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Uncover bacterial pathogen identity using Nanopore MinlON

A collaboration between WorldFish, The University of Queensland, WilderLab, Centex and GeneSEQ
Online virtual workshop 9th of August 2021
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Malaysian institutions and participants

Universiti
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Hosts & pathogens from Malaysia

Oreochromis sp. Penaeus monodon Lates calcarifer

Streptococcus agalactiae Vibrio parahaemolyticus / V. owensii/ V. harveyii Vibrio parahaemolyticus

Sediment

Seawater Bioflocs

[

Holothuria leucospilota

-

Photobacterium sp. / Bacillus sp. Enterobacter sp. unknown Bacillus cereus
Vibrio sagamiensis



Hosts & pathogens from other parts of the world

Tilapia Barramundi Kingfish Qld giant grouper

Oreochromis sp. Lates calcarifer Seriola lalandi Epinephelus lanceolatus

Streptococcus sp; Edwardsiella sp.;

Aeromonas sp; Vibrio sp.; Infectious Spleen Vibrio sp; Streptococcus iniae Photobacterium damselae Streptococcus agalactiae
and Kidney Necrosis Virus (ISKNV), Tilapia
lake virus (TiLV)
Pangasius Rainbow trout Atlantic salmon Shrimps
Pangasius sp. Oncorhynchus mykiss Salmo salar Penaeus monodon/vannamei

Aeromonas hydrophila S. iniae; Yersinia ruckeri Y. ruckeri; Tenacibaculum maritimum Vibrio sp; Aeromonas sp.



Origins of the pathogens

Aquaculture pathogens sequenced
in this project

Honduras, Ecuador, Peru, USA,
Canada, Israel, Australia, New-
Zealand, Vietnam, Thailand, Malaysia

Future works using Nanopore

Bangladesh, Egypt, Ghana, Nigeria
and Kenya



Bacterial samples DNA extraction and lllumina
sequencing

 —
Participants bacterial suspension DNA extraction/ lllumina sequencing
bacterial isolates inactivated in 100% quantification

(short reads)
ethanol



DNA samples for Nanopore sequencing




Today’s agenda

Part 1
e Sequencing technologies from Sanger to Nanopore
e Applications

Part 2
e Sample collection & DNA extraction

Part 3
e DNA library prep for Nanopore sequencing —

Part 4
e Bioinformatics analyses

Part 5
e Participant Data Overview
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First generation sequencing: Sanger technology

Capillary
Reagents Reaction Products electrophoresis Performance
b4 Applied Biosystems® 3500
E " . a—— | Series Genetic Analyzers
] Primers . — AT al
§ S| Template Annealing —_— 2 ” - ATWA Read length
o + — - L V..,
wleE — up to 850 bp
c|5 dNTPs Extension JR— i ¥¥ E E A -.
=1k ‘“*‘:"‘"* —— ATTCCAC " Maximum throughput
b 138,000-414,000 bp/d
@ &| Oye-labeled "ni piday
@ | & | terminators R i
o un time
< vl ACGT ] i at least 30 min
=

https://doi.org/10.1159/000477808



https://doi.org/10.1159/000477808

2G NGS platforms: Life Technologies Roche

NGS: Next Generation Sequencing

http:/A

marbigen

heet.pdf

Library and clonal

Roche
o
y (C
S
P

Fixation on beads
i I
)
V
o} A S

Emulsion

-

1 fragment = 1 bead = 1 read

Life Technologies

amplification Reaction Performance
Pyrosequencing
454 Rache
= GS FLX+ systems
NJ! Sulfurylase
(i) + APS A_,
ssDN::\ . . w ATP Read length
fragment library Lucifarase Luciferine up to 600 bp
I Reads/run

700,000-1,000,000

Lesmenen ATP
P Typical throughput
o l 450-700 MB
i Run ti
Dgg!adal'lon _}VIT\[ 1"'02 2'3th
with apyrase 'Lighl
measurement
pH-based sequencing lon Personal
Genome Machine®
(PGM™) System
=
‘\ Read length
- - 35-400 bases (average:
ol H* - 200 bases)
— ApH
' Reads/run

AV
Il
¥

¥
| Oxydation of metal

sensing layer

Generation and
recording of elect
signal

ric H*: protons
Q: charge
WV voltage

approx. 400,000-5,000,000

Typical throughput
upto 2GB

Run time
approx. 2h

https://doi.org/10.1159/000477808
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2G NGS platforms: lllumina

I fragment
lil 7

1 cluster = 1 read

\_'/' Read length
f = number of cycles

pnlocki ngl

Synthesis with reversible chain terminators MiSeq
dsDNA Blocked labeled
fragment library : @ edNTPs
o [mcarparation| % & 2 Read length
(~J, | %y 150-300 bp
_BJ\" ~ 1dNTPicycle/ |y ./
fragment |7 T T e Reads/run
Clustering by 1 labelfcluster || Fluorescence approx. 25 millign (pair end)
bridge PCR " TEs e
z f | by screen Typical throughput
k= :ﬂl—u—; capture up to 15 GB
E '
é | | Ui e Synthesis with . l F;‘;“:is""":
Fixation lI:I,.-., flow #ﬂl the next nucleotide s
s 'ﬁﬁ ﬂ !E!' S Feyeles of 1 cluster
= — A
Bridge PCR of I =AT
each fixed | -AT c‘nnn
Sequences Pictures

https://doi.org/10.1159/000477808
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3G NGS Pacific Bioscience

Principle Reaction Performance
dsDINS library: Single molecule real-time sequencing
15- to 20-kb insert size
Phasphalinked Mext base to
nucleatide incorporate
analeg L J Read length
1.000-20,000 bp
Reads/run
] 3,500-7,500
$
S o Typical throughput
= & approx. 500 MB to 1 GB
o=
M| e Run time
i) f 30 minto4h
&

Inmrpotal-oﬂ — Detectiarq — [Elnngahu-n

Fluorescence

measurement Fluorescence

ey ulse
Mo clonal amplification: P

only 1 sequenced
fragment per well

PacBio RS Il system

https://doi.org/10.1159/000477808

https://www.wikiwand
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3G NGS Oxford Nanopore

No clenal amplification
A single molecule per
nanopore per well

Mucleotides pass
through the pores
and madify the
ionic current

Base calling = Measurement
of the
modulation

Principle Reaction Performance
dsDNS library: Single molecule real-time sequencing MinIOMN
15- ta 20-kb insert size
el AT, Read length
c | LG ) 5,000-200,000 bp
! Reads/run
o 1]{ | ﬁ]}ll P % I'Iﬁ ﬁ r >1,000,000 reads
8 .
w| o Typical throughput
215 »1 GB
=
Ylo Fun &
S il £ 1 | depend:?}::; input
= | lonic Nanopone £ 1 i
5 current FRhaes é speed: 1 bp/ns

Weight
a0 g

https://doi.org/10.1159/000477808
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Nanopore DNA/RNA sequencing - how does it work?

