20 years of Whole Genome

Sequencing (WGS) of bacteria

* Robust data: one method for all bacterial species
» Data storage for later analysis
* Monitoring of epidemic cases in hospital

* Monitoring emergency prevalent and emerging
clones

* |dentification of all genes of interest

* International comparison of prevalent and
emerging clones



20 years of bacterial genome sequencing

The First Revolution
Whole-genome shotgun

The Second Revolution
High-throughput sequencing

Strand to be sequenced
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ACGATCGATCGTCCATGCTAACACTCTGGCGTACTCTCGGGTC
Genomic sequence

454 sequencing
* Sequencing by synthesis

* High accuracy outside homopolymers
but short read lengths

For example, 454 GS FLX+ (Roche)

Sanger shotgun sequencing

* Sequencing by synthesis

* Amplified templates generated in vivo

* Requires onerous colony picking and plasmid
preparation

For example, ABI capillary sequencer (ABI)

Illumina sequencing
* Sequencing by synthesis

e High accuracy but short read lengths

For example, MiSeq (Illumina)

* Amplified templates generated in vitro

* Amplified templates generated in vitro

The Third Revolution
Single-molecule sequencing

Pac Bio SMRT sequencing

* Sequencing by synthesis

e Single-molecule templates

* Low accuracy but long read lengths

For example, PacBio RS
(Pacific Biosciences)
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Oxford Nanopore sequencing

* Nanopore sequencing

* Single-molecule templates

¢ Low accuracy but long read lengths

For example, MinlON
(Oxford Nanopore)

Nature Reviews | Microbiology

Loman, N., Pallen, M. Twenty years of bacterial genome sequencing. Nat Rev
Microbiol 13, 787-794 (2015). https://doi.org/10.1038/nrmicro3565



Whole-genome sequencing

2nd generation
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ION TORRENT Technology
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lon Torrent™ technology directly translates chemically
encoded information (A, C, G, T) into digital information (0O, 1)
on a semiconductor chip. This approach marries simple
chemistry to proprietary semiconductor technology

Two hydrogen ions
are released

https://www.thermofisher.com/it/en/home/life-science/sequencing/next-generation-
sequencing/ion-torrent-next-generation-sequencing-technology.html



https://www.thermofisher.com/it/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-technology.html
https://www.thermofisher.com/it/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-technology.html

Construct library
Total time: 5.5 hours

Select targets

Prepare template Run Sequence
Total time: 11 hours Total time: 2.5 hours

lon Chef™ lon GeneStudio™ S5
instrument systems

Step 2 Step 3 Step 4

Construct library Prepare template Run sequence

Analyze Data
Total time: 2.5-5 hours

Torrent Suite

Step §

Analyze data

Select from pre-designed panels or configure your own with the lon AmpliSeq Designer

Featured research solutions
e Coronavirus (SARS-CoV-2)
Ebola (EBOV)
Zika virus (ZIKV)
Human immunodeficiency virus (HIV)

Human papillomaviruses (HPV)



Nanopore sequencing







DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.
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Nanopore
sequencing:
long reads but
mistakes!!!
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The average coverage for a whole genome can be calculated from the length of the
original genome (G), the number of reads (N), and the average read length (L) as

N x L/G.

For example, a hypothetical genome with 2,000 base pairs reconstructed from 8
reads with an average length of 500 nucleotides will have

8 x 500 : 2000 = 2x redundancy.

This parameter also enables one to estimate other quantities, such as the
percentage of the genome covered by reads (sometimes also called breadth of
coverage).

A high coverage in shotgun sequencing is desired because it can overcome errors in
base calling and assembly. The subject of DNA sequencing theory addresses the
relationships of such quantities.



FastQ: Each sequence requires at least 4 lines:

1.The first line is the sequence header which starts with an ‘@’
2.The second line is the sequence.

3.The third line starts with ‘+’

4.The fourth line are the quality scores

@HWI-ST911:111: CONAWACXX:5:1101:2249:2216 1:N:0:TTAGGC CGATC:@@@FF
NATGGCACCATTAAAAAGAATG ATATGGTGTTGAGAAGGACAAAGCTGAAGAAGAAATTTAGTCTGCACTTGATGTTGCAAATGCAAAGAAA

+

#2A2<CCFHITIIIIITIIIIGCCHITIGITIIFFHITIOGHIGIIIIIIICHGITIIGGCECEGICFHCECDEFFFFDEEEEEDDDDDCDDCDDDDBC
@HWI-ST911:111:CONAWACXX:5:1101:2509:2197 1:N:0:TTAGGC CGATC:1+4=B
NATGAGATAAATCAATTGTCTTTAATGAAGTACAGTCTTTGAATAATGAG GAACTCTTCTGCAAC GGAAACTTTAAAGTTTGTAATG

#4A2<AADHIIIIIIIIIHHIIIIIIIIIIFGITII@GIIFIIIGIIIIEIDHERIIIHIIIIIIIIITIICHIIIHHEEDFFFFFEEECEEEADDFC
@HWI-ST911:111:CONAWACXX:5:1101:3746:2179 1:N:0:TTAGGC CCATC:+11+A
NATGTCATCCATCTTTTCCTATCTAAAAAAGAATCAAAAAAGGGATAGTACAGAGGGAAAGTTCAATCCAGAGGACGATGAAACACTGATTGATGG

+

HW-ST911 the unique instrument name

11 the run id

CON4WACXX the flowcell id

5 flowcell lane

1101 tile number within the flowcell lane

2249 'x'-coordinate of the cluster within the tile

2216 'y'-coordinate of the cluster within the tile

1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y Y if the read is filtered, N otherwise

18 0 when none of the control bits are on

TTAGGC, CGATC index sequence



FastA: Each sequence consists of at least two lines:
1.The first is the sequence header, which always starts with a >’
1. Everything from the beginning >’ to the first whitespace is considered the sequence

identifier. Everything after that is considered the sequence description (this can be
metadata, machine serial number, read orientation, etc.)

