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tant foodborne pathogen

- Highest burden of illness ranking among foodborne pathogens
- Wide distribution
- Many serovars of Salmonella

(Total number of serovars = 2,579 serovars)

- Salmonella enterica serovar Enteritidis: most common
serovar contaminating food, mainly poultry
products.
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essages

- Whole genome analysis: a mastertool

- Diversity can still be found in a highly clonal
organism such as Salmonella Enteritidis

- single nucleotide polymorphism, SNPs
- prophages
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ping

- Definition
means of identifying types of organisms within a species
= evaluating relatedness

- An ideal subtyping test:
inexpensive
rapid
reproducible
discriminatory
epidemiologically concordant
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The Evolution of Molecular Subtyping of Bacteria




lal subtyping tools

Subtyping Approach

Phenotypic Biotyping
Serotyping
Phage typing
Molecular Pulse-Field Gel Electrophoresis

Variable number tandem repeats (MLVA)
Multi-locus sequence typing (MLST)
PCR-RFLP

Random Amplified Polymorphic DNA typing
Sequence typing
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The National Molecular Subtyping Network
for Foodborne Disease Surveillance:

PulseNet: PFGE technology

‘PFGE technology has been used to build an
international molecular subtyping network,
PulseNet, in order to utilize DNA fingerprinting
to detect outbreaks of foodborne diseases at the

earliest possible stage

-PulseNet Canada serves as a rapid ¥

communications platform that has the ability to A " +
link laboratories both nationally and ++$i{¢ +

internationally when investigating sporadic and

outbreak cases as well as identifying and A large outbreak in one

N . o lace may be obvious
confirming the original source of contamination p y

A dispersed outbreak may be difficult
to detect without molecular subtyping
network-PulseNet
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PFGE PATTERNS Frequency Y% Rank
PRIMARY: SENXAI

SEN XAl 0001 434 13.1 4
SEN XAl 0002 26 0.8
SEN XAl 0003 1122 33.8 | —
SEN XAl 0004 58 1.7
SEN XAl 0006 635 19.2 2
SEN XAl 0007 137 41
SEN XAl 0008 264 8.0
SEN XAl 0009 8 0.2
SEN XAl 0013 3 0.1
SEN XAl 0016 3 0.1
SEN XAl 0019 3 0.1
SEN XAl 0021 1 0.0
SEN XAl 0025 1 0.0
SEN XAl 0035 2 0.1 - )
SEN XAl 0038 443 13.4 3 Salmonella Enteritidis PFGE analysis
SEN XAl 0040 1 0.0 Data source: PulseNet Canada
SEN XAl 0041 57 1.7 Analysis: CFIA
SEN XAl 0053 1 0.0
SEN XAl 0054 2 0.1
SEN XAl 0060 8 0.2
SEN XAl 0062 8 0.2
SEN XAl 0066 4 0.1
SEN XAl 0068 44 1.3
SEN XAl 0069 1 0.0
SEN XAl 0074 2 0.1
SEN XAl 0075 8 0.2
SEN XAl 0076 2 0.1
SEN XAl 0077 10 0.3
SEN XAl 0084 3 0.1
SEN XAl 0088 4 0.1
SEN XAl 0092 1 0.0
SEN XAl 0093 5 0.2
SEN XAl 0094 2 0.1
SEN XAl 0110 2 0.1
SEN XAl 0111 1 0.0
SEN XAl 0114 9 0.3
3315 100.0
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Microbial genome sequencers

LEAOND+ = gt
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lon Torrent PGM

lllumina MiSeq

e

3730 Genetic analyzer
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ping a subtyping tool
eritidis: genomics-based

Approaches
- Entire genomes

- Targeting specific parts of the genomes

Advantages

- 1. Accuracy

- 2. Cost-efficiency
- 3. Comprehensive
- 4. Extensible
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ping a subtyping tool
ritidis

Whole genome analysis: at least two different platforms
454, lllumina, lon Torrent, PacBiosciences

\4

Assemble genome: Reference assembly
De novo assembly
Optical mapping
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High resolution assembly and characterization of
| genomes of Canadian isolates of Salmonella

? Enteritidis
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Abstract

Backgeound: Thee i 2 need 1o cheacedize gmames of $e foodborme pathagen, Salmonela enterica senowvar
Entenndis () and idertify genetc informaton that could be ubmaely deployed for diffeemasng stams of the
angansm, 3 need that s yet o be xddemed mainiy bease afthe figh degeee of ciomaley of the organisn. Inan
effor toach eve the fim? cheraeezaon of the genames of & of Canadan aigin, we cxred awr mazavely pamilel
sequencng af the nudemtde sequence of 11 52 isolates cbaaned fom poultry producion enemnmens in=9), a
dam and a chicken, amemibied finished genomes and investigaied diversty of the 55 genome:

