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Using SNP markers in the framework of winter OSR DUS testing

Context of the project
@

@ In WOSR, hybrids represent the majority of the ~90 applications
submitted each year for plant breeder rights and/or for listing in
national catalogues since 2010

. . . Reference collection
@ When parental lines are included, this represents almost

200 varieties that must undergo DUS testing each year Theoretical
~8500

-> Rapid increase in size of field trials S
echnical

-> Difficulties to manage the reference collection ~2500

® In oilseed rape, the expression of phenotypic characters is
also very sensitive to changes in environmental conditions

-> The entire collection must be redescribed each year

Optimum?

= How to optimize the size of the effective collection
in order to reduce the size of growing trials in the
first DUS cycle?

N © GEVES - 2021 - All rights reserved
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Using SNP markers in the framework of winter OSR DUS testi

Towards a network-based approach
@

9 The proposed approach is based on network analysis
to detect groups of closely related varieties based on
their relative position within a network representing
genetic relationships between candidate and
reference varieties

1) Compute pairwise genetic distances between
candidate and reference varieties

y

2) Transform the distance matrix into a network

3) Simplify the network by pruning all links

corresponding to a genetic distance above i Clustera
a predefined threshold (expert notes)

Cluster 5

4) Identify clusters of varieties within the collection

using a community detection algorithm .
5) Select only groups that include candidates @ o
(= optimum collection)

» GEVES | Gousgtuse eae conore Optimum
A des Variétés Et des Semences collection
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Defining a genetic threshold
Not an expert note system

o as described in TGP/15/3

» Expert notes

The scale is based on a global appreciation of the degree of morphological
similarity/difference between varieties a posteriori, using recordings of their
individual characteristics during the second year of evaluation (GAIA system)

Varieties declared distinct at leaf stage before the first commission
are considered very distinct

Varieties declared distinct during at leaf stage (first commission)
are considered distinct

B
Varieties declared distinct at flowering stage H
. . . <
are considered similar .
g
&
Varieties not declared distinct after the flowering stage 5
are considered very similar ¢
7
—
Defining a genetic threshold
@
» Plotting Rogers G, vs. expert notes by category of variety
Hybrids Lines / A-lines R-lines (restorer CMS)
< Very distinct
© Distinct ‘=bem
i :
E)- Somewhat similar E; g
& & H
|
W0919-W0949 W0219-W1057 4
| OSSO J . W0012-W0014 , %
Clearly distinct pairs Clearly distinct pairs i‘
\ J Ieharacters abserved at s ate (characters observed at a late §
Problematic pairs devslopmenta stese) developmental stage) &
(distinction problems) @
g
g
[ i 7 Problematic pairs o
@ GEVES | smosgm Tty :




BMT/20/9 Add.
Annex, page 5

Using SNP markersin the framework of winter OSR DUS t

Assessing the new model
®

» Relationship between cluster membership
and genetic relatedness | Hybrids

%0 00>
V Clustering is coherent Oﬁ@ go

with pedigree relationships
between varieties

W1706 x W0664
W0532 x W0839
W1436 X W1541

'W0351 [TFET] x wosso
W0440 [TFET x wo7e6
W1625 [TFET x w1974
W0180 [T « woiso
w0442 [T x woas2
Wwos21 [TFET x wos21

w1125 x [[FFE WO007!
wa13e1 x [TFFE W0088 ! W1059 x W0306
wo230 x[[TFFE W0269 2 Y & - W0259 X W1626
w460 x [[FEE W0267 @ele T % w1425 x WO0695
wi1s72 x [I[PPH W0435 & W1606 x W0864.
wi3e2 x [IFEE W0165 3 4 w0083 x W0389
woas? «[ITEEE W1331 WO170 [TFEPA woso3

wieas x [TZFT W0454 W0894 (FEE « wo7sa W1064 [TFEEE x woso1
X W0194 W1\:§;3 w1174 x W0604
jwi221®
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Assessing the new model

@
[Very similal
» Relationship between cluster membership
and genetic relatedness | R-lines (CMS) \Woses

/ Clustering is coherent with
pedigree relationships and

; [
with DUS observations Ceo
O O w0946 ery simila
(o))
Q (not clearly
W0044 Modified from [IEE] %{, . w0423 ) GEIEY
\W0957 W0403 wo113/ [IEER .O [t 1

W0401 wo113/

W0400 w0919 x [
g
Very simila - ) i
[(not clearly distinct)| W0133 . @) %
®é :
w0853 [Tl x ... o) 5
w0310 TTTEE/ wiiss &
o
W0309 TR/ wos3s g
W0094 w0225 [N/ w0929~ << mm == a
w0383 [l x ... W0224 w1098 i / [ITER 10
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Assessing the new model

Relationship between Rogers distance and kinship | Hybrids

| Average GD for half-siblings = 0.192 (+.036)

(hybrids with a parental line in common)

&

* Average GD for unrelated varieties = 0.302 (+.035)

- By setting the threshold between 0.19 and
0.20, we reveal clusters of varieties that share
a common parent, in accordance with current
DUS rules

Pedigree-based kinship coefficient

o

» GEVES | Sosgguse saeconvoe
\ des Variétés Et des Semences

Half-siblings

o 2
i 2
.e ‘f? .
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Assessing the new model

Relationship between Rogers distance and kinship | Restorers (CMS)

Average GD for full-siblings = 0.191 (+.084)

(same cross + double haploidization + selfing) .

| Average GD for half-siblings = 0.296 (+.053)

(crosses involving a common parental line)

* Average GD for unrelated varieties = 0.412 (+.057)

-> By setting DGy, to 0.30 for restorer lines,
we target closely related varieties that share a
common founder

Pedigree-based kinship coefficient
e

» GEVES | Sosgguse saeconvoe
\ des Variétés Et des Semences

o .

