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1. In 2024, the National Seed Institute of Uruguay (INASE) and URUPOV (Uruguayan Plant Breeders
Association) entered into a formal cooperation agreement with the objective of studying and validating an Al-
based seed scanning technology (ZoomAgri) capable of identifying varieties from digital images based on
morphological characteristics, comparing its results against established reference methods (field trials
conducted under UPQOV Test Guidelines and molecular marker analysis). The algorithm currently covers 83
wheat, 11 barley and 111 soybean varieties.

2. For wheat, a total of 934 samples were analyzed across both institutions (394 by INASE, 540 by
URUPOV). Reference samples were identified with 100% accuracy. A large-scale monitoring of farmer-saved
seeds (370 samples) showed 92% concordance with producer declarations. Among the farmer-saved seed
samples analyzed by INASE, 9 discrepancies were detected, where scanner-based variety identification did
not match producer declarations. These discrepancies were subsequently confirmed through field trials
conducted according to UPQOV Test Guidelines.

3. For barley, INASE evaluated 11 samples of certified seeds across 7 varieties and obtained correct
identification in all cases, with zero discrepancies.

4. For soybeans, INASE analyzed 667 samples across 20 varieties and URUPOV analyzed 490 farm-
saved samples across 32 varieties. Results are validated against a 32 SNP molecular marker panel. Using a
similarity threshold of 85%, optical scanner results showed over 97% concordance with those obtained from
the 32-SNP marker panel. Divergent lots remain under active analysis.

5. As a primary conclusion, the tool operates as an early screening method, enabling high-throughput
variety identification for PVP enforcement, management of variety collections and field trials; at lower cost than
molecular testing. Samples diverging from the declared variety are referred for confirmation through field trials
or the 32 SNPs panel.

6. This public-private model offers a replicable framework for UPOV members seeking to modernize their
PVP enforcement systems.

7. The annex to this document contains a presentation “Validation of an Al-Based Method for Varietal

Identification”, made by an expert from Uruguay and the Uruguayan Plant Breeders Association (URUPQV),
at the fourth session of the TWM.

[Annex follows]
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Validation of an Al-Based
Method for Varietal Identification

Wheat, barley and soybean seeds using optical markers

A public—private validation & enforcement project developed in Uruguay

June, 2026

POV

This presentation includes content and visual elements
generated with the assistance of Al

CONTEXT
Cooperation agreement to validate optical markers for PVP enforcement

A validation case for scalable, legally defensible varietal identification.

2024 MoU: INASE - URUPOV

Validation of Al-based scanning technology for varietal
identification in wheat, barley and soybean seeds, based
on morphological characteristics.

Core validation question - ? -

Can an Al-based optical scanner provide a reliable,
scalable and legally defensible pre-screening tool for
varietal identification?

—

S D;corcd by experts from Uruguay | INASE - URUPOV
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METHODOLOGY

A tiered validation architecture for accuracy and enforcement

@ TODAY: Optical screening is positioned as a scalable pre-screening layer, not a substitute for confirmatory evidence.

® TOMORROW: Optical screening will be positioned as a confirmatory evidence

Sample intake

Certified and farmer-saved
seed lots collected by
INASE & URUPOV.

@ Optical scan

High-resolution imaging
and Al/loT analysis of
seed morphology.

@ 85% threshold

Operational concordance
criterion for screening
decisions.

04 Flagged lots

Divergent lots routed to
confirmatory testing

Reference proof

SNP panel and/or UPOV
TG field trial used as
needed.

: Optical scan — varietal screening — concordance 285% v pass | divergent lots — SNP panel and/or UPOV TG field trial
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METHODS

Technology and reference methods used in the validation

Each method has a defined role in the evidence chain.