2.The sequence itself
Note that the sequence can span multiple lines, depending on the length of the sequence.

>Chrl CHROMOSOME dumped from ADB: Jun/20/09 14:53; last updated: 2009-02-02
CCCTAAACCCTAAACCCTAAACCCTAAACCTCTGAATCCTTAATCCCTAAATCCCTAAATCTTTAAATCCTACATCCAT
GAATCCCTAAATACCTAATTCCCTAAACCCGAAACCGGTTTCTCTGGTTGAAAATCATTGTGTATATAATGATAATTTT
ATCGTTTTTATGTAATTGCTTATTGTTGTGTGTAGATTTTTTAAAAATATCATTTGAGGTCAATACAAATCCTATTTCT
TGTGGTTTTCTTTCCTTCACTTAGCTATGGATGGTTTATCTTCATTTGTTATATTGGATACAAGCTTTGCTACGATCTA
CATTTGGGAATGTGAGTCTCTTATTGTAACCTTAGGGTTGGTTTATCTCAAGAATCTTATTAATTGTTTGGACTGTTTA
TGTTTGGACATTTATTGTCATTCTTACTCCTTTGTGGAAATGTTTGTTCTATCAATTTATCTTTTGTGGGAAAATTATT
TAGTTGTAGGGATGAAGTCTTTCTTCGTTGTTGTTACGCTTGTCATCTCATCTCTCAATGATATGGGATGGTCCTTTAG




Studying a genomic sequence

* Bacterial genome lenght approx. 3-5 x 10° base pairs

e Coverage (or depth) in DNA sequencing is the number of unique reads
that include a given nucleotide in the reconstructed sequence. Deep
sequencing refers to the general concept of aiming for high number of
unique reads of each region of a sequence.

* Even though the sequencing accuracy for each individual nucleotide is
very high, the very large number of nucleotides in the genome means
that if an individual genome is only sequenced once, there will be a
significant number of sequencing errors. Furthermore, many positions
in a genome contain rare single-nucleotide polymorphisms (SNPs).
Hence to distinguish between sequencing errors and true SNPs, it is
necessary to increase the sequencing accuracy even further by
sequencing individual genomes a large number of times

* The term "ultra-deep" can refer to higher coverage (>100-fold), which
allows for detection of sequence variants in mixed populations


https://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
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De novo genome assembly

1-Informatic tools normally use
FastQ files

to produce

FastA files

2-GapClosing

to produce
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(long reads)

PCR-based closure

3-on line annotation
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short reads and long reads

Long read assembly
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Studying genome content

* De novo sequencing
 Comparative analysis with reference genomes
* |dentification of peculiar genes

DATABASES



Genome annotation
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Functional classes of the proteins

* Transporters
* Energy metabolism

* Biosynthesis
 Amino acids, lipids, nucleotides

* Cell cycle
* Virulence

* Phages



Fundamental protein domains
www.ncbi.nlm.nih.gov/COG/

Prediction of the function of a protein
deduced from a DNA sequence on the
basis of its functional domains


http://www.ncbi.nlm.nih.gov/COG/
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Subsystem Information

Subsystem Statistics

Subsystem Coverage

Subsystem Category Distribution

BEEOE

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (290)
Cell wall and Capsule (262)

Virulence, Disease and Defense (138)

Potassium metabolism (28)

Photosynthesis (0)

Miscellaneous (65)

Phages, Prophages, Transposable elements, Plasmids (175)
Membrane Transport (356)

Iron acquisition and metabolism (25)

RNA Metabolism (245)

Nucleosides and Nucleotides (152)

Protein Metabolism (322)

Cell Division and Cell Cycle (45)

Motility and Chemotaxis (80)

Regulation and Cell signaling (175)

Secondary Metabolism (26)

1 DNA Metabolism (156)

Fatty Acids, Lipids, and Isoprenoids (135)
Nitrogen Metabolism (76)

Dormancy and Sporulation (7)
Respiration (192)

Stress Response (196)

Metabolism of Aromatic Compounds (27)
Amino Acids and Derivatives (417)

Sulfur Metabolism (58)

Phosphorus Metabolism (54)
Carbohydrates (750)




Example of genomics

Acinetobacter



Barbe V, Vallenet D, Fonknechten N, Kreimeyer A, Oztas S, Labarre L, Cruveiller S,
Robert C, Duprat S, Wincker P, Ornston LN, Weissenbach J, Marliere P, Cohen GN,

Meédigue C.
Unique features revealed by the genome sequence of Acinetobacter sp. ADP1, a

versatile and naturally transformation competent bacterium. Nucleic Acids Res. 2004
Oct 28;32(19):5766-79. doi: 10.1093/nar/gkh910.

Acinetobacter baylyi

b Acinetobacter sp. -

ﬁ.
P~

strain ADP1
3598621 bp




Acinetobacter baumannii

Smith MG, Gianoulis TA, Pukatzki S, Mekalanos JJ, Ornston LN, Gerstein M,
Snyder M. New insights into Acinetobacter baumannii pathogenesis revealed

by high-density pyrosequencing and transposon mutagenesis. Genes &
development. 2007 Mar 1;21(5):601-14. ATCC strain



* A. baumannii ACICU contains a single circular chromosome
of 3,904,116 bp and two plasmids (pACICU1 and pACICU2)
of 28,279 and 64,366 bp, respectively; 3,758 genes were
annotated in the ACICU chromosome, including 3,670
predicted protein-encoding CDSs, 64 tRNA genes, and 8
rRNA operons.