Membrane

& Copyright 2017 Oxford Manopore Technologies

Algorithm

RNN to determine DNA
sequence from raw data

Nanopore Reader

Run Conditions

Multiple nanopore sensors arrayed
in one device sequencing in parallel

Operate independently but at the
same time







Fish farmers’ questions during disease outbreak

How can |

How can | prevent

treat them? disease in
the next

crop?

What is
killing my

fish?




Genome-based diagnosis of pathogens in aquaculture

Pathogen Species ID and
epidemiology (MLST)

-
@ B

Management of disease
outbreak at farm level

Virulence factor identification

NGS
(MinlON/Illumina)

v Antibiotic susceptibility

Molecular serotyping
(vaccine formulation)




Sample collection & DNA extraction

Dr Jerome Delamare-Deboutteville
WorldFish
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Sampling materials for fish bacteriology

P

-

Anesthetic (e.g. MS-222,
benzocaine, clove oil).

Post-mortem sheet, clean tissue
paper or aluminium fold to create

a clean surface to sample the fish.

Paper towels (enough for each
fish and to clean surfaces and
instruments).

Spray or squirt bottle filled
with suitable disinfectant (e.g.
normal grade 70% ethanol).

Sterile dissection kit
(scissors, scalpel, forceps,
tweezers etc.).

Portable Bunsen burner to
create a sterile environment
around the sampling area
and to sterilize dissection
instruments between fish.

H

Sterile single-use loops, plain
cotton swabs or reusable
metal loops.

Trypticase Soy Agar (TSA)
plates (or any other
bacteriological agar as per
study requirement).

Bacteriological transport
swabs (if no TSA plates to be
used for field sampling).

il
]

Il

Plastic beaker (50-100 mL)
to disinfect instruments in
70% ethanol.

Box, transport container,
strong resealable plastic
bags to pack and transport
samples.

Plastic biohazard clinical
bags for waste disposal.



Bacteriology sampling from diseased fish

DNA extraction <——

pure bacterial
suspension

BIOBANKING ~ « ¢#*



Cells lysis methods

SDS+Proteinase K

Overall good performer for DNA extraction

May lead to co-precipitation of
carbohydrate

CTAB

Sample with high polysaccharide
(e.g. capsulated/mucoid microbe)

CTAB is detrimental to environmental

Lysozyme pretreatment
+SDS

Suitable for gram positive microbe

May not work across all gram positive
microbe

Mechanical disruption
(Bead beating)

Samples with tough/thick cell wall

Can lead to fragmentation of DNA
(higher smearing)




DNA purification methods

Phase High DNA yield and integrity Requires equipment, generates
separation Cheap toxic chemicals (chloroform and
(chloroform phenol), relatively time consuming
extraction)

Column-based Fast and convenient. Requires equipment, expensive,
separation often low-yield and molecular

weight and require multiple
centrifuge steps. Not scalable

Magnetic Scalable, fast and convenient, High cost of commercially
silica/ only magnet needed, high DNA produced beads
carboxylated yield and integrity

beads




DNA concentration

Qubit Fluorometer. Measure the concentration
of dsDNA based on the fluorescence emitted
by proprietary dsDNA-specific binding dye.

&’




DNA quality control

_.nm}np- |
2000 bp § |
15n0bp W ¥

1000 bp ‘

wiel m"u ' 'HE

_@‘_ lu;m—u 500 Ep ‘

ANanoDrop

ND-1000 Spectrophotor

Nanodrop spectrophotometer to estimate DNA DNA integrity assessed by agarose gel electrophoresis.
purity based on absorbance measurement.



& Copyright 2017 Codford Manopore Technologies

DNA library prep for nanopore sequencing

Dr Jerome Delamare-Deboutteville
WorldFish
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Library Preparation: Transposase Approach (Rapid Kit)

E.""'.n.

5min

5min

pyright 2017

Transposome /
adapter complex

s

.
so

Cleavage and
addition of adapters

[—

Addition of sequencing 1, e

adapters and tether

R

—

Creford Manopore Techno

l

Sequencing

ogies

gDNA

Very rapid library generation with
minimum laboratory requirement

Fragmentation: tranposase based
Input amount: 400 ng HMW gDNA
Multiplexing options

Can generate several Gbases in a run
(~3-5Gb)



Barcoding - Multiple Sample in One Nanopore Run

Kits are available to
multiplex several samples, — = oY
to maximise flow cell usage. %

0000

Up to 96 barcodes are J =N .,
supplied in Oxford
Nanopore kits.

Barcode multiple samples —» Pool and sequence ——» Separate and analyse

& Copyright 2017 Occford Manopore Technologies



A functional MinlON Flowcell for Sequencing




Flow cell Priming




Library loading on Minion flow cell




Library loaded




Starting a sequencing run

W e

Basecal your data as reads are saved

Basecall Model
Select the model 10 use for basecaling

EFEmmee

Fast basecaling

Run Length (hours)
Sthe et of s frthe e, n e

20

Bias Voltage (my)
You

- Adatona optns.

' Buk File
! e acotens

Waming The can ki
il




Sequencing run



http://drive.google.com/file/d/1IewS-e9UO-s3S6269nfYP-HOycg852Zv/view

-i, --inl1 readl input file name (string [=]D
-0, --outl readl output file name (string [=]D
=-I, --in2 read2 input file name (string [=]D
-0, --out2 read2 output file name (string [=]D

--unpairedl for PE input, if readl passed QC but readZ2 not, it will be written to unpairedl. Default is to discard it
ring [=12

——unpaired2 for PE input, if read2 passed QC but readl not, it will be written to unpaired2. If --unpaired2 is same c
mpairedl (default mode), both unpaired reads will be written to this same file. (string [=]D

--failed_out specify the file to store reads that cannot pass the filters. (string [=]D)
-m, --merge for paired-end input, merge each pair of reads into a single read if they are overlapped. The merged reac
1 be written to the file given by --merged_out, the unmerged reads will be written to the files specified by --outl and --out2. The merging mc
disabled by default.

--merged_out in the merging mode, specify the file name to store merged output, or specify --stdout to stream the mergc
tput (string [=]D

--include_unmerged in the merging mode, write the unmerged or unpaired reads to the file specified by --merge. Disabled by ¢
te.

