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The fresh-cut tomato supply chain
‘l‘lhh‘hhﬁ‘h

Simplified Tomato Distribution Pattern from Farm to Table
Center fo

o

-
El
3
@

i Niﬂ‘:u

rwashmg waxing, packing
D|str|but

(distributor Q)
(product may be co-mingled)

|mponer

3

| Domestic
Farm A 0;{::“?
Packln
Facmty
Tomato

rm D
Packlng

Farm E
rr|‘| Facility
for washing, waxing, packing

lddddds

o
I Internatlonal
untry
Farm G PaCkln ’ Oso P
Ripening

>0
g

Facmty
Yor washing, waxing, packing
|mP0rter

Farm H

slddd4s
yyynn

Packln ‘

| Domestic
O d
0
&rmm m Faclllty
0 for washing, waxing, packing
Farm N Farmers
i 2, -
Markel g

W

Farm |
Packlng
Farm J
n’ﬂ Facility L=
for washing, waxing, packing
Farm K '
X P Tomato -
Distributor Gy
(distributor R)
(product may be co-mingled) 7
(product may

www.fda.gov

Distribuio, on

Chain slcre X

i lM'h
L-»ﬂp.
L e i
‘mvm
e

-NM I i
sm
bra ‘ o 1
d)
fonal Fosen i
L* "

Natlona| Foodseryiee
Distributor M
v,
—

'»-4!"

L

- am
Wi m
-
)
;’ Midwest D{:?:zbel:'«a"

RS e C O
o

[
| R IR

 OF HEALT <,
2,

@FFICE OF
EGULATORY
CIENCE



COMPLEX FOOD VEHICLES

LETTUCE W L e . CROUTONS
Canada, Chile, Domnican ‘ ) ) Argenngusj, 5‘""'*. % Brf;zl_, f.“,anaoa,
Republ, Mo, P, U5 RN o e oo
; Switzerland, Uruguay, USA, Vietnam
\ The Well-Traveled Salad.
Do You Know Where Your Food Has Been?
‘[ As consumers, many of us fail to recognize that even our
domestic and local food supplies are part of a global net-

work. The daily activity of consuming food directly links our
health as humans to the health of crops and produce, food
animals, and the environments in which they are produced.
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A "One Healt approach to food safety—bringing together expertise and resources from the dlinical, veterinary, wildlife health, INSTITUTE OF MEDICINE
and eoolog;! c unities—has the potential to reveal the sources, pathways, and factors driving the outbreaks of foodborne illness OF IHE NAYCRA ACAEMES

andpos)% nt them from ocourring in the first place. NOTE: Countries ars listed in alphabetical arder and not by volume of axport. www lom,edu
_ (Slide courtesy of J. Ostell, NCBI)
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Why develop a WGS-based Network?

» Tracking and tracing of food
pathogens

— Global & Domestic

— Faster identification of the food
iInvolved in the outbreak

* Limited number of investigators
vs. facilities and import lines

* |nsufficient resolution of current
tools

— matching clinical to
environmental samples
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PFGE discrimination level

* Molecular technique that uses
restriction enzymes to cut DNA at
specific locations

* The resulting pieces are then run
on a gel and separate according
to size (with the smaller fragments

—SSEES S moving further).

* Use the banding pattern of the gel
to group bacterial isolates
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Whole-genome sequencing

 PFGE only gives us * WGS has the ability to
information at a give us information at
restriction site based on every position in the
the banding pattern bacterial genome

CCCCCC
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Bacterial
Genome

Very brief overview

l Amplify genomic DNA and prepare for sequencing chemistry
V

“Reads”
(thousands to millions)
(range from 300 bp to 40 kb)

l Assembly Method (many to choose from)
A 4

- Aligned reads

Pl Derived Genome Sequence
i _/
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WGS:
Not all of the genomic sequence is needed

In fact, we expect many of the sites to be the same

SNP = Single Nucleotide Polymorphism

TTGTTGGCAG

ATGTAGGCAG 4 aligned genome sequences
ATGTTGGCAG reduced to 3 SNPs
ATGTTGGCAC



U.S. Food and Drug Administration www.fda.gov
FIL/A

Protecting and Promoting Public Health

¢ ATGTTGGCAGTCCGATGTAAGC
ATGTTGGCAGTCCGATGTAAGC

WGS

Phylogenetic tree
c ATGTTGGCAGTCCGATGTAACC

o ACGGCTAGCAGTCTGATGTATCC

» ACGCTAGCAGTCTGATGTATCC
ACGGTAGCAGTCTGATGTATCC

CTGCTGGTAGTCCTTTGTAACC

e CTGCTGGTAGTCCTTTGTAACC

« CTGCTGGCAGTCGGTTGTAACC

Clusters similar sequences | " ATGCTGGCAGTCCGCTGTAACC
together under the assumption
that it follows evolutionary . ATGGCTGGCAGTCC:GGTGTCACC

history
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FDA’s WGS program

* Most basic application is identifying pathogens from
food or environmental samples and then comparing it
to clinical isolates

