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Aims and Methods of Research:

Advances in large-scale next-generation sequencing techniques have opened new perspectives in assessing genomic architecture of the chicken with a higher resolution at the DNA level. This availability aids in describing how strong selection has shaped the pattern of genetic variation across the genome of commercial breeds. If one can localize selective sweeps in the genome, then this information, along with functional knowledge of the region, helps in identifying casual targets for traits of commercial advantage. In this report we focus on the analysis of next-generation sequencing data, which is likely to be the foundation of many future population genomic studies.
We studied two commercial layer lines (hereafter called L1 and L2) provided by Lohmann Tierzucht GmbH, each represented by a pool of 15 unrelated female individuals. We obtained allele frequency data generated by next generation sequencing within the project Synbreed (http://www.synbreed.tum.de/) funded by the German Federal Ministry of Research and Education (BMBF). The total number of SNPs detected in L1 and L2 pools was 4’149’316 and 4’540’269, respectively, with 24% of polymorphism content common between the two lines. We checked the markers for redundant positions and applied a number of rules to clean the SNPs for further analysis like screening for quality of SNP calls (i.e., discarding sequences with phred score < 20) and filtering for SNP coverage (i.e., removing those with number of reads < 15). 
To identify genomic regions that may have been targets of past selection, we used allele counts at SNP positions for pools of sequence data. For genomic windows of on average 40K, we calculated the pooled heterozygosity (Hp) along the chromosomes from sequence reads corresponding to the most and least abundant allele (nMAJ and nMIN). The choice of 40 kb as a window size was motivated by the recommendation of previous studies and the desire to have a sufficient number of SNPs in a window. To facilitate comparisons of genomic regions we developed a “creeping window approach” to scan the entire genome for evidence of selective sweeps. This is a modified sliding strategy which moves the window by only one SNP and while passing over genomic gaps of <10 K (regions of free of SNPs), skips gaps of >10 K and re-starts from the first SNP after gap. For each window in each line pool, we calculated a pooled heterozygosity score according to Rubin et al. (2010). Hp values were then transformed to ZHp values with mean= 0 and SD= 1 to identify the outlying signals.
Highlights of the Research:

In total 1’083’781 (L1) and 3’084’824 (L2) SNPs on 30 chromosomes were included in the final analysis. Analyses of the inter-marker distance between polymorphisms revealed numerous genomic gaps on microchromosome and chromosome Z (e.g., Max > 5 Mb). As a result chromosomes 32, 38, 39 and Z were removed from the final analyses. After cleaning data, the average inter-marker space was estimated as 653 and 258 bp, respectively for L1 and L2 pools. The accumulated proportion of genomic gaps in L1 and L2 were estimated as 23.2 % and 13.6 %, respectively. These results show that a substantial fraction of the genome of the studied lines is still not covered in this analysis.
We investigated evidence for positive selection by assessing variation in allele frequency across the genome by determining normalized pooled heterozygosity values (ZHp) in the studied lines. The threshold for candidate selective sweeps was set very conservatively at ZHp <= -6 and windows below this threshold represented the extreme lower end of the heterozygosity distribution. 
Spurious fixation signals are more likely to occur when few chromosomes are sampled from a DNA pool and inadequate numbers of polymorphic loci in windows are analysed. Therefore we removed windows of < 30K so that 99.9 % of all windows contained more than 10 SNPs for final analyses. 
In total, 270’841 and 949’717 windows were tested in L1 and L2 pools, respectively. The mean Hp value was estimated as 0.42 in both pools and the lowest ZHp was -10.41 for a region on chromosome 1 in L1. Observation of the more extreme ZHp values in this study may substantiate that creeping window strategy is able to improve signal detection. Two panels of 382 and 598 extreme windows exceeded the ZHps value -6 in L1 and L2, respectively. These panels were clustered in 28 genomic regions representing strong evidence of selective sweeps. Interestingly, a substantial proportion of extreme ZHp clusters overlapped between both layer lines.
To gain insight into the reliability of our analysis with different SNP densities, we conducted a cross-validation test on the accuracy of Hp scores. For this, SNPs on L2/chromosome 1 were randomly sampled as a data set with three times lower density, and Hp values from this sparser data set were found to be in a very good agreement with dense one (R2 = 0.98, n=39’426).

We annotated the genomic regions containing extreme signals using the chicken genome sequence assembly. A subset of genes and ESTs located in each region were identified. Within these regions, genes of biological interest include genes in pigmentation pathways, carbohydrate metabolism pathways, muscle-skeletal structure development, genes involved in Calcium signalling pathway and immune system genes. Some of the regions under selective pressure are within so-called ‘gene deserts’. The reasons for this remain unclear, although non-coding RNAs and regulatory regions that exert their effect on distant genes are likely to provide at least some of the explanation.

Some key issues and findings to date:
· Still a substantial proportion of the genome is not covered.

· Cross validation revealed similar Hp signals with a three times sparser SNP panel.

· The creeping windows strategy does improve signal detection.

· A panel of 28 candidate regions extended over several Mega base pairs is presented.

· A substantial overlap was found between the selection signals in two layer lines.
· We suggest defining significance test statistic for Hp metric using simulated populations.

· Comparisons between methods and lines >>>> to be done.  

The grant holder presented a seminar on the results of the study in Roslin Institute in 10th June 2011.
A manuscript to be submitted to a high quality peer reviewed scientific journal is in preparation 

Additional comment: 
This study was primarily proposed for ESF grant as “Assessment of the functional diversity in the chicken genome based on high throughput genotype data”. Because of the delay in producing the chip the genotypes panel was not available for the given period of time and therefore, the basic sequence data with several times higher density was used for the purpose of this study.
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