Results The median genome sz was 4578581 bp A ool of 4833 chomasomal genes defined Te pan gename
of our fiedd 5 mobes aonssting af 4600 genes presere n a2l Te genomes, ie, core genome, and B3 genes
st n atleas ane gmome aesary genomel Genaome dverssy was demanstaible by the presence of 1,360
lod shawing sngle nucieatde palymaphism (347 in the core genome which was urd 1o potmy the genetc
dsmnees by menms of a phylngenetic tee far the SE isaizes The aceemory genome comesied massy of predousy
| demfied 3£ pmohage ssquenes as well = wwa, apmaren 3y fulk s2ed, nowed prophages namely 2 28 kb sequence
1 povsonly desgnared as SEOLF-1008 (1) prophage and 2 43 ki sequence powsioaly desgnated as
FAOF-10012 prophage

Concludons The number of SMPs idemified in the rdaswely large core gename of 5E i 2 efecnon of subsarmial
dhemty fut mud be sploted forsain diferendation = shown by e dewsiopment of an nfomate
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wok fas lad fie ground work for fusther studies 1o deselop 2 madily adomabie homtry = for e subtyping

[2 g3

Keywords: Samonath Enenads, Genomes, Core, Accemory, Sngle mucieasde palymomhizm, Subtong, Tracking

Ba ok ground disesses in humans [45] In Canada, e proporgon of ha-

o e

i

Sabvenalla Enwritids (SE) has emerged o the most
commaondy olted smowmr of fondborme Salmonellz in
homans over the list two demdes [1-3] SE bdongs
to a boger gmap of pathogens nesn as nan-tpphoidal
Salmaonella which mnbed the most hazeoos when a nam-
ber of health indices wer weed © awmess the W most bar-
demsame foodbome bactesa, vimes and pamsies cansing

* o pned o e D g e arm et g o

" it | st ey Pl ik, Conwcllin. Tz It n Agen oy, 361
Pl it el i, Chrewam, Cln i KO 5%, Cnrd

Full e of mehorinkirmasion I nslsbs o heend of the sric

&304 Dopreae! @ sl @ cormes Rickderd Cone

man zaimonelosis cesed by SE inoessad fram B% in
00E dn 25% In 2000 (8. In the LS, an oudweak of SE in
3010 resubied noan esEmated 1,939 homan Sneses
(g e odle gow fsa lmon el ferteritid i) and the lar-
geat egg recall in e coantys haory nwlvng ower
500 milon shell eggn {hape v ida gowSafey Racalisf
M agor Produa o Reca s foam 223572 hem | 7).

Eardy comparagve anadyss of SE with the seowr
Typhimarinm, the hter being ane of the best smdied
Salvwsalla serovars becanse of Bs endaring Impornt
ance as a homan pathogen and wide host range amang

Lred THnl an Cren Acomm aricss e urcler 15 rerm of fe

( )mm Cromdve Cormmir At L [T meahe s oy ormsa i, whch permin ursarisd um

dnirion, and wpnckcTion |y e

, porwd e s il el n Py raddwel Tre Cmarss Covererem Puiie

Crrrain Oedicdon suier (st msa e araongbabie chr s 1 6] apmies m rhe dars me e svsia bl In hin

ik, Lnden o e

BMC Genomics 2014, 15:713

Canadian Food Agence canadienng
Inspection Agency  d'mspection des aiments

Canada



Imonella Enteritidis

- Pan genome: entire set of the genes within the
species or serovar

- Core genome: common to all members of the
species or serovar

- Accessory genome: genes present in at least two
strain but absent in at least one strain
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Genomes: core Vs accessory

Salmonella Enteritidis  Listeria monocytogenes
(Ogunremi et al., 2014 BMC (Deng et al., 2010 BMC

Genomics 15: 713) Genomics 11:500)
Core genome 4,600 (95%) 2,456 (61%)
Accessory genome 233 (5%) 1,596 (39%)
Total genome 4,833 4,052
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g tools: old and new

Biotyping SNP-based (whole genomes or PCR)
Serotyping Prophage

Phage typing CRISPR

Pulse-Field Gel Electrophoresis Pseudogenes

Variable number tandem repeats (MLVA)
Multi-locus sequence typing (MLST)
PCR-RFLP

Random Amplified Polymorphic DNA
typing
Sequence typing

| L1
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ping a subtyping tool
ritidis

Whole genome analysis: at least two different platforms
454, lllumina, lon Torrent, PacBiosciences

Assemble genome: Reference assembly
De novo assembly
Optical mapping

SNPs
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ping a subtyping tool
eritidis

Whole genome analysis: at least two different platforms
454, lllumina, lon Torrent, PacBiosciences

Assemble genome: Reference assembly
De novo assembly
Optical mapping

SNP
v

Adapt for routine testing: SE-SNP-PCR
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IS highly discriminatory
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P 28 1st 7 151541 1 3
XAI.0006 6 il > 1
XAL.0007 ! 1
XALO009 4 2 1
XAL0025 2
XAL0026 ]
XAL0038 ° 8rd >
XAL0076 8 3
XAI.0214 4 2
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ping a molecular typing tool
eritidis

Whole genome analysis: at least two different platforms
454, lllumina, lon Torrent, PacBiosciences

Assemble genome: Reference assembly
Optical mapping

SNP identification Prophage analysis

l

Adapt for routine testing
SE-SNP=PCR
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monella Enteritidis

i S. Enteritids P125109 phage type 4 (Windhorst, 2010; Thomson et al., 2008)
_z
BN | Prophage designation | Size (bp)
| ® SE 10 8,186

® SE 12/12A 17,753

¢ SE 14 12,642

® SE 20 40,664

Total 79, 245

P, T O R o e oy —mn.

