Seedx

Astonishing results
In a variety of
applications

—
Seed Production ﬂ



http://www.seed-x.com/

ﬁ:e;(;juction Seed‘x
fﬁ]n Hybrid Classification

AR Confusion matrix of hybrid tomato seeds

Target: Classify tomato hybrids, based on seed phenotypes

Eight tomato hybrids, were grown in the same greenhouse, over the same season.

All seeds were treated according to common industry practices.

Thousands of seeds from each variety were analyzed using Seed-X unique GeNee™ technology.
For each hybrid, images were split randomly into two groups: 90% training and 10% test.

This process was repeated 10 times.

The Seed-X technology was used to predict the seed hybrid for the test set images.
For each seed image of these sets, the Seed-X technology outputs the probability of the seed to

belong to the trained hybrids.

A confusion matrix was plotted to visualize the similarity between different varieties.
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ﬁf:(;juction Seed‘x
fﬁ]n Hybrid Classification

AR Confusion matrix of hybrid tomato seeds

Target: Classified tomato hybrids, based on seed phenotypes

Eight tomato hybrids, were grown in the same greenhouse, over the same season.

All seeds were treated according to common industry practices.

Thousands of seeds from each variety were analyzed using Seed-X unique GeNee™ technology.
For each isoline, images were split randomly into two groups: 90% training and 10% test.

This process was repeated 10 times.

The Seed-X technology was used to predict the seed isoline for the test set images.
For each seed image of these sets, the Seed-X technology outputs the probability of the seed to

belong to the trained hybrids.

A Confusion matrix was plotted to visualize the similarity between different varieties.

Confusion Matrix Results

This Confusion Matrix represents Seed-X GeNee™ E;::Zm“;enem backaround
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Production

Environmental Effect

ﬂﬂ n Genetic identity vs. environmental effect. Different seed
AR lots of same line under varying growing conditions,
location and season, and affected seed phenotypes.

Target: Classification between 2 tomato seed types (F1) grown
under different environments
Genetic identity vs. environmental effect

Two tomato hybrids, A and B, were produced in three locations over four seasons. All seeds were
treated according to common industry practices. Thousands of seeds from each variety were
analyzed using Seed-X unique GeNee™ technology. For each line, images were split randomly
into two groups: 90% training and 10% test. This process was repeated 10 times. Seed-X
technology was used to predict seed for test set images.

For each seed image of these sets, Seed-X technology outputs the probability that the seed

belongs to the trained hybrids. A similarity matrix was plotted to visualize the similarity between
different varieties.

Two tomato hybrids A and B, were
produced in three and four locations
respectively. The above proximity
distribution highlights:

1. Aclear difference between line A
and line B

2. Within each of the lines, the
different seed lots share close
phenotypes

3. A clear separation between the
different lots (location/season).
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Seed SeedXx

Production

an Impurity Detection

D Hybrids & Open Pollinated (OP) Tomato, Pepper, Melon,
Wheat, Corn, Soybean, Lettuce, Cucumber

Target: Detect the level of off-type seeds contamination during
seed production.

Demonstrate the potential to identify off-type seeds within a batch of a
specific (known) variety

For each crop (Hybrid or OP), different varieties were grown in the same field (same conditions
& season) and were compared to each other. All seeds were treated according to common
industry practices. Thousands of seeds from each variety were analyzed using Seed-X unique
GeNee™ technology.

For each variety, images were split randomly into two groups; 90% training and 10% test.

This process was repeated 10 times.

The Seed-X GeNee™ technology was used to predict seed variety (of all trained varieties) for test
set images. Prediction precision and sensitivity measures are given below.

Summary of results

Crop Type # of *Precision *Sensitivity
tested Average Range Average Range
lines

Tomato Hybrid 7 0.97 0.93-0.99 0.87 0.76-0.96
Melon Hybrid 3 0.99 0.98-0.99 0.99 0.98-0.99
Wheat OP 6 0.97 0.95-1 0.91 0.88-0.94
Pepper Hybrid 10 0.98 0.92-1 0.96 0.82-1
Corn Hybrid 7 0.99 0.92-1 0.92 0.81-1
Soybean OP 4 0.98 0.94-1 0.94 0.92-0.95
Lettuce OP 2 0.99 0.98-0.990 0.99 0.98-0.99
Cucumber Hybrid 3 0.99 0.98-1 0.95 0.93-0.96

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)
** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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ﬁreoeguction Seed-x

AA n Hybrids vs. Self-ldentification
D Tomato, Pepper, Corn

Target: Detect the level of self-pollination during hybrid seed
production

Samples of hybrid seeds (from a field of hybrid production), and their female parental lines (self-
pollinated) were taken from a greenhouse/field of hybrid production.

