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Key challenges in sunflower Industry

Quality traits

Disease | l i

Weeds
Downy Mildew V\?()Ifrr:]r\wl:glgd
Rust = Foxtail
Sclerotinia «— - fonen
V,:{tté(r:::rlij;n . Redroot Pigweed
Stem Cancer "~ 3 Wild sunflower
Rhizopus \\‘J Wild Buckwheat
Indects High Oleic soybeans
Sunflower Moth
Weevil
. Midge
== Longhorn Beetle Test with the Best
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SNP Markers as effective tools for breeding

Sunflower
inbred lines ,l,

AT ATG AGCATT

Key Features:

<— SNP2

— Detects single nucleotides

AT GATG AGCTTT changes
: ;'. ﬁ.'_?; AT ATG AGCATT — Co-dominant in nature
:f. ATGATG AGCTTT — Highly abundant in number
\ AT ATG AGCATT  —Transferable across
populations

.............. ATTATGAGCATT... sunflower
......... Genome

— Multiplexed effectively and
hence, cost effective

AT TVATG AGCATT Rust susceptible

ATGATG AGCTTT )
g%z Test with the Best
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Application of SNP markers in plant breeding

Il 8Seyd 111 3seyd Al 8seyd
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Plant Breeding

Trait conversion / Selection &/ stacking superior alleles

for line development

)

Marker Assisted Back crossing

Breeder’s tool box
Production QA/QC

<——— —(Genetic purity

A —Inbred purity
? ? Trait Specific marker:
Superior < QTL Genome "/ Riagnostic tool
alleles Mappin Wide Selection | —AP testing
T PRINg ? 7 (48-plex SNP markers)
Association | Population Identify a panel Plant variety protection
" structure analysis 384 marker set

mapping
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Bead Array
>10,000 markers

High-throughput genotyping

SNP niarkers

“Whole genome Sequencing

patenting




Next Generation Sequencing platforms
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Ampllco_n “!!l .. Whole G_e 0 1 .
Sequencing EHE!!FH Sequenci 1RNL
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Whole Genome Sequencing
Sequencing Machine ABI3730 Roche GSFLX Solexa SOLID
Read length bp 800 250 35-75 25-35
Reads per run 96 400k 130M 150M
Throughput per run 0.1MB 100MB 10GB 5GB
Cost per GB >$2500K $84K $2K $4K
= Test with the Best
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Criteria for choosing a panel of lines
for sequencing

Sunflower Line

TX1612

CR29

Seeds 2000 Confection B Line

HA467

RHA468 699-10

RHA464 09 098-4

===z
BioDiagnostics Inc.

 Lines identified for sequencing
should not be redundant with
earlier publically sequenced
lines for SNP discovery

« Selected lines should be
genetically diverse & must
posses least amount of
heterozygosity

« Both public and propriety lines
should be included

* Representation of A-, B- R-
lines and wild germplasm.
Test with the Best
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Key Steps in Whole Genome SNP
|dentification

Step 1: Isolate Plant DNA

|

Step 2: Library Preparation

Step3 : Genome Sequencing

Step 4: Bioinformatics

l

SNP Genotyping
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RAD LongRead — A local assembly
approach

e - Sunflower has a complex genome of 3.5Gb
RAD tag B and remains to be sequenced
synthesis ligaton d
DMA shearing
| ]
2" adapter .
ligation m . . . .
Discovery of SNPs variants in sunflower
_F* Ste _ ~50bp single read e would require development & assembly of
large island of DNA sequence to detect SNPs
sequencing Index F;"Its single read
) N ~100 bp .
Cpsi’rziie:ftr:f:'”iCC"?CnCnT""S\T""””"S\"" RAD LongRead teChnOIOQy Coupled Wlth
bioinformatics analysis was adapted to de
e — == novo assemble of sunflower genome and
Long Read sheared fragments _— - - -
S - = identify SNP markers
Lu:gsé:;ndb?c?nhg
N~5‘j:3f.)b;:
.;—.;‘,,—;-/%, Test with the Best
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Overview of SNP Detection Process

SNP Discovery Plpeline scantig -
veea - AGTCETASCCEAGAA e
CeanTeaTa E'Tm“-!ﬁ "‘m'““"m
CASSCaAT TACSOAL  ACTARM
COCAETEA c:u:um m f.fTM:ﬁ l!ﬂ'ﬁt
S D R D v = Q 5T, D e
CGCATAGIC CEARTIE vean
cAteist tig N ASTCRTAGCGGAGANGCTGCATTE
raw clala m"":ﬂ“'.',‘."}.., Leng wﬂﬂﬂ mnm by alignmeni and 8NP caling