--phred64 indicate the input is using phred64 scoring (it'll be converted to phred33, so the output will still be ¢

--compression compression level for gzip output (1 ~ 9). 1 is fastest, 9 is smallest, default is 4. (Cint [=4]D
--stdin input from STDIN. If the STDIN is interleaved paired-end FASTQ, please also add --interleaved_in.
stream passing-filters reads to STDOUT. This option will result in interleaved FASTQ output for paired-er

B THE UNIVERSITY & £, o
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Nanopore Raw Data: Sequencing report

Sequencing

537.7K ESTIMATED BASES: 3.06 Gb DUEUE 3

CALLED: 99% BASES: 295Gb  SKIPPED READS: 226 K

[Position MN32043 Experiment group Insore_nun2

Duty Time

‘Summary of channel states over time

State Time Equivalent (%)

7h5m

14n 10m

21h15m

0B s

Estimated N50: 11.3Kb.
257 Mb-
240 Mb-
220 Mb-
200 M-
180 Mp-
160 Mp-
140 Mp-
120 Mb-
100 Mb-
80 Mb-
60 Mb-
40 Mb-
20 Mb.
ob

Total Estimated Bases

Y

Time

Y.

racie

Read Length Histogram

Summary read length distribution

1.4h 20m 1d 11h 25m 1d 18h 30m 20 10 35m 2d 8h40m 2d 15h 45m

s

minimum 17 minutes:
Auto scale bucket size

@ @ Uncessiea

Display channels
proportionately

-

737K 166Kb 258Kb 35Kb 442KD 534Kb 627K 719K 811Kb 903Kb 100Kb 108Kb 118Kb
Estimated Read Length

o e @e  ®e oo ©e ok Be  @e  0e Do Be =6

Bucket size (minutes)

SamplelD 1-12  Flowcell ID F4k58031  Current output directory /data  Basecall model High-acouracy basecaling
Mux Scan Results
Ghanne counts per caregory after ach muax scan
2088
1500

1,600

Channel Count

22n30m 106h  1013030m 12 204n30m  2d12h  2d19n30m

Time

® Actve  ® Inactive

Translocation Speed and Qscore

Line charts displaying quartile values for transiocation speed and ascore

2

g o ;

3 custrile

S 100 Medan wrget

50|
Shim 1lh2om  17h  22h40m  1d4h  1d10h  1d1sh  1d2th  2d3h

Time
Transiocat Q Score

TOTAL RUN TIME 2d 19h 37m 9s

Cumulative Output

Oupu: of un over ime

Total Reads

37K
S00K:

450K o Stipped Reods

1d1th 14220 40m 24 20h2m

Temperature and Bias Voltage

Temperature and bias voitage history for the current run

35.2°C—
34°C—

32°c—
30°C—

e Heansink sempennre

26°C—

Temperature

24°C—

22°C—

20°C

10h 50m 21h 40m 1d 8h

Time

1d 19h 2d 6h 2d17h

Temperature Bias Voftage



Nanopore Raw Data: File structure

Mame

fast3_fail

fast3_pass

fast5_skip

fastq_fail

nal_summary.txt

B MT-110899_20191213_051904_FAK58931_minion_sequencing_run_1-12_duty_time.csv
|:] MT-110899_20191213_051904_FAK58931_minion_sequencing_run_1-12_sequencing_summary.tct
(=] MT-110899_20191213_051904_FAK58931_minion_sequencing_run_1-12_throughput.csv
report.md
report.pdf

Mame

barcodel2
barcode3
barcodeld
barcodel3
barcodelf
barcodel7
barcodeld
barcodeld
barcodeld
barcodell
barcodel2

unclassified

MName

MJFA 8931_461a74b6b%adbcb17426f63c59...
Mj K58931_461a74bbb%adbcb17426f08050..,
FAK58931_461a74b6b%adbch17426f68c30\,.
| FAK58931_461a74b6b%adbch17426f68c59..)
Mj FAK58931_461a74bbb%dbch17426f68c30..,
j FAK58931_461a74b6b%adbch17426f68c50...
MJ FAK58931_461a74b6b%adbcb17426f68c59...
Mj FAK58931_461a74bbb%dbch17426f68c50..,
j FAK58931_461a74b6b%adbcb17426f68c50...
MJ FAK58931_461a74b6b%adbch17426f68c59...
Mj FAK58931_461a74bbb%dbch17426f68c50..,
mj FAK58931_461a74b6b%adbcb17426f68c50...
MJ FAK58931_461a74b6b%adbch17426f68c59...
Mj FAK58931_461a74bbb%dbch17426f68c50..,
mj FAK58931_461a74b6b%adbch17426f68c30..,
j FAK58931_461a74b6b%adbch17426f68c50...
Mj FAK58931_461a74bbb%adbcb17426f68c50..,
(| FAKS2931_461a74b6b9adbcf17426f60c50./
FAK58931_461a74b6b%adbch17426f68c34...
4K58931_461a74b6b%adbcb17426f63€50...




Complexity to Simplicity

Raw Data Usable (or “edible”) Information



Conversion of Raw Signal Data (fast5) into FastQ file

Biological nanopore

Source: Nanopore

\

S | [ (] o | [ -
\—'_1_-—JL \IFII_ 'H_I : '1 n o
) o :_rur.I ;7m Al o
fwrﬂL] :4_,1' (ﬂl,r - ||l

" momomoEoE oo oo

Basecaller - Machine Learning
Algorithm to determine DNA sequence
from raw data signal




Different Basecaller = Different Sequence Accuracy

T T 1
85 90 85 100 85 90 95 100
Fuawd read accuracy (%) Raw read accuracy (%)
Figure 1; Raw read accuracy of Bonito basecaller on the human reference

Figure 2 Raw read accuracy of new flip-Nop basecaller on the human reference
penome NALZETS against high-accuracy Guppy, curmently integrated into genome MA1I3TE against high-accuracy Guppy, currently integrated inta
MinKNOW onboard nanopore devices.

MiInKNOW onboard nanopore devices.

https://nanoporetech.com/about-us/news/new-research-algorithms-vyield-accuracy-gains-nanopore-sequencing

Same Raw Fast5 file > Different Basecaller > Different Accuracy
Keep your fast5 file


https://nanoporetech.com/about-us/news/new-research-algorithms-yield-accuracy-gains-nanopore-sequencing

lllumina (Short Read) FastQ vs Nanopore (Long Read) FastQ

Hlumina

@ b: OH2LYGT:1:13 b285:13781 | TAGAGAGA+TACTTCGA
GGTGGTGGTGGAGCTGAGTTCCCCACTTTCTAGTGGACTAGCTCACGCTGGLGGATCCGTTGATCTCGCCATCTTTTCCCTCCACCTCGCGGEGGCCTCCTCTATTCTGGCCACAATAAAATTTATCACCACAATTATTAACATGCGGACT
+

/AFFFFFFF/FFFFFFFFFFFAFAFFFFFFF/FFFFFFFFFFFFF6F /FFFFFFFFFFFFFFFFFFFFFF=FFAFAFFFAFFFFFAFF/




Filtering and trimming reads

e Adapter read through

e |ow-quality reads (low accuracy)

A
et
'.’o’ )
' 7

",
¥,

e Filter = to remove completely

e Trimming = to remove certain part of the DNA reads

/ s =
<\\\// o T —

Fragmented Adapters
DNA

https://snipcademy.com/ngs-techniques
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"
n

L) .0
S

i,



https://snipcademy.com/ngs-techniques

Piecing the “clean” puzzles together

Short and/or Long Reads

¢ Overlap/Assemble

Contigs - overlapping sequence data




Genome assembly statistics
outcome depends on read length

Short Reads Assembly Graph:
Multiple Contigs and unresolved knots

Long Reads - Resolve repeats - Simpler Graph




Major currencies in NGS

F aSt5 Approximate disk storage size

Raw basecall signal (but specific to Nanopore)