All seeds were treated according to common industry practices.

Thousands of seeds from each variety were analyzed using Seed-X uniqgue GeNee™ technology.
10% of seed images of each variety were split and served as test sets.

Seed-X Genee™ technology predicted seed variety (of all trained varieties) for test set images.
Prediction precision and sensitivity measures are given below.

Summary of results

Crop # of tested Precision* Sensitivity**

pairs
Tomato 3 0.99 0.98-1 0.90 0.87-0.95
Pepper 3 0.99 0.98-1 0.89 0.8-1
Corn 2 0.92 0.91-0.94 0.85 0.80-0.9

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)
** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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Ii:a:(;juction Se e d‘x
AA n Identify Ploidy level

AR Tetraploid vs. Triploid in Watermelon Seeds

Target: Differentiate hybrid triploid watermelon seeds from its
self seeds (tetraploids)

Seedless watermelon hybrids (triploids) are currently produced using manual pollination. Sorting
tetraploid seeds from triploid will facilitate bee pollination for production of these hybrids. Samples of
triploid hybrid seeds and their maternal tetraploid (self) lines were collected from a field of hybrid
production. All seeds were treated according to common industry practices.

Thousands of seeds from each variety were analyzed using Seed-X unique GeNee™ technology.
For each variety, images were split randomly into two groups: 90% training and 10% test. This
process was repeated 10 times. Seed-X GeNee™ technology platform was used to distinguish the
self seeds from the hybrids for each self-hybrid pair. Correct prediction rate was >98%.

Triploid Seeds (Watermelon) Tetraploid Seeds (Watermelon)

Summary of results

Date quantity Tetra Vs. Triploid
Data quantity X
Random choice probability 50%
Current results >98%
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ﬁf:(;juction Seed‘x
AA n GMO Identification

D Distinguishing between GMO and Non-GMO Corn Kernels

Target: Identification of GMO kernels

Samples of GMO corn kernels and their non-transgenic lines were taken from a field of hybrid
production. All seeds were treated according to common industry practices.

Thousands of kernels from each variety were analyzed using Seed-X unigue GeNee™ technology.
10% of kernel images of each variety were split and served as test sets.

Seed-X Genee™ technology predicted seed variety for test set images. Prediction precision and
sensitivity measures are given below.

Summary of results

Line GMO Non-GMO
Precision* Sensitivity** Precision Sensitivity
A 0.92 0.8 0.87 0.89
B 0.97 .87 0.97 0.91
C 0.97 0.88 0.97 0.97
E 0.98 0.92 0.99 0.96
F 0.96 0.98 0.98 0.96
G 0.98 1.00 1.00 0.98
Average 0.96 0.91 0.96 0.93

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)
** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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Production

Biotic Trait Detection

ﬂﬂ n Isogenic Line Classification — Virus, Nematode and

D Fungus resistance

Target: Correlate seed phenotypes with biotic traits

Seeds of isogenic lines, presenting either resistance or susceptibility to different biotic stresses
were grown under the same environmental conditions and in the same season.

All seeds were treated according to common industry practices. Thousands of seeds from each
variety were analyzed using Seed-X unique GeNee™ technology.

For each variety, images were split randomly into two groups, 90% training and 10% test. This
process was repeated 10 times. The Seed-X technology was used to predict seed isoline based on
the test set images. The percentage of correct predictions for each line is presented at the table
below.

