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Importance of Foodborne Pathogen Study

<Foodborne outbreaks>

(Source: KBS)
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» Happened every year

» Outbreak-causing foods should be
investigated for prevention

\_

/ Foodborne Outbreaks in South Korea

<# of outbreaks>

399

2010 2011 2012 2013 2014 2015 2016 2017 2018

» # of outbreaks increase last 5 years
(Avg: Food poisoning 332 cases,
Patients 6,257)

» 26% of outbreaks caused by
foodborne pathogens and 45% by
unknown

(Source: 2018 Korean food safety information portal)
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<Economic loss>

27,949
27,582

> >2.5 Billion US$
and increase

every year

(Source: Korean NIFDS 2018)
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Systematic management for foodborne pathogens is required in
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Current detection methods

Inefficiency by long cultivation time

>
> No information about FP genomes
>

1 Culture-based

No information about Food-specific

biochemical virulence factor gene expression
tests > No detection of unculturable FP
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Rep-PCR, PFGE
DNA-based tests

> Low identification fidelity even
due to short DNA sequence
modulation or point mutation

» Low accuracy due to short DNA
sequences i T

Current Detection Limitation of Foodborne Pathogens (FP)

Acquisition of FP
genome information
and rapid identification

Transcriptome-based
identification of food-
specific VFs

Metagenome-based
identification of
unculturable FP

DB construction of FP
genome/transcriptome/
metagenome

Development of rapid
FP identification pipeline
program using specific
SNP patterns



Molecular Identification Techniques for Rapid Detection of FP

6S rRNA analysi

Color key for alignment scores
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« Rep-PCR is performed using PCR » PFGE analysis is based on the » 16S rRNA sequence analysis is
with repeat sequence-targeting locations of specific restriction based on .seq.uenc.e.hor.nology
primer enzyme (RE) recognition sites for bacterial identification

« According to the PCR band * According to the DNA band * PCR and sequencing of 165
patterns, the strain is identified patterns after specific RE rRNA gene can be done quickly

digestion, the strain is

« Advantage: Rapid bacterial identified B Advanjcage: Massive amount of
identification is possible, even bacteria 16S rRNA sequences
though its genome sequence is e Advantage: PulseNet DB is are accumulated in many DBs.
unknown well-developed and organized

for rapid identification with RE + Advantage: Accurate detection

- Disadvantage: There is a band patterns, even though its ?nd identification are p955ib|e

limitation and low accuracy for genome sequence is unknown in genus and even species level

bacterial identification with very
short PCR band patterns,
cording to the locations o

+ Disadvantage: Only a point isadvantage: Relatively low
mutation in RE sites can

nge PFGE band patter

[ Based on Foodborne pathogen whole genome sequences, l

rapid and accurate identification is possible for advanced food safetx e




Next-Generation Sequencing (NGS)

e Platform Features

IIIumlna H|Seq 2500 lllumina MiSeq I l
mm

Number of reads 150-180M/lane  100-150M/lane  12-15M (v2) 50-80K/SMRT cell
20-25M (v3)

Read length 2 x 100 bp 2x 150 bp 2x300bp (v3) ~10-20kb
Yield per lane (PF up to 35 Gb up to 45Gb up to 15 Gb up to 0.4 Gb
data)

Instrument Time ~12-14 days ~2 days ~2 days ~2 hours

$59 (PE100) $53 (PE150) $108 (PE300)  $697

Pricing per Gb

] = - - o > — ¥
L-0st per enome

PacBio RS I

NanoPore

/~ Lowering sequencing cost by NGS |

> High accessibility of genome study,
especially foodborne pathogen genome
study

Transcriptome study for VFs
Metagenome study for FP composition - i _ I
Rapid detection and accurate / sl el bl alaslns olc alulal ol el

identification

Mational Human Gencme
Reasaarch Inatiute
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International Trend of Omics Study for Foodborne and Clinical Pathogens
|

U.S. Food and Drug Administration
Protecting and Promoting Your Health
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100K Foodborne Pathogen Genome Project QUICKLINKS
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Despits efforts

For thosa that weren't able to attend Dr,
Weimer's Octaber Sth webinar, please

£ coi, Listenia

workiwde. The rsceni € <oi O104 4 outbreats in Europe highlghts the
eed for 1 thal was far qen than
eiverof the offher two crganisms

Defense for the invitation to present.
be a brief pause

nlarga pa o
sufficent nformaion about mirobialdiversity The 00K paihagen genome secwueneing project il use nex generation

g d public health usain novel solutons i e management of

foudborne disease 1o facikale improve publc hoalt B B

i i i Tood, the X 5

before the webinar feed loads)

9 ity anisms in
‘enviranment, and fiveslack, which inberfere ith cur preparedness o dafend the foad supply. Thia project wil sequence 100,000