800 Mb
Large but can be re-basecalled to give improved
quality
FastQ 100 Mb (8x smaller than fast5)
Raw data (can be submitted to NCBI SRA)
Fasta
Assembly file (draft or complete) 2.1 Mb (A typical GBS genome)

usually similar size as the genome)



Key Metrics of Genome Assembly (Fasta file)

Number of contigs
NSO
Total Assembled Length

GC content



Key Metrics of Genome Assembly

e Number of contigs - Ideal Assembly = 1 contig --- 1 chromosome
e N50 = Shortest contig length at 50% of total assembled length
e Total Assembled Length = Should be similar to expected size

e GC content = No major deviation from other closely related strains



Web-based tools

e Upload Fasta (or FastQ) files
e Open-source = Free to use

e Peer-reviewed

e Doesn’t rely on your hardware

e Internet Connection (cloud)




Quality Assessment of Genome Assemblies

QUAST web server

Quast

Quality Assessment Tool for Genome Assemblies by CAB

QUAST evaluates genome assemblies by
computing various metrics, including

N50, length for which the collection of all
contigs of that length or longer covers at
least 50% of assembly length,

NG50, where length of the reference
genome is being covered,

NAS0 and NGASO, where aligned blocks
instead of contigs are taken,

misassemblies, misassembled and
unaligned contigs or contigs bases,

genes and operons covered.

Quality Assessment

Assemblies ~ Select files ile size limit is 100Mb

Skip contigs shorter than | 500 bp

O Scaffolds (add:

Source: http://cab.cc.spbu.ru/quast/

splitted by fragments

Builds convenient plots for different metrics
cumulative contigs length,
all kinds of N-metrics,
genes and operons covered,
GC content.

Report example

More details are on the project page and in
Gurevich et al (2013), Bioinformatics.
Supplementary material for the paper.

Email

Download console tool

For installation details and usage instructions,
please read the manual.

We will be thankful if you help us make QUAST
better by sending your comments, bug reports,
and suggestions to quast.support@cab.spbu.ru.

Get personal page

We will email you a link to your page with your
quality assessment reports.

We will also notify you when your report
is finished, and contact you if any problems
arise.

If you leave the email address blank, your
reports are going to be visible for your
browsing session.

Upload your fasta here!

of N's 2 10 bp)


http://cab.cc.spbu.ru/quast/

QUAST Output

Quast

Quality Assessment Tool for Genome Assemblies by CAB

NF_3

01 August 2021, Sunday, 04:19:03

Download report
Text, TSV and Latex versions
View in Icarus contig browser of the table, plots in PDF.

Additionally, detailed contigs
and genome statistics.

All statistics are based on contigs of size >= 500 bp, unless otherwise noted (e.g., "# contigs (>= 0 bp)" and "Total length (>= 0 bp)" include all contigs).

Statistics without reference NF_3.contigs

# contigs 19 s Pt stive bength Nx GG content Nocmal / logaithmni scale n

# contigs (>= 0 bp) 19 oy

# contigs (== 1000 bp) 17

# contigs (»>= 5000 bp) 16 1400

# contigs (== 10000 bp) 15

# contigs (== 25000 bp) 13

# contigs (== 50000 bp) 10 =

Largest contig 491 086

Total length 1996902 1000

Total length (== 0 bp) 1996902

Total length (== 1000 bp) 1995577

Total length (== 5000 bp) 1990605 w00

Total length (== 10000 bp) 1981044

Total length (== 25000 bp) 1936495

Total length (>= 50000 bp) 1830621 e

N50 261619

N75 140661 Y

L50 3

L75 5

GC (%) 35.18 w0

Mismatches

#N's 0 .

# N's per 100 kbp o o w0 .-> » ) = ) -o [ %0 100w GC
Conitags are broken inte nonoverlappeng 100 bp wandows, Plot shows number of windaws for eath GC percenitage

Source: http://cab.cc.spbu.ru/quast/



http://cab.cc.spbu.ru/quast/

Assessment of Genome Completeness
BUSCO 5

Assembled Genome -> Identification of Conserved Gene (Bacteria ODB10) -> Summarize

100% complete and single-copy gene = target
High Duplicated rate and Low Single-copy rate (S:0%,D:100%) = possible contamination
High fragmented rate indicates fragmented assembly

# BUSCO version is: 5.0.0

# The lineage dataset is: bacteria_odb1® (Creation date: 2020-83-06, number of species: 4885, number of BUSCOs: 124)

# Summarized benchmarking in BUSCO notation for file /media/gs/3TB/Jerome_WGS/Final/keep/Presentation_Rename/USM_3.contigs.fasta
# BUSCO was run in mode: genome

# Gene predictor used: prodigal

*k%k* Regyults: *****

C:99.2%[5:99.2%,D:0.0%],F:0.8%,M:0.0%,n:124

123 Complete BUSCOs (C)

123 Complete and single-copy BUSCOs (S)
Complete and duplicated BUSCOs (D)
Fragmented BUSCOs (F)

Missing BUSCOs (M)
Total BUSCO groups searched




Genome-based diagnosis of pathogens in aquaculture

Pathogen Species ID and
epidemiology (MLST)

-
@ B

Management of disease
outbreak at farm level

Virulence factor identification

NGS
(MinlON/Illumina)

v Antibiotic susceptibility

Molecular serotyping
(vaccine formulation)




Web-based Species ID, MLST, Serotype, AMR identification
Center for Genomic Epidemiology (CGE)

Center for Genomic Epidemiology

Source: http://www.genomicepidemiology.org/services/



http://www.genomicepidemiology.org/services/

CGE: Taxonomic Classification
(A sanity check)

A Fast K-mer based approach (Kmer finder)

Center for Genomic Epidemiology e User-Friendly

Home Services Instructions Output Article abstract

e Select Database
KmerFinder 3.2 . .
Sotware verson 102 0204030 e Select Your Genome fasta/fastq file (isolate)

Database: Available here
View the version history of this server.

aict e Upload

| Bacteria organisms v ‘

Upload file(s) .
To input the sequences, upload a single FASTA file, or one/two FASTQ file(s), or one interleaved FASTQ file on your local disk by using the applet below. Both assembled . S eC|eS I D
genome (in FASTA format) and raw reads single end or paired end (in FASTQ format) are supported. Gzipped FASTA/FASTQ files are also supported. p

If you get an "Access forbidden. Error 403" Make sure the start of the web adress is https and not just hitp. Fix it by clicking here

B} Isolate File

Name Size Progress Status

UPM_3.contigs.fasta 1.91 MB

Source: https://cge.cbs.dtu.dk/services/KmerFinder/



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

CGE: Taxonomic Classification
(A sanity check)