A g
0 R Full-siblings

02
Rogers DG
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Assessing the new model
@
9 Impact on the size of growing trials
Hybrids (2008-2017)
Average reduction (%) over a 10-year period
0300 | =~20%
0.250
o= | | o
g ~5% o
0100 <5% Average GD = 0.307 +0.037
0.050 a 1%
0.000 —— —_ e
Tho19 | Tho20  Th021  Th022  Th023  Th024  Th025
0.350 Variation in reduction (%) across 10 years (2008-2017) at different genetic thresholds
0300 g g g - %
0.250 §° gllsg H
0200 gl =SMB =
ood <
0.150 S 5
0.050 z
. Illll | T L S R S §
Th0.19 Th 0.20 Tho.21 Th0.22 Th0.23 Tho0.24 13
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. Lines
Assessing the new model
@
9 Impact on the size of growing trials
Lines (2008-2017)
Average reduction (%) over a 10-year period
0.600 45%
0.500
0.400
0.300 i @ R o
0.200 15% 8% 5% 5 .
0.100 i i ~S% ~5% ~2% 7% Average GD = 0.416 +0.049
0.000 - L - —_—
Th0.25 Th0.30 Th0.31 Th0.32 Th0.33 Th0.34 Th0.35
Variation in reduction (%) across 10 years (2008-2017) at different genetic thresholds
0.600 §§ 3
oso0 E3EfNEE oz H
saellss :° 2
0.400 2 E
1 z
0300 .
0.200 I I i
0.100 &
o000 |I ([ I.III.I- ah -||-I||- ' | 3
Tho.25 Th0.30 Tho31 Tho.32 Tho.33 Tho34 Tho.35 14
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Assessing the new model

L ) .

9 Impact on the size of growing trials i
Restorer (CMS) (2008-2017) '
E’i.
Average reduction (%) over a 10-year period
0.400 30%
0.300 20% ]
0.200 <15% ; o y
10 0
0.100 - ﬁA 5% 5% Average GD = 0.411 +0.057
- TR
Th 0.30 Th0.31 Th0.32 Th0.33 Th0.34 Th 0.35

Variation in reduction (%) across 10 years (2008-2017) at different genetic thresholds

0.400
0.350

0.250

a

« NRen

g Epid
0.300 =2

2

0.200
0.150
Wl el | [
0.050
0% 111 CR T LR 1 1 .

Th0.30 Th0.31 Th0.32 Th0.33 Th0.34 Th0.35
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Assessing the new model
°

9 Testing the model using historical field data (2008-2017)

- GAIA: Will excluding part of the reference collection lead to failing to detect
distinction problems by eliminating important varieties and overlooking
decisive comparisons for establishing distinctness?

—> We compared clustering results with pairs of varieties that GAIA
‘flagged’ as important to compare side-by-side in the field

—> COY-D: Will reducing the size of the effective reference collection impact COY-D
calculations and change DUS decisions?

— We compared results of a COY-D analysis with all varieties
vs. COY-D analysis with the reduced dataset

N4 Comparisons with historical data did not reveal any instance where the
method excluded varieties that experts would have wanted to compare

© GEVES - 2021 - All rights reserved
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Assessing the new model
@

» Comparison of reductions in the GAIA / COY-D statistical framework

o % Average reduction (%) over the last 10 years (2008-2017)
60 % -40%
40% -30% I

-20%
0%

Hybrids (G, =0.19)  R-lines (G,=0.30)  Other lines (G, =0.25)

o COY-D
Average reduction (%) over the last 5 DUS campaigns (2011-2017)
60 %
40% 22% -25%
-15¢
20% -10% % I I

o NN e

Hybrids (G,=0.19)  R-lines (G,=0.30) Lines (G,=0.25)  Sterile lines (G, = 0.25)
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Conclusions

@
» The new network-based optimization approach:

N4 yields biologically meaningful clusters, coherent with pedigree relationships between varieties
N helps reducing significantly (= 20-45% in theory) the size of 1t year trials
V' is compatible with all DUS systems (GAIA, COY-D)

V is fast and easy to implement:
O requires R and Python (open source, cross-platform)
O minimal assumptions / parameters

? could be applied using other markers (SSR) or other genetic distances
? could be applied to other species

X requires large collections to perform well (min. 100-200 varieties: ‘critical mass’)

© GEVES - 2021 - All rights reserved
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