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Quality Analysis at Every Stage

To fulfill our mission, Eurofins is committed to providing value from farm to fork.

Seed Plant Animal Raw Ingredients Production&  Finished
testing Testing Testing Materials Processing Products

®
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Through our portfolio, personalized service, quality systems, and industry expertise, Eurofins
offersour clients a unique advantage that other testingcompanies cannot provide.



.% -
%
e =i rOfl N | BioDiagnostics

Eurofins BioDiagnostics
Service Areas

_ Seed Analysis Seed Health Seed Genetics
§ . Germination &yl * Viruses * DNA Fingerprinting
* Vigor * Bacteria * Trait Mapping
* Physical Purity * Bacterial Fruit " » Marker-Assisted Breeding
* Seed Blotch & Backcrossing
treatment * Mycology * Genomic Selection
ﬁ Plant Health Agrigenomics OtherServices
A _
* Grapevine Diseases * GeneticPurityand ¥ g T ° MICFOSCQPV N
~* Custom Diagnosis Authenticity N . FattyAcflq Profiling
‘ * Resistance Screening . - * VarietyID —— i Adventl-tlous Presence
¢ BiorebaKits and * Genotyping * Consulting
Reagents * GeneticbasedID
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Agrigenomics services
Genotyping Solutions

EBDI provides solutions forlow, medium, high and ultra high density
Genotypingfor any plant breeding needs
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High Density SNP Genotyplng Low Density SNP Genotyping

™
Applied Blosy’&s):zrrnnsarrafeneﬂtan for : TagMan™ and Applied Biosystems ™

illumina iScan for infinium array

8 w ww.eurofins.convbiodiagnostics
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~ AgriSeq™: Medium Density Genotyping

: AgriSeq™ (Amplicon Sequencing)
« Genotype samples with little input DNA - using lon Proton

« Target 100 to 3000 of genes or markers -
in a single run (Medium Density :
Genotyping)

» Use Pre-Designed Panels or create
customized panel using lon AmpliSeq
Designer

Select

« Fast TAT
« Easy custom panel design
* Very costeffective

w ww.eurofins.com/biodiagnostics
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Our Exprience with AgriSeq™ panels

Bovine ISAG 200 SNP panel Porcine 1500 SNP panel

Other species are in the
pipeline

Conifer Custom SNP panel Sunflower 700 SNP panel

®100

w ww.eurofins.com/biodiagnostics
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« Thereis no high or medium density SNP panel available for sunflower since
the one that was createdin 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 AgriSeg™, 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”

Seed\\ORLD

11 www.eurofins.convbiodiagnostics
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History: EBDI collaborations with NSA

* 6 diverse lines was used De novo sequencing of sunflower genome for

« 105 M variants found

« 16467 variants fit illumina
bead array criteria

SNP discovery using RAD (Restriction site
Associated DNA) approach

Venkatramana Pegadaraju 4, Rick Nipper, Brent Hulke, Lili Qi and Quentin Schultz

BMC Genomics 2013 14:556

Idenifyed SNPs/InDels | # Single Bead Assa

8313 e |
> 1SNP/contigs 5361 | 2072
RAD clustering to common EST 1167 “

Hetvariants | 1557 1175
16398 10000

Synthesis failure ] 1277
Fnalset || a3

12 w ww.eurofins.convbiodiagnostics
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History: EBDI collaborations with NSA

13

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

OPEN @ ACCESS Freely available online @ PLOS | ONE

A High-Density SNP Map of Sunflower Derived from
RAD-Sequencing Facilitating Fine-Mapping of the Rust
Resistance Gene R;,

Zahirul I. Talukder', Li Gong?, Brent S. Hulke®, Venkatramana Pegadaraju®, Qijian Song®,
Quentin Schultz®, Lili Qi**

- APPLIED GENETICS

P

Theoretical and Applied Genetics
L. April 2016, Volume 129, Issue 4, pp 741-752 | Cite as

Genetics and mapping of a novel downy mildew
resistance gene, Pl ;g, introgressed from wild Helianthus
argophyllus into cultivated sunflower (Helianthus
annuus L.)