Bl G fomcecmsene Canadia



P125109 [Neol] (in silico)

Map Similarity Cluster
using Furthest Neighbor

— P125109
SE1
SE 4
SE 3
7 SE 4
SEG
SE10
SET
] SE 2
SE&
— 3E1Q
SE 11

rrrrr1
5 4 3 2 1 10

| Percent Difference
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ths of Salmonella Enteritidis prophages

Salmonella Enteritidis genomes (Reference P125109 and SENT 1-11)
P125109 1 2 3 4 5 6 7 8 9 10 11

Prophage|

1 8,007 8,007 8,007 8,007 8,007 8,007 8,007 8,006 8,007 8,007 | 8,007 | 8,007

2 8,168 8,168 8,168 8,168 8,168 8,168 8,168 8,167 8,423 8,168 8,677

3 42,042 | 42,042 42,042 42,042 42,042 42,041 42,042 42,041 42,041 | 42,041 | 42,040 | 42,042

4

5

6

7 35,705 35,705 35,705 35,705 35,705 35,705 35,705 36,209 35,705 35,704

8 11,502 | 11,502 | 11,502 11,501 11,501 11,502 11,501 11,501 | 11,500 | 11,503 | 11,502 | 11,757

9

10

11 | 28,108 | 28,108

12 19,137

13 43,544

137,069 | 124,295 | 124,295 | 132,896 132,838 133,535 132,947 124,289 | 125,051 | 152,403 |163,369|132,905

TOTAL

(bp)

Canadian Food Agence canadienne (jan d“'

I*I Inspection Agency d'?re';&pecﬁand-asaliments a- a



Imonella Enteritidis
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- Why a new strategy?

- What is so important about Salmonella Enteritidis?

- What is the new strategy?
- Why SNPs?

- Conclusion
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ome of Salmonella Enteritidis

- Pan genome: entire set of the genes within the
species or serovar

PT13a 095U03017-8 AGATATGATC GTTGCCGAAA TCCTTTTTITT AAGGC 35
PT132 08SU1104-2 AGATATGTTC GTTGCCGAGA TCCTTTTTTT AAGGC 35
PT23108U00219-16 AGATATGTGT GTTGCCGAGG TCCTTTTTTT AAzGA 35
1021710 AGATGTGTGT GTTGTCGAGA TCCCCCCCTT AAGGA 35
PT810SU010191 AGATGTGATC CTTACCGAAA TCCCCCCCCT ACGGC 35
10052 GGCCGTATGT GCTGCTGCGA CCTCCCCCTT CAzzz 35

PT13 100819 GGCCGTATGT GCTGCTGCAA CCTCCCCCTT CAzCA 35
10058 GGCCGTATGT GCTGCTGCGA CCTCCCCCTT CAzGz 35

P125109 GGCCGTATGT GCTGCTGCAA CTTCCCCCTT AATGA 35

10012 GGCzGTATGT GCTGCTGCGA CTTCCCCCTT AAzzz 35
PT800D98984-6 AAACGCGzzz GTCGCCTAAA CCCCCCCCTT AAGGC 35

- PT23000989834 AAACGTGATC GTCGCCGAGA CCCCCCCCTC AAGGA 35
- Core genome: SNPs o Biiaieais clciietol cetmecel iead
- consavanen, (i [Tl ] oo 1y

sewercerop RREGTA0SE BFTG0E6HER ECEECEEETT Rhohx

- Accessory genome: prophages

| L1
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counts

pt2310s pt13100
10052 pt8_00d pt2300d pt810su pt13a09 pt13a08 u 819 10058 10217 10012

P125109-PT4 589 596 596 604 604 602 614 586 591 597 886

10052 307 304 311 311 304 282 101 70 289 826
pt8_00d 27 207 200 201 247 243 269 246 900
pt2300d 196 193 192 240 238 262 238 900
pt810su 65 69 117 248 270 78 904
pt13a09 12 60 245 270 112 903
pt13a08 59 242 263 105 898
pt2310su 221 241 113 886
pt13100819 60 258 864
10058 252 855

10217 913

' _ 124
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Imonella Enteritidis

Pan genome: entire set of the genes within the
species or serovar

- Core genome

- Accessory genome

. -
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