
1 www.eurofinsus.com/food

Advancement in Sunflower Breeding 
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Our History: Rooted in 
Tradition and Science

1987 - 1997: 
Start up lab 

with 10 staff 
for SNIF-NMR

1 Country
1 Lab 

1997 – 2001: 
IPO in Paris, 

1997. Entry into 
US market.

10 Countries
50 Labs 

2002 – 2004: 
Investment in 
Infrastructure

15 Countries
100 Labs

2005 – 2012: 
Growth thru 
Acquisitions 

and New Labs

30 Countries
150 Labs

2012: 
170 labs in 32 

countries

32 Countries
170 Labs

Globally 
recognized 

testing leader

41 Countries
400 Labs

35k+ Staff2
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Our Global Footprint

Local 
competence 

centers

A connected 
network for issues 
affecting multiple 

markets
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Quality Analysis at Every Stage
To fulfill our mission, Eurofins is committed to providing value from farm to fork.

Disease 
Diagnostics, 

Prevention, & 
Resistance

Herd Health, 
Agrigenomics, & 
Feed Quality / 

Safety Verifying 
Quality, 

Authenticity, 
and Safety of 
Grain, Milk, 

Protein

Plant 
Testing

Animal 
Testing

Raw 
Materials

Germination, 
Purity, & 
Genetics

Seed 
testing

Supplier 
Verification of 

Nutrition, 
Purity, 

Authenticity, 
and Food 

Safety

Ingredients

Quality Control, 
Source Water & 
Environmental 

Pathogens

Production & 
Processing

Final Checks for 
Quality & Safety 

Before 
Commercial 

Release

Finished
Products
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Eurofins BioDiagnostics
Through our portfolio, personalized service, quality systems, and industry expertise, Eurofins 

offers our clients  a unique advantage that other testing companies cannot provide.
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Genomics

Food

AgBio

Agro

Pharma



6 www.eurofinsus.com/food

Eurofins BioDiagnostics 
Service Areas

• Germination
• Vigor
• Physical Purity
• Seed 

treatment 

Seed Analysis
• DNA Fingerprinting
• Trait Mapping
• Marker-Assisted Breeding 

& Backcrossing
• Genomic Selection

Seed Genetics
• Viruses
• Bacteria
• Bacterial Fruit 

Blotch
• Mycology

Seed Health

• Grapevine Diseases
• Custom Diagnosis
• Resistance Screening
• Bioreba Kits and 

Reagents

Plant Health
• Microscopy 
• Fatty Acid Profiling
• Adventitious Presence
• Consulting

Other Services
• Genetic Purity and 

Authenticity
• Variety ID 
• Genotyping
• Genetic based ID

Agrigenomics
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Agrigenomics services
Genotyping Solutions

EBDI provides solutions for low, medium, high and ultra high density 
Genotyping for any plant breeding needs 
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High Density SNP Genotyping

illumina iScan for infinium array

w ww.eurofins.com/biodiagnostics

Low Density SNP Genotyping
Array Tape Platform for 

Applied Biosystems ™  GeneTitan for 

Axiom array
TaqMan™  and Applied Biosystems ™ 

Array Tape Platform
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AgriSeqTM: Medium Density Genotyping 

Select 
Targets

Make 
Library

Pooling

Sequencing

Data 
Reporting

AgriSeqTM (Amplicon Sequencing) 

using Ion Proton• Genotype samples with little input DNA

• Target 100 to 3000 of genes or markers 

in a single run (Medium Density 

Genotyping)

• Use Pre-Designed Panels or create 

customized panel using Ion AmpliSeq

Designer

w ww.eurofins.com/biodiagnostics

• Fast TAT
• Easy custom panel design
• Very cost effective 
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Our Exprience with AgriSeqTM panels

w ww.eurofins.com/biodiagnostics

Bovine ISAG 200 SNP panel Porcine 1500 SNP panel 

Other species are in the 

pipeline

Conifer Custom SNP panel Sunflower 700 SNP panel 
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Why Sunflower?

w ww.eurofins.com/biodiagnostics

• There is no high or medium density SNP panel available for sunflower since 

the one that was created in 2010

• The number of markers and the cost of the genotyping using the arrays 

were prohibitive for the day to day breeding selections

• Targeted Genotyping by sequencing (TBGS) with medium size panels of 

500 to 1000 SNPs has been used extensively in other crops like corn and 

soybean not much in sunflower. 

