Imaging Solutions for Seed Banks
Characterlzatlon of Accessmns Durlng Regeneratlon
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COLLECTING is cng of -the ways Teough which o,
Qenebanks cbtan new dversty Jor thew collections oG
Ceneanks penodically mvicw th need 1Ot faw, LNV "-\
dversity and Kentify Qeograph 10gicns snd utes > Y N
where they can cbtain it Collecting espedition: arne
A GENEBANK s —
Genebanks conserve and make available the crop
I I diversity needed to adapt our agriculture to present
T DATA and future challenges. To prevent invaluable diversity

from being lost forever, genebanks follow well
established standards and best practices.

POST-ENTRY
e QUARANTINE

IN THIS STEP, new masarial [eher acquised

via doaation o collecting] is hald in an isolated

faclity 1o assess i phrytosaniary stasus, Le, whethor

s infocied with a pest or disease

Nis observed 1exed and ¥ necessary, reated before
Q e < ser. This imporiant

PICCESS Dravents the sproad of pasts and diseases,

and utimately. safeguards the health of the gene

Dank's coliection
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AR A MIE I\ 3. ACQUISITION

S AT THIS STAGE, the matedal is cleanad, dried, = .
packed and entared into the colection. Intial seee ~=~--__ = W
and .’“--— s body of knowd viabifty & 1es1ed 10 assess the quality of the wed e @
e, NA:N Healhry seods har vested at cpSmum maturity ‘-,‘:- q
> o . and with high vablity g
- - et sases s inbepanaatie e REGENERATION
tong-term
consisrency and Qualty in management and e =
of S THIS 1S A CRITICAL STEP in Qena- - o ue
Mo have a Dank Management in which seed - - T~ et
Aata management sysiom accessions wih ow seed numbers or " " A "
low wiabilty rates <25 for cudivated iy, -
specs] ane sawn in the Nekd ’ =
10 produce freh seeck. which are ’ L f~
then Rowed in turn. Understandng the - -_— "
mating and polination systems of - . ’
SAFETY omwmnmmtvmmw - - o Q‘
mont ations - - —
o DUPL'CAT'ON that the genetic idently and integrity B ’ ,A 7
of the accessions are mantained. o

TO MITIGATE RISK, genebanks safety duplcae
thel colections at two lovels one molam

is placed in actvely ot *
peafarably on a < - ible]
and another is depasited at the Svalbard

Global Seed Vault in Norway.

5. CHARACTERIZATION

THIS STEP often Ocours duting regenesation. As newly
sowWn seeds develop nto plants, thay cisplay various
Chamcierics Ihat make ACcesdions dilTarent feom cach
othar. Ganebant s1aff recosd plant haight. the shape

of leaves, he color of the NMowers and othar plam
chanciesscs following agreed descripgnor Ests. The

GENEBANKS CONSERVE seads in two types of
conditions: the most criginal samples are part of Y
Dade coliection, which i maintainad in long-ten
KRoaQe [LFS] at ~18+3°C, 1523 %X relative humicity|
Sampies in e active collection are mantaned
medium-term sierage (MTS) at 5- lo‘c. 1S43%
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email phane calls, in person and thicugh thoi l
wetdtes. Canedank stadf fulfil requests Dy
selecting samples, packing them in an envelope oe

C humicity. These aure and v hamics -mumoolwnnoommmaﬂdcdvd\nmm
B, and including the required documaentation e —— foQimes Mg achicved using spedialized freelers, - b @9 I heiping users decice which
about the sampiles [country of arigin, plare . Tt = calbinets o tailored cold 1ooms. During this stage, w 1o request These plant descriptions ane akio helpdul
characteristics, condition of use and distribution a4 Qoenebank watl monitor seed qualty and quantty at <o in genebank management 1o detect possibie hybridiza-
etc ) The COrignIment i senm 1o the secipian via 2 0 USERS WPecific lotervals 1o identlly samples ks need of tions between samples or duplcates, as well
e fastest way possibile, usually by courier _—' reQeneration. & acddercal mining
"-.---‘ CENESANK USERS include plant
brewders, tamars, Msearchers
and stucants.

