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Association and Linkage Mapping of Walnut (Juglans regia L.) Phenological Traits
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Step 1. Step 2. To keep SNPs with mendelian inheritance using F 1 progeny Step 3. Step 5. 
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  with 40,000 tons Area of orchards: 2 nd French fruit crop 2 Walnut breeding goals in France: increased yield, larger nut size, ease of cracking, adaptation to climatic conditions (late spring frosts) with 40,000 tons Area of orchards: 2 nd French fruit crop 2 Walnut breeding goals in France: increased yield, larger nut size, ease of cracking, adaptation to climatic conditions (late spring frosts)  phenology 4 Effect of climate change, but breeding possible since phenology-related traits are also controlled by genetic background Background Association and Linkage Mapping of Walnut (Juglans regia L.) Phenological Traits -Fruits/with 40,000 tons Area of orchards: 2 nd French fruit crop 2 Walnut breeding goals in France: increased yield, larger nut size, ease of cracking, adaptation to climatic conditions (late spring frosts)  phenology INNOV'noyer project Association and Linkage Mapping of Walnut (Juglans regia L.) Phenological Traits -Fruits/Nuts Workshop 2/11 Goals: study of Juglans regia genetic resources for the implementation of a marker-assisted selection  basic research: genetic diversity and structure evaluation of INRA germplasm repository (Bernard et al., 2018), and genetic architecture deciphering of main traits of interest  applied research: establishment of necessary tools for marker-assisted selection 2/11 Goals: study of Juglans regia genetic resources for the implementation of a marker-assisted selection  basic research: genetic diversity and structure evaluation of INRA germplasm repository (Bernard et al., 2018), and genetic architecture deciphering of main traits of interest  applied research: establishment of necessary tools for marker-assisted selection 1 Action plan:  phenotyping: 2017, 2018, 2019, 2020 for many traits related to phenology, nut in-shell and kernel  genotyping: using SSRs and Axiom™ J. regia 700K SNP array  plant material: F 1 progeny (78 individuals) segregating for phenology + unique genetic resources corecollection (170 accessions)  GWAS, combined with QTLs detection for phenology  marker validation on other plant material  choice of genitors Phenotypic evaluation of phenology and data analysis Association and Linkage Mapping of Walnut (Juglans regia L.) Phenological Traits -Fruits/Predictions (BLUPs)  P ik = µ + Y i + g k + e ik P ik -observed phenotype of the k th accession in the i th year; µ -mean value of the trait; Y i -fixed effect of the i th year; g k -random effect of the k genotype; and e i(j)k -residuals of the model  of residuals; and n obs/g -number of observations by genotype  0.93
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  To keep SNPs of high resolution from Axiom® Analysis Suite

	Conversion Type	Number of markers	Percentage of markers
	PolyHighResolution	397,921 a	65,27
	NoMinorHom	75,564 a	12,39
	MonoHighResolution	36,684 a	6,02
	CallRateBelowThreshold	27,761	4,55
	OffTargetVariant	4,787	0,79
	Other	66,941	10,98
	Total of retained SNPs	510,169	

  To keep SNPs having genotyping rate >90%

	SNPs having genotyping rate <90%	13,993
	Total of retained SNPs	495,515
	Step 4. To keep SNPs having minor allele frequency >5%
	SNPs having minor allele frequency <5%	123,751
	Total of retained SNPs	371,764

  To delete duplicated SNPs

	Duplicated SNPs	7,489
	Total of retained SNPs	364,275

a SNPs of high resolution

Effect of climate change, but breeding possible since phenology-related traits are also controlled by genetic background

Axiom™ J. regia 700K SNP array(Marrano et al., 2019) 
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Chr 1 -6,514,832 bp Other work on leafing date: 3 SNPs on chr 1, between 3,187,214 and 4,805,396 bp (Marrano et al., 2019)