“Eurofins BioDiagnostics partnered with Applied Biosystems (Thermo 

Fisher) to develop AgriSeqTM, a genotyping by sequencing (GBS) panel for 

sunflower which can help the sunflower breeders with their QTL mapping, 

marker assisted backcrossing and genomic selection projects”
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History: EBDI collaborations with NSA

w ww.eurofins.com/biodiagnostics

• 6 diverse lines was used

• 105 M variants found

• 16467 variants fit illumina

bead array criteria 

Categories Idenifyed SNPs/InDels # Single Bead Assay

Fixed variants 8313 6323
> 1SNP/contigs 5361 2072
RAD clustering to common EST 1167 430
Het variants 1557 1175
Total 16398 10000

Synthesis failure -1277

Final set 8723
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History: EBDI collaborations with NSA

w ww.eurofins.com/biodiagnostics

• 1291 samples were 

genotyped

• A consensus map of 5019 

SNP markers was created 

based on 3 populations

• A number of disease 

resistance genes were 

mapped in sunflower

• A number of PCR based 

SNP markers developed for 

marker assisted selection
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History: Sunflower SNP Consensus Map

w ww.eurofins.com/biodiagnostics
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The EBDI Sunflower 700 SNP Panel

w ww.eurofins.com/biodiagnostics

Chromosome Markers
Chr. Length 

(CM)

Marker's 

Distance
PIC

1 40 76.09 1.90 0.30

2 36 81.99 2.28 0.34

3 46 95.33 2.07 0.33

4 45 102.45 2.28 0.33

5 40 91.87 2.30 0.33

6 36 62.99 1.75 0.34

7 36 68.31 1.90 0.33

8 36 75.42 2.10 0.32

9 49 104.60 2.13 0.33

10 42 90.98 2.17 0.32

11 44 99.82 2.27 0.34

12 37 67.00 1.81 0.31

13 39 72.93 1.87 0.33

14 42 76.47 1.82 0.31

15 39 85.46 2.19 0.30

16 49 101.28 2.07 0.34

17 45 90.94 2.02 0.34

Total 701 1443.93

Average 41.23529412 84.94 2.05 0.33

• 768 Markers were selected 

from the 5019 markers with 

consensus map information

• Markers with best 

performance selected

• Markers with High MAF 

>0.25 selected

• Markers with high PIC 

scores >0.25 selected
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The Sunflower GBS Panel Consensus Map
Chr. 1 Chr. 2 Chr. 3 Chr. 4 Chr. 5 Chr. 6 Chr. 7 Chr. 8 Chr. 9



17 www.eurofinsus.com/foodw ww.eurofins.com/biodiagnostics

The Sunflower GBS Panel Consensus Map
Chr. 10 Chr. 11 Chr. 12 Chr. 13 Chr. 14 Chr. 15 Chr. 16 Chr. 17
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Validation of Sunflower 700 SNP Panel

w ww.eurofins.com/biodiagnostics

• 192 samples were acquired from Germplasm Resources Information 

Network (GRIN) Thanks to Lisa Burke, Seed storage manager, USDA-ARS-PIRU

• 96 samples were selected for this study (illumina 10K data was available 

for these samples)

• DNA were extracted from pool of 5 seeds

• A plate of 96 samples were genotyped at EBDI in 2 replications and in 

ThermoFisher research lab. 

• The quality of the panel was analyzed

• The  reproducibility of the data was studied

• The concordance of the TBGS data was compared between the two labs

• The concordance of the data was calculated between TGBS and the 

2010 illumina array data 

Study Plan:
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Quality Metrics for Sunflower GBS Panel

Mean Depth is also known as Coverage.  It is a measure of how many reads per amplicon were attained during 
sequencing.
On Target Reads is a percentage of the mapped reads that were aligned correctly over a target region. This metric infers 
off-target alignments, which can be indicative of issues such as sample contamination and uncharacterized genetic 
variation. 

1279X

99.7%
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Uniformity is represented as a percentage of the target bases that had at least 20X read depth.  It is a measure of end-to-
end coverage over a target region.  In our experience, the average value should be greater than 90%.
Sample Call Rate is the percentage of markers generating a genotype call for a specific sample.  This metric allows one to 
see the impact of sample-to-sample variation as a factor in determining marker call rates. 

86.7%

93.4%

Quality Metrics for Sunflower GBS Panel
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93.4%

Quality Metrics for Sunflower GBS Panel
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93.4%

Quality Metrics for Sunflower GBS Panel
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Summary of Sunflower Panel Call Rates
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Call Rates/Sample: Indicator of Sample Type/Quality
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Concordance (different runs and illumina 10K array)

EBDI R1 vs R2 Overall Genotype Concordance = 99.95%

EBDI vs. illumina 10K array Overall Genotype Concordance = 96.18%

EBDI vs. Thermo TGBS run Overall Genotype Concordance = 99.72%
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LD in Sunflower

LD decay is highly variable in different 

species depending to the mating 

systems,  breeding history, genomic 

rearrangements, and historical 

recombination happened.