Center for Genomic Epidemiology

Home Services Instructions Output
KmerFinder-3.2 Server - Results N F 1
KmerFinder 3.2 results: -
[ Templste | Num | Score | Expecled | Template_length | Query Coverage | Template_Coverage | Depth | fot_query_Coverage | lot femplate_Coverage | tol_depth | a value | p vaiue
NZ_UHIL01000001.1 Vibrio parahaemolyticus
strain NCTC 10903, whole genome shotgun 200463 84406 8 110506 47.29 78.01 076 47.29 78.01 0.76 8437993  1.0e-26
sequence
NZ_CP014047 2 Vibrio parahaemolyticus strain
ATCC 17802 chromosome 2, complete 409450 46084 8 64881 2582 "M 071 2597 141 0.71 4605981  1.0e-26
sequence
NC_013456.1 Vibrio antiquarius chromosome 1,
complete sequence 85991 1503 19 110687 084 137 001 9.16 1481 0.15 1446.53 1.0e-26

Center for Genomic Epidemiology

Home Sel Ins! ions tp

KmerFinder-3.2 Server - Results

KmerFinder 3.2 results: U S M_3

[ Templste | Num | Score | Expected | Template length | Query_Coverage | Template_Coverage | Depth | tot_query Coverage | ot template Coverage | tot depth
NZ_JMIBO1000004 1 Photobacterium
galatheae strain S2753 contig0005, whole 315626 1860 1 12265 1.03 15.19 0.15 1.03 15.19 0.15

genome shotgun sequence

NZ_JMIB0O1000006.1 Photobacterium
galatheae strain S2753 contig0007, whole 315628 1851 1 9514 1.02 1935 0.19 1.02 19.35 0.19
genome sholgun sequence



Average Nucleotide Identity Calculation
JSpecies Webserver

In-silico genome-genome hybridization

JSpeciesWS Home Analyse GenomesDB Help ~ News
™ Genome Cart [l ANIb Result Ll ANIM Result Ll Tetra Result = TCS Result

BTOASETECISETTESIEAR Genomes included (0/15) Painise comparsons 2
This is the Genome Cart of your current session.
You can add genomes to this cart either by
uploading own genomes or by choosing a genome
from the reference database GenomesDB. )
Genome cart is empty. You can add max. 15 genomes ...
A session is automatically deleted after a period of 14 days in
which it has not been visited again (except projects from
registered users).

Upload own genome (min 0.02MB - max.
15MB)

Genome as (multi)-FASTA.

& Select file % Upload ZIP archive (Newl)

Choose genome from GenomesDB =

Source: http://jspecies.ribohost.com/jspeciesws/



http://jspecies.ribohost.com/jspeciesws/

Average Nucleotide Identity Calculation
JSpecies Webserver

Compare with TYPE STRAIN (Descendants of the original isolates used in species and
subspecies descriptions). Not all strains are type strains!

ANIm Result Matrix ANIm Result by Genome

Show ANIm and [aligned nucleotides] [3] « & Download as .csv IOTENS Above cutoff (> 36%)
USM 3.contigs.fasta Vibrio parahaemolyticus ATCC  Vibrio alginolyticus FDAARGOS Vibrio antiquarius EX25 [T] Vibrio diabolicus CNCM 1-1629  Vibrio harveyi FDAARGOS 109 NF 1.contigs.fasta
17802 [T] a7[1] m M
USM 3.contigs.fasta . 83.98 B84.54 85.17 8512 83.98 84.45

(1.39) (1.37) (0.92) (1.22) (1.53) (1.41)

98,58
(93.2

Vibrio parahaemolyticus ATCC | 24.03

17802 [T] (1.48)

Vibrio alginolyticus FDAARGOS| 24.57 86.78 . g

97(T] (2.28) (57.65) (81.04)

Vibrio antiquarius EX25 [T] 84.97 87.56 92.14 : 98.11
(1.67) 55.28) (92.71)

Vibrio diabolicus CNCM 11629 | 84.97 98.11

[m (1.32) (87.07)

Vibrio harveyi FDAARGOS 109 | 84.01 5.5

[7] (2.25)

NF 1.contigs.fasta 84.48 98.58

(1.42) (90.68) 57.53) (57.81) (61.88) (44.39




Species ldentification based on 16S rRNA similarity
NCBI-BLAST Webserver

€ C o o8 nit.gew,

Domain Il
@ covio1s information
Public healh COC) | Ressarch info L [NIH) | SARS-CoV-3 data (NCR) | B o trpatment ion HHS) | Espafiol
Domain Il BLAST * » blastn suite

Standard Nucleotide BLAST

blastp blastx thlastn thiastx
P s o P2S1E.16S rRNA fasta sequence

Enter accession nismbser(s

From [ |

Domain |

g LT ™t Choose the NCB rRNAVITS databases

Align two or more sequences @

Choose Search Set
Database Standard databases (nr eic.): @ (RNATTS d 5 () Genomic + ranscript dalabases () Betacoronavirus

+ [ 165 ibosomal RNA sequences (Bacteria and Archaea) | @irgeted Loci Project information

[ 1) exciuge (Ao organism |

ganism wom rame, binomal, o tax id. Oty 20 n wil be

Domain V'

Modeis (XMXF)|_| Unculured/emironmental Sample sequences

Sequences from fype material

search ©

Program Selection
Optimize for @ Highly similar sequences (megablast)
More dissimiar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)




Multi Locus Sequence Typing (MLST)

PCR

Sequencing

Allele assignment

Allele
sequences

[ %]

Allelic
profile

Sequences type assignment

Sequence
lype




Public databases for molecular typing and microbial
genome diversity

PubMLST =

ORGANISMS SPECIES ID ABOUT US UPDATES
Yy

7~ -~

A collection of open-access, curated databases that : , - & 4

integrate population sequence data with provenance

and phenotype information for over 100 different

microbial species and genera.

869,401 620,309
ALLELES ISOLATES GENOMES

Organisms search

Organisms

Choose your organism from a list of over
100 species and genera-specific
databases. Access molecular typing and
isolate records.

Source: https://pubmist.org/

Species ID

Use ribosomal MLST to accurately
identify bacterial species from a genome
assembly.

Submit data

We welcome submissions to the
databases we host. Submissions may
consist of new allele sequences, MLST
profiles, or isolate records. Isolates may
be accompanied by a genome assembly.


https://pubmlst.org/

CGE: Genome-Based MLST
MLST 2.0 (Multi-Locus Sequence Typing)

I . .
e Alternative to conventional
Home Services Instructions Qutput Article abstract MLST based on PCR / Sanger

MLST 2.0 (Multi-Locus Sequence Typing)
Software version: 2.0.4 (2019-05-08) . Fast and EffICIent

Database version: 2.0.0 (2021-07-26)

Center for Genomic Epidemiology

Momentanously, the species Lactococcus Lactis is unavailable.
Select MLST cor ration . 1 H
e Digitalize
MLST allele sequence and profile data are obtained from PubMLST org.
Please note that for four organisms, two or three different MLST schemes are available:
. N . " N .
Escherichia coli (Escherfc%ra coli #1 [4], Escherfchra#JDEELQ [8]) s . Les S E rro r- p ro n e

.
s Pasteurella multocida {Pasteurella muitocida #1 (RIRDC), Pasteurella multocida #2 (multihost)).
* Lepfospira (Leptospira #1, Leptospira #2, Leptospira #3)

Note: Campylobacter coli and Campylobacter jejuni are considered together.