 WGS allows better resolution than PFGE in
differentiating related versus unrelated strains
« Key for epidemiological insights

« However, one of the most promising public health
benefits may come from the combination of a
pathogen’s genomic information with its geographic
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FDA’'s GenomeTrakr

* First distributed network of labs to use whole
genome sequencing
« Consists:
* 14 federal labs
» 15 state health and university labs
* 1 U.S. hospital lab
* O international labs
* Independent researchers
« Data curation and bioinformatic support/analyses
provided by National Center for Biotechnology
Information (NCBI)



U.S. GenomeTrakr Labs

| Us. States with Federal, State, University, or Hospital Labs that are
part of the GenomeTrakr Network

ﬁ? NCBI Data Curation Site

© Lab Locations

January 2016 | Mapis not to scale



Labs Outside the U.S. Contributing to GenomeTrakr

Argentina Australia

‘M?

Denmark Germany United Kingdom

___| Countries other than the U.S. with labs contributing to the GenomeTrakr Network

O Lab Locations

January 2016 | Map is not to scale
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Total Number of Sequences in the GenomeTrakr Database
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Minimal pathogen metadata

sample_name What collection_date When
organism
strain/isolate Geographic location  \Where

Category (attribute _package) |

1a) Clinical/Host-associated o G s Ao e
1a1) specific_host '
1a2) isolation_source
1a3) host-disease
OR

1b) Environmental/Food/Other
1b1) isolation_source
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detection pipeline

NCBI Pathogen Pi@

QC

Kmer analysis

Genome
Assembly
Genome
Annotation
Genome
Placement

Public Health
England

NCBI Submission Portal

Clustering

SNP analysis

[@ JOMEN'S HOSPITAL ]';b Tree Construction
Reports /
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Daily phylogenetic trees

] C: Iree, ' PDGLUOUOLOVOVLU1.1/78.reference_target.tree’ 5962 nodes, ZY8Z leavesty H: Iree, YY nodes, 50 leaves | L7 5

=  C Tree, 'PDG000000001.178.reference_target.tree' 5962 nodes, 2982 leaves... [New Project] B 03

Searchiy| veach

NCBI Kmer tree =

" I —{ —
Listeria monocytogenes E

http://www.ncbi.nlm.nih.gov/projects/pathogens ! Y

I 08.85 |
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Example 1:
Global source traceback

In 2012, 410 individuals in the U.S. became sick from
ingesting food that contained S. Bareilly

CDC investigated a multistate (29 states) outbreak

The illnesses were linked to frozen raw yellowfin tuna
(Nakaochi Scrape) which was imported from India

FDA examined the WGS of these isolates and compared
them to previous S. Bareilly events
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S. Bareilly Phylogeny
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FDA1203 SAL2921 Frozen Baila Bangladesh
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-I_ FDA1203 SAL2921 Frozen Baila Bangladesh
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SAL3133 Clinical MD
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NGS distinguishes geographical structure among
closely related Salmonella Bareilly strains
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WGS supports preventative controls

* Permits deep dive to solve persistent/complex
problems in a facility or on a farm

« Comparison of internal WGS results to public
database of food/environmental isolates

* Public software and analysis tools readily available
to industry for viewing of results
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Example 2:
S. Braenderup 2014 pre-outbreak

 In 2014, FDA conducted baseline environmental
sampling in nut butter processing facilities

« Afew of the samples tested positive for S.
Braenderup and a PFGE pattern matched
several cases of recent salmonellosis without a
common link

 WGS was performed on both environmental and
clinical isolates and found to be extremely close
(2 SNP differences)
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ranup 2014 pre-outbreak
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Representative* timeline for traditional
approach (PFGE)

Identify contaminated food
and confirm that product or

Identify i"nesses and environmental sample
40 - get PFGE pattern from PFGE pattern matches the
clinical samples clinical sample pattern
35 -
< FDA/FSIS
30 1 Source of contamination
8 identified too late to
(T .
O prevent most ilinesses
o
& % | Contaminated food /
g enters commerce
2 15 T
10 -
v
. 11
AR I -..-...-...l.l.l.l .................... I..'.'.'.'.'.L%l;#ﬂ—;ﬁlﬁhﬁ—lﬂ—ﬁlﬂ—m
e, 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68

./g % Days Yo

Data is for illustrational purposes and does not represent an actual outbreak CIEnCE
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Representative* timeline using WGS

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

and environmental samples identified early through WGS

40 - . .
combined database queries
35 -
30 -
(%)
@ 25 -
(&}
o 20 _
g Contaminated
£ 5 food enters
= commerce
ol
5 -
0 T
4 8
S
g;r / . . . ancz OF
§< *Data is for illustrational purposes and does not represent an actual outbreak 'Bsccuwcom
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Immediate impacts of WGS to industry,
growers, and distributers, countries, states.

« Earlier intervention means:
* Reduced amount of recalled product
* Fewer sick patients which means fewer lawsuits

* Less impact overall and minimal damage to brand
recognition
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