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Since the previous progress report for 2016, this project has been continued. Following is a summary of research activities for the project that have occurred to date.

Problem statement and implications:  As outlined in our original proposal, we are studying the genetic basis for drought and heat tolerance among herds of desert bighorn sheep occupying the southwestern United States. Regional variability in climatic conditions throughout the native range of bighorn sheep suggests strong potential for local adaptation. Increased occurrence of extreme droughts, overall decline in precipitation and increase in temperature due to climate change has the potential to detrimentally affect desert dwelling species such as bighorn sheep. Better understanding of the alleles, or suites of co-adapted alleles, conveying adaptive advantage to specific climatic conditions will help facilitate conservation of this and other species in the face of continued climate change. 

Goals and objectives: We propose to conduct reduced-genome scans to identify loci under selection. We will then correlate the presence/absence of alleles at those loci with specific climatic conditions. The overall project objectives are to: 1) assess whether bighorn sheep exhibit local adaptations to desert ecosystems experiencing different seasonal climatic conditions; and 2) develop recommendations for management actions that maximize the evolutionary potential of this taxon. Our hypothesis and predictions are as follows:

Hypothesis: Variation in climatic conditions will create varying selection regimes among desert bighorn herds with regard to water availability, forage quality, heat/cold stress, and disease susceptibility to which individuals will show local adaptation.
Prediction 1: (Population genomic approach): Desert bighorn herds subjected to significantly different climatic conditions will have different allele frequencies at loci under selection.
Prediction 2: (Landscape genomic approach): A correlation will exist between the gradient of climate variables and the distribution of allele frequencies at adaptive loci across the landscape.

Project activities during reporting period and current status: Since the last report we performed additional sequencing in order to obtain more single nucleotide polymorphism (SNP) loci for more samples. We sequenced two more lanes of RAD-seq on the Illumina 3000 platform at the Genomic Sequencing and Analysis Facility at the University of Texas. We determined genotypes at 11,303 SNP loci for a total of 476 bighorn sheep. Locations of the mountain ranges from which bighorn sheep samples were sequenced are shown in Fig. 1.  
 
We tested for evidence of local adaptation using a combination of population differentiation and ecological association tests. Ecological association tests were parameterized with bioclimatic predictors based on 30-year normals obtained for down-scaled PRISM data at 400 m resolution (http://pubs.usgs.gov/ds/691/ds691.pdf), as well as digital elevation data obtained from the USGS National Elevation Dataset. Population differentiation tests included the methodologies employed in the programs OUTFLANK and FLK, as well as Moran spectral outlier detection performed in R. One SNP locus (Locus 4919) was identified as an outlier by all three methods. Two ecological associations tests, Moran spectral randomization and latent factor mixed modeling (both performed in R), indicated allele frequencies at Locus 4919 were correlated with environmental factors, most notably elevation and temperature. Bighorn sheep samples from the Great Basin regions of California and Nevada possessed a private allele that was associated with higher elevation and lower annual mean temperature (Fig. 2). Locus 4919 maps to a ~ 5 Mb sequence on chromosome 8 of both the Rocky Mountain bighorn sheep (Ovis canadensis canadensis) draft genome and the domestic sheep (Ovis aries) HapMap Oar v3.0. This sequence contains the EPH receptor A7 gene, as well as 6 other undescribed protein coding genes. These results suggest desert bighorn sheep native to the Great Basin may represent a distinct ecotype.

We are currently finalizing all data analyses and have begun preparation of a manuscript communicating the results of this study. 
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Fig. 1. Bighorn sheep-occupied mountain ranges sampled as part of this investigation.
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[bookmark: _GoBack]Fig. 2. Geographic distribution of a private allele (T) at Locus 4919 determined to be under directional selection. This allele was only found in samples of desert bighorn sheep from the Great Basin. The presence of the private allele was correlated with an increase in elevation and a decrease in annual mean temperature.
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