Genotyping 271 diverse samples using  illumina 10K array the analysis of LD 

revealed that in most regions, LD declined quite rapidly as a function of 

genetic distance. The  correlation between most pairs of SNPs dropped 

rapidly below r2≤0.10 within 3 cM. Mandel J.R. et al. 2013 PLoS Genetics 9:3

In another study using 9480 SNP markers (5788 mapped) the LD decay 

was observed to be averaged at 2.5 cM window.

Nambessan S. U. 2015 BMC Plant Biol. 15: 84
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LD in decay and optimal number of markers

LD=3cM

LG1= 76.9 cM

Total LD blocks= 26

NSA_0098800.000

NSA_0096915.910
NSA_001732 NSA_0093776.218
NSA_0026389.125
NSA_001830 NSA_0056949.386
NSA_000336 NSA_00693610.350
NSA_00622411.150
NSA_00141816.530
NSA_000921 NSA_00506417.723
NSA_00495320.473
NSA_00726121.606
NSA_007015 NSA_00754222.016
NSA_00922423.361
NSA_00985423.532
HT353 NSA_000092 NSA_000134 NSA_000141 NSA_000219
NSA_000261 NSA_000315 NSA_000525 NSA_000536 NSA_000581
NSA_000584 NSA_000590 NSA_000630 NSA_000649 NSA_000669
NSA_000689 NSA_000823 NSA_000909 NSA_000917 NSA_000928
NSA_001000 NSA_001098 NSA_001133 NSA_001140 NSA_001227
NSA_001309 NSA_001380 NSA_001393 NSA_001503 NSA_001515
NSA_001521 NSA_001530 NSA_001580 NSA_001587 NSA_001614
NSA_001623 NSA_001673 NSA_001698 NSA_001717 NSA_001809
NSA_001846 NSA_001859 NSA_001950 NSA_001973 NSA_002058
NSA_002066 NSA_002073 NSA_002120 NSA_002139 NSA_002295
NSA_002328 NSA_002372 NSA_002400 NSA_002465 NSA_002504
NSA_002564 NSA_002585 NSA_002591 NSA_002618 NSA_002646
NSA_002649 NSA_002864 NSA_002936 NSA_002964 NSA_002974
NSA_002977 NSA_002983 NSA_003067 NSA_003115 NSA_003145
NSA_003167 NSA_003185 NSA_003226 NSA_003231 NSA_003252
NSA_003263 NSA_003279 NSA_003304 NSA_003412 NSA_003489
NSA_003573 NSA_003622 NSA_003793 NSA_003800 NSA_003819
NSA_003862 NSA_003874 NSA_003885 NSA_003927 NSA_004031
NSA_004039 NSA_004100 NSA_004117 NSA_004121 NSA_004149
NSA_004174 NSA_004228 NSA_004277 NSA_004302 NSA_004312
NSA_004371 NSA_004485 NSA_004502 NSA_004602 NSA_004663
NSA_004694 NSA_004734 NSA_004748 NSA_004791 NSA_004793
NSA_004822 NSA_004830 NSA_004920 NSA_004923 NSA_004952
NSA_004987 NSA_004994 NSA_005051 NSA_005108 NSA_005224
NSA_005282 NSA_005385 NSA_005394 NSA_005401 NSA_005423
NSA_005501 NSA_005509 NSA_005546 NSA_005549 NSA_005558
NSA_005584 NSA_005679 NSA_005686 NSA_005693 NSA_005710
NSA_005853 NSA_005880 NSA_006092 NSA_006159 NSA_006258
NSA_006368 NSA_006420 NSA_006431 NSA_006510 NSA_006611
NSA_006627 NSA_006664 NSA_006694 NSA_006695 NSA_006700
NSA_006720 NSA_006807 NSA_006810 NSA_006895 NSA_006938
NSA_007222 NSA_007226 NSA_007258 NSA_007330 NSA_007335
NSA_007372 NSA_007375 NSA_007426 NSA_007486 NSA_007597
NSA_007619 NSA_007664 NSA_007821 NSA_007832 NSA_007896
NSA_007926 NSA_007947 NSA_008017 NSA_008055 NSA_008147
NSA_008203 NSA_008207 NSA_008250 NSA_008343 NSA_008373
NSA_008378 NSA_008488 NSA_008498 NSA_008653 NSA_008748
NSA_009089 NSA_009128 NSA_009149 NSA_009572 NSA_009599
NSA_009636 NSA_009648 NSA_009661 NSA_009710 NSA_009721
NSA_009722 NSA_009748 NSA_009758 NSA_009783 NSA_009791
NSA_009834 NSA_009873 NSA_009909 NSA_009911 NSA_009930
NSA_009993 ORS543

