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Overview&

•  Brief&Background&
•  Applica:on&of&genomics&to&.&.&.&&

1)&Fingerprin:ng&for&clone&iden:fica:on&
2)&Candidate&gene&discovery&and&marker&
development&

3)&SNP&genotyping&and&QTL&detec:on&
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Why&have&breeding&applica:ons&of&
genomics&been&so&slow&in&strawberry?&

•  Highly&heterozygous&alloYoctoploid&
•  Genomic&resources&and&$&limi:ng&
•  Germplasm&highly&divergent&across&regions&

Origins&of&the&Cul:vated&Strawberry&

Fragaria&chiloensis& Fragaria&virginiana&

F.!×!ananassa%

2n&=&8x&=&56& 2n&=&8x&=&56&

New&Resources!&
•  Reference&genome&(F.&vesca&&2n&=&2x&=&14)&
•  High&throughput&DNA&and&RNA&sequencing&
•  Affymetrix&Axiom®&IStraw90&SNP&Array&
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Crossing!

Seed!

Germina(on!

Summer!

Nursery!

Evalua(on!

Breeding&Process&

Winterstar™!

!!!!!!2011! ‘Fortuna’!2008!

‘Fes(val’!2000!

Part!1&
&

Applica:on&of&Genomics&to&
Fingerprin:ng&for&Clone&

Iden:fica:on&
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•  Best&SSR&features&produced&polymorphic&marker&allele&data&
over&a&small&size&range&using&ini:al&primer&design&

•  8&candidates&on&LGs&1,&2,&7&produced&highest&quality&data&
•  Primers&reYdesigned&to&give&amplicons&of&dis:nct&size&ranges&

that&did&not&overlap&
•  8&primer&pairs&combined&into&single&PCR&reac:on&
•  Secondary&labeling&with&a&single&flourophore&(6YFAM&labeled&

M13&sequence)&
•  Compared&to&single&reac:ons&to&ensure&fidelity&
&
&
&

&
&
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Applica:ons&

•  For&sor:ng&out&mixups&in&grower&fields,&
breeding&nursery,&repository&

•  Across&highly&related&or&diverse&germplasm,&
across&species,&across&ploidy&levels&

•  For&IP&protec:on&
•  For&diversity&analyses&

Part!2&
&

Applica:on&of&Genomics&to&
Candidate&Gene&ID&and&Marker&

Development&
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Transcriptome&Sor:ng&Approach&

Transcript&Valida:on&
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Vola:le&Phenotyping&of&Segrega:ng&
Popula:on&

Vola:le&Produc:on&of&Minimal&Set&

A&Single&Candidate&

•  FaFADS1&–&puta:ve&faUy&acid&desaturase&
•  Func:onal&allele&absent&in&nonYproducers&(dele:on?)&
•  Primers&designed&in&genic&region&for&func:onal&marker&
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FaFADS1&

DNA&Diagnos:c&Test&for&GD&

Transcriptome&Sor:ng&Summary&

•  Rapid&iden:fica:on&of&a&candidate&gene&for&GD&
produc:on&

•  Valida:on&using&transcript&abundance&in&fruit&
ripening&and&environmental&series&

•  Robust&geneYbased&marker&works&across&
breeding&germplasm,&cul:vars&and&wild&species&

•  Can&reYsort&RNAseq&data&using&barcodes&for&other&
vola:les&

•  Limita:on:&&works&best&with&presence/absence&
phenotypes&and&single&dominant&genes&

Part!3&
&

Applica:on&of&Genomics&to&SNP&
Genotyping&and&QTL&Discovery&
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•  Released&October,&2013&
•  90K&SNP&Array&
•  Focus&on&“ploidy&reduc:on”&
•  SNP&detec:on&–&deep&sequencing&of&9&
octoploid&genotypes&(important&founders)&&

Axiom®&genotyping&at&different&levels&
of&alloYploidy&

&

AAYAAYAA&

ABYAAYAA&

BBYAAYAA&

Allohexaploid!Wheat!Allotetraploid!Rapeseed!!

AAYBB&

ABYBB&

BBYBB&

Diploid!River!Buffalo!

BB& AA&

AB&

Octoploid!Strawberry!

AAYAAYAAYAA&

ABYAAYAAYAA&

BBYAAYAAYAA&

Adapted&from&N.&Bassil&

SNP&Design&&&Effec:ve&Ploidy&Level&

diploid!

29%!

polyploid!

71%!

Snp!

diploid!

61%!

polyploid!

39%!

Other!Reduced!Ploidy!

diploid!

87%!

polyploid!