Seeds4Resilience, a five year, EUR 20 million project led by the Crop Trust and funded
by the German government, prowides finoncial ond technical support for the national genebonks
5-(‘;”7;;":':;“ KFW of Nigeria, Zombia, Kenye, Ethiopio and Ghano ta reach international standards of operation, s
- ensuring collections are safe - and avaiable for use ~ aver the long term

S ‘ wi Discover more on www.croptrust.org
L \ l Rl ’) v and donate today to help us
- secure our food, forever.
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"o REGENERATION

THIS IS ACRITICAL STEP in gane-
Dank Mmanagement in which weed
ACCeRUOns with Oow $00d NnuMmbars O
low viabilty rates [«8SX for culivated
specns] are sown n the Neld

L0 produce fraih seadhs, which are

than sored in turn. Undarstancing the
maling and polination systems of
CaCh SOOCHS B NOCELSaryY O Impie-
mant o paer 1eQenarations, ensuring
that the genetic idaertlly and ntegrity
Of the ACCessons are mantaned.
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5. CHARACTERIZATION

THIS STEP often oCours during regenaration. As newly
SOWR S0 Cowaiop No plams, they Slsplay vanious
AAMACIOrHSCS That mak @ CCeisions difTarent from each
othaet, Canebank s1aff record plant haighe, the shage

of leaves, ha color of the Nowers and other plam

A BECS IOOwiIng agreed descriptor ists. The
ImOortance of this step et in the added value 1o the

colleCtions, Q. o heliping users decade which sammpies
10 reQuest These plant descriptions are ko hapiul

in genedank management 1o detedt posshie hybridiza
gons Detwoeoen samphes or duplcates, as well

 atodental mining. /




e CHARACTERIZATION

Genesys

AcceNumb

APPLY FILTERS

s 00008880008 0O

O

Potato

Rice

Ricebean

Sapota

Sesame

Sorghum

Soybean

Spiderplant

Squashes

Sweetpotato

Tomato

Wheat

Yam

LFSHP |~ PUBDEN

Reset

30

173

PUBCOL

Accession data > Directory > Resources > My List (o

and ablotIC STress resIstance) Inunreplicated TIeld eXperiments.

Partner

Crop

Evaluation period
Number of accessions

Number of traits

Wheat characterization data

AfricaRice Africa Rice Center

[ Rice |

January 12009 — January 12018
8,994

50

Partner

Crop

Evaluation period
Number of accessions

Number of traits

PUBTYP -~ | PLHTR1 |~ | PLHTR8 | ~| NOPBRN

CIMMYT International Wheat and Maize Improvement Center
| Wheat \

Date not provided — Date not provided

14,145

13

LODGE |~ DAYSFLO ~ | CORCOL | ~| MATURE |~ NOPODS |~ SDNO

| V1026010
V1026011
V1026013
V1026014
V1026016
V1026017
V1026018
V1026019
V1026020
V1026021
V1026022

VW W Wwwwwwwuu

NSNS N N N N N N NN

)

W N NN WU WwWwwn e

WP P WWwWwwRr P Www

1 314 48
2 32.8 354
2 37.4 46
3 15 15
2 17 13.6
1 22.4 23.4
3 19.6 18.6
1 24.6 27.4
2 22.4 26.6
3 37.6 33
3 26.4 22.2

3.2
3.8

3
1.7
2.3
1.8
2.4
1.5
2.2
2.1
2.5

1 41 7 5 22.4
1 37 3 5 34.3
1 37 7 3 27
1 37 7 3 18.9
1 41 7 5 10.8
1 37 3 5 25
1 34 7 5 13.4
1 36 7 5 253
1 37 7 3 27.5
1 34 7 7 211
1 36 3 7 26.6

2.4
2.4
2.4
2.3
2.3

2.3
2.5
2.7
21
2.1




BREEDERS VIEW — SEED BANK CUSTOMERS
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Gene bank The (Pre-)breeding pipeline continuum

Define the fraction Hybridize champions Accelerate fixing of “Novel” parent for
‘ of the diversity that to “game changing” useful alleles and breeders’ crossing
y \ ......... ismostuseful divemsity .. BVRABUBIOY /
(o) )

Yol diseases ! (XX
P T o+ Q

[ Define the goals for] { Define champions ] “Novel” segregating ~ New variety derived
)

Breeding

1)

pre-breeders: which germplasm populations for from “novel”
traits? breeders to select diversity

...............................................................................................................

