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Centre de Recerca en Agrigenò mica CSIC-IRTA-UAB-UB, Campus UAB, Bellaterra (Cerdanyola del Vallè s),
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Abstract
Genetic variability is a key requirement for breeding. Although new peach
cultivars are released yearly to the market, the genetic pool of cultivated peaches is
very limited. To evaluate the variability available in commercial but also in old local
peach accessions we selected a panel of 1,580 accessions maintained and evaluated in
four European and one Chinese germplasm collections. Phenotypic data collected
over years following common protocols have been integrated in a database,
generating a useful tool for breeders and researchers. These accessions were
genotyped with the peach 9K SNP array v1. T. Genotypic data distributed the
accessions in three main subpopulations (Occidental obtained in breeding programs,
Occidental old local varieties and Chinese cultivars). Linkage disequilibrium (LD) was
in agreement with previous studies reporting long extension. Phenotypic and
genotypic data have been combined in a GWAS study allowing the design of markers
for marker assisted selection (MAS). Preliminary analyses on quantitative traits are
promising, while further analysis will be required to integrate all data in a single
genome-wide association analysis.
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INTRODUCTION
Genetic variability is crucial for breeding gain and innovation. However peach
accessions, especially those released from European and North American breeding
programs, share an impoverished genetic pool (Scorza et al., 1985; Byrne, 1990; Aranzana et
al., 2003) produced, in part, by the use of a reduced set of parents in the initial breeding
programs. Diversity studies of cultivars adapted and grown in different regions of Africa,
America, Europe and Asia have revealed a differential distribution of the variability, which
correlates with the geographic location (Badenes et al., 2015). Most of this variability is
contained in Chinese accessions (Li et al., 2013; Cao et al., 2014; Badenes et al., 2015).
In the frame of the European project FruitBreedomics we have studied a large panel of
peach varieties, containing landraces as well as improved cultivars obtained in breeding
programs. The objectives of the work presented here are i) to explore the genetic variability
contained in European as well as in Chinese orchards and repositories and ii) conduct a
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genome wide association analysis to identify and design molecular markers to be applied for
marker assisted selection (MAS).
MATERIALS AND METHODS
Plant material and phenotypic information
We selected a panel of 1,580 accessions of Prunus from five germplasm collections
mantained in four countries: Centro di Ricerca per la Frutticoltura (CRA-FRU, Roma);
National Institute of Agronomic Research (INRA) of Avignon (France) and Bordeaux
(maintained in the Prunus Genetic Resources Center, France); Institut de Recerca i
Tecnologia Agroalimentàries (IRTA) stations of La Tallada d’Empordà and Gimenells (Spain);
University of Milan together with CRPV (Italy); and Zhejiang University (Hangzhou, China).
Phenotypic data for qualitative and quantitative traits measured over years in the respective
locations were put together in the FruitBreedomics database developed for this purpose.
Additionally, flowering date (2-3% flowers in stage F), sugar content (as average Brix
degrees in 10 fruits), titrable acidity (meq 100 mL-1 in the juice of 10 fruits) and fruit weight
(average on 10 homogenious fruits) were measured also in 2012 and 2013.
DNA extraction and SNP genotyping
Genomic DNA was extracted from young leaves using the DNeasy 96 Plant Mini Kit
(Qiagen, Valencia, CA, USA) following the manufacturer’s protocol. Accessions were
genotyped using the International Peach SNP Consortium (IPSC) peach 9K SNP array v1
(Verde et al., 2012). SNP genotypes were scored with the Genotyping Module of the
GenomeStudio Data Analysis software (Illumina, Inc.) using the default parameters and
filtered for quality. SNPs considered for the analyses were those with GenTrain higher than
0.4, GeneCall 10% higher than 0.2 and identifying all three possible genotypes (AA, AB, BB)
with less than 5% of No Call (failed genotyping).
Population structure and LD analysis
Population structure was studied by PCA analysis using the “prcomp” function of R
and with the Structure v.2 (Pritchard et al., 2000) software, run under the admixture model
assumption with correlated allele frequencies, using 100,000 interactions after a burn-in of
10,000 for a value of K ranging from 2 to 20. Linkage disequilibrium (LD) was calculated
using the squared correlation based on genotypic allele counts as implemented in PLINK
(Purcell et al., 2007).
Genome-wide association analysis
Population structure and kinship (K) matrix were computed using the Flapjack
software (Milne et al., 2010). Association mapping was performed using the GLM and MLM
procedure in TASSEL (Bradbury et al., 2007).
RESULTS AND DISCUSSION
Genetic diversity
The panel of 1,580 accessions was genotyped with the IPSC peach 9K SNP array v1
(Verde et al., 2012). Only those polymorphisms meeting the quality parameters previously
described in the materials and methods section were used for the analysis (4,271 SNPs,
52.4%), corresponding to an average of 1 SNP every 53.8 kb (for a peach genome size of 230
Mbp) and approximately equivalent to 8.2 SNPs cM-1 of the reference Prunus map (519 cM as
in Dirlewanger et al., 2004). Although after filtering for quality the number of SNPs (and
consequently its density) was reduced approximately to its half, it should be still adequate
for genome-wide association analysis accordingly with the high linkage disequilibrium (LD)
reported for peach (Aranzana et al., 2010; Li et al., 2013).
