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[bookmark: _s25xyme8m6nb]Abstract

Structural variants (SVs) have been associated with multiple phenotypes and implicated in human disease. Ever larger SV catalogs summarizing the diversity within and between ethnicities help researchers better understand the links between SVs and disease. The identification of SVs is non-trivial and requires a balance between comprehensiveness and precision. Here we present a catalog of 355,667 SVs (59.34% novel) across 138,134 individuals from the multiethnic TOPMed consortium. We describe our methodology for calling and genotyping, and we demonstrate its quality by noting >90% allele concordance between our call set and de novo assemblies of well-characterized control samples. We have identified SV hotspots and deserts and those that potentially impact the regulation of medically relevant genes. This catalog characterizes SVs across multiple ethnicities and will serve as a valuable tool to understand the impact of structural variation on disease development and progression.



Keywords: Structural Variants, Population, TOPMed, NGS, 

[bookmark: _3znysh7]Main 

A fundamental goal of human genetics is to discover the genetic etiology underlying disorders that plague human health and to build comprehensive models for disease biology. While we know that all classes of variant alleles are impactful1–4, structural variants (SVs) have not been characterized as extensively as small nucleotide variants (SNVs), particularly in diverse populations5. Structural variants are important types of genomic alterations that are typically described as insertion, deletions, or other complex rearrangements. Structural variants have been shown to play an important role in population diversity6,7 and evolution8–10. For example, multiple speciation events are reportedly due to de novo deletions and duplications11. Furthermore, SVs have been shown to play a key role in cancer12,13 and neurological14,15 and cardiovascular16,17 conditions, and their impact in Mendelian disorders are also well documented18,19.



Despite their biological importance, our knowledge of structural variants is limited4,20. Accurately resolving classes of variation that are larger than the length of the individual sequence reads poses challenges4,5,21. Additionally, allele frequency annotation presents difficulties due to the computational expense and limited availability of highly curated SV data resources22. Previous projects have contributed to our knowledge of SV frequency across different populations and have elucidated the role of structural variants in disease. The 1000 Genomes Project (1KGP)6,22 leveraged 2,500 ethnically diverse whole-genome shotgun (WGS) datasets at different coverage levels to generate an SV catalog that showed stratification by ethnicity. 1KGP highlighted the remarkable variety and complexity of structural variants, but the number of samples and the computational methods were limited. More recently gnomAD SV23 provided an important resource across 14,891 samples (10,738 unrelated individuals). GnomAD SV provides approximately 356,000 SVs across ethnicities and serves as a valuable resource for allele frequency and disease annotation information. A recent publication from NHGRI’s CCDG program16,17 provided a population-scale map across 17,795 ethnically diverse individuals and estimated the relative burden of rare deleterious SVs17. 



Despite these advances, the ability to accurately identify complex SVs is still evolving and sample sizes have not been adequate to capture rare events. Additionally, certain ethnicities are still vastly underrepresented in the existing population-wide data, which makes ranking variants by pathogenicity difficult. Joint calling of large multi-ethnic cohorts will allow for greater sensitivity to detect rare events and makes it possible to call genotypes on all samples in the cohort, but the computational burden can be prohibitive. Additionally, joint calling must take into account the inferential nature of individual SV detection to maintain sensitivity while also limiting false positives as the sample set scales. These limitations must be well understood and a robust QC process must be in place when creating a large population-wide SV call set in order to accurately assess its impact on human health and disease.



We analyzed short read whole genome sequence data from the National Heart, Lung, and Blood Institute’s Trans-Omics for Precision Medicine (TOPMed) program to create the largest, most ethnically diverse population-based SV catalog to date using scalable and accurate SV discovery methods. We describe the methods used to generate this resource and provide evidence of the quality through benchmarking. In addition, we offer key insights on the distribution of variant types observed when analyzing SVs across 138,134 ethnically diverse samples. We show the impact of these variants across multiple genes with many directly impacting medically relevant regions, highlighting the value of this resource for studying the diversity of the human population and improving our understanding of the role of SVs in human disease. Furthermore, we are able to assess low frequency but still highly supported SVs across the human population previously unreported due to lack of large scale SV callsets. The TOPMed SV catalog represents a novel resource to study human diversity and the impact of SVs on human disease. 