Langdon set (NDSU, Fargo)

icarda.org Shivali et al. submitted. Introducing beneficial alleles from plant genetic resources into the wheat germplasm



BREEDERS VIEW — SEED BANK CUSTOMERS
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Nursery Trial

Preliminary

Yield Trial There's no generic breeding cycles, it changes from one crop to another /

o

Advanced I
Yield Trial \.’
a

Phenotype =|Genotype X Environment

Whatever your crop or breeding stage, phenotyping helps
better understand G x E interactions to improve

decision-making

Evaluate the impact of
environmental factors on the
germination and development
of each variety



Drones Rovers (PhenoMobile) Handheld (Literal)
1,000 to 50,000 plots 1,000 t0 10,000 plots 30 t0 1,000 plots

Standard traits Intensive sampling High Resolution
High Throughput Moderate Throughput Moderate Throughput
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0 Max Plan Hoight Hetaro, 22
0 Max Plan Haight (m) 165
8 Sunflawer Flower Count 97
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Characterization of Accessions — Image Acquisition Vectors
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Drones Rovers (PhenoMobile) Handheld (Literal)
1,000 to 50,000 plots 1,000 to 10,000 plots 30 to 1,000 plots

Standard traits Intensive sampling High Resolution
High Throughput Moderate Throughput Moderate Throughput




TRAIT EXTRACTION— 6 DIMENSIONS OF PHENOTYPING

Line Scan

2D Imagery

M (measurements)

3D imagery

SIPIEAEY

Spectral Range

Spectral Image

Angle of
Orientation

Time

Threshold

G

RIS T IO I 27 I R I I )

K P EFF P

LA A i i A
Date

=




IMAGE ACQUISITION VECTORS

MANUAL GROUND TRACTOR MOUNTED

DRONES IMAGING SYSTEMS SENSOR ARRAYS

ﬁ:rictionlesi,s \ 4 I / \

High-throughput ngh-reso!utlon High-intensity

Phenotyping Phenotyping Sampling

» Fast efficient image « Higher resolution imagery
acquisition « Uncover new traits with compared to drones

« Automated processing high-resolution capabilities ° On—s.|te processing '

« Multi-sensor configuration + Automated processing * Multi-sensor configuration

« Applicable forin situ « Light & easy to operate « Tailored for stress-related
conservation and  Fixed sensors (RGB + NIR) plant research

regeneration




*+ Throughput

N

= Throughput

Satellite

Drones

PhenoMobile

= Resolution
®

v

+ Resolution

IMAGE ACQUISITION VECTORS — SpaTIAL, SPECTRAL AND TEMPORAL RESOLUTIO

/l""l"

Comparison matrix for wheat trial assessment:

Throughput
(plots/hour)

Resolution
(ground/pixel)

Sensors
(bands)

Traits
Accessible

Price

Satellite

$

No limit
(up to 25km?
Every day)

3m
(at 475 km high)

RGB + NIR

©

Drone

@

22

10 000
(up to)

3,5 mm
(at 13 m high)

RGB +
ALL MS BANDS

®
$ %

Literal®

150
(up to)

0,36 mm
(at 1,8 m high)

2 RGB + NIR

OO
$ %

PhenoMobile

400
(up to)

0,1 mm
(at 1,5 m high)

RGB, MS, LiDAR
THERMAL,...

Ay

$$%5%




IMAGE ACQUISITION VECTORS — FusiNG DATA FROM MULTIPLE VVECTORS

Zone of interes
Investigate the zone in detall

to characterize accessions
at appropriate spatial,

temporal and ...







TRAIT EXTRACTION— PHENOLOGICAL STAGE DETECTION

Sunflower trial

% % TN

Early Cultivar -
Already flowered
plot — Stage F2

...........

o

=

Late Cultivar -
Not flowered
plot — Stage E4

stage




TRAIT EXTRACTION— DISEASE DETECTION

Sugar beet trial
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Infested plot Healthy plot




TRAIT EXTRACTION— EARLY VIGOR / SPEED TO CANOPY CLOSURE

Soybean trial

Canopy Area:
567 cm?

Canopy Area:
2037 cm?

A



TRAIT EXTRACTION— FLOWER COUNT AND DYNAMICS

=

Descriptions :

[ Inflorescence] [ Flowering ] [ Ripening ]
’ o/ % [3EEsses) of sunflower heads provided:

- Sunflower-Bud: corresponding to
head bud emergence till petals
appearance;

nflower- Flower: corresponding to

|
!
|
|
!
|
|
|
: : e
) ﬂowerlng stage till head turning;

Q
umuﬂu - Sunflower-Seed: corresponding to
— ! : ) ripening stage till senescence
Sunflower-Bud Sunflower- Flower Sunflower-Seed beginning.