* Nearly 70% of the CDSs (n = 2,670) were assigned to a COG
functional category; several genes belonged to more than
one COG class.



Genome annotation
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* The A. baumannii ACICU genome was initially
compared with the unique genomes
of Acinetobacter available, A. baumannii ATCC 17978
and Acinetobacter baylyi ADP1, with the aim of
identifying novel genes related to virulence and drug
resistance.

e Genome comparison showed 86.4% synteny with A.
baumannii ATCC 17978 and 14.8% synteny with A.
baylyi ADP1

 For many COG classes, the number of CDSs identified
in ACICU largely exceeds the number identified in
ATCC 17978, since in the latter strain only 60.1% of
the genes were assigned to a COG class



36 putative alien islands (pAs) were detected in the ACICU
genome; 24 of these had previously been described in the
ATCC 17978 genome, 4 are proposed here for the first time
and are present in both ATCC 17978 and ACICU, and 8 are

unique to the ACICU genome.



Acinetobacter spp. synthenia

200000 400000 600000 800000 1000000 1200000 1400000 1600000 1800000 2000000 2200000 2400000 2600000 2800000 3000000 3200000 3400000

. N Ll s

fl

Acinetobacter baylyi ADP1

200000 400000 600000 800000 1000000 1200000 1400000 1600000 1800000 2000000 2200000 2400000 2600000 2800000 2000000 3200000 3400000 3600000 3800000
1 1 | | I | 1 1) e | | | 11
1 3 6 7 9 10 11 13 20 21 22 24 29 30 * 32

Acinetobacter baumannii RCICU

200000 400000 600000 800000 1000000 1200000 1400000 1600000 1800000 2000000 2200000 2400000 2600000 2806000 3000000 3200000 3400000 3600000 3800000

NI 1 M

Aci ct ii ATCC17978




 ACICU also contains 14 ISs in the chromosome,
including 7 ISAbal25 elements, 4 ISAba2 elements,
2 1S26 elements, and 1 ISPul2 element, and 11 on

plasmids, including 3 ISAba3 elements, 3 1S26

elements, 4 ISAba2 elements, and 1 ISAbal25
element.

* The chromosome is composed of 0.38% short
repetitive mini- and microsatellite DNA sequences




A conspicuous number of
transporters belonging to
different superfamilies
was predicted for A.
baumannii ACICU. The
relative number of
transporters was much
higher in ACICU than in
ATCC 17978 and ADP1
(76.2, 57.2, and 62.5
transporters per Mb of

genome, respectively).

No. of transporters

No. of multidrug transporter proteins

160

120

100

80

60

40

20

A

Transporter class

B ATP-binding Cassette (ABC)
Superfamily

0O Arsenical Resistance-3
(ACR3) Family

¥ Amino Acid-Polyamine-
Organocation (APC) Family

A. baumannii ACICU
A. baumannii ATCC17978
A. baylyi ADP1
E.coli K-12 MG1655

762 572 625 769 336

® Drug/Metabolite
Transporter (DMT) Superfamily

u Major Facilitator
Superfamily (MFS)

¥ Resistance-Nodulation-Cell
Division (RND)Superfamily

 Multidrug/Oligosaccharidyl-

M. tuberculosis H37Rv

&
o

lipid/Polysaccharide (MOP)
FlippaseSuperfamily

w General PTS

g 3 Pt Sugar Specific PTS
2 o o gar Specific
Y ~ z
L] o
§ H i
4 a E|
T
5 %
. g
& 5
737 754  No. of all transporters per Mb genome B
Multidrug

transporter class

m.
u ABC
35 ¥ ACR3
0 % DMT
u MFS
B,
u MOP
01 % RND
15.
10,
5,
ol []

A baumannii ACICU A. baumannii ATCC17978

A bavivi ADP1
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NEWS & ANALYSIS

GENOME WATCH

Opportunity knocks

Helena Seth-5mith & Alan Walker

T'his month's Cenome Watch examines
recent genome papers that provide
insight into opportunistic pathogenesis.

Acinetolacter baumannil is emerging as an
opporiunistic pathogen that primarily infects
Iinmunocompromised patbents n hospitals and
particularly those in intensive-care unlts. The
main clinical outcomes of infection (preumo-
nka, meningitis, bacteraemia and urinary-tract
Infiections) are compounded by the problem of
multidrug resistance. The natural reservolr
of A. baernarnd ks unknown, but it can persist
in hospital environments and is commonly
found on the skin. A, Bassmasei has also been
isolated from body lice, which suggests that it
mbght use these Insects as vectors',

Four strains of A. J.mumunnuwererm_entlv
sequenced: i 1
historic strain from ]9:I that ha.nmpll.c:ucd
in fatal mmmglus in a 4-month-old baby;
A bguengeil SDE which was isolated from
a human-body louse in France; A, bausiar
il AYE, which was isclated in 2001 durmga
natbonwide outbreak in France; and A. Dau-

e ACICU, which was solated from
the cerebrospinal fluld of a patient durkng an
outhreak in laly in 2005 REFS 2-4).

One of the most striking observations
ls the amount of apparently horlzontally
acquired DNA that ks present in A basomae-
nit genomes. Members of the Acinetobacter
genus can take up foreign DNA and incorpo-
rate it into their own genomes. A. basomia-
nit ATCC 17978 carries 28 putative alien
islands, which account for more than 17%
of the predicted coding sequences (CDSs).
The more recent strain A. bauneent ACICU
possesses an additional 8 putative alien
lslands. The louse-assoclated strain A. Daue-
wtannil SDF does not contain intact coples
of all the genes that are necessary for natural
transformation and. perhaps as a result, it
contains fewer straln-specific CDSs than

A baumannii AYE. However, it contains
428 copies of insertion sequences, a mas-
sive expansion compared with A. bawmar-
nil AYE (33) and A. bawmanni! ACICU (14).
This has resulted in a greater proportion of
pseudogenes (more than 9%) and assoclated
deletions, reducing the overall genome size
(3.4 Mb compared with 3.9 Mb in the other
strains) and perhaps restricting its host range.

