
been acquired by lateral gene transfer. Most of the
antibiotic resistance genes were carried either by plasmids
or by mobile genetic eclements ncluding a unigue
resistance island. Three classes of new pathogenicity
islands were identified n the genome: a toxic-shock:
syndrome toxin island family, exotoxin islands, and
enterotoxin islands. In the latter two pathogenicity islands,
clusters of exotoxin and enterotoxin genes were found
closely linked with other gene clusters encoding putative
pathogenic factors. The analysis also identified 70
cancidates for new virulence factors.

Interpretation The remarkable adbllity of S aureus to acguire
useful genes from various organisms was revealed through
the observation of genome complexity and evidence of
lateral gene transfer. Repeated cuplication of genes
encoding superantigens explains why S aureus is capable
of infecting humans of diverse genetic backgrounds,
eliciting severe immune reactions, Investigation of many
newlv identified gene oroducts. including the 70 outative
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Another metadata location

= NCBl Resources [~| How To |~

Nucleotide Nucieotide & |
Advancad

GenBank « Send fo: «

Brucella ceti str. Cudo, whole genome shotgun sequencing project
GenBank: ACJD0O0000000.1
Genome Coverage: 6x
Sequencing Method: WGS and clone-based
Sequencing Technology: 454
Source available from: Thomas Ficht (tfichtécvm.tamu.edu)
The Brucella ceti Cudo strain was isolated from the aborted fetus
of a bottlenose dolphin, Tursiops truncatus. Brucella ceti has been
isolated from beached cetaceans found around the world.
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What PATRIC does with that

metadata

M) Genome View
G

Brucella ceti str. Cudo

Length: 218526509, Chromosomes: 0, Plasmids: @, Contigs:

was
Cudo

bottiencse dolphin (Tursiops truncatus )

solated rom a bottencse dolphin (Tursiops br

uncatus)

Bottencse dolphin, Tursops Yuncatus

LN Bacteria » Proteoactons » ADNasroleobaciend » FRNzobisios » Brucellacene » Brucola » Bruceta cod » Brucelia cet) atr. Cudo

Overview AMR Phacctypes Phylogeny Genome Browser Circular Viewer Sequences Festures  Specialty Genes  Protein Families  Pathways
cm—.crme«_gé

PATRIC ~ RefSeq
cos 0 3144
HRNA L %0
prousogens R 145
RANA 4 9
misc_RNA 3 0
misc_binding o 10
provein Fearres [ -
PATRIC RefSeq
Hypothetcal probees rer )
Protons with Sncionsl Ssgnments 2823 22%0
Proteios with EC sumder sasignments os? N
Protoing with GO sssignmants 028 7%
Protens wih Pathwiry assgnments 52 220
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Make the metadata searchable!

DATA WORKSPACES SERVICES 3|2 All Data Types | = bottlenose dolphin Q @ Allterms| ~

Genomes (4)
Brucella oot str. Cudo
Cenome 1D 595407 3 | T Comtgn

SEOUENCED 32308 (Vg Doindormatics nettuse)
MHOST: BotSercms dophing, Tursiops runcatus

Buceta cet Cude Bruceta 0ot Cudo wis ndisted Fom 8 DotBenoss Aot (Tarsoos tuscetan ) The gendrme seQuence of e Crpara™ will rovide Miereslng Faigts Mo P evaition of
98 0ot

Brucella sp. F9
Genome 1D £37700 3| 13 Cortige
SEQUENCED /2200 (Droad iratte)

Ducela sp FSS0 Bruceia sp FESE wan scloed o 3 BOSenoss Aoipnen and el 20 Bed 5f COMOETETw anadys with other Trucela spaces

Brucella ceti strain CRO3SO

Sendme 1D 120877 8 | 18 Conign

SEOUENCED. 3OV T [Cromta Velarnary inathte. Zaged)
COLLECTED A2715M0OST Taorscos tuncatus

Marre mammal Drcaliosis as 200N KNown r More a0 20 yean, I MCet! O SUeSE 1 s Mone wmdessread than origraly thought ruceda (B ) prnigedals Mas teen Boated Yom
PIVIPads. whie B 08l ST Nave DRt SSS00MM0 WIN SetACears Hee wa Mepon & Bruceds sran MOoiaed YoM munole TON NOCes Of 0N OSSN0 SOMNN (TUrRGEs TUNCENS ) g
ST CRdrTInadOn Of OOpivs CoMasses v W e Croana™ 0o of Tw N AN Sod g T sy of 2015 Classcd DAl Dotyteng. PCR Dased 100 wgues (s,
swmphen. PCR-RFLP) and 48 ARINA DNA seguenoryg sede used I Gesdly Brucela s0p . Muliple focus viralise ~urrber Wadom repadl andiyns of 16 100 o mutiooun SeQuanced typing o
P o0 were wed 1o gercltyping and specn delarmination. The combination of baclerciogicn, moletuiar and genctypang Iechrigues Kertifed our stran a 5727 previously ertfed as &
Surran pathogen. Thin mport prowides. 10 our knowiedoe, e St avidence of ST27T n he Adratc Ses and n botences dophirs in partcude s well as In Europeen waters i geners. The
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Metadata filtering