Genomic DNA from six selected sunflower isolines was digested with the endonuclease Pstl and transformed into RAD libraries
using methods similar to (Baird, et al . 2008 PLoS ONE 3(10)). Libraries were sequenced on an Illumina Genome Analyzer lIx at
the University of Oregon High Throughput Sequencing Facility. Sequences from BDI_Sunflower_06 were coalesced in LongRead
contigs using the program Velvet (Zerbino and Birney. 2008 Genome Research 18: 821:829). After alignment of assembled
contigs against a custom database to remove sequences with significant plastid homology, 50,726 contigs covering 18 Mbp of the
sunflower genome remained. These served as a reference scaffold for sequence alignment of Illumina data from the other cultivars.
Sequence alignment and variant calling was accomplished though use of internal Floragenex tools.

Test with the Best
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Number of Contigs

Assembly of Raw Illumina read to
generate contigs of the reference
genome

5000 Name of reference cultivar BDIgrSLc')réﬂOW
Number of lllumina paired end -~
. 9,016,941
4009 reads (2 x 60 bp) to obtain ref
Total numt_>er of contigs 50.726
3000 coalesced in Velvet assembly
NS0 Contig Length 379 bp
2000 Total Length of Assembly 18.87 Mbp
1000
0
200 250 300 350 400 450 500 550 600

Contig Length (bp)
= Test with the Best
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Contig Assembly !

Subject: TC37527
Query: 47481 _TGCAGTTGTAACTTAAGCATTTCTATCAA_NODE_1 length_48Z_cov_13.327801
203 ATCATCCTGRATTTTTCOGTAAAGTTRGTATGAGGTACTTCCACAAGCTTCGCAACAAGT 262
1 ATCATCCTGGATTTTTCGGTAAAGTTGGTATCAGGTACTTCCACAAGCTTCGCAACAAGT &0
263 TCTATTGCCCTATCGTCAACGTCGACAGGCTCTGGTCGCTTAGTGCCACAAGACGTGAAGE 322
61 TCTATTGCCCTATCGTCAACGTCGACAGGCTCTGGTCGCTTATOCCACAAGACGTGAAGE 120
323 AGAAGTCTACTGCCGATAAGGTTCCAGTCATTGATGTGACTCAGCACGGTTACTTCAAGG 382
121 ACAAGTCTACTGCCGATAAGLTTCCAGTCATTGATOTGACTCAGCACGGTTACTTCAAGG 180
383 TGTTGOOGAAGGGAAACGTGCCTGCTTCGCAGCCGTTTGTTGTTAAGGCGAAGCTTATTT 442
181 TGTTGOGLAAGGGAAACGTGLCTGCTTCGCAGCCGTTTGTTGTTAAGGCGAAGCTTATTT 240
443 CGAAAACTGCTCAGAAGAAGATTAAGGAGGCTGOTOETGCTGTTTTGCTCACTGCTTAGG 582
241 COAAARACTGCTGAGAAGAAGATTAAGCAGGCTGGTOGTGCTGTTTTGCTCACTGCTTAGE 300
503 TTTGTTTTTTTGAATTTGGATGATGAGTATTGGTGTAACTGTTAGTTTTATTGTCGAGATT 562
301 TTTGTTTTTTTGAATTTGGATGATGAGTATTGOTGTAACTGTTAGTTTTATTGTGAGATT 360
563 ACGTTGTTCTGATGAATTTGAACTCACATTTTATCAAAGTTTTGTTGCAAAATCCTCAAA B22

361 ACGTTGTTCTGATGAATTTGAACTCACATTTTATCAAAGTTTTGTTGCAAAATCCTCAAA 420

623 TTGTGTTCATTTTCTQCTGATTTTTTGGTGTTTTTGGTTTTA 664

421 TTGTQTTCATTTTCTGCTGATTTTTTGRTGTTTTTRGTTTTA 462
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Alignment of RAD LongRead contig from
BDI_Sunflower 06 against the DFCI
Sunflower EST sequence repository

(HaGl release_6). The contig shows 100%
nucleotide identity with Tentative Consensus
Sequence TC57527. The alignment spans the
entire distance of the LongRead contig and
suggests sunflower data was properly ordered
and assembled by Velvet.
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Variant Detection Summary Table

Number of contigs scanned for variants 50,726
Total sunflower genomic sequence in contigs 18.87 Mbp
Number of contigs with at least one

polymorphism present 24,202
Average number of variants identified per contig 5

Total number of SNPs identified in six lines 233,335
Total number of InDels detected in six lines 5,280
Calculated SNP polymorphism rate 1 SNP /81 bp
Calculated InDel rate 1 InDel/ 3,574 bp

== Test with the Best
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SNP Transitions & fwmrs. s
Transversions .

