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GREEN FORENSICS: WHOLE GENOME SEQUENCING APPROACH FOR PBR ENFORCEMENT
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Green Forensics:

Whole Genome Sequencing approach for
PBR enforcement

Fraud in horticulture

1. lllegal propagation of seeds or plants and commerdalize under different
name.

12,5% of all horticultural productsis propagated iliegally.

This percentage can even increase dependent on: ‘ Q‘;.
- manner of propagation

- location ﬁ

2. Repeated cropping = e .
Misusethenameof agood and popular
varietyto sell plants or seeds of inferior

quality using thisname. (fake logo’sand

packages).




BMT/15/23
Annex, page 2

Search for fraud

RAl, AIB en Breeders’
Trust

Crime Plant Investigation jFesiysene

plantworld

BREEDERS TRUST

Variety Tracer

Genetic analyses for PBR enforcement

The “Sherlock
Holmes’ concept
in infringements

£
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Limitation of current technology

Green Forensics

Old - 1.0

Technology
development

1.0 m) 2.0
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From Variety Tracer 1.0 to 2.0

Replace current DNA fingerprint technology by new technology based on
High Throughput Sequencing (HTS)

* more information = better resolution

* Higher discriminative power

* Co-dominant instead of dominant

* Better representation of the total genome (total DNA)
* More reliable

+ Generallyapplicahle

* Cost effective

Variety Tracer 1.0 Variety Tracer 2.0

Green Forensics

Selection of crops

Tomato 200 Mb  diploid refG proof of principle
- Cucumber 200 Mb  diploid refi (=Chinese long)
.® [ose 560 MB  tetrmaploid no refs
Lettuce 27Gb  diploid ref-dssembly
¥ Tulip 225 Gh  diploid no ref

\
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Approach - step by step

* Selection of varieties, growing and DNA extraction
* Sequencing
* Mapping against Reference genome
* Determine Informative positions
* Construction of database

— 19 accessions/varieties; 5 replica’s (training set)
* Visualization — built visualization tool MD5

* Testing and validation

— Different types; genetically closely related
varieties; different Lots of same variety; mutants;
seedlings...e.g.

“Wetlab” Pipeline

Selection of varieties and
sampling

DMNA extraction Fragmentize of DNA

Whole Genome
Sequendng (WGES)

Adapter Ligation Emulsion PCR
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Sequencing: lon Torrent

lon Torrent - output é

R | o s ——T A——_o] -

Run Sumwnary: R_2016_04_08_54_13_9_user_proson-327 KOOI

Raad Summary: Unalgred
1210 » 0,850 508 1620y My 18 by
“w% Read
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57 chipsrun intotal—800 GB
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Data QC and trimming

Check sequence datafor artefacts
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Approach - step by step

* Selection of varieties, growing and DNA extraction
* Sequencing
* Mapping against Reference genome
* Determine Informative positions
* Construction of database
— 19 accessions/varieties; 5 replica’s (training set)
* Visualization — built visualization tool MDS
* Testing and validation

— Different types; genetically closely related
varieties; different Lots of same variety; mutants;
seedlings...e.g.
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Organizing the sequence reads

Sequence data analysis s like: ‘do puzzles’

With or without Example on the cover

?

With referencegenome Without referencegenome
= de novo assembly
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With reference genome

Challenges

Quality of referencegenome
Quality andcoverage(and length of thereads) of sequence data
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Without Reference genome

CONTIGS
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Without referencegenome
= de novo assembly

Mapping results for tomato é

Percariage of readis mapped
80
¥ %
L] . 1 I|||
LI | 1
] [] 1 1.
L1 L LI
| '
#
»r .
“-
s -
i§38:823EIEEEEEELE
@ B B @ B @ B B B gu® @ B B @ & @ @ @

Very high percentage (97-99%) of reads mapped against referencegenome
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Approach - step by step

* Selection of varieties, growing and DNA extraction

Sequencing

inst Reference genome

Mapping aga

Ive positions

Construction of database

Determine Informati

s (training set)

ieties; 5 replica’

— 19 accessions/var

Visualization — built visualization tool MDS

* Testing and validation

— Different types; genetically closely related

mutants;

r

ifferent Lots of same variety

seedlings...e.g.
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Base position analysis

* At each position the read coverage is determined

and the occurrence of each nucleotide as a fraction of read

depth (fraction N; frequency) is determined.