PROJECT

I &

Launched in 2012 by UC

DaViS (Dr, Bart Weimer) FDA 250000 W Salmonella CListeria DE. coli/ Shigella m Campylobact my. 1olyticus B Cronobacter
FD A, Agilen t C 0" ab orate d With us esoon Aimaba Morhin 1T 1108 AGHed o MR INEITA= 1016 Aoawd ot Mot 015w 382 Agtes Po Morth 1 1O 4420 A Mo 20172 438 i
Technologies, BGI CDC for Listeria oo i
supported Collaborated with W5
MN/WA/NY/FDA for L VRN
Real-time Salmonella § f 150000 HREE I
China FDA for 10K (100K In addition, >24 national §i o —H
Genome Project China) labs joined this project Z'E',f 100,000 |
for pathogen genome R L &1
sequencing oo l
Health Canada for 10K E. coli, Campylobacter, o R ﬂ>
Salmonella (100K Vibrio, Cronobacter, etc. e i imi“i%i_. I I I

Genome Project Canada)

GenomeTlrakr

Launched in 2012 by US
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Omics Research Trend in South Korea

FORC by NIFDS

Datidpiet

The National Molecular Subtyping Network
for Foodborne Disease Surveillance
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Food-borne pathogen Omics Research Center
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» FP complete genome <+ FP WGS

* VF transcriptome

» Food metagenome * SNP analysis for

Rapid detection
and identification
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Research Results of Food-borne Pathogen Omics Research Center
(FORC) in South Korea (2014-2018) Supported by NIFDS

r-----® Monitoring 412 cases

Complete genome 20

Transcriptome 9
Metagenome 124

VFs 13

DB <
Construction =

Complete genome 10

Transcriptome 4
Metagenome 4

VFs 13

® HGTree DB construction

Complete genome 19

_— ® Monitoring 93 cases WGS >83
Transcriptome 8
Complete genome 22 Metagenome 188

VFs 11

Transcriptome 7
Metagenome 174
~ VFs 10

------® Monitoring 336 cases

e Monitoring 320 cases FORC SNPing Complete genome 29

WGS 585
Transcriptome 8
Metagenome 272

pipeline program e

Comp. genome 100 Copyright 1
Final WGS 1,168 Patents 2
Transcriptome 3 Patent applications 20
Resu Its Metagenome 762 SCl papers 4
VFs 57
_______________________________________________________ ..
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Application of FP Omics Study

«FP biomarker identification

«Korea-specific FP genome
information

«FP genome evidence for
epidemiological study

 Detection of VFs

*FP VF gene expression
pattern study in
specific food samples

1-specific FP metagenome
gion or season-specific FP metag
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WGS-based GenomeTrakr SNP Analysis for Rapid ID of FP

CFSAN SNP Pipeline (2014-15)

Documentation: http://snp-pipeline.rtfd.org

Source Code: https://github.com/CFSAN-Biostatistics/snp-
pipeline

gpT U

y N Pettengill JB, Luo Y, Davis S, Chen Y, Gonzalez-Escalona N, Ottesen A,
Rand H, Allard MW, Strain E. (2014) An evaluation of alternative
\ methods for constructing phylogenies from whole genome
sequence data: a case study with Salmonella. Peer]) 2:e620
3 http://dx.doi.org/10.7717/peerj.620

Strain E. (2015) CFSAN SNP Pipeline: an automated method
for constructing SNP matrices from next-generation sequence
data. Peer] Computer Science 1:e20

Single Nucleotide Polymorphism (SNPs) https://dx.doi.org/10.7717/peerj-cs.20

g Basic concept for SNP analysis
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Comparative SNP tree analysis using WGS is a key method for rapid ID of FPO



Advantage of GenomeTrakr WGS/SNP Pipeline over Traditional PFGE
Analysis

PFGE

Number of Cases

40

35

30

25

20

Contaminated food
enters commerce

| .

6.

Timeline for Traditional Approach
to Foodborne lliness Investigation

WGS/SNP

Identify contaminated food
and confirm that product or
environmental sample
get PFGE pattern from PFGE pattern matches the
clinical samples clinical sample pattern

Source of contamination
identified too late to
prevent most illnesses

Identify illnesses and

| |”||II|I||
32

|I||l
20 24

LA i Ll.A...ll il | i o
Days _/g

In the initial outbreak, CDC try to identify illnesses n 1.
and isolates original FP strain from clinical sample
for PFGE analysis
PFGE pattern is obtained from the strain in clinical 2
sample
Contaminated food is identified by CDC/FDA/FSIS
and FP strain is isolated from the food sample 3.
PFGE pattern is obtained from the strain in food 4.
sample
The PFGE patterns between clinical and food

isolates are compared for matching

Source of contamination is finally identified

0
Contaminated |

TARGET: Timeline for Foodborne Iliness Investigation
Using Whole Genome Sequencing