Molecular Breeding

i October 2015, 35:196 | Cite as

Map saturation and SNP marker development for the rust
resistance genes (R 4, R 5, R j34, and R ;35 ) in sunflower
(Helianthus annuus L.)

w ww.eurofins.com/biodiagnostics
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History: Sunflower SNP Consensus Map

o

é Table 1. SNP and SSR marker distributions in the three component maps and the consensus map of sunflower.

o

=

- Pop1 (HA 89 xRHA 464) F; Pop2 (B-line xRHA 464) F; Pop3 (CR29 xRHA 468) F Consensus map

g Map No. of Map No. of Map Map

o length  Density SNP length  Density SNP length  Density length  Density

E Linkage groups No. of markers M cM/marker markers cM cM/marker markers cM cM/marker No. of markers ™ cM/marker

3

& SSR SNP  Total SNP  SSR Total
LG1 9 285 294 8856 030 337 73.82 0.22 33 54.97 167 384 9 393 7609 0.19
LG2 9 82 91 80.22 0.88 172 73.92 0.43 34 4059 1.19 214 9 223 8199 037
LG3 6 122 128 10589 083 185 88.99 0.48 145 88.72 061 327 6 333 9533 029
LG4 6 142 148 5745 039 94 10030 107 156 10894 070 273 6 279 10245 037
LG5 10 179 189 10096 053 241 91.77 0.38 146 8209 056 374 10 384 9187 024
LG6 2 s 53 48.03 091 nz 58.80 0.50 67 56.58 0.84 168 2 170 6299 037
LG7 8 62 70 67.28 0.96 72 66.09 0.92 60 55.18 0.92 140 8 148 6831 0.46
LG8 8 214 222 6766 030 166 62.97 0.38 172 81.40 0.47 30 8 328 7542 0.23
LG9 10 108 118 10679 091 179 86.50 0.48 228 10883 048 352 10 362 10460 029
LG10 13 386 399 9484 0.24 437 94.48 0.22 95 76.61 0.81 503 13 516 9089 0.18
LG 10 142 152 7632 0.50 103 88.37 0.86 nz 95.86 0.82 246 10 256 9982 0.39

w LG12 8 141 149 1984 0.13 142 62.96 0.44 98 66.12 0.67 255 8 263 67.00 0.25
LG13 4 44 48 3119 0.65 248 69.45 0.28 136 77.70 057 296 4 300 7293 0.24
LG14 1 43 a4 38.56 0.88 160 78.56 0.49 191 73.63 039 285 1 286 7647 0.27
LG15 5 54 59 53.95 0.91 158 80.28 0.51 95 8478 0.89 225 5 230 8546 037
LG16 5 77 82 10580  1.29 223 95.77 0.43 144 107.67 075 333 5 338 10128 030
LG17 4 36 40 2137 053 202 97.94 0.48 206 57.52 0.28 324 4 328 9094 0.28
Total 118 2168 2286 116471 051 3236 137097 0.42 2123 131719 062 5019 118 5137 144384 028
doi:10.1371/journal. pone.0098628.t001 www.eurofins.com/biodiagnostics
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Chromosome Markers Chr. Length Marker's
(CM) Distance
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

s eurofins

BioDiagnostics

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

www.eurofins.convbiodiagnostics
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The Sunflower GBS Panel Consensus Map
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Study Plan:

192 samples were acquired from Germplasm Resources Information
Network (GRIN) Thanksto Lisa Burke, Seed storage manager, USDA-ARS-PIRU

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

DNAwere 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

www.eurofins.convbiodiagnostics
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Quality Metrics for Sunflower GBS Panel
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Mean Depth is also known as Coverage. Itis 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.
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Sample Call Rate is the percentage of markers generating a genotype call for a specific sample. This metric allows one to

Uniformity is represented as a percentage of the target bases that had at least 20X read depth. Itis a measure of end-to-
see the impact of sample-to-sample variation as a factor in determining marker call rates.

end coverage over a target region. Inour experience, the average value should be greater than 90%.
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Summary of Sunflower Panel Call Rates
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Indicator of Sample Type/Quality
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Concordance (different runs and illumina 10K array)

+ EBDI R1vs. R2

= EBDI vs. Thermo

« EBDI vs. lllumina

EBDI R1vs R2 Overall Genotype Concordance = 99.95%
EBDI vs. Thermo TGBSrun Overall Genotype Concordance = 99.72%
EBDI vs. illumina 10K array Overall Genotype Concordance = 96.18%
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marker LD

LD decay Plot

LD decay is highly variable in different ., %
species depending to the mating :
systems, breeding history, genomic
rearrangements, and historical Rl L
recombination happened. T L e

map distance (cM)

Genotyping 271 diverse samples using illumina 10K arraythe 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 r°<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
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LD=3cM Total LD blocks= 26 Total Genome Length = 1443.9 cM
Minimum number of Markers = 482
LG1=76.9 cM Total Markers = 40
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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 AgriSeq™ 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.
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Thank you !

Questions?

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.
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