@700MAGRI

Optical Scanner
ZoomAgri

« High-resolution seed image capture at
industrial throughput

* Al/CNN morphometric analysis: shape, size,
colour and texture

* ~300 seeds per sample; output is predicted
variety + confidence score
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UPOV TG

DUS-compliant trials under UPOV Test
Guidelines
Morphological descriptors assessed by trained

experts
Reference method for contested identifications

SNP4 SNPS

Sample 1
Molecular Markers
32-SNP panel

* SNP genotyping panel custom-designed per
crop

* Gold standard for soybean identity verification
 Confirmation pathway for divergent lots
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VALIDATION DESIGN
Scope of the validation: crops, samples and reference methods

A consolidated dataset across wheat, barley and soybean was used to test operational performance.

samples across three

crops
7

The validation combines
certified seeds, routine
enforcement samples ( ),

d

ani
confirmatory methods to build
an operational model.
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Soybean

934 samples

1.157 samples

83 varieties in the scanner reference database

11 varieties in the scanner reference database

111 varieties in the scanner reference database

RESULTS

Wheat: high accuracy in reference samples and field monitoring

Large-scale wheat monitoring demonstrates the value of high-throughput pre-screening.

Wheat

samples

FSS + Certified
seed
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(83)

varieties

screened

INASE - URUPOV

92%

FSS monitoring

100%

reference samples
Certified Seeds

Matched declared

All matched
variety by farmer

declared variety

Key finding:

100%

divergent lots

Confirmed through

Guidelines field trials.

Divergent lots were confirmed through UPOV Test Guidelines field trials, supporting the scanner’s role as an efficient

enforcement pre-screening tool.
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RESULTS
Barley and soybean: compliance checks and molecular validation

The same architecture can be adapted to different crops and enforcement contexts.

Soybean
667 + 490 32 (111) >97%
Match

[
(1) 100%
INASE URUPOV Varieties wIMM
validation

compliant

] Cert. & FSS FSS samples screened
N samples
variety
>97% preliminary optical concordance above 85% threshold

varieties

samples
screened

certified seed

*Divergent soybean lots are being confirmed through the molecular marker
pathway and may be incorporated into enforcement proceedings.
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PVP ENFORCEMENT PIPELINE
Operational workflow for screening, verification and regulatory action

A replicable step-by-step pathwaty integrating optical screening, data comparison and confirmatory evidence.

G (3% &) (=

@)

a)

Infrii &

Sanction

[ 1) (
Data Comparison Possible C
Sampling plan Certified and FSS The sample is Resllts are crosschecked A forral complaint may Depending on the crop
seed lots collected analyzed using the with farmers” declarations be submitted to INASE and result, verification is
and databases to verify for action or direct carried out through
molecular markers or

by crop.
by INASE & URUPOV.

Planning Sample Intake Scanner Analysis

optical marker
scanner. the legal origin of intervention.
the seed. field testing.

I URUPOV
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If inconsistencies are
confirmed, economic
sanctions are applied.
In serious cases, details
of the infringement are
published on the
INASE website.
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CONCLUSIONS
What has been validated so far

Reliable high-throughput pre-screening

Optical markers showed 100% accuracy on reference samples and very high Core message
concordance in large-scale monitoring.

Robust multi-layer validation @® Optical markers are a cost-effective, rapid, easy-to-

The optical — SNP — UPOV TG field trial architecture supports technical confidence use and accurate technique for enforcement
and legal defensibility. R
activities.

Operational threshold established

An 85% scanner concordance threshold has been set as the operational criterion for ® They do not replace reference methods.
enforcement pre-screening.

Replicable public—private model ® They are enabling scalable pre-screening and better

Public/Private initiatives demonstrates a cost-effective model. prioritisation of confirmatory testing.

Cost-effective, quick & easy to use

The technique is inexpensive to operate, fast in routine screening, simple for operators,
& practical for day-to-day enforcement activities
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VALUE CREATION

figures of seed use by crop & origin | IP Recognition

| 97% [
-

Certified seed Farmer-saved seed (FSS)
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Thank you!

Validation of an Al-Based Method for
Varietal Identification

[End of Annex and of document]
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