FDA, CDC, FSIS, and States use WGS in
real-time and in parallel on clinical, food,

and environmental samples

Source of contamination
identified early through WGS
combined database queries

4

(L Averted liin

32

Days

In the initial outbreak, CDC/FDA/FSIS isolate
potential FP strains from clinical and food samples
at the same time

food enters
commerce

38 40 44 48 52 56 80 64 68

i Illll
20

4 8 12 16

24 28

. WGS is performed using NGS and then original FP

strain is identified with WGS DB, which is present
in both samples

Source of contamination is finally identified

For further epidemiological study, SNP analysis is
conducted with WGS data and then FP strain is
confirmed in the SNP-based reference tree with its
SNP pattern

— It is possible to prevent the propagation of
foodborne pathogen before outbreak

— It is too late to prevent the propagation of food
outbreak

(&)



Evaluation of FORC SNPing Pipeline vs. PFGE/GenomeTrakr Pipeline

FORC SNPing pipeline was evaluated with 55 S.
Enteritidis strains from Minnesota and Ohio, USA
WGS was obtained and SNP tree analysis was
conducted
: PFGE pattern analysis is impossible to
determine the original outbreak for specific FP
: SNPing pipeline analysis can determine the

original outbreak for specific FP in SNP tree

3 MoK
FORC SNPing

Accuracy

True Positive
True Negative
False Positive
False Negative

Sensitivity

Specificity

USs FDA
CFSAN SNP pipeline

49,483 / 50,000
479,815,994 /
479866000

49,358 / 50,000

479,815,995 /
479866000

517

99.0%
99.9%
99.9%

SNP tree { s

MDH-2014-00251
MDH-2014-00202
MDH-2014-00212 =
MDH-2014-00210
MDH-2014-00208 (A)

MDH-20

PFGE patterns

M JEGX01.0004
W JEGX01.0005
[ JEGX01.0021
W JEGX01.0009
W JEGX01.0034
M JEGX01.0002 ]

MDH-2014-00209
MDH-2014-00225 -
MDH-2014-00223
MDH-2014-00220
MDH-2014-00222
MDH-2014-00228
MDH-2014-00219
MDH-2014-00218 -

— MDH-2014-0022¢
—L_ MDH-2014-00231

Outbreak 3, 2003.06~07 (MN)

Outbreak 1, 2000.09 (MN)

14-00211

Qutbreak 2, 2001.05 (MN)

014-00224

-2014-00205

MDH-2
MDH-2014-00216
MDH-2014-00233
—— MDH

|: MDH-2014-00221
MDH-2014-00204

[~ MDH-2014-00215

[ JEGX01.0019
M JEGX01.0050
W JEGX01.1077
W JEGX01.0094

— MDH-2014-00
MDH-2014-00235
LE MDH-2014-00243
MDH-2014-00245
MDH-2014-00250
{ MDH-2014-00249
MDH-2014-00256

-[ MDH-2014-00255

MDH-2014-00239
MDH-2014-00244
MDH-2014-00242
MDH-2014-00240
MDH-2014-00238

— MDH-2014-00246

0.08

MDH-2014-00254
MDH-2014-00253
MDH-2014-00252
MDH-2014-00234

— MDH-2014-00213 (A)

L MDH-2014-00247

MDH-2014-00207
MDH-2014-00203
MDH-2014-00214
MDH-2014-00206
MDH-2014-00217

ML 0248
iy -

0236

break 4, 2003.10~11 (MN)

Out
232
(C)

JOutbreak 6, 2014.01~02 (MN)
JOutbreak 7, 2014.01~02 (OH)

- MDH-2014-00241 (C)

(D)

] Outbreak 5, 2011.08~09 (MN)

Prerequisites for enhanced accuracy of SNP tree analysis

» Various reference genome sequences with high accuracy and fidelity are required

» Massive WGS information and correct outbreak history are required

» Highly accurate reference SNP tree should be constructed

» Optimized NGS facility and most recently updated SNP pipeline program are required




Summary

1. Omics study for foodborne pathogen is required for advanced food safety

Accumulation of complete genome sequences as reference genomes is important for accurate
identification of foodborne pathogens

Transcriptomics study is required to understand virulence factor gene expression in specific food
environments for regulation of virulence and toxicity in foodborne pathogens

Metagenomics study is required to elucidate composition and population of foodborne pathogens
in specific foods for prevention of foodborne outbreaks by control of the food consumption

2. SNP analysis using WGS is required for practical application and further
epidemiological survey

Accumulation of whole genome sequences of various foodborne pathogens and their outbreak
history are needed to overcome the limitation of PFGE analysis

WGS-based SNP analysis data should be collected in database and the reference SNP tree
should be constructed with the most updated SNP profiles

FORC SNPing pipeline program is more sensitive and faster for identification of foodborne
pathogens and their epidemiological survey than GenomeTrakr CFSAN pipeline program

3. Further SNP analysis study is important to improve efficiency and accuracy

WGS data in all public databases and WGS of more than 6,000 foodborne pathogens will be
collected for update of SNP database in FORC DB

FORC SNPing pipeline program will be more optimized and upgraded for analysis service
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