Drone Production Traits - Crop x Trait Matrix

hiphen

Agricultural Imaging Solutions
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Traits

Plant Count

. Border & Ga
Trial P

Quality Plant Lodging

Plot Heterogeneity

Green Cover

Greenness

Canopy

Development [akicad

Maturity/Senescence

Height & Biovolume

Proxy

Leaf Area Index

Chlorophyll Content

res Specific
ght Protocol

L?\\#./

Vegetation Indices

Harvest index
& Quality

Organs Count

Organs Density

o Plot Area

jh Resolution

A\

RGB
RGB
RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
RGB
RGB
MsS
MS

MS

RGB
RGB

RGB [ MS

Wil

N/A

RGB
RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
RGB
RGB
MS
MS

RGB
RGB

RGB [ MS

vA NOT AVAILABLE

@
N7

x \r .
OSR/Canola
N/A

RGB

RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
RGB
RGB
MS
MS
Ms
N/A
N/A

RGB [ MS

> ¢ @
m m
RGB RGB RGB

RGB
RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS

RGB

RGB
MS
MS
MS
N/A
N/A

RGB [ MS

RGB
RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
N/A
RGB
MS
MS

MS

RGB
RGB

RGB [ MS

RGB
RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
RGB
RGB
MS
MsS

RGB
RGB

RGB [ MS

*ASK OUR ENGINEERS

L‘

{

RGB
RGB
RGB [ MS

RGB

RGB | MS
RGB
RGB [ MS
RGB [ MS
N/A
RGB
MS
MS
Ms
N/A
N/A

RGB [ MS

@

“

Veg
RGB
RGB
N/A
RGB
RGB [ MS
RGB
RGB [ MS
RGB [ MS

RGB

RGB
MS
MS
MS
N/A
N/A

RGB [ MS

/‘llm"

RGB
RGB

RGB [ MS

RGB

RGB [ MS
RGB
RGB [ MS
RGB [ MS
RGB
RGB
MS
MS

MS

RGB
RGB

RGB [ MS
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Literal Production Traits - Crop x Trait Matrix
Literal: High‘%\gﬁgsolﬁf?on t;@it ex%;actiog ‘&e

(  New Crops
Trait x Crop Barley OSR/Canola Sugar Beet Potato Coming Soon
g o Y
4 4

ase

. Plant Count 4
Trial _
ualit i i
oy O . s e e ow
)
) ) 2025
Plant Cover V V { V ’ Coming Soon... Coming Soon... Q
Canopy .
Development Early Vigor V ) V Coming Soon... Coming Soon... Coming Soon...
Q3 2025
Plant Height V V Coming Soon... Coming Soon...
Biomass -
Proxy Leaf Area Index “ “ Coming Soon... Coming Soon... ’ l
Bl v (v viiv ]v]
% i Q3 2026
Orgqn Count Head Count Head Count Pod Count N/A N/A
Harvest Index AN ), _J
& Quallty Organ Density Head Density Head Density Pod Density N/A N/A
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C @ WorldMap o8 Analytics [ Campaigns €% Monitoring [& Glossary &9 Upload
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@ WorldMap ol Analytics [ Campaigns @8 Monitering [& Glossary & Upload

iy TN =

@
‘ '» )

Main Demo

é MAS_860L modality_6

__ X Mean T Max 5 % e SRPRN SRB S

f@Plant Biovolume(m?) 8226 924 1032 s e ooy
2@ Max Plant Height Hetero, 2.2 297 37 ;

.r"‘ D R VA AT ES

i N xR TR e
@ Max Plant Height (m) 1.65 1.69 1.74

£ PR g *l‘u"ﬁ'.';“-z. 4 i-

@@ Sunflower Flower Count 97 119.25 141 N RS NN et
e pa “ oo

L2
e b Yk i

Replicates (4)
23TE43 Y19X...

23TE43_Y14X007

Creen Cover Heterogeneity

23TE43_Y06X002

23TE43_Y14X003




Cloverfield Platform — Researcher Eye Rating Tool

rld Map Analyti

FMain Demo @ Plots 1372047 | Taay n
P &Sunllower - LAV - 14 B 14 Varielies 35435 =u Le

Jun Jun
13 23

m & Download results | Gonotype Analyzor Madalizy Profier Comparative Scatter

X upload my custom data . )
cle Comparative scatter tool

Traits (10} Q

Greenness (greensrad) =

Greenness (vari)

