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            Abstract
Estimating individual ancestry is important in genetic association studies where population structure leads to false positive signals, although assigning ancestry remains challenging with targeted sequence data. We propose a new method for the accurate estimation of individual genetic ancestry, based on direct analysis of off-target sequence reads, and implement our method in the publicly available LASER software. We validate the method using simulated and empirical data and show that the method can accurately infer worldwide continental ancestry when used with sequencing data sets with whole-genome shotgun coverage as low as 0.001×. For estimates of fine-scale ancestry within Europe, the method performs well with coverage of 0.1×. On an even finer scale, the method improves discrimination between exome-sequenced study participants originating from different provinces within Finland. Finally, we show that our method can be used to improve case-control matching in genetic association studies and to reduce the risk of spurious findings due to population structure.
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                    Figure 1: Graphic illustration of the LASER method.[image: ]


Figure 2: Estimation of worldwide continental ancestry.[image: ]


Figure 3: Estimation of ancestry within Europe.[image: ]


Figure 4: Estimation of fine-scale ancestry within Finland.[image: ]
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Supplementary Figure 1 Off-target coverage for 410 samples from the 1000 Genomes exon project.
The off-target coverage for each sample is calculated by averaging across 632,958 loci in HGDP. For 270 loci that appear in the targeted regions, we set the coverage at these loci to 0 for all samples. Mean off-target coverage is 0.096× across the HGDP loci.


Supplementary Figure 2 Estimation of worldwide ancestry for 410 samples in the 1000 Genomes exon project.
The SNP genotypes of these samples are from the HapMap Project. We used all HGDP individuals as the reference panel, as labeled by colored points. (A,B) Results based on SNPs that were genotyped in both HapMap 3 and HGDP. (C,D) Results based on off-target sequence data. Procrustes similarity to the SNP-based coordinates is t0 = 0.9955, r2 = 0.9950, 0.9871, 0.9439 and 0.7747 for PC1, PC2, PC3 and PC4, respectively.


Supplementary Figure 3 Off-target coverage for 3,159 samples from the AMD study.
The red line indicates off-target coverage averaged across the 632,958 loci included in HGDP. The blue line indicates off-target coverage averaged across the 318,682 loci that are included in POPRES. For loci that appear in the targeted regions, we set the coverage at these loci to 0 for all samples, including 215 loci in HGDP and 113 loci in POPRES. Mean off-target coverage is 0.224× across the HGDP loci and 0.241× across the POPRES loci.


Supplementary Figure 4 Estimation of ancestry for 3,159 samples in the AMD targeted sequencing data set.
(A,B) Results based on the HGDP reference panel, whose colors and symbols follow Supplementary Figure 2. AMD samples are displayed in black, with different symbols representing possible ancestries based on their estimated PC coordinates. Two HapMap trios are labeled in gray. (C,D) Results based on the POPRES reference panel. Panel C displays PC1 and PC2 of POPRES; panel D displays 3,072 AMD samples on top of the POPRES samples. These samples are possibly Europeans or Middle Eastern ancestry, as indicated in panels A and B. Population labels for the POPRES samples are as follows: AL, Albania; AT, Austria; BA, Bosnia and Herzegovina; BE, Belgium; BG, Bulgaria; CH-F, Swiss French; CH-G, Swiss German; CH-I, Swiss Italian; CY, Cyprus; CZ, Czech Republic; DE, Germany; DK, Denmark; ES, Spain; FI, Finland; FR, France; GB, United Kingdom; GR, Greece; HR, Croatia; HU, Hungary; IE, Ireland; IT, Italy; KS, Kosovo; LV, Latvia; MK, Macedonia; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; RO, Romania; RU, Russia; Sct, Scotland; SE, Sweden; SI, Slovenia; SK, Slovakia; TR, Turkey; UA, Ukraine; YG, Serbia and Montenegro.


Supplementary Figure 5 Sequence-based coordinates and SNP-based coordinates for 931 AMD samples when using the HGDP reference panel.
Colors and symbols for HGDP and AMD samples follow Supplementary Figure 2. (A,B) Results based on 45,700 SNPs that are shared by the HGDP, POPRES and AMD SNP datasets. (C,D) Results based on off-target sequence data. The Procrustes similarity between results in panels A and B and in panels C and D is t0 = 0.9068. r2 = 0.9104, 0.8881, 0.6031 and 0.1828 for PC1, PC2, PC3 and PC4, respectively.


Supplementary Figure 6 Sequence-based coordinates and SNP-based coordinates for AMD samples when using the POPRES reference panel.
We only included 928 AMD samples whose genotype data are available and who might be European or Middle Eastern according to results in Supplementary Figure 5. (A) Results based on 45,700 SNPs that are shared by the HGDP, POPRES and AMD SNP data sets. (B) Results based on off-target sequence data. The Procrustes similarity between results in panels A and B is t0 = 0.9209. r2 = 0.9557 and 0.6389 for PC1 and PC2, respectively.


Supplementary Figure 7 Results for simulated exome sequencing data for 385 POPRES samples.
(A) Coordinates estimated from SNP genotypes at 2,547 on-target loci. Procrustes similarity to the SNP-based coordinates in Figure 3A is t0 = 0.5031. (B) Coordinates estimated based on off-target sequence reads (t0 = 0.9467). (C) Coordinates estimated based on sequence reads from both off-target and on-target regions (t0 = 0.9669). Mean coverage is ~88.9× and ~1.0× for on-target and off-target regions.


Supplementary Figure 8 Different strategies for sampling 1,280 cases.
(A) Sampling from two 8 × 8 grids along one side, with ten cases from each grid point. (B) Sampling from two 8 × 8 grids along the diagonal, with ten cases from each grid point. (C) Sampling from one 8 × 8 grid at the corner, with 20 cases from each grid point. (D) Sampling from one 8 × 8 grid at the center, with 20 cases from each grid point.


Supplementary Figure 9 Improvement of estimation by using coordinates averaged across multiple runs of LASER on the same data set.
The x axis indicates the number of runs used in calculating mean PC coordinates. The y axis indicates Procrustes similarity t0 between the mean coordinates and the SNP-based coordinates. Each box represents the distribution of t0 obtained from 15 repeating runs. (A) Results on sequence data of worldwide samples simulated from the genotypes of 238 HGDP individuals, using the other 700 HGDP individuals as the reference panel. We tested on three simulated data sets with coverage of 0.001×, 0.002× and 0.004×. (B) Results on sequence data of European samples simulated from the genotypes of 385 POPRES individuals, using the other 1,000 POPRES individuals as the reference panel. We tested on three simulated data sets with coverage of 0.10×, 0.20× and 0.40×. We only used one iteration in our examples of the 1000 Genomes and AMD targeted sequencing data because most samples have relatively high off-target coverage, such that improvement by using multiple iterations is small.


Supplementary Figure 10 Data processing procedures for the HGDP and POPRES data sets.
(A) The HGDP data set. (B) The POPRES data set.


Supplementary Figure 11 Data processing procedures for the HapMap 3 and AMD SNP data sets.
(A) The HapMap 3 data set. (B) The AMD SNP data set.
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