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~300 varieties from the collection
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One of the 10 most
important ornamental species

in the past five years (2019-2023)
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A system constrained by space 
and in need for verification steps
to secure DUS trials
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To genotype the French national reference 
collection of Hydrangeas, an in vivo collection 
of over 1,100 accessions maintained at the Gaston-
Allard Arboretum in Angers

To design an optimal approach to integrate molecular 
analyses in routine DUS examinations of Hydrangeas

with the purpose of (1) securing DUS tests and
(2) guiding the selection of similar varieties from the collection
to optimize examinations 

An innovative approach:
 Using high-throughput sequencing 

technologies to identify, screen and select
a genome-wide panel of SNP markers

 Combining ‘neutral’ genetic markers
and markers linked to ornamental traits
to characterize varieties in collection

1

2

Two main objectives
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Milestone 1
Genotyping the national reference collection of Hydrangeas

4
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Identify a 
for Hydrangeas

Generate a 

1

2

3
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using Restriction-Associated DNA Sequencing (RADseq)

Fragments too small for 
sequencing are discarded

Sequences are aligned 
against a reference 
genome to identify 
genetic variants

Optimal size for sequencing

R
e
a
d 
1

R
e
a
d 
2

MutationsSNP
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Selected
panel of

SNPs

13,976
SNPs

7,451
SNPs

RADseq

GbS panel

Step 1 Identify a for Hydrangeas
Milestone 1
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Sample 1

Sample 2

Sample 3

Primer

Primer
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v v
v vvv
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ACCGATGCGCTCTTGCTACATGACTGCT
ACCGATGCGCTCTTGCTACATGGCTGCT
ACCGACGCGCTCTTGCTACATGACTGCT
ACCGACGCGCTCTTGCTACATGACTGCT
ACCGATGCGCTCTTGCTACATGGCTGCT
ACCGACGCGCTCTTGCTACATGACTGCT
ACCGACGCGCTCTTGCTACATGGCTGCT

Selected
panel of

SNPs

Pool amplicons and sequence everything in one go

7,451
SNPs

using targeted Genotyping-by-Sequencing
Step 2 
Milestone 1

Demultiplexing
Quality filtering

Analysis

5
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Identify a 
for Hydrangeas

Generate a 

1

2

DUS trials

DUS trials 2

1

Milestone 2
Integrating molecular analyses in routine DUS examinations
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Principal Coordinate Analysis (PCoA)

Milestone 2
Objective 1 Using SNPs to 

With only 20 SNPs it is possible to assign a 
species to a variety with high accuracy, and 
check for signs of genetic admixture in 
declared interspecific hybrids

Hybrids

ARB x 
MAC

MAC x SCA

CHI x MAC MAC x SER
MAC x SER

MAC x SER
PET x ASP

SERMACARB ASP PAN QUE
Unsupervised Bayesian clustering (STRUCTURE)

Molecular analyses do not verify the 
applicant’s declaration that the candidate is a 
cross between Macrophylla and Arborescens

ARB x 
MAC

 Checking hybrid status

7

8
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Milestone 2
Objective 1 Using SNPs to 

DUS trial 2023 ‘A-type’
dark pink inflorescence

vs.
DUS trial 2023 ‘B-type’
light pink inflorescence

DUS trial 2023 ‘A-type’
white inflorescence

vs.
DUS trial 2023 ‘B-type’

pink inflorescence

H1036
‘standard’ candidate

vs.
off-type plant

H1223

H1222

Comparison of molecular profiles of individual plants

 Spotting early on varieties with uniformity problems

SNPs can help resolve official disputes 
between examination offices and 
applicants
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Milestone 2
Objective 2 Using SNPs to 

 To be able to 
and choose 

more precisely which varieties to 
compare with candidates would
help reduce the size of DUS trials
…but trait-linked markers with 100% 
correlation are rare

 Focusing on SNPs with 

, it may be possible to 
to infer 

the phenotype of candidates and guide 
the selection of varieties in collection 
with the most similar characteristics

Regression 
analysis

Outliers
(genotypes of interest)