Base position analysis

* There are 3 possible genotypes per position (indiploid).

* A genotype iscalled onlyifall samples (replica’s) of a variety have
the same genotype!

* A ‘tontrast’ is defined as a combination of opposing genotypes.

*  Base positions with contrasting genotypes between two varieties

are selected.
Genonye 2
| fecion | Genawps | Desrien |
o - 02 - Low sbundance

+*
i

04- 06 H Heterozymous
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Tomato: 171 pairwise combinations

Number of positions with contrasting genotypes betweenvariety pairs

S2047 S200d S100d 1005 100 S 002 100 Saadasinde S nGE S0 Sna0d Sn g S i nsana Sannd Sanaqfnnnn
S10497 O 337 310 704 1293 733 EDG0 370 3399 3385 2109 3727 4183 231 111 333 313 737 Eas

10498 o 3 B3 =08 23 138 347 2200 1330 23173 e 1958 IS8 333 237 374 IoE 1ms
S209% o 73 423 193 171 294 1833 1133 1831 337 1300 233 278 IOV 333 93 33
S0 T =3 ZuT USD 398 IEIT ITHA ITES E49 II4m SEe 3@ SO0 SE@3 1@ amd
F35151 o 397 =33 309 3713 3002 3008 713 E2F 349 300 377 1331 S50 384
fa4 103 o =3 0@ 138D 1278 1ZE3 337 1333 20O 423 323 333 oW Im7
2183 O 5321 1330 129% eSS II3 I0A7 53T S023 1879 =es?  2EE 2el
2104 o 3E&7 1239 3297 2m&s 320 139 1319 233 2EE S0e 347
2183 o 23T B33 118 189 3477 9093 4341 73O 151T 2997
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genetic distance

* Genetic distance is calculated based on the original
frequencies (fraction N) of the contrasting base pairs on
85691 positions

* >160.000 contrasting base pairs in this dataset
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Approach - step by step

* Selection of varieties, growing and DNA extraction
* Sequencing
* Mapping against Reference genome
* Determine Informative positions
* Construction of database
— 19 accessions/varieties; 5 replica’s (training set)
* Visualization — built visualization tool: MDS
* Testing and validation

— Different types; genetically closely related
varieties; different Lots of same variety; mutants;
seedlings...e.g.

Visualization - MDS

85691
relevant
positions

>160000

contrasting
bases.
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Re-analyzing the clusters

WA slmnasl Frai by geagtd fdiah WA ramea Framal e egai el

Approach - step by step

* Selection of varieties, growing and DNA extraction
* Sequencing
* Mapping against Reference genome
* Determine Informative positions
* Construction of database
— 19 accessions/varieties; 5 replica’s (training set)
* Visualization — built visualization tool: MD5S
* Testing and validation

— Different types; genetically closely related
varieties; different Lots of same variety; mutants;

seedlings...e.g.
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Testing

1. Cherry and Fresh market tomato (different types) and
several maintenance samples.

2. Tomato growing contest (Harrowgate)

3. Realinfringement case

Cherry and Fresh market tomato
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Cherry and Fresh market tomato

L R T W il Foeiiaasl L by

Tomato growing contest
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BEE o
Harrogate

Now even veg shows are testing for cheats:
Tomatoes in contest will have DNA
examined to ensure they are correct variety

+ Harrogate Autumn Flower Show is using DNA technology to ensure a
£1,000 giant tomato prize is not won by a cheating grower
+ The show is running a Gigantomo class, with a £1,000 top prize at stake

« Organiser will use Dutch specialists to DNA test plants to make sure the
entries are what they claim to be

+ Winner could scoop a further £5k if heaviest fruit sets a new world record

By DALY MAR, REPORTER

as a glant vegetadle contest

Syt the compedtion has grown S0 ferce in one piclure:
DNA testing 10 weed out any Imposters
Adjucic aioes at the Marrogate Autumn Flower Show wi
that entnies 10 their Gigantomo tomato class really are

L.l D
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Unexpected discovery

Low mapping percentage for one sample??
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DMA of Pseudomonas fluorescens: dope??

It works for infringements é
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Current status

Tomato
’ Cucumber
..-.5- Rose
Lettuce
,: Tulp

proof of principie

ref-G (=Chinese Long)

tetraploid no ref-G

27 Gb  dipioid

>25Gb diploid  noref-G
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QualityynHoerucuiiire

[End of Annex and of document]