Select type of data input

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 seguencing
latforms: llumina, lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.

Assembled or Draft Genome/Contigs* (fasta) |

Please note that "Assembled Genomes/Contigs” should be selected, if you have already assembled your short sequencing reads into one continucs genome or into several
contigs. It is indifferent which type of short sequence reads were used to produce the genome/contigs.

F} Isalate File

Name Size Progress Status

Source: https://cge.cbs.dtu.dk/services/MLST/



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

CGE: MLST from assembled contigs or raw data
MLST 2.0 (Multi-Locus Sequence Typing)

Center for Genomic Epidemiology

Services Instructions

MLST-2.0 Server - Results
mist Profile: sagalactiae

Organism: Streptococcus agalactiae

wn
®
2
c
®
3
®
2
®
%
-




CGE: AMR identification from assembled contigs or raw data l

ResFinder 4.1

Center for Genomic Epidemiology

Home Services Instructions Output Overview of genes Article abstract

ResFinder 4.1

ResFinder identifies acquired genes andior finds chromesomal mutations mediating antimicrobial resistance in total or partial DNA sequence
of bacteria

Updates

ResFinder and PointFinder software: [2021-05-27)
esFinder database: (2021-04-20)
PointFinder database: (2021-02-01)

( The database is curated by: |

Frank Maller Aarestrup ‘
iclick to contact) )

Chromeosemal point mutations [

ault all databases is selected

Select threshold for %ID
90 %

~]
Select minimum length
(B0 % ~

ot muiaton dambase BXstE

K} Isolate File

Name sSize Progress

Source: https://cge.cbs.dtu.dk/services/ResFinder/

Status

e Homology-based AMR identification
e % ID vs % Length (Specific vs Sensitive)

e Select genome and Upload


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

CGE: AMR identification from assembled contigs or raw data l
ResFinder 4.1

Macrolide

- Alignment e . . -
Resistance Position in Contig or Position in .
- Lel;_gt:mene e i sone e “ e “

Tetracycline

- Alignment S . e
Resistance - Position in Contig or Position in -

Source: https://cge.cbs.dtu.dk/services/ResFinder/



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

Genome Submission to NCBI

Public health information (CDC) | Research information (NIH) | SARS-CoV-2 data (NCBI) | Prevention and treatment information (HHS) | Espanol

‘ o COVID-19 Information B

A Login Update Warning [ x|
Important changes to how you log into NCBI coming in June. Read more here.

SmeiSSion Portal Home My submissions Manage data Templates My profile

I
Genome

0 Note: To find submissions started before Feb. 3, 2014, go to the previous version of the WGS
submission wizard.

ATTN: to fix or update a recent submission whose status is Queued, Processed-error or Processing,
please use
« the FIX button on the existing submission
« or email your request to have the FIX button enabled for that submission.
Be sure to include the Submission ID and the reason that you need to send new files.
Do not create a new submission to fix or update an existing submission whose status is Queued,
Processed-error or Processing!

Short description and brief instructions +

Options to preload data:

https://submit.ncbi.nim.nih.gov/subs/genome/



https://submit.ncbi.nlm.nih.gov/subs/genome/

A Typical Annotated Genome by NCBI

gene

.gbk format with GenBank Accession code = ™
for the assembly

Draft or complete assembly will be accepted -
Unique Accession for each Gene .
Protein Translation

Start and Stop

Putative Function description

5484..5560

flocus_tag="HUDBS_6a883a"

5484. .5560

Jlocus_tage="HUOBS_B8838"

/product="tRNA-Asp"

finference="COORDINATES: profile:tANAscan-SE:2.8.4"
fnote="Derived by automated computational analysis using
gene prediction method: tRMAscan-SE."
fanticodon={pos:5518..5520,aa:Asp, seq:gtc)

5596..5672

flocus_tag="HUDBS B0835"

5596..5672

flocus_tag="HUDBS BB835"

fproduct="tRANA-Trp”

Jinference="COORDINATES: profile;tRMAscan-SE:2.8.4"
fnote="Derived by automated computational analysis using
gene prediction method: tRMAscan-SE."
/anticodons{pos:5630. .5632,aa:Trp, seq: ceal

6147. .6479

Jlocus_tage="HUDBS 68848"

6147..6479

Jlocus_tag="HUOBS_BB848"

finference="COORDINATES: similar to AA
sequence:RefSeq:wWP_017633933.1°

Jnote="Derived by automated computational analysis using
gene prediction method: Protein Homology."
/codon_start=1
Ftransl_table=11
Jproeduct="DUF1984 domain-centaining pretein®
fprotein_id="0K593699,1"
Jtranslation="MPHFRFRAVEPQAVOALSKPLTDELOPLMDCPREDFTFEYIYTT

FF FVEVLWF QEVO ITOQVRGIAGADIDVAVIFSALSPKA
YDHGEHY "

6492. .7328

/gene="nepA"

flecus_tag="HUDBS B0845"

6492..7328

fgene="nepA"
Flocus_tag="HUDBS B0845"

/inference="COORDIMATES: similar to AA
sequence:RefSeq:wWP_0817633932.1"

fnote="Derived by automated computational analysis using
gene prediction method: Protein Homology.®

fcodon_start=1

ftransl_table=11

/product="penicillin-insensitive murein endopeptidase”
fprotein_id="0K593708,.1"
Jtranslation="MRLSFIVTLGLCFSASVCSTPWESAVNPFTRNSSSSIGSYANGCL
DGALPLPLDGVGYOVLRSKTHRYYGHPKTIEF TENLALKAHONLNTTLLIGDLSLPRG
GRFSSGHSSHOTGLDIDIWLRLADOPLSYNELQLPKPMSVVDLKGYS ILNHRWEERHF
KL IFVHPVIKEQLCL REVAPWWGHHYHFHVALSCPD
SSDYCVDOSPPP GAEL. PIDIPPRVKTT POCLPLIN
PN"




P81
141
201
261
321
381
441
501

aatatcaaca
cattactggt
ctttgttggt
ttatgtgaag
ttagctgcgt
tcaattaatt
cttggtggat
tattcaaaaa

ctatcaaatt
actactattt
ccttatcatt
ctttaccaaa
tagttgatgc
tatagtaatc
caataacaat
catccataac

ttgataa
tcattat
tacagtg
GE GG I
aatgata
tttagta
cacatca
gataaat

Participant Data Overview
Dr Gan Han Ming
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Participants’ Analyzed Data
Putative Species Assignment Based on WGS

ID family genus species
UMP_1.contigs.fasta f__Vibrionaceae g__Vibrio s__Vibrio parahaemolyticus
UMT_6.contigs.fasta f__Bacillaceae_G g_ Bacillus_A

USM_2.contigs.fasta f__Vibrionaceae g__ Vibrio s__Vibrio diabolicus
UMP_2.contigs.fasta f__Bacillaceae_H g__Priestia

UPM_7.contigs.fasta f__Vibrionaceae g__Vibrio s__Vibrio parahaemolyticus
UMP_3.contigs.fasta f__Vibrionaceae g__ Vibrio s__Vibrio parahaemolyticus