Both A, bawenamsetd ACICU and AL bu-
mapertl ATCC 17978 contain twe plasmids,
whereas A baurnanni SDF has three plasmids
and A bausueeiil AYE has 4 plasmids, Plasmid
pACICUL from A. baumanaii ACICU might
encode carbapenem resistance, but none of the
other plasmids contains cbvious resistance or
virulence markers.

Generally considered a low-virulence spe-
cles, candidate virulence factors have proved
hard to identify. Many of the putative alien
lslands carry potential viralence genes, includ-
Ing type IV secretbon systems, siderophores
and haemolysins/haemagglutinin. Screens of
transposon mutants of A, bawmannil ATCC
17978 in bnlll l aerorhabditls elegans and

pratei tegoideint identifled several
genes th:u are m\'nl\'edm\'lmlem:e However,

some of these were strain specific. Surface
structures may be important in the ability of
A, bayrmanndi to form biofilms, which could
aid the survival of this organism in hospital
environments.

Glucokinase is absent from the sequenced
genomes, which means that the strains can-
not perform the first steps of glycolysis: an
Inability to grow on glucose as a sole car-
bon source has long been used to identify
Acinetobacter species”. However, A. baeran-
nit can catabolize a wide range of alternative
carbon sources: A, baunmtarndl ACICU seems
to have the ability to use benzoate, citrate and
glycerol, among other sources, and A. bau-
mansnii AYE has a substantial catabolic rep-
ertolre, Including several uncharacterized
OXYRenases.

A. baswmannit is intrinsically resistant to
many antiblotics. putatively owing to the
presence of nany outer-membrane proteins
and efflux pumps. Even A_ bawmansid ATCC
17978, which was olated in 1951 and there-
fore had not been exposed to many antiblotics,
possesses several efflux pumps, including 19
resistance-nodulation-division (RND) trans-
portess, 3 major Bclitator superfamily (MFS)

Four strains of A.
baumannii were recently
sequenced: A. baumannii ATCC

17978, an historic strain from

1951 that was implicated in fatal
meningitis in a 4-month-old
baby; A. baumannii SDF, which
was isolated from a human-body
louse in France; A.

baumannii AYE, which was
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isolated in 2001 during a
nationwide outbreak in France;
and A. baumannii ACICU, which
was isolated from the
cerebrospinal fluid of a patient
during an outbreak in Italy in
2005 (Refs 2,3,4).

Nature Reviews
Microbiology 6, pages 652—653
(2008)
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Coregenome
Pangenome

* Coregenome represents the genes present in all
strains of a species = indispensable genome

* The accessory or flexible genome or dispensable
genome: represents the genes that are present in
some strains but not in the whole species

* The pangenome is the pool of all genes accessible
to a species, both those of the coregenome and the
accessory genes

* The ultimate goal is to understand the phenotype
of a species, but also the phenotypic differences
between isolates of the same species



core genome

entire set =
accessory genome & -
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identification of genes in the
genome
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Lipopolysaccharide (LPS)

* Endotoxin or Pyrogen
* Fever causing
* Toxin nomenclature
* Endo- part of bacteria
* Exo- excreted into environment
* Structure
e Lipid A
* Polysaccharide
* O Antigen of E. coli, Salmonella
* G- bacteria only
* Alcohol/Acetone removes
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Pili and fimbriae

Non-flagellar protein appendages in Gram-negative bacteria
R Fronzes et al
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Escherichia coli

K12-MG1655 (no pathogenic)
Enterohemorrhagic EHEC (0O157:H7, STX)
Uropathogenic UPEC (pili P)
Enteropathogenic EPEC (T3SS)
Enterotoxigenic ETEC (LT e adesine)
Enteroaggregative EAEC (fimbriae)



AIEC ETEC
CF,LT and/or ST

pAA stx2

- | Escherichiacoli N s EAEc — s STECO10444
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bfp? Afa/Dr LEES, nleS,
Stx
DAEC STEC
Shigella PAls, pINV, stxt
\\’ antivirulence genes, t Primarily S. dysenteriae 1
flagella/fimbria¥*, * Not all EIEC
catabolic genes § LEE-positive STEC
Y 1 Typical EPEC
EIEC/Shigella