13%!

SnpSnp!

Adapted&from&N.&Bassil&
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SNP&Design&&&Effec:ve&Ploidy&Level!

diploid!

87%!

polyploid!

13%!

SnpSnp!

A 
A 

A 
A 

G 
G 
A 

A 

Non[marker!

SNP!
3[6bp!

Adapted&from&N.&Bassil&and&E.&van&de&Weg&

T 
G 
T 
G 

Probe C A/C 

T 
G 
T 
G 

SNP&Design&&&Effec:ve&Ploidy&Level!

diploid!

87%!

polyploid!

13%!

SnpSnp!

A 
A 

A 
A 

G 
G 
G 

G 

Non[marker!

SNP!
3[6bp!

Adapted&from&N.&Bassil&and&E.&van&de&Weg&

T 
G 
T 
T 

Probe C A/C 

T 
G 
T 
T 

Valida:on&in&‘Holiday’&x&‘Korona’&

N.&Bassil&and&E.&van&de&Veg&
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So&how&do&we&do&QTL&analyses&in&
popula:on&sets&like&this?&

1& 2& 3& 4& 5& 6& 7& 8& 9& 10& 11& 12& 13& 14& 15& 16& 17& 18& 19& 20& 21& 22& 23& 24& 25&

FL&05Y107& 1& && x& x& x& x& && && && && && && && && && && && && && && && && && && && &&

FL&06Y38& 2& && x& x& x& x& &&

FL&07Y193& 3& && x& x& x& x& &&

FL&09Y148& 4& && x& x& x& x& &&

Bish& 5& && x& x& x& x& &&

FL&09Y38& 6& && x& x& x& x& &&

FL&08Y65& 7& && x& x& x& x& &&

FL&08Y10& 8& && x& x& x& x& &&

FL&06Y45& 9& && x& x& x& x& &&

Galleta& 10& && x& x& x& x& &&

FL&09Y46& 11& && x& x& x& x& &&

FL&07Y134& 12& && x& x& x& x& &&

FL&07Y150& 13& && x& x& x& x& &&

FL&06Y89& 14& && x& x& x& x& &&

Elyana& 15& && x& x& x& x& &&

FL&09Y110& 16& && x& x& x& x& &&

FL&08Y78& 17& && x& x& x& x& &&

FL&08Y50& 18& && x& x& x& x& &&

FL&09Y150& 19& && x& x& x& x& &&

Radiance& 20& && x& x& x& x& &&

FL&09Y127& 21& && x& x& x& x&

FL&07Y196& 22& x& x& x& x&

FL&08Y108& 23& x& x& x& x&

FL&06Y134& 24& x& x& x& x&

FL&09Y57& 25& x& x& x& x& && && && && && && && && && && && && && && && && && && && && &&

Predict 
genetic 

potential for 
new cultivars 

Define functional haplotypes 

Predict  genetic 
potential for breeding 
parents, selections, 

and seedlings 

Genome-wide Pedigree-Based 
QTL Analysis (FlexQTL™) 

Phenotypic 
data 

Genotypic 
data 

Bi-allelic model 

FlexQTL™&for&QTL&analyses&

S.&Verma&

FlexQTL™ inheritance 
check on each marker to 
estimate IBD probabilities 
and potential errors. 

Identity-by-descent (IBD) analysis: Marker 
segregation of 5 SNP markers as 

haplotypes 
&

S.&Verma&
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QTL intensity plot showing QTL for titratable acidity 
on LG 4D 

Application of FlexQTL™ software in a diverse set 
of octoploid strawberry genotypes 

&

S.&Verma&

QQ (+ +) (Increases trait level) 

Qq  (+ -) 
qq   (- -)  (decreases trait level) 

FlexQTL™ predicts QTL alleles for a trait 
&

SNP&Array&Summary&

•  SNP&design&key&to&reducing&ploidy&
•  21,000&high&resolu:on&SNPs&show&diploid&
clustering&

•  6,000&ini:ally&mapped&in&H&x&K&&
•  Segrega:on&according&to&pedigree&in&broad&
germplasm&

•  Ini:al&QTL&analyses&performed&using&FlexQTL™&
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Webinar&Summary&

•  New&approaches&and&tools&allowing&applica:ons&of&
genomics&to&breeding&in&strawberry&

•  Fingerprin:ng,&MASS,&MAPS&
•  Next&Steps&

–  Uncover&genomic&architecture&of&many&important&traits&
–  Reduce&cost&of&wholeYgenome&SNP&scans&
–  Test&genomic&selec:on&methodologies&

&