2 PATRIC 151 ORGANISMS DATA  WORKSPACES - SERVICES = MELP Q @ Al terre

T Teoon Vieow
i Bacena » Fumicunes » Bacl » Baciiaes » Staphyioooccacea » Staphyococoun

Overview Phylegeny Taxonomy GCGenomes AMR Phenctypes Sequences Features Specisity Genes Protein Families Pathweys Subsysterns  Transcripgtomic

o YWOsos
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Metadata filtering

Gencme Namae

FLar N mrmas PTIOONE 4
B iom e PTIOTI0. 4T
Suphyrototoun e FINTTO TP
Baghyocotom semms FIX0TT. 0
Sphylooooom seee P06 04

Saphyocooous sren P00 725
Suphyfocooous e PINIITH T8
Suphyocooon mrue PV 16204
Suphyocoooun merees PIEEI)
Suphyococous sewes PIVERY-1T)
Stohwiocooous mawas PI0006- 178
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Large scale summaries based
on metadata - AMR

Overview | Phylogeny Taxonomy @ Genomes AMR Phenotypes | Sequences Features Specialty Genes @ Protein Families - Pathways Subsystems | Transcriptomics  Interactions

Genomes By Antimicrobial Resistance

!
i
a
:
:
i

Counts B& t

. 35888883
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Large scale summaries based on

metadata

"T" Taxon View
L % Bacteria ( 148955 Genomes )

Overview ‘ Phylogeny | Taxonomy | Genomes @ AMR Phenotypes Sequences Features | Specialty Genes Protein Families Pathways Subsystems Transcriptomics | Interactions

Bos taurus (2651)
Pig, Sus scrofa (1328},
jus gailus (1087) 0 ¢ (3435

Others (7088)

man, Homo

Disease
di

sease (317)
remia (302)
Pneumnonia (217)

Gastroenteritis (202)

Isolation Country
Others (52188)

Genome Status

Plasmid (10652)
Compiete (9999)

Canada (4367)

China (5606)

United Kingdom

WGS (128304)

United States (36018)
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How data is summarized at PATRIC:
Consistencies across levels

Fagw! Fostire View

F_; Bactern » Actirobaciera » Actinobaciena » Conynebacieriales » Mycobacienaceas » Mycobacteum » Mycobacierum Jubarcuioss » Mycobectiarum luberculoss HITRy
fgiN)N12.12 90g.70 | RvO0ST¢ | Transcriptional reguiator, AcrR famly

Overview Genome Browser Compare Region Viewer Transcriptomics Comelated Geres  Interactions
Chart Table

cowani M Log Rato} 1 - [Z-soone 0 : ‘Reset Fiter  Show Al Compansons

o "
120
i = lﬂ.

Eraman

el

el | MRy
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New Antimicrobial Data

c=PATRIC ::. ORGANISMS - DATA - WORKSPACES - SERVICES - HELP
Data Types Specialty Data Collections
Antibiotic Resistance PATRIC Collaborations
Genomes PATRIC DBPs
Genomic Features NIAID Clinical Proteomics
Pathways NIAID Genome Sequencing
Protein Families NIAID Structural Genomics
Specialty Genes NIAID Systems Biology
Transcriptomics NIAID Functional Genomics