[bookmark: _2et92p0]Results

TOPMed seeks to identify factors that increase or decrease the risk of heart, lung, blood, and sleep disorders24 by coupling multiple -omic datasets with clinical phenotypes. The primary data includes whole-genome sequencing on 138,134 individuals across 43 studies24. Samples were sequenced at an average of 30X coverage using paired-end Illumina technology at five sequencing centers across multiple years24. Data was sent to the TOPMed Informatics Research Center for QC evaluation and reference analysis with respect to GRCh38. To ensure accurate variant discovery, only samples meeting strict data quality requirements were included in this call set (>30x coverage and genome coverage metrics averaged 95% ≥ 10x, and 90% ≥ 20x coverage). Figure 1A shows the composition of the samples with respect to genetically inferred ancestry24. The majority of the samples are of European descent followed by African and Asian based on general inferred categories and we note that these general categories may include individuals from diverse backgrounds. For example, there is a subset of individuals (n=1,267) that are identified as Samoan25 of which the majority appear in the EAS category.



[bookmark: _tyjcwt]We implemented a novel SV discovery pipeline to address the computational challenges posed by mega-scale sequencing projects (see Methods for details). In short, each sample was independently analyzed for discordant paired-end, split read, and read depth SV signals using Parliament226. Parliament2 deploys a multi-caller strategy to generate a VCF file of SVs per sample and operates the key principle to leverage the different heuristics that individual state-of-the-art SV callers utilize. Each SV caller has slightly different strengths and weaknesses which are optimized for in our SV merging tool, SURVIVOR10. The Parliament2 pipeline is optimized for cost-efficient cloud computing and has a high accuracy (F1 score 74.7%) when benchmarked against Genome in a Bottle Consortium (GIAB) standards26,27. After the initial calling, we used SURVIVOR merge10 to obtain a collection of candidate SVs across all samples. We used muCNV28 for efficient population-wide joint genotyping of the candidate SV. The joint genotyping step includes integrating all supporting evidence for each candidate SV across all samples and fitting mixture models that separate carriers of the SV from the rest of the samples. Some samples with low-quality indicators from SNP-based evaluations showed unusually high numbers of duplications and thus were removed as they affected the overall joint genotyping processes. Joint genotyping was performed with stringent quality evaluation by muCNV to produce an accurate set of SV genotypes that can be directly used for genotype-phenotype analyses. We utilized read mapping information and multi-sample statistics to achieve inversion genotyping at scale. 
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Figure 1: Overview of SV calls. A) Sample counts based on genetically inferred ancestry showing the majority of individuals are Europeans (EUR) followed by African (AFR), Asian (EAS), American (AMR), South Asian (SAS) and Mestizo (MES) ancestry. B) Per-sample SV count distributions by ancestry. C) Overview of gene (red), deletions (blue), duplications (orange) and inversions (green). D) Size distribution of population genotyped CNV and inversions. The majority of SVs across the population are large events. E) Randomized PCA principal components 1 and 2 of deletions. 

[bookmark: _3dy6vkm]Summary properties of SVs across 138,134 individuals

Figure 1B shows the average number of SVs per individual and across ancestries. As expected, individuals of African ancestry have more SVs than those of other ethnicities. We also observed a difference for Mestizo (MES)-based ancestries compared to Europeans or Asians. The SV catalog includes a total of 355,667 SVs: 231,817 deletions (65.1%); 86,911 duplications (24.4%); 36,939 inversions (10.5%) in autosomes. Figure 1C gives an overview along the entire genome of the SV densities with respect to the gene density. We observe multiple locations with concentrated SV density/hotspots. Figure 1D shows the size distribution of the SVs and their types included in this call set. Half of the SVs are at least 5.7 kbp long, with an average SV length of 52.7 kbp (Supplementary Table 1). Figure 1E shows the principle component analysis plots across deletions. We note the expected distribution with stratification being driven by sample ethnicity with clustering of samples of African descent (in red) occurring away from the East Asian and European ancestry samples. 