A total of 1,240 unique accessions were analyzed with the 4,271 SNPs. The observed
mean heterozygosity (Ho) individual-1 was 0.286, ranging from 0.003 to 0.68. SNP
markers
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are less variable than SSRs, which explain the lower heterozygosity detected by SNPs in
comparison with the one reported with 48 SSRs (Ho=0.44) in previous studies including also
a large panel of peaches (Li et al., 2013). Here only 10.8% of accessions showed more than
44% of loci heterozygous. Similarly, the average observed heterozygosity per SNP (0.286)
was lower than that for SSR (0.47). Most of the markers showed deviation from HardyWeinberg equilibrium, with an average expected heterozygosity (He=0.39) higher than the
one observed.
SNP data were used to study the pattern of LD and the division of the accession panel
into subpopulations. As previously reported in literature (Aranzana et al., 2003, 2010),
accessions derived from breeding programs were separated from local landraces.
Additionally genome-wide variability correlated with the geographic origin of the genotypes,
i.e. Occidental peaches shared a genetic pool differentiated from that of Asian peaches. LD
extension was also analyzed per subpopulation, both genome-wide and at chromosome
level, confirming its slow decay with distance (an average of 1.8 Mbp fragment
conservation), especially in the Chinese collection.
Phenotypic diversity
Phenotypic records available before this study were transformed to meet common
scales and were entered in a database developed within the project. In most cases only few
of the accessions were phenotypically evaluated per year at each site, consequently data
were combined in a large sized sample panel. Correlation between phenotypic data recorded
in several years was evaluated at IRTA and at CRA-FRU collections, both with enough
number of accessions presenting at least two years of records. Correlations were moderate
for flowering time (r2=0.69 for IRTA and r2=0.58 for CRA-FRU), on the contrary, maturity
data were more stable between years, with r2=0.94 at both, the Italian and Spanish orchards.
The correlation between data obtained in different years could be also assessed for fruit
size, sugar and acidity content in the IRTA collection. Values were similar for fruit size and
acidity (r2=0.79 and r2=0.76, respectively) and lower for sugar content (r2=0.69).
Genome-wide association analysis (GWAS)
Genome-wide association studies on the following monogenic traits: gland shape
(reniform/globular), flower type (showy/non-showy), fruit skin pubescence
(peach/nectarine), flesh color (white/yellow), fruit shape (flat/round), fruit texture
(melting/non-melting) and acidity (sub-acid/acid), identified SNPs associated with each of
the traits (see Micheletti et al., 2015 for more detail). Those SNPs (93 in total) were located
in the regions where the traits had been previously mapped (Dirlewanger et al., 1998, 2006;
Dettori et al., 2001; Peace et al., 2005; Ogundiwin et al., 2009; Falchi et al., 2013; Vendramin
et al., 2014). The associated SNPs were organized in 570 haplotypes with an average length
of 2.6 Mbp (ranging from 2.0 to 5.2 Mbp) which is consistent with the LD extension in peach.
A detailed analysis of the haplotypes and of their association with the traits reduced the
number of significantly associated haplotypes to 36 (an average of 6.3 trait-1).
For those key traits considered in the selection process of breeding programs (fruit
skin pubescence, flesh color, fruit shape and acidity) we scrutinized the haplotypes and
selected few discriminatory SNPs (2-4 trait-1) to be used for marker assisted selection in
breeding programs.
GWAS on quantitative traits (flowering date, fruit size, sugar and acidity content) were
conducted year-1 and site-1. In general the QTLs were consistent between years and sites.
However some QTLs were exclusively observed in one collection. For instance, Figure 1
shows the preliminary GWAS Manhattan plots for flowering time in the Chinese and Spanish
collections. Three QTLs were distinguished in the Chinese germplasm (one in chromosome
2, one in chromosome 3 and one in chromosome 8) while in the Spanish collection
associations were observed in chromosome 1, chromosome 2 and chromosome 6. In both
populations the associations were weak. Further analysis will be required to refine the data,
especially to remove extreme phenotypic records (outliers) detected that could have created
spurious associations and to integrate all data from the different collections in a single
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analysis, which will increase the accuracy and power of the method.

Figure 1. Genome wide association results for flowering time in the Chinese (A) and
Spanish (B) peach germplasm collection. Chromosomes are marked with a
different color on the horizontal axis of the Manhattan plots.
CONCLUSION
Peach germplasm is preserved in collections maintained and evaluated during years.
Such accessions represent a repository of variability that can be introduced as desired in
breeding programs. The use of the SNP array in the characterization of the accessions
maintained, has allowed the identification of sports, synonyms and validation of the identity
of the trees, and has also explored the available variability. Genotypic data, together with
phenotypic information, will allow a more efficient management of the collections and of
their use in breeding programs, and will provide a base for further coordination of
germplasm collections around Europe.
We have proved the viability of genome-wide association in peach by identifying SNPs
associated to major genes in the regions predicted by classical linkage mapping, which has
allowed the design of SNP markers adequate for MAS. Preliminary results on quantitative
characters, with more complex inheritance, are promising.
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