35 Kb locus of enterocyte effacement (LEE); bundle-forming pilus gene (bfp); Shiga toxin
genes (stx,, stx,,); Heat-Labile toxin (LT); Heat-Stable toxin (ST); colonization factors (CFs);
acquired fimbriae that enhance adherence (Afa/Dr); pAA plasmid; pINV plasmid;
chromosomal pathogenicity islands (PAls) Croxen et al. CMR 2013
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>NC_@e08913.3 Escherichia coli str. K-12 substr. MG1655, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
GACGGGACTCGCCGCCGLCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA
ATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACTGTTATCGATCCGGTCGAAAAACTGCT
GGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCTGAGTCCACCCGCCGTATTGCGGCAAGCCGCATTCCGGLTG
ATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTGCTTGGACGCAACGGTTCCGAC
TACTCTGCTGCGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATTTGGACGGACGTTGACGGGGTCTATACCTG
CGACCCGCGTCAGGTGCCCGATGCGAGGTTGTTGAAGTCGATGTCCTACCAGGAAGCGATGGAGCTTTCCTACTTCGGCG
CTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTGATTAAAAATACCGGAAATCCT
CAAGCACCAGGTACGCTCATTGGTGCCAGCCGTGATGAAGACGAATTACCGGTCAAGGGCATTTCCAATCTGAATAACAT
GGCAATGTTCAGCGTTTCTGGTCCGGGGATGAAAGGGATGGTCGGCATGGLGGCGCGCGTCTTTGCAGCGATGTCACGCG
CCCGTATTTCCGTGGTGCTGATTACGCAATCATCTTCCGAATACAGCATCAGTTTCTGCGTTCCACAAAGCGACTGTGTG
CGAGCTGAACGGGCAATGCAGGAAGAGTTCTACCTGGAACTGAAAGAAGGCTTACTGGAGCCGCTGGCAGTGACGGAACG
GCTGGCCATTATCTCGGTGGTAGGTGATGGTATGCGCACCTTGCGTGGGATCTCGGCGAAATTCTTTGCCGCACTGGCCC
GCGCCAATATCAACATTGTCGCCATTGCTCAGGGATCTTCTGAACGCTCAATCTCTGTCGTGGTAAATAACGATGATGCG
ACCACTGGCGTGCGCGTTACTCATCAGATGCTGTTCAATACCGATCAGGTTATCGAAGTGTTTGTGATTGGCGTCGGTGG
CGTTGGCGGTGCGCTGCTGGAGCAACTGAAGCGTCAGCAAAGCTGGCTGAAGAATAAACATATCGACTTACGTGTCTGCG
GTGTTGCCAACTCGAAGGCTCTGCTCACCAATGTACATGGCCTTAATCTGGAAAACTGGCAGGAAGAACTGGCGCAAGCC
AAAGAGCCGTTTAATCTCGGGCGCTTAATTCGCCTCGTGAAAGAATATCATCTGCTGAACCCGGTCATTGTTGACTGCAC
TTCCAGCCAGGCAGTGGCGGATCAATATGCCGACTTCCTGCGCGAAGGTTTCCACGTTGTCACGCCGAACAAAAAGGCCA
ACACCTCGTCGATGGATTACTACCATCAGTTGCGTTATGCGGCGGAAAAATCGCGGCGTAAATTCCTCTATGACACCAAC
GTTGGGGCTGGATTACCGGTTATTGAGAACCTGCAAAATCTGCTCAATGCAGGTGATGAATTGATGAAGT TCTCCGGCAT
TCTTTCTGGTTCGCTTTCTTATATCTTCGGCAAGTTAGACGAAGGCATGAGTTTCTCCGAGGCGACCACGCTGGCGCGGGE
AAATGGGTTATACCGAACCGGACCCGCGAGATGATCTTTCTGGTATGGATGTGGCGCGTAAACTATTGATTCTCGCTCGT
GAAACGGGACGTGAACTGGAGCTGGCGGATATTGAAAT TGAACCTGTGCTGCCCGCAGAGTTTAACGCCGAGGGTGATGT
TGCCGCTTTTATGGCGAATCTGTCACAACTCGACGATCTCTTTGCCGLGCGCGTGGCGAAGGCCCGTGATGAAGGAAAAG
TTTTGCGCTATGTTGGCAATATTGATGAAGATGGCGTCTGCCGCGTGAAGAT TGCCGAAGTGGATGGTAATGATCCGCTG
TTCAAAGTGAAAAATGGCGAAAACGCCCTGGCCTTCTATAGCCACTATTATCAGCCGCTGCCGTTGGTACTGCGCGGATA
TGGTGCGGGCAATGACGTTACAGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAGTCTGAC
ATGGTTAAAGTTTATGCCCCGGCTTCCAGTGCCAATATGAGCGTCGGGTTTGATGTGCTCGGGGCGGCGGTGACACCTGT
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|>NC_992695.2 Escherichia coli 0157:H7 str. Sakai DNA, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTCTCTGACAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCACCACCATCACC
ATTACCATTACCACAGGTAACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGLGGGLT
TTTTTTTCGACCAAAGGTAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACG
TTTTCTGCGGGTTGCCGATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAN
TCACCAACCACCTGGTGGCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGT
ATTTTTGCCGAACTTCTGACGGGACTCGCCGCCGCCCAGCCGGGATTCCCGCTGGCGCAATTGAAAACTTTCGTCGACCA
GGAATTTGCCCAAATAAAACATGTCCTGCATGGCATTAGTTTGTTAGGGCAGTGCCCGGATAGCATTAACGCTGCGCTGA
TTTGCCGTGGCGAGAAAATGTCGATCGCCATTATGGCCGGCGTATTAGAAGCGCGCGGTCACAACGTTACCGTTATCGAT
CCGGTCGAAAAACTGCTGGCAGTGGGGCATTACCTCGAATCTACTGTCGATATTGCAGAGTCCACCCGCCGTATTGLGGL
AAGTCGTATTCCGGCTGATCACATGGTGCTGATGGCAGGTTTCACCGCCGGTAATGAAAAAGGCGAACTGGTGGTACTTG
GACGCAACGGTTCCGACTACTCCGLGGLGGTGCTGGCTGCCTGTTTACGCGCCGATTGTTGCGAGATT TGGACGGACGTT
GACGGGGTATATACCTGCGACCCGLGTCAGGTGCCCGATGCGAGGTTGTTGAAATCGATGTCCTACCAGGAAGCGATGGA
GCTTTCCTACTTCGGCGCTAAAGTTCTTCACCCCCGCACCATTACCCCCATCGCCCAGTTCCAGATCCCTTGCCTGATTA
AAAATACCGGAAATCCTCAAGCTCCAGGTACGCTCATTGGTGCCAGTCGTGATGAAGACGAATTACCGGTCAAGGGCATT
TCCAATCTGAATAATATGGCAATGTTCAGCGTTTCCGGCCCGGGGATGAAAGGAATGGTCGGCATGGCGGCGCGCGTCTT
TGCTGCAATGTCACGCGCCCGTATTTCCGTGGTGCTGATTACGCAATCATCTTCCGAATACAGTATCAGTTTCTGCGTTC
CGCAAAGCGACTGTGTGCGAGCTGAACGGGCAATGCAGGAAGAGT TCTACCTGGAACTGAAAGAAGGCTTACTGGAGCCG
CTGGCGGTGACGGAACGGCTGGCCATTATCTCGGTGGTAGGTGATGGTATGCGCACCTTGCGTGGGATCTCGGCGAAATT
CTTTGCCGCGCTGGCCCGCGCCAATATCAACATTGTCGCTATTGCTCAGGGATCTTCTGAACGCTCAATCTCTGTCGTGG
TAAATAACGATGATGCGACCACTGGRCGTGCGCGTTACTCATCAGATGCTGTTCAATACCGATCAGGTTATCGAAGTGTTT
GTGATTGGCGTCGGTGGCGTTGGCGGTGCGCTGCTGGAGCAACTGAAGCGTCAGCAAAGCTGGTTGAAGAATAAACATAT
CGACTTACGTGTCTGCGGTGTTGCTAACTCGAAGGCTCTGCTCACCAATGTGCATGGCCTAAATCTGGAAAACTGGCAGG
AAGAACTGGCGCAAGCCAAAGAGCCGTTTAATCTCGGGCGCTTAATTCGCCTCGTGAAAGAATATCATCTGCTGAACCCG
GTCATTGTTGACTGCACCTCCAGCCAGGCAGTGGCGGATCAATATGCCGACTTCCTGCGCGAAGGTTTCCACGTTGTCAC
GCCGAACAAAAAGGCCAACACCTCGTCGATGGATTACTACCATCTGTTGCGTCATGCGGCTGAAAAATCGCGGCGTAAAT
TCCTCTATGACACCAACGTTGGGGCTGGATTACCGGTTATTGAGAACCTGCAAAATCTGCTCAATGCTGGTGATGAATTG
ATGAAGTTCTCCGGCATTCTTTCAGGTTCGCTTTCTTATATCTTCGGCAAGT TAGACGAAGGCATGAGTTTCTCCGAGGC
GACTACGCTGGCGLGGGAAATGGGTTATACCGAACCGGATCCGLGAGATGATCTTTCTGGTATGGATGTAGCGCGTAAAC
TATTAATTCTCGCTCGTGAAACGGRACGTGAACTGGAGCTGGCGGATATTGAAATTGAACCTGTGCTGCCCGCAGAGTTT
AACGCTGAGGGTGATGTTGCCGCTTTTATGGCGAATCTGTCACAGCTCGACGATCTCTTTGCCGCGCGCGTGGCGAAGGC
CCGTGATGAAGGAAAAGTTTTGCGCTATGTTGGCAATATTGATGAAGATGGCGTCTGCCGCGTGAAGAT TGCCGAAGTGG
ATGGTAATGATCCGCTGTTCAAAGTGAAAAATGGCGAAAACGCCCTGGCCTTTTATAGCCACTATTATCAGCCGCTGLCG
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Welcome to the Center for Genomic Epidemiology