100% correlation
with the phenotype

 Reducing the number of comparisons 
using trait-linked markers

9
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Locus 1 C/C

Locus 6 A/C

Locus 4 A/A

Locus 1 T/T

Locus 3 T/C
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Milestone 2
Objective 2 Using SNPs to 

 Reducing the number of comparisons 
using trait-linked markers

Mophead

Lacecap

Double Flower shape  Flower type

Locus 1 T/T
Locus 2 C/C
Locus 3 A/A
Locus 4 AA
Locus 5 G/G
Locus 6 A/A
Locus 7 T/T
Locus 8 C/C
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Milestone 2
Objective 2 Using SNPs to 

Sampling 
error?

Mophead
Simple flower

White

GP1

Mophead
Simple flower
Medium pink

Mophead
Simple flower
Medium pink

GP2GP2

 Reducing the number of comparisons 
using diversity markers

11
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-33%

Harnessing GbS to support DUS testing in ornamentals
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Milestone 2
Objective 2 Using SNPs to 

Proposition: remove all varieties with
a pairwise GD above the median of the 
corresponding DUS group for each
candidate invididually

Project_NR Project_NR Expert_notesDG SNP Project_NR Project_NR Expert_notesDG SNP Project_NR Project_NR Expert_notesDG SNP
H0064 H0091 3 0.1890 693 H0236 H0028 3 0.2161 694 H1075 H0264 3 0.1452 699
H0064 H0098 3 0.2305 692 H0236 H0229 4 0.2192 691 H1075 H0142R2 3 0.1468 698
H0064 H0106 3 0.2414 694 H0236 H0033R1 3 0.2197 694 H1075 H0026 3 0.2145 697
H0064 H0048R1 4 0.2489 687 H0236 H0053R1 3 0.2218 692 H1075 H0198 4 0.2612 695
H0064 H0099R2 3 0.2496 693 H0236 H0222R2 4 0.2221 691 H1075 H0236 3 0.2687 694
H0064 H0048R2 4 0.2514 692 H0236 H0147 4 0.2226 694 H1075 H0040 4 0.2776 697
H0064 H0053R1 4 0.2514 690 H0236 H0256R2 3 0.2230 695 H1075 H0147 3 0.2791 697
H0064 H0028 3 0.2536 692 H0236 H0231 3 0.2266 693 H1075 H0231 4 0.2821 693
H0064 H0190 4 0.2587 690 H0236 H0048R2 4 0.2374 695 H1075 H0027 3 0.2832 692
H0064 H0231 3 0.2587 690 H0236 H0026 3 0.2428 694 H1075 H0206R2 4 0.2858 691
H0064 H0256R2 3 0.2594 694 H0236 H0142R2 3 0.2489 695 H1075 H0263 4 0.2890 699
H0064 H0236 3 0.2612 691 H0236 H0132 3 0.2500 694 H1075 H0028 4 0.2986 695
H0064 H0033R1 4 0.2706 691 H0236 H0264 3 0.2500 696 H1075 H0106 4 0.2999 697
H0064 H0229 3 0.2710 690 H0236 H0106 3 0.2518 695 H1075 H0132 3 0.3014 695
H0064 H0027 3 0.2713 691 H0236 H0088 4 0.2555 683 H1075 H0011R1 5 0.3019 689
H0064 H0222R2 3 0.2725 688 H0236 H0048R1 4 0.2562 689 H1075 H0190 4 0.3059 693
H0064 H0227 3 0.2743 689 H0236 H1083 NA 0.2599 685 H1075 H0380 4 0.3059 639
H0064 H0147 3 0.2745 694 H0236 H0064 3 0.2612 691 H1075 H0064 4 0.3074 693
H0064 H0179 3 0.2746 690 H0236 H0027 3 0.2659 690 H1075 H1083 NA 0.3076 686
H0064 H0054 3 0.2775 692 H0236 H0194 4 0.2672 696 H1075 H0594 4 0.3103 696
H0064 H1083 NA 0.2800 684 H0236 H1075 3 0.2687 694 H1075 H0256R2 4 0.3109 698
H0064 H0206R2 4 0.2820 688 H0236 H0247R2 3 0.2688 692 H1075 H0054 4 0.3125 696
H0064 H0264 3 0.2849 695 H0236 H0206R2 4 0.2703 690 H1075 H0033R1 4 0.3129 695
