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            Abstract
We report sequencing-based whole-genome association analyses to evaluate the impact of rare and founder variants on stature in 6,307 individuals on the island of Sardinia. We identify two variants with large effects. One variant, which introduces a stop codon in the GHR gene, is relatively frequent in Sardinia (0.87% versus <0.01% elsewhere) and in the homozygous state causes Laron syndrome involving short stature. We find that this variant reduces height in heterozygotes by an average of 4.2 cm (−0.64 s.d.). The other variant, in the imprinted KCNQ1 gene (minor allele frequency (MAF) = 7.7% in Sardinia versus <1% elsewhere) reduces height by an average of 1.83 cm (−0.31 s.d.) when maternally inherited. Additionally, polygenic scores indicate that known height-decreasing alleles are at systematically higher frequencies in Sardinians than would be expected by genetic drift. The findings are consistent with selection for shorter stature in Sardinia and a suggestive human example of the proposed 'island effect' reducing the size of large mammals.
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                    Figure 1: Regional plots showing association with height for the GHR and KCNQ1 loci.[image: ]


Figure 2: Worldwide frequencies and LD patterns for the top six SNPs associated with height in the KCNQ1 locus.[image: ]


Figure 3: Polygenic score analysis for height.[image: ]
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Integrated supplementary information

Supplementary Figure 1 GWAS on height for SardiNIA cohort.
(a) Schematic of the sequencing-based GWAS approach. (b) Quantile-quantile plots for the ~12 million variants tested. The black line shows the expected P values under the null distribution. Colored lines represent observed P values for different ranges of frequency. Green circles, MAF = 0.05–0.5; red triangles, MAF = 0.01–0.05; blue squares, MAF = 0.005–0.01; gray dots, MAF = 0.001–0.005. (c) Manhattan plot of the association P values. The y axis shows the association strength (–log10 (P value)) versus the genomic position on the x axis.


Supplementary Figure 2 Height distribution within each genotype class for the top associated variants at GHR and KCNQ1.
(a) The height residual distribution within each genotype class after normalization for age and sex for rs121909358 (chr5:42689036). (b) The height residual distribution within each genotype class for each parent of origin after normalization for age and sex for rs150199504 (chr11:2814960).


Supplementary Figure 3 Haplotype blocks in the region surrounding the Laron variant (rs121909358).
The figure shows the extent of haplotype similarity for the 11 unrelated sequenced carriers. Each of the two chromosomes is plotted separately in the upper panel (if carrying the reference/ancestral allele) and lower panel (if carrying the alternate/derivate allele). Colors represent identical haplotypes; the extension of the haplotype around the core segment bearing the Laron variant varies because of recombination events. The x axis shows the distance from rs12190358 (chr5:42689036).


Supplementary Figure 4 Polygenic score analysis for height.
(a) The analysis of polygenic score using effect sizes published by the GIANT Consortium. (b) The polygenic score analysis using 162 SNPs immune to population stratification22 and in LD (r2 > 0.5) with the height loci published by the GIANT Consortium.


Supplementary Figure 5 Average frequency difference for height-decreasing alleles between European populations.
The figure shows the average frequency difference between the 1000 Genomes Project CEU population (taken as the reference), the SardiNIA cohort (SDI) and other 1000 Genomes Project populations (IBS, TSI, GBR and FIN). The frequency difference is evaluated for the height-decreasing allele of the 691 variants reported in the GIANT Consortium meta-analysis4.
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