(% ) Height & Biovolurme

sunflower Flower Caul

Max Plant Height
Heterogeneity

Plant Biovolume

Plant Biovalume
., Display linear regression
"y = 0980 x + 16.062

TN K Nes i it A

=y

u I ¥:sunflower Flower Count =

Search among varieties a

o
s

<>

vy

| BX 1

"
el

-

i,
i

e e R AAC OO el -

e m Search propert

M

'
Speamman < (NG
Pearson - (N

X Flant Biovolume

ui AUg Aug AUE aug | Aug
26 Uz ug 16 23 3

Ml Plat distributian on 8 Max Plant Height {m)

Jun 2023




Cloverfield Platform — Analytics and Image Query
@E @ World Map

@& Monitoring & Glossary &% Upload L E % &

@ Jun ‘ Tl . ‘ Tl | Ju\

Comparative Scatter

Analytics [ Campaigns

Plots
Varieties

137147
35/35

[’Main Demo ®
@ @sunflower - UAV - 14... & 14

m & Download results y
& upload my custom data

‘ May | Jun

aug| [Aug| [Aug| [Aug| [Aug| [Sep| |Ma AUC... g
ul ol ] e oW » v

Genotype Analyzer || Modality Profiler

Llil Plot distribution on ¥ Max Plant Height(m

22 Comparative scatter tool

Traits (10) Q
Greenness (green/red)

Greenness (vari)

@ Height & Biovolume

Max Plant Height
Heterogeneity

Plant Biovolume

l/ua‘-\ Rl miirtbmmn Alada

csv

7

150

/

S8

/

Sunflower Flower Coun

10

Plant Biovolume

(\ Display linear regression
y = 9.980 x + 16.062

I Y:Sunflower Flower Count

Search among varieties a

| *MASS6OLmodaliy1 1
. #massoMmodaly 1l
| #uAssMmodaly2 2

o #MAS 860Lmodality 2 3

r”% -bnlnc OO rndalihe 2

R
Spearman [ (R
Pearson (' (i

« X: Plant Biovolume

Y04X002

0.806
0.847
0.898

= Green Cover
{ Green Cover Heterogeneity

=1 Greenness (excess green)

i

|~ Evolution of focused varieties: mean of & Max Plant Height (m)

MAS_860L modality_2

Y03X005

62.3 I

Y03X002

£ Green Cover =1 Green Cover

“

=l Green Cover Heterogeneity 133 =l Green Cover Heterogeneity 8.1

§—(I Greenness (excess green) 0.225 §_(‘ Greenness (excess green) 0.183
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Phenomic Prediction — Predicting Seed Humidity

%ﬁggg{pg Iagkleligle Encoding @ Decoding Spectral Similarity @ Prediction
domain tech fidelity diversity mMatrix accuracy

e

DJI Matrice 300
Zenmuse P150mm
7 flights

GSD = 0.15cm/pixel

INRAZ

Toulouse

European project with 18
research partnersto develop
new sunflower varieties more
resistant to high temperatures
and drought

Predicting Seed humidity % from

2 capitulum per plot per flight




Phenomic Prediction — Latent Space and Kinship/Similarity Ma E:('

Orthomosaic and plot boundaries generation } \\§=

e

Latent space

Spectrum of two similar images (first 256 embeddings)

Value

—2 - Cosine similarity: 0,99

o 50 100 150 200 250
Embedding

Spectrum of two different images (first 256 embeddings)

S

ey Cosine similarity: 0,53

Value
[¢] "
" A

o 50 100 150 200 250
Embedding



enomic Prediction — Testing Predictions and Gaining Conftide

=

Model trained in France 2023

0 Prediction in France 2023 0 Prediction in France 2024

flight_date
Pearson =094 Pearson =093 R o xetter:
Spearman =092 Spearman =093 Py e &ty
- R
RMSE =008 R L
E 06 Pl
5 - . L Y ®
5 ®
P e
T oo () ®* : e
2253
O ,o'.
0.2 9
e ®

o 02 04 06 [ X:] 1

V' A
'l

@ Prediction in Spain/Romania 2024

4 )

B

Ongoing analysis

- J

Every plant at every date has a seed humidity



INDUSTRY PARTNER NETWORK
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RESEARCH PARTNER NETWORK

-—

UCDAVIS g{' - '_ s < _ ' Qi

UNIVERSITY OF CALIFORNIA THE UNIVERSITY OF TOKYO

uuuuuuuuuuu

International Maize and Wheat Improvement Center

Institut de Recherche
pour le Développement

HE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

s
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T
St AL
”
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Imaging Solutions for Seed Banks
Characterization of Accessions During Regeneratlon

Lwest@Hlphen -Plant.com
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