The observed allele frequency distribution is consistent with an exponential growth of the human population with 95.5% categorized as rare (<1%) and 47.3% as singletons. The majority of singletons are deletions (101,346) while inversions represent the minority (21,797). Over the entire frequency spectrum (Supplementary Figure 1A) we see a small increase of fixed SVs (95-100% AF). 

[bookmark: _1t3h5sf]Establishing a highly concordant and accurate SV call set 

We included two control subjects from 1KGP (NA12878 of Central European ancestry, and NA19238 of Yoruban ancestry) that were sequenced ~32 times each across each contributing genome center throughout the duration of the program24. Furthermore, there are high-quality haplotype-resolved assemblies of these genomes that provide a reference for variant benchmarking29. We used two different SV benchmarking methods: TT-Mars30 and Truvari31 (see Methods for details) to evaluate our variant call sets. On average across the two subjects, there were 3149±32 / 3749±43 deletions, and 200±11 / 279±12 duplications discovered by each sequencing run, indicating a high degree of consistency. The assemblies enabled the assessment of, on average, 93% of calls (Figure 2A). The positive predictive value (PPV) estimated by TT-Mars averaged 0.90 for NA12878 deletion calls and 0.87 for NA19238 deletion calls (Figure 2B). The estimated PPV based on Truvari analysis indicated that 87% of deletions were true positives. Variant calls for NA19238 had similar (though improved) metrics of 95% (TT-Mars) and 89% (Truvari) PPV. Thus, given all the different assessments of TT-Mars and Truvari together we can estimate the overall precision of our deletions to be 90.0-91.5%. We could assess between 96 and 98% of all duplications. The overall PPV of duplications was 86.5% across TT-Mars and Truvari (Figure 2A & B)27. In addition, we reviewed SVs for NA12878 that were not confirmed by either method (n=219) using Samplot32. In most cases, there was clear read evidence that there was a real CNV at the predicted location (61% of variants that were initially non-confirmed by TT-Mars or Truvari). The others seemed to be non-confirmed mostly over inaccurate breakpoints. This was especially the case for poor mappability/ repetitive regions and thus explains why both methods(TT-Mars or Truvari) did not confirm them. Only for 6% of non-confirmed SVs was there not enough visual evidence to conclude whether the variant was real or not.



 [image: ]



 Figure 2: Evaluation of SV call sets against using haplotype-resolved assemblies for deletion (DEL) and duplication (DUP) calls in the NA12878 and NA19238 genomes. A) Evaluation using TT-Mars. The fraction of calls that may be assessed using the assemblies (analyzed) and positive predictive value (PPV) are given for DEL and DUP calls. B) Support for calls from both the TT-Mars and Truvari methods. C) The size by count spectrum of all calls (red), the count validated by TT-Mars (green), and the count validated by Truvari (blue) for the combination of both genomes.



To estimate consistency, we counted the SVs per subject that were assessed as being a true positive in at least one replicate and measured the percentage of these SVs that each replicate recovered. For NA12878, Truvari found 3,004 DELs and 282 DUPs, 93% and 59% of which were recovered per-replicate on average, respectively. For NA19238, the 3,906 DELs and 411 DUPs were recovered in 87% and 63% of replicates, respectively. TT-Mars and Truvari use complementary approaches for variant validation and so it is interesting, but perhaps not surprising, that each method highlights certain deletions or duplications that can be verified by only one of the methods (Figure 2B). Neither validation approach confirmed deletions greater than 500kb or duplications over 50kb (Figure 2C). Deletions and duplications of less than 1kb account for 78% and 95% of calls, respectively, and the PPV in this size range was 93% and 87%, indicating a high accuracy for shorter calls. 