SNP Transitions:

A=>QG 72.625

C=>T 71.425
Total 144,050

SNP Transversions:

G=>T 21.466

A=>C 22.268

A=>T 29471

C=>G 16,080
Total 89.285

Number of SNP/InDels suitable for Infinium Genotyping
Technology: 16,394 (~50 bp clear of flanking polymorphisms)

== Test with the Bes
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Key Consideration for Selecting SNP’s for
Infinilum Design

High ADT design scores >0.6
Maximize the number of single bead assays
Uniform distribution in sunflower genome

SNP’s should map to the EST sequences in the
database

Repetitive sequences & transposons elements should
be eliminated

SNP context sequences should not possess adjacent
polymorphisms
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Summary of Blast results

Minimum Align Length (bp)

50 100 150
ESTs with 1 Hit
(unique) 8440 6541 3908
ESTs with Multiple
Hits 3755 1093 339
TCs with 1 Hit
(unique) 1803 1537 1021
TCs with Multiple
Hits 1051 368 127

————

BioDiagnostics Inc.

NCBI

DFCI

Test with the Bes
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Evaluating the SNP Sequences for the
presence of Repetitive elements

FRepEBase Update 20020804, RM database wersion 20030804

Tile name: RMzsequpload 12855045353
SEqUERNCES : [=]

total length: Fs529 bp [FE5292 bp excl M A—-runs)
G Tewel: ZE.39
bases masked: 1552 bp  2.05 260

number of Tength percentage

o _____Slmmentsr _ occupied ot seguence_ Approximately, 2% of

Retros] ements [n] o bp O.00 25
SIMES: o o bp O.00 24
Fenelope [u} o bp 0O.00 %% -
LIMES: o o bp Q.00 24
CRESSLMACS o o bp O.00 24
Lz ACR 1 AR ] o bp O.00 %%
Rl L0 d0Ck ey o o bp O.00 %%
Rz /R4 HeSL ] o bp O.00 2% - =
RTE/EOWw—E la] o bp 0.00 %
L1 CTImMa ] o bp O.00 %%
LTR. elements: [u] o bp O.00 2%
EEL /Fao o o0 bp .00 2%
Tyl Copia [n] o bp o.00 24 - -
Gypsw o O0IRS1 o o bp 0. 00 %%
FRetrowiral [u] o bp O.00 2%
OMA Cransposons 1 cs bp 0. 05 25
hobo-Actiwator 1 55 bp O.05 %% - -
TC1l-ISsZ0—-Pogo o o bp Q.00 24
En—Spm [n] o bp O.00 25
MUDFR —-IS20K o o bp O.00
FPiggwvEac o o bp 0. 00 %%
TouristsHarbinger [u] o bp O.00 2
other [(Mirage, [n] o bp O.00 25
F—element, Transihbl
FRolling—-circles [u] o bp O.00 2
- - - -
’ Y Similarly, Panicoid
Total interspersed repeats: £Es bp 0. 0= ] ]
- o= - -
S : C [riticale & Rice dbs yielded
Scartellites: o o bp 0. 00 %5
Simple repeatcs: = Z23z bp O.30 %%
Loiow comple=ityw: 2z 1z72 bp 1.&7 2

same results

* most repeats Tragmented by insertions or deletions
hawe been counted as one element

The gQuery species was assumed to be arabidopsis
FRepeatMasker wersion open—-2.z.% , senstitiwe mode

run with cross_match wersion O.3303z3
FepBase Update 20020504, RM database wersion zoo30sodg

= Test with the Best
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Categorization of SNP’s
selected for the final chip synthesis

SNP
Ildentification
(16398)

BioDiagnostics Inc.
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RAD clustering
to common
ESTs

>1 SNP/
Indel / contig

(5,361)

v'Single bead assays
v'Superior alleles
v'ADT Score

v'EST hits

Fixed Var
(8,313)

Het Var

(1,557)

Sunflower SNP
Chip (10,000)
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Assoclating SNPs to various
functional groups

[neterocycie metabolic process (121)}

/
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——— reproductive developmental process {133
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Conclusion

—NGS & high throughput genotyping technologies can now provide
v" Abundant
v" Robust
v Cost effective molecular markers

—Marker application in sunflower breeding will ensure accurate and
rapid trait selection enabling breeders to quickly release new
sunflower hybrids into market

—DNA-based diagnostic methods can be used as quality assurance
tools to produce a premium sunflower seed and growers can
demand premium prices for their superior genetics

—Collaboration among all the relevant stakeholders is essential to
meet this overall goal
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