H0064 H0142R2 3 0.2853 694 H0236 H0091 3 0.2705 695 H1075 H0229 4 0.3133 691
H0064 H0234 4 0.2896 694 H0236 H0241R2 3 0.2716 694 H1075 H0222R2 4 0.3136 692
H0064 H0026 2 0.2908 693 H0236 H0040 3 0.2723 696 H1075 H0227 4 0.3169 691
H0064 H0241R2 3 0.2939 694 H0236 H0190 4 0.2727 693 H1075 H0247R2 4 0.3180 695
H0064 H0263 3 0.2978 695 H0236 H0263 4 0.2751 696 H1075 H0048R1 4 0.3184 691
H0064 H0040 3 0.2980 693 H0236 H0099R2 3 0.2767 694 H1075 H0048R2 4 0.3204 696
H0064 H0011R1 5 0.2987 688 H0236 H0179 3 0.2771 693 H1075 H0194 4 0.3221 697
H0064 H0132 3 0.3042 692 H0236 H0098 3 0.2778 693 H1075 H0241R2 4 0.3221 697
H0064 H0198 3 0.3066 693 H0236 H0017 4 0.2780 696 H1075 H0088 4 0.3221 683
H0064 H1075 4 0.3074 693 H0236 H0234 3 0.2784 695 H1075 H0091 3 0.3223 695
H0064 H0088 2 0.3091 681 H0236 H0227 4 0.2896 689 H1075 H0017 4 0.3240 699
H0064 H0594 3 0.3232 693 H0236 H0198 4 0.2947 694 H1075 H0234 4 0.3257 697
H0064 H0247R2 3 0.3307 691 H0236 H0011R1 5 0.3035 687 H1075 H0053R1 4 0.3276 693
H0064 H0380 4 0.3339 635 H0236 H0380 3 0.3053 637 H1075 H0008 3 0.3323 629
H0064 H0194 4 0.3369 693 H0236 H0193 5 0.3124 549 H1075 H0193 5 0.3367 551
H0064 H0193 5 0.3370 549 H0236 H0054 3 0.3165 695 H1075 H0099R2 4 0.3472 697
H0064 H0017 4 0.3396 695 H0236 H0594 3 0.3254 693 H1075 H0179 3 0.3550 693
H0064 H0008 3 0.3528 625 H0236 H0008 3 0.3333 627 H1075 H0098 3 0.3578 696
H0064 H1111 3 0.4336 693 H0236 H1111 3 0.4424 694 H1075 H1111 3 0.4634 697

Median 0.2810 0.2800 Median 0.2688 0.2700 Median 0.3117 0.3100

 in 2024, 300 varieties from the collection for 
28 candidates before reduction / 216 after

No problems of distinctness, 
only a lack of space

 Reducing the number of comparisons 
using diversity markers
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Milestone 2
Objective 2 Using SNPs to 

Securing
DUS tests

O
ptim

izing
D

U
S tests

 Implementation
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✓ 7,410 SNPs in total were identified
 5,649 for H. macrophylla
 5,528 for H. serrata
 and between 300 and 600 for other species

✓ A set of 20 SNPs was selected for confirming species identity
and checking the pedigree of declared hybrid candidate varieties

✓ A set of 40 SNPs was selected for varietal identification in H. macrophylla

✓ Several SNPs were identified as interesting candidates to explore
correlations between genotype and phenotype but work is still required
to test advanced modelling approaches such as approximate conditional 
phenotype analysis based on GWAS statistics

Summary

 This project demonstrated the cost-effectiveness of opting for 
for describing entire reference collections 

all in one go

 It may pave the way for similar projects to support DUS testing in other 
ornamental species for which genomic resources  are not available or 
for which maintaining a living collection is not possible or costly
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[End of Annex and of document]
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