Download Data
FTP Server
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Cata
Antimicrobial Resistance (AMR)
Antibiotics am a type of drugs used in the treatment and prevention of bactenal indections, Antmicrobial Resstance (AMR) refers to the abilty of bactena
0 resist the offects of antibiotics that are commanty used 10 treat them, Rosstance anses through one of oo ways: natural resistance in cetain types
of bactera, genetc mutation, or by coe species acquiring resstance from another. PATRIC provides & varioty of data and analysis 100l to help
researchers study AMR and #s genetic determinants. This includes AMR phenotype data for the bacterial genomes as well as genes and inlergenic
regions assoclated with AMR
Antiblotics: AMR Phenotypes;
Assbiotcs are a type of antmicrobiad drugs used in the Featment and AMR phanctypes refer 10 e resistance o suscaptbity of o gven
privention of bactesial infections. PATRIC provides basic information organism o 0ne Of mere antbiotics. PATRIC cotects AMR phanctype
About commonly Lsed anibiotics, inlcuding ther chemicsl and dath penaraled using anSmicrobind susceptitiity testing methods
physical proponies, phanmacology, and mechanism of action. n (AST) from published stusies and collaboralons. In aAdlon, wo also
BdStion, each ansbiotic is inked 10 other relovant data avadable in provide prodsicted AMR phenctypes using maching lesming
PATRIC, such as AMR phenctypes for genomes, AMR genes, and dassifiors. See AMR phanotype data seloct genom:
ANR regions. Below are some axamples:
*  Mycboctedum
°  amikacn *  Suphylococous
o sthambuicl * SPestocoocus
o ook »  Acoetobacier
*  damecn *  Basudomonss
¢ Hmpcoyon
Yiew al AMR ghenctype data
Yiew af anibiotics
AMR Genes: AMR Regions:
AMR goce rofers 10 the gones impicaled in or sssociatod with the AMR rogions roler 10 the small Qenomic regions impicated in or
MOSiStAncs 10 0NO o MOrD ANtBicics. The resistance may sl fom S390Caied with the resistancs 10 one of mose antbictics. The AMR
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Today’s schedule (May 7)

9:00 am
10:00 am
11:00 am
11:10 am
12:00 pm
1:00 pm
1:30 pm
2:15 pm
2:30 pm
3:00 pm
3:30 pm
4:30 pm
5:00 pm

a= PATRIC

v

v

v

v

v

v

v

v

v

v

v

v

v

Register for PATRIC Account, Overview
Assemble a Genome in PATRIC and Data Upload
Break

Annotate a Genome in PATRIC Using RASTtk
Lunch

Similar Genome Finder

Build a Phylogenetic tree

Break

Comparative Genome Analysis

Proteome Comparison

Comparative Genomics (Proteins and Pathways)
Question and Answer session

Adjourn




Schedu

9:00 am
9:30 am
» 10:00 am
» 10:15 am
» 10:45 am
» 12:00 pm
1:00 pm
2:00 pm
3:00 pm
4:00 pm
5:00 pm

v

v

v

v

v

v

v
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le (May 8)

BLAST at PATRIC

RNA-Seq Pipeline

Break

Expression Import Service
Comparative Transcriptomics
Lunch

SNP and MNP Variation Service
Metagenomic binning service
Building a metabolic model
Question and Answer Session

Adjourn




Schedule (May 9)

» 9:00 am

4

4

4

4

» 3:00
» 4:00

a=PATRIC

11:00 am
11:15 am
12:00 pm
1:00

0Mm

0Mm

0Mm

Command Line Interface
Break

Work with Private Data

Lunch

Work with Private Data
Question and Answer Session
Workshop concludes




Finding help after the workshop

Tutorials

Stop-By-Shap POF Tutorioks |

Workshop Guide: Genome

Workshop Guide: Genome

3

Assembly Annotaton Comparison

siop Instuctions for submiting Workshop stop Instructions for submitting Workshop step nstructions for doing o - Workshop
 sssamibly ob and examining 80 Srolaton job and cxamining deectional BLASTP sralysis

B tesuts in PATRIC the resuits in PATRIC comparing up 1 10 getomes in PATRIC
Workshop Guide: Protein Workshop Guide: Genome Workshop Guide: Private

Family Sortor Groups Genome

S0P IPALCtOns Yor Analyzing Workshop SI0D INSLLCHONS K Croanng Workshop finding and exnmning data Workshop
e protoomes of genomes) in genome groups that will bo used As500ai0d with a privite

PATRIC for Gownsiroam analysss gonome that has been annctaied n PATRIC
Werkshop Gaade: RNA-Seq Workshop Guide: Exprasson Workshop Guide:

Data Submsson Import Transcriplomics Page

This documant provides step-tiy- - This documant rovides siep-by- o This SoCument peovicdes Slop-Lry- o
siep structons for submitinga  Workshop SE0D NSILCLONS Ko OB Workshop SIeD NSTLCHONS ANNyZNG Workshop
FRNA-Seq job and examining the exprossion data nlo PATRIC %or transorpiomic dala that is

rosuts In PATRIC downsiream analysis. avalable In PATRIC,

L2 X )
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# PATRIC Documentation