We evaluated the genotyping accuracy by measuring error rates from Mendelian consistencies using 11,387 samples in 4,081 trios and 173 duos (Figure 3A). The estimated error rates are 0.29% for deletions, 6.1% for duplications, and 6.1% for inversions. Inheritance patterns indicate de novo variants at 0.33% of heterozygous deletions, 1.4% duplications, and 9.0% inversions. Mendelian inconsistencies and de novo variant rates are comparable to each other in deletions and inversions because they are all biallelic variations, but the Mendelian error rate is much higher than the de novo error rate in duplications due to multi-allelic variations. The allelic balances (Figure 3A) were 49.6:50.4 (REF:HET) in deletions, 55.2:44.8 in duplications, and 57.9:42.0 in inversions. Compared to the expected 50:50 distribution, we see slightly more REF calls than HET calls in duplications, meaning there exists a slight reference bias. Overall the ratios do not show excessive reference biases and do not deviate significantly from the expected. The average het/hom ratio of samples is 2.26±0.34 (Supplementary Table 2)



[image: ]

Figure 3: A) Assessment of Mendelian error and novel HET rates per SV type across 11,387 samples from trio/duo families. For the evaluation, we also include the multiallelic variants that do increase the error rate, especially across duplications. B) Overlap of SV over 1KGP and gnomAD SV with respect to the allele frequency within the TOPMed SV call set. The allele frequencies change slightly between the novel SV from TOPMed and other overlapping SV. C) FST plot of African versus European ancestry of SV across the entire genome, highlighting a threshold of 0.11. 

[bookmark: _4d34og8]Identification of 163,794 novel SVs 

To evaluate the novelty of the TOPMed SV call set, we compared it with the gnomAD SV (14,891 samples) and 1KGP (2,506 samples) call sets, which capture variants with allele frequency down to 0.01%, and 0.1%, respectively. Events identified across callsets are classified as the same SV if they have an overlap of ≥70% using AnnotSV33. Across all types of SVs, 52% of TOPMed SVs have overlap with gnomAD SV or 1KGP, with the highest overlap for deletions (56.8%) followed by duplications (48.0%) and inversions (46.1%). As expected, we observed a larger overlap with gnomAD SV (44.05% of calls) compared to 1KGP (28.50%). The variants unique to TOPMed are consistent with the number of rare events detected using increased sample sizes. Figure 3B shows the overlap of TOPMed SV to 1KGP and gnomAD SV with respect to the allele frequency of the variants. Events found in all three catalogs have the highest mean allele frequency (1.9%) and events exclusively in TOPMed have the lowest (0.4%). Our call set also includes 168,307 singletons (47.28% of calls), 45% of which overlap with a gnomAD or 1KGP call. For variants shared across individuals (AF≥0.01) and overlapping between TOPMed SV and gnomAD, the Pearson correlation coefficient between reported allele frequencies is 0.85.



[bookmark: _5mjao7xaoark]SV association with human phenotypes and further applications

