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A thorough study of a period of 30 years of past climate (1981-2010), extracted agroclimatic
variables meaningful for cereal production at the collection sites of 140 barley landraces.
Variables resume temperature, precipitation, evapotranspiration, potential vernalization and
frost probabilities at different moments and scales (season, month).
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Cumulative vernalization in March-April
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Julian date with frost probability < 10%
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Results for selected SNPs and agroclimatic variables. Figures
depict three associations found, shown as examples. In each
case, TOP: Manhattan plots showing associations of genetic
markers with specific agroclimatic variables.

BOTTOM RIGHT: Histograms of allelic distributions over
agroclimatic variables and logistic regression curve showing
the probability of finding each allele over the range of
distribution of each agroclimatic variable

BOTTOM LEFT: Maps of Spain presenting the geographic
distribution of alleles according to collection places of the
landraces, overlaid on heat maps of specific agroclimatic
variables.

30 years of climate data. A set of maps were computed from more than 2,000 temperature
stations and 7,000 precipitation stations over peninsular Spain, to assess the relationship
between genetic markers and the climate variability of the territory. From the initial 120
variables a reduced set of 19 variables theoretically related to agricultural performance of
winter cereals were extracted by cluster analysis and expert judgment. Basic geographic data
(longitude, latitude and altitude) were also included in the dataset.

Landraces are populations of crop plants adapted to a particular environment. Extant landraces are
surviving genetic archives, filing invaluable information of the selection processes they have undergone
until settling in their current niches. Barley landraces were abundant in Spain, and were properly
collected in germplasm banks over the last century. This study intends to establish relationships
between genetic diversity of the Spanish landraces and the climate of their collection sites.

Association between climatic variables and genetic markers were performed with software Bayenv22. A
matrix of covariance between genotypes, used to remove background similarities due to genetic kinship,
was calculated with 711 independent (r2<0.2) markers, taking the mean of 10 replicates with 100K
iterations. Marker-environmental traits associations were declared significant when they surpassed
percentile 99 in both Pearson correlation and Bayes factor in 5 independent simulations. A dummy
climate variable was used as a negative control. Median BF values are presented.

A total of 95 associations were found, 58 with longitude, latitude and altitude, 19 related to water and
20 to temperature during cold season. These loci most likely do not represent candidate genes for local
adaptation, but indicate the possibility of their presence in the vicinity.
2 Günther and Coop, 2013, Genetics 195:205

Selected geographic and climatic variables Dendrogram of the initial 120 variables

Spanish Barley Core Collection. Representative
subset of 140 inbred lines derived from local 
Spanish landraces geo-referenced to their
collection sites. They are constituted by 5
different  germplasm groups, tracing back
to different arrivals to the Iberian
Peninsula and differential adaptation
to the diversity of climates in the area.

Genotyping with 10,000
SNPs for the barley landraces

was carried out with an Illumina
Infinium assay  with 9k SNPs, and by 

DArTseq®, Triticarte. In total, close to
10,000 SNPs, were placed in the barley

reference genome using the Barleymap1 tool.
1 Cantalapiedra et al, 2015, Molecular Breeding 35:13 
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