2 Website Tetorials
Genomes
r20NCriptoemecs
Procein Toodks
Metabolomics
£ Others
Creatryg Canome Cotuge

L amunwng Anteraoratlal
Resmiance (AMR; deta in PATTOC

Reconsructing Cervmes o
Metagoncrmit Sompics Uveyg the
HAST Servrg Servee DN

5 Urdng the PATRIC Metagenoos
Eirrwrg Service

Badaa Leoa

Acatying o Metagemorme i

Owveboptrg PATRIC Code o
Agoiyw

Docs » Website Tutorials » Using the PATRIC Metagenomic Binning Service View page source

Using the PATRIC Metagenomic Binning Service

Basic Steps

1. Log = to the Patric web site with your Patric credentials
2 Provide an input file.

3 Open the Binning Service

4 Run Birning

5. Examine Output

Log in to the PATRIC Website

See Registration for information on logging in to the PATRIC website. Once you are registered and
logped in, you should see something e this

PATRIC WORKSHOP

T R AN e e ey ) A L e A

M Rl SR, v TN e S Pamg, b W e W e W
TV M N e Tl . ST S T R W N O e -
T — e T e TR Sl AL et W e beeied -t -
P B WA AT AN A G Al W - A . -
-l . WD ey g WA W S ST e e
T N AT SR T b G—— W e aa— -
WA N amee N e N A —

K
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—_— T TR TR T T ... W—

Provide Feedback

Assembly failed

'Job number

Select file to attach (optional): = Choose File ,L No file chosen

-l




> PATRIC .., ORGANISMS = DATA WORKSPACES SERVICES  HELP All Data Type

and Data Including an Antibiotics Database, AMR Phenotype Information, a Close
Genome Finder Service, HPI/PPI Data and Visualization, a Compare Region Viewer, an

ID-Mapping Tool, and Enhanced Global Search.

PATRIC March 2017 Data and Websie Release: New Genomes In this release, PATRIC has added 3669 new
genomes, brnging the total number of genomes in PATRIC 10 nearty 98,000, The full kst of avallable baclenal
genomes can be accessed from the Genomes Tab for all bactena, and from the Genomes Data Landing Page
UniProt 1D [...)

2017

PATRIC Workshop at GLBIO 2017 in Chicago, May 17, 2017

PATRIC will be hosting a 1/2-day workshop enttied “Assembie, Annctate and Analyze Your Own Genome using
PATRIC, the All Bacterial Bioinformatics Resowrce Center,” at the Great Lakes Bicinformatics (GLBIO) Conference
at the University of IBnois a1l Chicago on May 17, 2017 in Chicago, linois. The workshop will cover PATRIC's
analysis pipelines, which include genome assembly [...)

Read More

PATRIC How to Cite PATRIC Funding Statement

University of Chicogo I you use PATRIC web resources %0 ossis? This project has been funded in who'e or
S0 South Ellis Avenue N resecrch pUbECANoNS OF Propoacts i pon with Federal funds from the

C"‘C‘))'). :L t“:!? 5415 (M'ﬂ che O H’:"Wk'l lﬁ"l.‘.h of AJ‘\’X]\ o IF,N“!).X\

How %0 Cite PATRIC Disecses, Notionol Insttutes of Heolh,
Depoartment of Heolh and Humon
Services, under Controct No.
HHSNZTZ20M00027C, owarded fo RL
Stevens
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Citing PATRIC

Il you use PATRIC web esouroes 10 RSS! i nesearch putiicatons of propotall Slakes Cla &4

ANice R Wattam, James J. Davis, Rida Assal, Sétasten Bosvert, Thomas Brettin, Christopher Bun, Neal Convad, Emily M. Diotnch, Terry Disz, Joseph L
Gabbard, Svettara Gordes, Christopher §. Menry, Ronald W. Kenyon, Dustn Machi, Chunhong Mao. Eric XK. Norcbarg, Gary J. Otsen, Daniel £. Murphy-Olson,
Robert Olson, Ross Overbook, Bruce Paretio, Gordon D. Pusch, Mautik Shukla, Veronkas Yonsten, Androw Warron, Fangfang Xia, Hyunsaung Yoo, Rick L
Shevens; “Improvemants to PATRIC, the all-bacierial Bicinformatics Database and Analysis Rescurce Canter.™ Nuciolc Ackds Res 2017 45 (D1) DS35-
D542 dot: 101000 nangkw 1017 PMID: 27800627
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Thanks for coming
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On to assembly....
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Geographic distribution of the mcr-1 gene (as of 1st March 2016)

A. Food animals
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C. Humans
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Skov and Monnet, Eurosurveillance, Volume 21, Issue 9, 03 March 2016

Countries shown in colour have reporied at least one isolate with the mer-1 gene [1-30].
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