The use of sequencing technologies is currently transforming almost every aspect of biological science. In relation to
infectious diseases, the advances are rapidly changing our scientific discoveries, as well as diagnostic and outbreak
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News

MINTyper: an outbreak-detection method for
accurate and rapid SNP typing of clonal clusters
with noisy long reads

April 2021

Link to article....

Automated download and clean-up of family
specific databases for kmer-based virus
identification

tobe:

Link to article....

CRHP Finder, a webtool for the detection of
clarithromycin resistance in Helicobacter pylori
from whole-genome sequencing data

Link to article....

ResFinder 4.0 for predictions of phenotypes
from genotypes

Link to article....

CCMetagen: comprehensive and accurate
identification of eukaryotes and prokaryotes in
metagenomic data

Link to article....

Large scale automated phylogenomic analysis
of bacterial isolates and the Evergreen Online
platform

Mar

Link to article....

Improved Resistance Prediction in
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https://cge.food.dtu.dk/services/VirulenceFinder/

VirulenceFinder 2.0

Service Instructions Output Article abstract Citations Version history

Software version: 2.0.3 (2020-05-21)
Database version: (2022-09-06)

Select species

Listeria
S. aureus

Escherichia coli

Enterococcus

Select threshold for %ID
90 %

Select minimum length
60 %

The database is curated by:

Flemming Scheutz, SSI
(click to contact)
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Select type of your reads
Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping.
KMA supports the following sequencing platforms: lllumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.

Assembled or Draft Genome/Contigs* (V‘

I} Choose File(s)

Name Size Progress Status

* Please note also that "Assembled Genomes/Contigs"” should be selected, if you have already assembled your short
sequencing reads into one continuos genome or into several contigs. "Assembled Genomes/Contigs"” is defined as one or

several contigs in one FASTA file (one entry per contig). It is indifferent which type of short sequence reads were used to
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Select type of your reads
Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping.
KMA supports the following sequencing platforms: lllumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.

‘Assembled or Draft Genome/Contigs* (V‘

| 9 F? Choose File(s)

Name Size Progress Stat

| GCF_000008865.2_ASMB886v2_genomic.fna 5.40 MB

-5
M Remove

* Please note also that "Assembled Genomes/Contigs"” should be selected, if you have already assembled your short
| sequencing reads into one continuos genome or into several contigs. "Assembled Genomes/Contigs"” is defined as one or

several contigs in one FASTA file (one entry per contig). It is indifferent which type of short sequence reads were used to
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Center for Genomic Epidemiology

Your job is being processed

Wait here to watch the progress of your job, or fill in the form below to get an email message upon completion.

