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Anthocyanins are the main pigments in Strawberry fruit

Schematic representation of flavonoid pathway in plants
(From Mouradov and Spangenberg (2014) Front Plant Sci. 5:620)
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F. vesca MAPPING POPULATION

P1

Reine des Vallées

P2

ESP138.596

X

F1

F2 (n=145)

Fruit color 2015-16:

Obs. Exp. Chi2

Red 103 103.5 0.922

White 35 34.5

Red vs. white fruit color in F. vesca is controlled by a single gene (Brown and Wareing, 1965) 

Identification of the white mutation in acc. ESP138.596

Mapping by NGS

Rapid mapping of mutations and quantitative trait loci by whole genome resequencing

of DNA from two bulked populations (QTL-seq)

APPROACH:

1. 50X Illumina HiSeq Re-sequencing of

two pools:

Red fruits: 34 F2 lines

White fruits: 32 F2 lines

2. Mapping to the H4 reference genome.

3. SNP calling and estimation of allele

frequencies in each pool.

4. Representation of ∆SNP index across

the genome.

Takagi, H. et al. (2013) QTL-seq: rapid mapping of QTL in rice by whole genome

resequencing of DNA from two bulked populations. Plant J. 74, 174–183.

Identification of the white mutation in acc. ESP138.596

SIGNIFICANT SNPs WERE ONLY PRESENT IN CHROMOSOME 1
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F2 GENOTYPING

R/W F + R/W R  FvMYB10

R/W F + ccm1  LTR-TE

Identification of the white mutation in acc. ESP138.596

WHITE MUTATION COMPLEMENTATION IN ESP138.596

35S:FvMYB10 RdV 35S:FvMYB10 ESP138.596

Identification of the white mutation in acc. ESP138.596

Characterization of other white F. vesca accessions

Number Accession/cultivar Origin 

1 ESP138.596 F. vesca f. alba Europe 

2 Hawaii-4 F. vesca f. alba Maryland, United States 

3 
Pineapple 
Crush 

F. vesca f. 
semperflorens 
f.alba  

? 

4 
White 
Solemacher 

F. vesca f. alba Germany, Europe 

5 White Soul F. vesca f. alba ? 

6 Yellow Wonder 
F. vesca f. 
semperflorens 
f.alba  

United States 

7 GER2 F. vesca f. alba 
Moritzburg woods, near 
Dresden, Germany, Europe 

8 
South 
Queeensferry 

F. vesca f. alba 
South Queeensferry, near 
Edimburgh, Scotland, Europe 

9 GER1 F. vesca f. alba 
Gatersleben, Germany, 

Europe 

10 UK13 F. vesca f. alba United Kindgdom, Europe 

11 SE100 F. vesca f. alba Sweden, Europe 

12 FIN12 F. vesca f. alba Finland, Europe 
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Collaboration with Tuomas Toivainen and Timo Hytönen, University of Helsinki, Finland and David Posé, IHSM-UMA-CSIC, Spain.