Summary of results

Crop Trait Group Sub Trait Precision* Sensitivity**
Tomato Virus TSWYV resistance 1 0.95
Tomato Virus resistance TYLCV resistance 1 0.96
Tomato Virus TMV resistance 0.96 0.94
Tomato Nematode Gene 1 0.97 0.92
Tomato Nematode Gene 2 0.96 0.9
resistance
Melon Fungus resistance Powdery mildew 0.97 0.89
resistance

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)
** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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Ii:a:(;juction Se e d -x

Consumer trait Detection

Isogenic Line Classification - Fruit Color, Shape,

Al
AR

Target: Correlate seed phenotypes and consumer traits

Size, Structure

Seeds of isogenic lines, presenting different consumer traits were grown under the same
environmental conditions and in the same season. All seeds were treated according to

common industry practices. Thousands of seeds from each variety were analyzed using Seed-X
unique GeNee™ technology.
For each isoline, images were split randomly into two groups: 90% training and 10% test.
This process was repeated 10 times. The Seed-X technology was used to predict seed isoline
based on the test set images. The percentage of correct predictions for each isoline is

presented here.

Summary of results

Crop Trait Group Sub Trait Precision* Sensitivity**
Tomato Fruit color Purple/red 0.99 0.83
Tomato Fruit color Orange/red 0.95 0.69
Tomato structure Round/oval 0.93 0.9
Tomato structure Compact plant 0.82 0.71
Melon Fruit color Pale 0.96 0.96
Melon Flesh color Flesh 0.99 0.99
Melon Structure Shape 0.9 0.81
Melon Taste PH 0.91 0.81
Pepper Color Red/yellow 0.99 0.96
Pepper Fruit size Small/large 0.99 1
Pepper Structure Determinate 0.92 0.89

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)

** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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ﬁ:e;(;juction Seed-x

fﬁ]n Germination Prediction

E Germination Enrichment in Tomato

Target: Detect non-germinate seeds in low germination seed lot

Seed-X received an unsellable tomato seed batch with a germination rate of 58%.

GeNee™ technology was trained to distinguish between germinating and non-germinating seeds by
analyzing seed images captured by GeNee™ Detect. Once trained, GeNee™ technology was
eligible to predict germination. Germination prediction scores were assigned per seed and conjointly
with a tunable Decision Threshold used to generate two models balancing precision (percentage of

germinated seeds in the final batch) and sensitivity (percentage of seeds that were marked).

Phenotypes

Prediction Germinating Non-Germinating Sum
Germinating 79 7 86
Non-Germinating 2 66 68

Sum 81 73 154

56% 92% 98%
Initial Germination Rate ~ Germination After Sensitivity*
Seed-X Refinement
86/154=0.56 79/86=0.92 79/81=0.98
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* Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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ﬁ:e;(;juction Seed-x

fﬁ]n Germination Prediction
E Germination Enrichment in Pepper

Target: Detect non-germinate seeds in low germination seed lot

Seed-X received an unsellable pepper seed batch with a germination rate of 82%.

GeNee™ technology was trained to distinguish between germinating and non-germinating seeds by
analyzing seed images captured by GeNee™ Detect. Once trained, GeNee™ technology was
eligible to predict germination. Germination prediction scores were assigned per seed and conjointly
with a tunable Decision Threshold used to generate two models balancing precision (percentage of

germinated seeds in the final batch) and sensitivity (percentage of seeds that were marked).

Phenotypes
Prediction Germinating Non-Germinating Sum
Germinating 141 8 149
Non-Germinating 44 28 72
Sum 185 36 221
84% 95% 76%
Initial Germination After Seed-X Sensitivity*
Rate refinement
185/221=0.84 141/149=0.95 141/185=0.76

. Germinating
@ Non-Germinating

() Germinating-rich area

iy -2 2 4

* Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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Production
Germination Prediction

Precision vs. Sensitivity

Al
AR

Example: Increasing 62% germination to 95% is coupled with 100%
to 85% reduction in sensitivity, translated to 44% waste

.
Calculation
= In 62% germination, of every 100 seeds only 62 germinate. Sensitivity is 100% and waste is 0%.
= Setting 95% precision results with 85% sensitivity (see plot below)
= 85% Sensitivity — of 62 germinating seeds, 53 are recovered (0.85*62=53)
= 95% precision — of every 100 seeds, 56 seeds (53/0.95=56) are collected, resulting in a
waste of 44%

Precision as a function of Decision Threshold

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6

Precision

Sensitivity as a Function of Decision Threshold

1
0.95 \.‘

0.9
0.85
0.8
0.75
0.7
0.65
0.6

Sensitivity

Decision Threshold

* Precision: Rate of seeds-of-interest of all seeds predicted as such (including false positives)
** Sensitivity: Rate of seeds-of-interest predicted as such of all seeds-of-interest (including false negatives)
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