UMT_4.contigs.fasta
UMT_5.contigs.fasta
USM_3.contigs.fasta
UCSI_1.contigs.fasta

f__DSM-18226
f__Enterobacteriaceae
f__Vibrionaceae

g__ Cytobacillus

g__Enterobacter

g__Photobacterium s__Photobacterium galatheae
s__Escherichia_C alba

f__Enterobacteriaceae g__Escherichia_C

USM_1.contigs.fasta
NF_3.contigs.fasta

NF_2.contigs.fasta

UPM_3.contigs.fasta
UPM_6.contigs.fasta
UPM_4.contigs.fasta
UPM_2.contigs.fasta
NF_1.contigs.fasta

UPM_5.contigs.fasta
UPM_1.contigs.fasta

f__Bacillaceae_G
f__Streptococcaceae
f__Vibrionaceae
f__Streptococcaceae
f__DSM-18226
f__Aeromonadaceae
f__Vibrionaceae
f__Vibrionaceae
f__Vibrionaceae
f__Vibrionaceae

g_ Bacillus_A
g__Streptococcus
g__Vibrio

g__ Streptococcus
g__Cytobacillus
g__Aeromonas

g__Vibrio
g__Vibrio
g__Vibrio
g__Vibrio

__Streptococcus agalactiae

S
s__Vibrio harveyi
s__Streptococcus agalactiae
S

__Cytobacillus oceanisediminis_B

S
S
S
S

__Vibrio parahaemolyticus
__Vibrio parahaemolyticus
__Vibrio parahaemolyticus
__Vibrio parahaemolyticus



Assessment of Genome Completeness

BUSCO Genome Completeness (Bacteria odb10)

100%
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)\;.
S RO R P S S SR SRS e
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MLST on selected strains (Vibrio parahaemolyticus)

Sample ID Species Sequence Type (5T) MLST Allele
NF_1.contigs.fasta |vparahaemolyticus 799 dnak(28) | gyrB(4) | recA(82) | dtdS(88) | pntA(63) |pyrC(187)| tnaA(l)
UMP_1.contigs.fasta | vparahaemolyticus - dnaE(71) | gyrB(13) | recA(97) |dtdS(~461)|pntA(~116)| pyrC(82) | tnaA(26)
UMP_3.contigs.fasta | vparahaemolyticus - dnaE(71) | gyrB(13) | recA(97) |dtdS(~461)|pntA(~116)| pyrC(82) | tnaA(26)
UPM_1.contigs.fasta | vparahaemolyticus 1913 dnak(363)|gyrB(505)| recA(218) | dtdS(442) | pntA(30) | pyrC(303}| tnaA(26)
UPM_2.contigs.fasta | vparahaemolyticus - dnaE(~98)|gyrB(264) | recA(~105) | dtd5(~13) | pntA(2) |pyrC(~403) tnaA(94)
UPM_7.contigs.fasta | vparahaemolyticus 392 dnaE(5) | gyrB(84) | recA(115) | dtdS{(74) | pntA(63) | pyrC(159)| tnaA(84)

https://pubmist.org/bigsdb?page=profileInfo&db=pubmist vparahaemolyticus seqdef&scheme id=1&profile id=1913

Profile information for ST-1913 (MLST)

1913 363 505 218 442 30 303 26 no

sender: Chrystine Yan, School of Science, Monash University Malaysia and 2. Genomics Facility, Tropical Medicine and Biology Platform, Monash University Malaysia
curator: Narjol Gonzalez-Escalona, Molecular Methods & Subtyping Branch, Division of Microbiology, Office of Regulatory Science, Center for Food Safety and Applied Nutrition, FDA, MD, USA
update history: 1 update show details
date entered: 2018-05-30
datestamp: 2018-05-30


https://pubmlst.org/bigsdb?page=profileInfo&db=pubmlst_vparahaemolyticus_seqdef&scheme_id=1&profile_id=1913

ST-1913 Background

Volume 366, Issue 17

September 2019

< Previous

Next =

Genomic characterization of Vibrio parahaemolyticus
from Pacific white shrimp and rearing water in
Malaysia reveals novel sequence types and
structural variation in genomic regions containing
the Photorhabdus insect-related (Pir) toxin-like

genes

Chrystine Zou Yi Yan, Christopher M Austin, Qasim Ayub, Sadequr Rahman,

Han Ming Gan &

FEMS Microbiology Letters, Volume 366, Issue 17, September 2019, fnz211,

https://doi.org/10.1093/femsle/fnz211
Published: 07 October 2019  Article history v

] pi:‘.fB+
pird B*

O pird’B™ (pVa ‘backbone’)
# Rearing Water

“# Shrimp Individual 1
"% Shrimp Individual 2

[ Farm 1 (Northern Malaysia)
[] Farm 2 (Central Malaysia)
[ Farm 3 (Central Malaysia)

. NCKU_CV_CHN - IPKUOI (CN) ®
1 rUMSAT DE1_S1 - BAVFOI (TH) @ | ST
' Vpl33 - MSALDI (CN) ®
FORC 004 - CPO09847-49 (KR) ST-162

—~=——_]Clade
NAT - POBTOL (MY) &
NA9 - PORROI (MY) #

ST-1911

NA4 - POBVOL (MY) &
GIMxtfL88-2011.05 - MSFWOI (CN) ST+
— FORC_006 - CPOD9765-66 (KR)  ST-1630
229 - MRBWOI (CN)  ST-2
GIMxLE3-2011.05 - MUXGOL (CN) ST-b
- ML5 - RQNYOL (MY) & ST-390
PCVO0S-7 - AOCLO] (MY)  ST-808
TUMSAT HO1_S4 - BAVIOI (TH)  sT-
FORC_023 - CP012950-51 (KR) ST-N02
MVP3 - POBZ01 (MY) &
'P5 - POBYOL (MY) #

MVP4 - MSBZ01 (MY) &
K23 - LQGUOI (IN)  §T-1052
13-028/A2 - JOKTOI (VN) ST-1112
- CHN25 - CPO10883-87 (CN)  ST-395
VP2 - MSBYD1 (MY) ® §

ST-1914

MVP6 - MSCADL (MY) & § ST-1913
MVPI - MOMQOL (MY) ® §

Three major structural variants of the pVA plasmid among Asian V. parahaemolyticus

Of the 52 sequence types of V. parahaemolyticus identified in this current genomic sampling,

pirAB'? could only be detected among isolates from 8 validated (ST-2013, ST-114, ST-150, ST-

392, ST-413, ST-970, ST-1166, and ST-1913) and | undetermined sequence types (Figure 1).




Linux command line - An example with AMR
identification

RESISTANCE
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Visualization of AMR profile among sequenced strains

ERIELS

UMP_2|.

UMP_3 .

UMT 4 |.
UPM_4|.
UPM_5 |.
UPM_6|.
UPM_7|.
UsM_3 |.

USM_1 . -

USM_2 |.

NF_1
NF 2
NF3 |
ucsi_1
UMP_1]|.
UPM_3|.