*         *         *         *         *     

Reine des Vallées 301>AACTATTGGAATACTTATCAAAGGAAAAA-GGATCAAAAGACGGCTTCAT>349    

Hawaii-4           301>AACTATTGGAATACTTATCAAAGGAAAAA-GGATCAAAAGACGGCTTCAT>349    

GER2               301>AACTATTGGAATACTTATCAAAGGAAAAAAGGATCAAAAGACGGCTTCAT>350    

GER1               301>AACTATTGGAATACTTATCAAAGGAAAAAAGGATCAAAAGACGGCTTCAT>350    

SE100              301>AACTATTGGAATACTTATCAAAGGAAAAAAGGATCAAAAGACGGCTTCAT>350  

c.329_330insA

p.Asp111Glyfs*14

*     * * * * 

Reine des Vallées 1>ATGGAGGGTTATTTCGGTGTGAGAAAAGGTGCATGGACTAAAGAGGAAGA>50

Hawaii-4             1>ATGGAGGGTTATTTCGGTGTGAGAAAAGGTGCATCGACTAAAGAGGAAGA>50 

South Queensferry    1>ATGGAGGGTTATTTCGGTGTGAGAAAAGGTGCATCGACTAAAGAGGAAGA>50   

UK13                 1>ATGGAGGGTTATTTCGGTGTGAGAAAAGGTGCATCGACTAAAGAGGAAGA>50    

c.35G>C

p.Trp12Ser

35G>C

Hawaii-4

Pineapple Crush

Yellow Wonder

White Soul

White Solemacher

Hawkins et al. (2016) Sci Rep 6: 29017.

278_279insLTR-TE ESP138.506
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 AAGAA  3' LTR 1.7kb  
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 AAGAA  

ccm1 

R/W-F R/W-R 

E1 E2 E3 

FvMYB10 

LTR-TE 

5' LTR 1.7kb 

1 2

329_330insA 3

Characterization of other white F. vesca accessions

Collaboration with Tuomas Toivainen and Timo Hytönen

University of Helsinki, Finland.

and

David Posé

IHSM-UMA-CSIC, Spain.

FIN12 HAS A LARGE DELETION IN CHROMOSOME 1
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13.890 kb
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13.990 kb
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Characterization of other white F. vesca accessions
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FIN12 HAS A LARGE DELETION IN CHROMOSOME 1

Collaboration with Tuomas Toivainen and Timo Hytönen

University of Helsinki, Finland.

and

David Posé

IHSM-UMA-CSIC, Spain.

Characterization of other white F. vesca accessions
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Characterization of other white F. vesca accessions

Fragaria genus

Diploid
2n=2x=14

Hexaploid
2n=6x=42

F. iturrupensis

F. corymbosa

F. gracilis

F. moupinensis

F. orientalis

F. tibetica

F. moschata

F. Bucharica

F. daltoniana

F. × bifera

F. mandshurica

F. nilgerrensis

F. hayatai

F. nipponica

F. nubicola

F. pentaphylla

F. chinensis

F. viridis

F. vesca 

F. iinumae

F. chiloensis

F. virginiana

F.  ananassa

F. Cuneifolia

F.  bringhurstii

Tetraploid
2n=4x=28

Octoploid
2n=8x=56

Decaploid
2n=10x=70

F. vesca (wild or woodland strawberry)

2n=2x=14

LG 1 LG 2 LG 3 LG 4 LG 5 LG 6 LG 7

HG 1 HG 2 HG 3 HG 4 HG 5 HG 6 HG 7

A

B

D

C

F. x ananassa (cultivated strawberry)

2n=8x=56

A F. vesca

F. x ananassa

Mapping fruit color variation in octoploid spp.
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F2 POPULATION 

