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SUMMARY: Fruit color in sour cherry (Prunus cerasus) is an important market-driven trait in the U.S. where the dominant cultivar ‘Montmorency’ has a brilliant red color. This unique brilliant red color allows for a differentiation in

products from sour cherries grown in the U.S. compared to those in Europe which have predominantly dark-purple flesh. The anthocyanin transcription factor, MYB10, has previously been shown to control flesh color in sweet cherry
(Fig. 1) and other rosaceous species. Our objectives were to test the presence of this MYB10-associated flesh color QTL in sour cherry and develop a DNA test that would be predictive of flesh color. Pedigree linked sour cherry plant
materials (Fig. 2, n=338) were phenotyped for flesh color (Fig. 3). Thirteen allelic variants for the sour cherry MYB10 region were distinguished based on the linkage phase of 47 polymorphic SNPs determined using the 6K Infinium® ||
SNP array developed as part of the RosBREED project (www.rosbreed.org, Figs. 4 & 5). Of these 13 haplotypes (Table 1), four haplotypes behaved as dominant alleles conferring dark-flesh color (Fig. 6). No SNPs were found in this
region which would distinguish haplotypes linked to dark-flesh. Therefore, due to the high synteny in Prunus, the peach genome sequence was used to locate SSRs in this same region of interest (mostly within 1Mb of the three predicted
MYB10 genes). Forty SSR markers were then developed which could be screened for their ability to uniquely identify dark-fleshed haplotypes (Fig. 7). One SSR primer pair, about 200,000 Kb from the nearest MYB10 homolog, was
found to amplify fragments that successfully differentiated the two darkest-flesh haplotypes (Fig. 8). This marker can now be used for marker-assisted seedling selection in any cross where either of these two haplotypes are segregating
\to cull those individuals that which are predicted to have dark-purple flesh (Table 2).

/ Fig. 1. A flesh color QTL was previously found on

LG3 in diploid sweet cherry that co-located with
MYB10. This allowed a targeted approach in sour
cherry with the assumption that the flesh color QTL
would be conserved in tetraploid sour cherry.

J

Fig. 4. The cherry 6K Infinium® Il SNP array® was used to genotype all planx
materials. SNP dosage calls were done for each marker, where sweet cherry
individuals (yellow) were included to help define the two homozygous (AAAA

and BBBB) classes and the balanced heterozygous class (AABB). Determining
dosage was necessary to build haplotypes.

Fig. 2. Plant materials (visualized using Pedimap?) that were used for validating
the MYB10-associated flesh color QTL in sour cherry. The 5 bi-parental sour
cherry families used in this study represent a large portion of the diversity found in
the breeding germplasm at MSU

Fig. 3. WSU flesh color rating
scale wused to phenotype
iIndividuals, from 1 (clear flesh)
to 5 (dark purple flesh).

Fig. 5. SNP haplotypes spanning the QTL region for flesh color of the parents of each of the
5 populations used in this study. The red arrow on the left shows the location of MYB10
homologs. Each haplotype was built manually based on progeny segregation in each of the

Table 1. A linear additive model test was used to determine
which haplotypes contribute significantly to color or lack of
color in sour cherry. Significance codes for P-values are O
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Fig. 6. Haplotypes “d”, “p”, “I”, and “e” were found to contribute to dark flesh color. Mean comparisons were
done of these dark flesh aIIeIes in 4 of the populations. Parents of the populations are presented along with
the dark flesh haplotype they carry. Progeny mean flesh color scores are sorted by presence or absence of

populations. ***,0.001 %+, 0.01™*,0.05",0.1"". each dark flesh allele. Significantly different (P < 0.05) mean scores are represented by different letters.
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Fig. 8. Acrylamide gel of SSR marker LG3 13.146 which can be used
to identify the two dark flesh color haplotypes “d” and “p”. This SSR

marker results in a unique fragment for haplotype “d” at 218 bp and

Table 2. Seedling populations segregating for presence or
absence of the “d” haplotype were screened using the SSR marker
LG3 13.146. Those carrying the “d” fragment were culled.

Fig. 7. Locations of SSR markers surrounding the candidate MYB10 homologs that were screened for
possible association with dark-flesh color haplotypes. Markers were found using the peach genome
sequence. One marker (LG3 13.146, green star) was found to be polymorphic and able to distinguish

two of the dark flesh haplotypes. another for haplotype “p” at 220 bp.
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In sour cherry, the SNPs used to define the flesh color QTL region were not sub-genome specific between the P. avium and P. fruticosa genomes. Additionally, no combination of SNPs was able to completely distinguish the
haplotypes in an unknown genotype as it is SNP phase, not the SNP itself that is unique. By designing and screening SSR markers for this region, we were able to find one SSR (LG3_13.146) which differentiated, based on a unique
fragment size, haplotype “d” which carries the allele which confers the darkest flesh color to individuals. We could then select against this allele since our goal is to have a brilliant red cherry, and not one that is dark mahogany. In
summary, this DNA diagnostic test allowed us to achieve our marker-assisted breeding goal, as our breeding goal did not require differentiation of all possible haplotypes. P
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