To get notified by email: || Notify me via email

This page will update itself automatically.
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Select type of your reads
Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping.
KMA supports the following sequencing platforms: lllumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.

Assembled or Draft Genome/Contigs* (V‘

I} Choose File(s)

Name Size Progress Status

* Please note also that "Assembled Genomes/Contigs"” should be selected, if you have already assembled your short
sequencing reads into one continuos genome or into several contigs. "Assembled Genomes/Contigs"” is defined as one or

several contigs in one FASTA file (one entry per contig). It is indifferent which type of short sequence reads were used to
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Select minimum length
60 % hd

Select type of your reads

Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping.
KMA supports the following sequencing platforms: lllumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.
Assembled or Draft Genome/Contigs* (V‘

I} Choose Fila(s)
Name Size Progress Stat

GCF_000005845.2_ASM584v2_genomic.fna 4.48 MB




| Q. genome nchi - Cerca X | Q_ center for genomic epidemioloc X ‘ [‘;'{ Center for Genomic Epidemoloc X \-l—

< C @

@ https://cge.food.dtu.dkjcgi—bin/webface.fcgi?jobid=633052EE000044CE137FD5EF&wait:2O A I8 ® O = @

Identlty Template Position in contlg Protem function e '
length

NC_000913.3 Escherichia
. 294 / coli str. K-12 substr. Increased serum
iss 98.98 294 MG1655, plete 578600..578893 survival CP001509

genome

NC_000913.3 Escherichia
966 / coli str. K-12 substr. Tellurium ion
terC 99.9 966 MG1655, complete 3238580..3239545 resistance protein MG591698

genome

O




https://cge.cbs.dtu.dk/services/SpeciesFinder/

Multi Locus Sequence Typing (MLST) from an assembled plasmid or
from a set of reads.

cgMLSTFinder
Core genome Multi Locus Sequence Typing (cgMLST) from a set of
reads.

KmerFinder

Prediction of bacterial species using a fast K-mer algorithm.

GE

Identification of mobile genetic elements and their relation to
antimicrobial resistance genes and virulence factors.

SpeciesFinder

species using the S16 ribosomal DNA
sequence.

SeraTypeFinder

Prediction of serotypes in total or pgrtial sequenced isolates of E. coli.

SeqSero predicts the Salmonella serotype of either the pre-assembled
or raw read sequence data provided to the service.

spaTyper
spaTyper predicts the S. aureus spa type.

FimTyper
FimTyper predicts the E. coli Fim type.

CHTyper
CHTyper predicts the E. coli FimH type and FumcC type.

DA+

Other

MyKMAfinder
MyKMAfinder performs typing or pheno typing using KMA based on a
user defined database.

MyDbFinder

MyDbFinder performs typing or pheno typing using blast based on a
user defined database.

MyKmerFinder
MyKmerFinder performs typing or pheno typing using Kmers based
on a user defined database.

DeHumanizer

The DeHumanizer web-server is a tool for human filtering based on
the method described by Zhang et al.

HostPhinder

HostPhinder identifies the bacterial host of a query phage genome
based on its genomic similarity to a database of phage genomes with
known host.

MetaPhinder

MetaPhinder: |dentifying Bacteriophage Sequences in Metagenomic
Data Sets.




Plain text
sequence.fasta

Center for Genomic Epidemiology o

Home Services Instructions Article abstract

SerotypeFinder 2.0

SerotypeFinder identifies the serotype in total or partial sequenced isolates of E. coli. .
Fasta file with test sequence: Test_sequence The database is curated by~

Flemming Scheutz, 5SI
(click to contact)

Software version: 2.0 1 (2020-07-27)
Database version: 1.0.0 {2020-09-24)

Select organism

Select multiple items, with Ctrl-Click (or Cmd-Click on Mac)
E. coli (o)

~

Select threshold for %ID )
|85% v|

Select minimum length

The minimum length is the number of nucleotides a sequence must overlap a serotype gene to count as a hit for that gene. Here represented as a percentage of the total
serotype gene length. )

|60 % ~|

Select type of your reads
Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping. KMA supports the following sequencing platforms:
!Humina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio

\_Assembled or Draft Genome/Contigs™ (fasta) |

Isolate File

Name Size Progress Status
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Home Services Instructions Output Overview of genes Article abstract

SerotypeFinder-2.0 Server - Results
Database(s): H fype, O type

Template / P - Accession
HSP len Position in contig o

Database for O type genes

Position in contig Azz‘::;"

e

extended output

[ Results as text][ Results tsv][ Hits in genome seqs ][Semtype gene sequences ]

Selected %ID threshold: 85 %
Selected minimum length: 60 %

Input Files: sequence.fasta

Support Scientific problems Technical problems

Copyright DTU 2011 / All rights reserved
Center for Genomic Epidemiology, DTU, Kemitorvet, Building 204, 2800 Kgs. Lyngby, Denmark
Contact: Vibeke Dybdahl Hammer, Telephone: +45 3588 6420, E-mail: vdha@ food.dtu.dk
Funded by: The Danish Council for Strategic Research
Last modified May 22, 2012 11:08:01 GNT




https://usegalaxy.eu/

? Galaxy Europe A Workflow Visualizev Shared Datav Help~ Login or Register Using O bytes
Tools Histor =
COVID-19 Research! y =
search tools o Want to learn the best practices for the analysis of SARS-CoV-2 data using Galaxy? Visit the Galaxy SARS-CoV-2 portal. We mirror all public search datasets 0 0
SARS-CoV-2 data from ENA in a Galaxy data library for your convenience. The Galaxy community has created COVID-18 dedicated training
materials. Please check our recent activities for more details. Unnamed history
X, Upload Data
If you need help submitting your data to public archives, like ENA, please get in touch. We will support you in sharing your data. {empty)
~
Get Data
Send Data "Anyone, anywhere in the world should have free, unhindered access to not just my research, but to the research of every great and enguiring mind O i history is empty. You can load
across the spectrum of human understanding.” — Prof. Stephen Hawking your own data or get data from