Source: https://github.com/tseemann/abricate


https://github.com/tseemann/abricate

MLST on selected strains (GBS)

(1) Using Linux based approach (https://github.com/tseemann/mist)

NF 3.contigs.fasta  sagalactiae adhP(9) pheS(5) atr(7) glnA(1) sdhA(3) glek(3) tkt(2)

UPM 3.contigs.fasta  sagalactiae adhP(9) pheS(5) atr(7) glnA(1) sdhA(3) glek(3) tkt(2)
| Clnter for Genomic Epidemiology |

— i

SAME RESULTS MLST-2.(,Server - Results
mist Profile: \sagalactiae

Organism: Streptococcus agalactiae

Sequence Type 283!

Locus Identity Coverage Alignment Length Allele Length Gaps Allele

. . . adhP 100 100 498 498 0 adhP_9
(2) Rapid and precise alignment ar 100100 501 501 0z
. . glcK 100 100 459 459 0 glcK_3
draft genome/contigs (fasta) against gnA 100 100 49 a9 0 gnat
. heS 100 100 501 501 0 heS_5
redundant databases with KMA T T T 510 510 T
tkt 100 100 480 480 0 tkt 1341
tkt 100 100 480 480 0 tkt_21



CGE: ST-283 pathogenicity towards human hosts
PathogenFinder 1.1

Center for Genomic Epidemiology — Center for Genomic Epidemiology

1) (=

Home S

Instructions Outpt

Home Services Instructions Output
PathogenFinder 1.1

View the version history of this server

The input organism was predicted as human pathogen

Probability of being a human pathogen 0.867

Choose the phylum or class of your organism: Input proteome coverage (%) 1431
“AIL if you want ol resied using sil bacteria . N
e Matched Pathogenic Families 282
Matched Not Pathogenic Families 0

Sequencing Platform

cate the uploaded reads. (Nots if you are uplosding presssembled reads)

[Proteome
Sequences 1870

Totalbpp 585257
K olate File Longestseq 1572
Shortestseq 30
Avg seqlenght 3020

Name size Progress Status

Input [ NODE_4_length_152731_cov_249.280477_37 # 36916 # 39543 # -1 # D=4_37,parti _mot _spacer=5-10bp;
Sequence 9¢_cont=0.326
Matched
Family
input ‘ HODE_S_lengtn_91300_cov_280.705359_76 # 73026 # 75344 # 1 # D=5_78;pari _mot Y 1009, ‘
Sequence 9¢_cont=0.359
IMPORTANT NOTE: sacgs g ssmswen o PrTey st asrgn s uEnen ey R e
To avoid problems caused by fie names, we only allow a limited selection of ASCIl characters (see below).
Matched
e Family
Az
oo
_ (underscore)
== Input ‘ 'NODE_2_length_472300_cov_263.310265_103 # 118054 # 120315 # .1 # D=2_ X ‘
Sequence rbs_spacer=5-10bpigc_cont=0.313
o s —caes prevey P P P
REFERENCES Matched
Family
1. Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K, Madden TL. BLAST«: architecture and applications. BMC Bioinformatics 2009 10:421
CITATIONS Input HODE_2_length_472300_cov_253.810258_261 % 291881 # 284076 # -1 # D=2_2 Y
sequence bs_spacer=S-10bpigc_cont=0.362
For publication of resuts, please cie: ————— — . —— —
» PathogenFinder - Distinguishing Friend from Foe Using Bacterial Whole Genome Sequence Data. Matched
Cosentino S, Voldby Larsen M, Maller Aarestrup F, Lund O Family
(2012) PLoS OME &(10): e77302.

PMID: 24204705 >01 10.137 1/journal.pone 0077302

https://cge.cbs.dtu.dk/services/PathogenFinder/ https://cge.cbs.dtu.dk/cgi-bin/webface.fcgi?jobid=6107946F000009F219F0D4A7



https://cge.cbs.dtu.dk/cgi-bin/webface.fcgi?jobid=6107946F000009F219F0D4A7
https://cge.cbs.dtu.dk/services/PathogenFinder/

MLST: Streptococcus agalactiae sequence type (ST) 283

Food:and Agriculture
Organization of the
United Nations

INVASIVE DISEASE LINKED
TO RAW FRESHWATER FISH

RISK PROFILE
> Group B Streptococcus (GBS) Streptococcus agalactiae
-l seguence type (ST) 283 in freshwater fish

http://www.fao.org/3/cb4901en/cb4901en.pdf

Clinical Infectious Diseases

SUPPLEMENT ARTICLE

2015 Epidemic of Severe Streptococcus agalactiae Sequence
Type 283 Infections in Singapore Associated With

the Consumption of Raw Freshwater Fish: A Detailed
Analysis of Clinical, Epidemiological, and Bacterial
Sequencing Data

SAIDSA

Shirin Kalimuddin,'* Swaine L. Chen.”* Cindy T. K. Lim," Tse Hsien Koh,’ Thean Yen Tan." Michelle Kam.” Christopher W. Wong,!
Kurosh S. Mehershahi Man Ling Chau.® Lee Ching Ng. Wen Ying Tang.” Hishamuddin Badaruddin," Jeanette Teo."
Anucha Apisarnthanarak," Nuntra Suwantarat, " Margaret Ip." Matthew T. G. Holden.” Li Yang Hsu,** and Timothy Barkham®

PLOS NEGLECTED TROPICAL DISEASES

& OPENACCESS B PEER-REVIEWED

RESEARCH ARTICLE

One hypervirulent clone, sequence type 283, accounts for a
large proportion of invasive Streptococcus agalactiae isolated
from humans and diseased tilapia in Southeast Asia

Timothy Barkham [E]. Ruth N. Zadoks, Mohammad Noor Amal Azmai, Stephen Baker, Vu Thi Ngoc Bich, Victoria Chalker,
Man Ling Chau, David Dance, Rama Narayana Deepak, H. Rogier van Doorn, Ramona A. Gutierrez, Mark A. Holmes,
Lan Nguyen Phu Huong, [ .- ].Swaine L. Chen & [ view all |

Published: June 27, 2019 e hitps://doi.org/10.1371/journal. pntd 0007421


http://www.fao.org/3/cb4901en/cb4901en.pdf

Molecular serotyping on selected strains (GBS)

Serotype
BLAST-based approach B GBS-SBG: III-4

(input = Fasta: assembled draft or complete genome) Serotype

GBS-SBG:III-4

https://github.com/swainechen/GBS-SBG

Diagnostic k-mer-based approach
(input = Fastq > 400 read sequences~<Assembly-Free and Real-Time)

In development by WorldFish, UQ and

Browse... | 1000 fastg Upload oFASTQ file Identify pathogen

“data_filename®:["1000.fs«fq" ], “data_content_type":[“application/octet-stream™],"

"sa_sero”:{"IIT":[5880]|"Ih":[1871],"v":[781],"TI":[572],"vI": [5@6],"Ta":[498],"IV":[95])



https://github.com/swainechen/GBS-SBG

Thank You
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