23.588

NSA_001767 NSA_00745423.964
NSA_000330 NSA_003467 NSA_004973 NSA_005733 NSA_00671624.342
NSA_000311 NSA_000631 NSA_001028 NSA_001243 NSA_001886
NSA_002106 NSA_002131 NSA_002208 NSA_002232 NSA_002359
NSA_002411 NSA_002676 NSA_002781 NSA_002798 NSA_002851
NSA_002867 NSA_002898 NSA_002908 NSA_002947 NSA_002989
NSA_003046 NSA_003051 NSA_003058 NSA_003438 NSA_003758
NSA_003789 NSA_003892 NSA_004078 NSA_004270 NSA_004291
NSA_004494 NSA_004590 NSA_004875 NSA_004896 NSA_005063
NSA_005094 NSA_005130 NSA_005363 NSA_005423 NSA_005501
NSA_005529 NSA_005602 NSA_005624 NSA_005889 NSA_006057
NSA_006138 NSA_006313 NSA_006390 NSA_006558 NSA_006672
NSA_006709 NSA_006711 NSA_006948 NSA_007554 NSA_007595
NSA_007809 NSA_007812 NSA_008037 NSA_008149 NSA_008213
NSA_008385 NSA_008998 NSA_009701 NSA_009758 NSA_009812
NSA_009998

24.720

NSA_001243 NSA_001314 NSA_003015 NSA_005075 NSA_00542425.075
NSA_002032 NSA_00584425.455
NSA_000906 NSA_001323 NSA_003621 NSA_007726 NSA_00797025.773
NSA_000006 NSA_001134 NSA_001158 NSA_001486 NSA_004713
NSA_004829 NSA_005197 NSA_005500 NSA_007392

26.153

NSA_00308126.907
ORS71628.159
NSA_00183528.369
ORS61028.604
CRT39428.735
NSA_000196 NSA_004060 NSA_00670128.742
ORS118228.946
ORS112828.968
NSA_00783428.974
NSA_00482228.976
CRT277-129.009
NSA_00410729.338
PlARG29.349
NSA_00307929.724
NSA_00125929.816
NSA_00368929.875
NSA_006530 NSA_00778630.163
NSA_001983 NSA_005007 NSA_00819730.791
NSA_00714431.027
NSA_001389 NSA_003242 NSA_00657631.287
NSA_004238 NSA_005216 NSA_009714 NSA_00996032.455
ORS55235.642
NSA_003156 NSA_00759636.365
NSA_00478136.923
NSA_00706739.416
NSA_00283639.774
NSA_00057540.323
NSA_00833841.048
NSA_00881941.366
NSA_00712644.193
NSA_001771 NSA_00324145.349
NSA_003098 NSA_00716548.013
NSA_000514 NSA_00720648.155
NSA_00520651.473
NSA_001781 NSA_004572 NSA_00696351.548
NSA_00342451.696
NSA_00635652.005
NSA_00758252.645
NSA_00615656.086
NSA_00084961.885
NSA_00144463.092
NSA_00004463.675
NSA_003487 NSA_00539064.067
NSA_00596372.992
NSA_00504673.723
NSA_00107174.084
NSA_00126778.520
NSA_00232178.741
NSA_00664979.248
NSA_00720580.337
NSA_005929 NSA_00629380.655
NSA_00297080.901
NSA_00757181.319
NSA_000093 NSA_001063 NSA_004847 NSA_00494682.136

LG1_integrated

Total Markers = 40

Total Genome Length = 1443.9 cM
Minimum number of Markers = 482
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Conclusion

• To design an optimal panel for sunflower breeding 700 markers were 

selected that covers all sunflower genome with average distance of 2cM.

• A consensus map of the 700 SNP markers is available from their previous 

location published in 2014.

• A comprehensive study has been done to validate the quality of the panel. 

The data shows the consistency and reproducibility of the data is very high. 

• The genotyping results of AgriSeqTM TGBS panel was 96% in concordance 

with illumina bead array genotyping data previously produced for the same 

lines.

• Considering the average LD block size in sunflower that spans around 3cM, 

the panel will be optimal for any genomic selection or QTL mapping studies 

in sunflower.



Questions?

Thank you !

Thermo Fisher Scientific and its affiliates are not endorsing, recommending, or promoting any use 
or application of Thermo Fisher Scientific products presented by third parties during this seminar. 
Information and materials presented or provided by third parties are provided as-is and without 
warranty of any kind, including regarding intellectual property rights and reported results. Parties 
presenting images, text and material represent they have the rights to do so. 