Collection Operations
P an external source

GENERAL TEXT TOOLS

News Events
Text Manipulation
) Oct 13, 2021 Oct 18, 2021
Filter and Sort BY-COVID: A new EU project for pandemic [ & Analyse avancée de séquences
[ S preparedness
oin, Subtract and Group oct 20, 2021
GENOMIC FILE MANIPULATION Oct 12, 2021 4 = SARS-CoV-2 Data Analysis and Monitoring
UseGalaxy.eu Use Case: cellular specification, with Galaxy
Convert Formats differentiation and morphogenesis of the
mucodiliary epithelium
FASTA/FASTQ vep Oct 20,2021 . .
4 (4 International Galaxy Proteomics Meeting
. Oct 11, 2021 Series
Crallipres il UseGalaxy.eu Use Case: microRNAs in heart
SAM/BAM disease oct 21, 2021
4 @ Galaxy Paper Cuts
BED Oct 8, 2021
B A proteomics sample metadata representation
VCF/BCF for multiomics integration and big data analysis Oct 22, 2021 .
M (2 How Galaxy Imaging makes cloud-based
Nanopore image analysis possible
Oct 6, 2021
COMMOM GENOMICS TOOLS New brochure from ELIXIR Germany Oct 22 2021
Operate on Genomic Intervals 4 (4 The evolution of a Galaxy project for running
Oct 5, 2021 hybrid events
Fetch Sequences / Alignments # UseGalaxy.eu FTP Server Update
GENOMICS ANALYSIS
Annotation Currently Running and Queued Jobs
. . 2K
Multiple Alignments L

1K

Assembly v 0
i, 5 z FFET . —_—— —r™ — - _— OPEN CHAT N
https://usegalaxy-eu.github.io/posts/2021/10/13/bycovid-kickoff/plainhtml , ., .\ 4,08 4200 1zan 160 1760 1740 1790 1790 1740 1760 1oAn 100 1090 1o b




Prokka prokaryotic genome annotation in Galaxi Europe

V-_‘ Galaxy Euro pe @A Workflow Visualize~ Shared Data~ Help~ Userr T8 HH
History e+Ow
Prokka Prokaryotic genome annotation (Galaxy Version 1.14.6+galaxy0) ¥ Favorite i ~ Options
0 search datasets 0 0
Contigs to annotate 0323
D 0 DO No fasta dataset available. - X = (empty) ®e
@ Show Sections FASTA format
Prokka Prokaryotic genome annotation Locus tag prefix O s history is empty. You can load

Roary the pangenome pipeline - Quickly your own data or get data from

generate a core gene alignment from gff3 an external source

files (--locustag)
WORKFLOWS Locus tag counter increment
All workflows 1

(--increment)

GFF version
3

(--gffver)

Force GenBank/ENA/DDJB compliance
Mo -

Equivalent to --addgenes --mincontiglen 200 --centre Prokka (or other centre specified below) (--compliant)

Add 'gene’ features for each "'CDS’ feature (--addgenes)
. No
Minimum contig size (--mincontiglen)
200
MNCBI needs 200

Sequencing centre ID

(--centre)

Genus name




https://rast.nmpdr.org/

R A Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-b. 4
For more information about The

»Tutorials

Info: RAST Access Problems

Click here for instructions on how to resolve several of the most common problems accessing RAST or your RAST data.

Comand-Line API "301 Permanently Moved" Errors

Click here for instructions on how to resolve "201 Permanently Moved" errors when using the RAST batch command-line interface.

To monitor RAST's load and view other news and statistics for RAST and the SEED, please visit "The Daily SEED.”

Welcome to RAST RAST Job Load, last 24 hours

RAST_Queue

» Register for a new account, service, or user-group
» Forgot your password?

jobs

Thu 12:08 Fri 00:08
W alder.mcs.anl.gov last day (now 10.00)

What is RAST?

RAST (Rapid Annotation using Subsystem Technology) is a fully-automated service for annotating complete or nearly complete bacterial and archaeal genomes. It provides high quality genome annotations for these genomes
across the whole phylogenetic tree.

‘We have a number of presentations and tutorials available:

« Registering for RAST
« The IRIS

stalling the RASTtk Toolkit

« Downloading_an
« Downloading_an the myRAST Toolkit

As the number of more or less complete bacterial and archaeal genome sequences is constantly rising, the need for high quality automated initial annotations is rising with it. Inr to r s for a SEED-quality
automated annotation service, we provide RAST as a free service to the community. It leverages the data and procedures established within the SEED framework to provide automated high quality gene calling and functional
annotation. RAST supports both the automated annotation of high quality genome sequences AND the analysis of draft genomes. The service normally makes the annotated genome available within 12-24 hours of submission.

Please note that while the SEED environment and SEED data structures (most prominently FIGfams) are used to compute the automatic annotations, the data is NOT added into the SEED automatically. Users can however request
inclusion of a their genome in the SEED. Once annotation is completed, genomes can be downloaded in a variety of formats or viewed online. The genome annotation provided does include a mapping of genes to subsystems and a




https://youtu.be/4H-L1DVD3z8 MLST video in Galaxy

https://youtu.be/MhiZ6llaAac

NCBI Minute: Use Web RAPT to Assemble and Annotate Prokaryotic Genomes



https://www.youtube.com/watch?v=MhIZ6llaAac
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