F. x ananassa ‘Senga Sengana’ 

x 

F. chiloensis ssp. Lucida USA2

WITH 105 PROGENY LINES

Collaboration with Dr. K. Olbricht, Hansabred, Germany

×
P1

Senga
Sengana

P2
USA 3

F1
P-90999

MAP OF THE F1 HYBRID USING 2991 SNPs

1796737--27:T>-
1801178--14:A>-LG1
C3400859-47:T>C-LG1
C1801872-62:G>T-LG1
C1808130-60:T>C-0
C1792457-42:A>G-0
1808596--44:T>-
C1829382-26:A>G-0
C1776317-17:C>A-0
C1824961-62:T>C-LG1
C1791070-22:G>C-LG1
3399290-25:A>G-
3399099-28:A>C-
3400533-10:T>C-
1808802--24:G>-
1826785--38:T>-
C1815956-12:A>G-0
1783475-57:G>A-LG1
1787339--66:G>-LG1
C1812428-40:C>A-0
1791034-5:T>C--LG1
C1819004-23:T>G-LG1
1774974-38:A>G-
C3402862-61:C>A-0
3399223-57:C>T-
1795232--66:G>-u
C3400106-15:C>A-0
C1821574-6:C>T--LG1
C1831035-39:T>C-LG1
C1777687-16:C>T-LG1
1808643--31:C>-LG1
1804796--30:T>-LG1
1783017-56:A>G-LG1
1789868-45:C>G-LG6
C1782349-48:T>G-0
1811979-35:A>G-
C1807214-68:C>T-0
C3400796-30:C>T-LG6
C1797711-31:T>A-0
1792158-61:C>G-LG1
C3399796-33:A>G-0
C1805836-29:G>A-0
1808177--63:T>-
C1806058-35:A>T-LG1
3399065-28:A>G-
1790355--36:A>-LG1
C1850458-56:A>G-0
3399014-19:T>C-
C1842297-40:T>G-u
3399142--13:T>-
C3399271-29:G>C-0
C1805692-12:A>G-LG1
C1776334-51:A>G-u
C1826691-11:C>A-LG1
C3401004-5:T>A--0
1784523-17:G>C-LG1
1780277-30:C>T-LG1
C1809556-65:A>G-LG1
C1802197-39:T>G-LG1
3401877--17:T>-
C3400266-40:C>T-0
C1774169-66:A>T-0
1810123-38:G>A-
C1795640-23:A>G-0
C1786004-9:C>T--0
C1805530-12:G>A-0
1800931--19:G>-LG1
1791879-32:G>A-LG7
C1798821-9:T>C--0
C1816449-33:G>A-LG1
C1807145-35:G>A-0
C1804945-55:T>G-LG1
C1793864-68:G>T-LG7
C1804974-56:T>C-LG7
3399459-6:A>G--
C1816479-9:C>T--0
C1798331-27:A>T-0
1818818--58:A>-LG1
C1817147-25:T>G-LG1
3399791-59:C>T-LG1
1805726-31:C>T-
1797686-13:A>G-u
C1772572-65:G>T-LG1
1827667-10:G>A-
C1837372-38:C>G-LG1
1810191-29:G>A-
C3401127-6:A>G--LG1
3403063--31:C>-
C1801921-39:C>G-0
1803993-20:G>A-
C1788438-55:C>T-0
C1799285-41:T>C-LG1
C3400594-34:G>A-LG7
1791128--53:G>-
C1797895-19:A>T-LG4
C1790465-43:G>A-0
C1802831-29:A>G-LG4
1816687--30:G>-LG1
C1805408-54:C>T-LG1
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Trait QTL KWb Group Position Locus Thrs. LOD mu_A mu_H mu_B R2 (%)

Fruit Flesh Color qFleshColor-I-3 **** LGI-3 54.22 1800931--19:G>-LG1 5.8 17.3 4.50178 3.64064 1.29032 54.7

Fruit Core Color qCoreColor-I-3 **** LGI-3 54.43 1791879-32:G>A-LG7 4.9 12.06 2.52174 2.20622 1.09501 42.8

WHITE MUTATION COMPLEMENTATION in F. chiloensis

A mayor QTL for internal fruit color has been detected in LG I-3 in two years

35S:FvMYB10 RdV 35S:FvMYB10-596

F. chiloensis ESP138.0160

35S:FvMYB10-59635S:FvMYB10 RdV

F. chiloensis ESP138.0157

F. chiloensis ESP138.0156

35S:FvMYB10 RdV 35S:FvMYB10-596

c. 478G>T

p. Glu160*

Mapping fruit color variation in octoploid spp.

CONCLUSIONS AND HYPOTHESIS

1. Three independent mutations in FvMYB10 has been identified in

addition to the previously described G/C. We have not found any

white fruit accessions with a WT MYB10.

2. A mayor QTL that spans FaMYB10 controls internal flesh color in

the octoploid strawberry and transient expression of FvMYB10

restores anthocyanin accumulation in white fruited F. chiloensis.

3. Altogether, these results indicate that natural variation in white/red

fruit color has been achieved by independent mutations in a single

R2R3-MYB, MYB10, suggesting convergent evolution for

anthocyanin biosynthesis in strawberry fruit.
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