The availability of a validated SV catalog on a large diverse population-based sample set creates an input resource for genome-wide association analyses between SVs and a broad array of clinically relevant phenotypes. As a proof-of-concept for the SV-phenotype association analyses, we tested genome-wide association between SVs and various cardio-metabolic phenotypes from Atherosclerosis Risk in Communities (ARIC) and Hispanic Community Health Study / Study of Latinos (HCHS/SOL) cohorts. In ARIC, we had 3,642 samples from European American ancestry and 269 samples from African American ancestry with SV genotypes. In HCHS/SOL, we had 3,945 samples with SV genotypes. We tested for association in each ancestry group separately using EPACTS (ARIC AA/EA) and GMMAT (SOL) and performed a meta-analysis across three ancestry groups using METAL. Although we tested only a modest sample size compared to the entire TOPMed set, we were able to successfully identify genome-wide significant associations. We identified a 3.8 kbp deletion overlapping HBA2 in human alpha globin cluster (chr16, 173,578-177,341) that was significantly associated with decreased hemoglobin (p=7.93x10-15, standardized β= -0.34) and a 893 bp deletion overlapping BCRP3 (chr22, 24,637,046-24,637-939) that was significantly associated with increased gamma-glutamyltransferase (GGT) levels (p=1.94x10-8, standardized β= 0.18). The HBA2 deletion is a previously reported deletion that has been known to be associated with red blood cell traits and recent TOPMed-wide association analysis confirmed the association with seven red blood cell related traits34 . We also genotyped this specific variant across additional ARIC and SOL TOPMed/CCDG WGS samples and identified significant association with decreased hemoglobin, decreased hematocrit, and increased HbA1c levels16,35,36. The association between BCRP3 deletion and GGT levels has not been reported before, but is located approximately 9 kb downstream of the GGT1 gene that directly encodes the GGT enzyme. Interestingly, both deletions were common in AA but very rare in EA (HBA2 AA MAF=0.20, EA MAF=0.004; BCRP3 AA MAF=0.51, EA MAF= 0.00077), suggesting the importance of multi-population WGS analysis like TOPMed and also role for SVs that contribute to inter-individual and inter-population differences in the distributions of several clinically relevant biomarkers. Our results show that the call set provides a unique value as the largest-scale SV genotypes available WGS studies and can be utilized for the study of functional contributions of SVs to various complex human traits. Since the release of the SV callset, there has been active involvement of various phenotypic working groups of TOPMed who have reported findings from significant SV-phenotype association; including the hematologic traits34 and atrial fibrillation (AF) (manuscript in preparation). The SV set also has been utilized to generate a database of SV-SNP linkage disequilibrium (LD) statistics from subpopulations of TOPMed samples (http://topld.genetics.unc.edu/topld/) (manuscript in preparation). 

[bookmark: _2s8eyo1]LD between SVs, SNPs, and known GWAS hits

To understand how SVs are associated with the small variants around them, we performed pairwise linkage disequilibrium (LD) analyses between each SV and small variants within a +/- 1 Mbp region around the SV. We used the TOPMed SNV call set freeze 9 24, and only founder samples were selected from both the small variant and SV call sets. We analyzed 36,056 SVs with MAF>0.001, including 30,191 deletions, 3,717 duplications, and 1,861 inversions. A total of 16,980 SVs had at least one small variant with r2>0.05, and 12,204 SVs had at least one small variant with r2>0.3. We identified 52,043 unique small variants with r2>0.05; they were distributed most densely in the HLA region of human chromosome 6, a known recombination cold spot. 



Another important way to use SNV data in conjunction with SVs is to look at correlation of structural variant events with known GWAS signals. Most of the known GWAS association signals are from small variants, but this is also frequently the only variant class evaluated in large association studies. While these GWAS signals may be significant, the functional role of small variants is often obscured. Based on Mendelian disease gene discovery and follow-up studies 37, existence of an SV highly correlated with a known GWAS SNP suggests a functional contribution to the associated phenotype. To understand the overall distribution of SVs in the context of reported GWAS signals, we downloaded the full set of association signals from the NHGRI-EBI GWAS Catalog38 to identify SVs in high LD with these reported signals. From the GWAS Catalog, we identified 201 SNPs with r2>0.5 and 132 SNPs with r2>0.8 that are associated with at least one SV. For example, a 684-bp deletion in an intergenic region of chromosome 9 (chr9:101,457,417-101,458,101) is in almost perfect LD (r2=0.997) with rs2183745 at chr9:101,456,893, which is strongly associated (P=2x10-133) with alkaline phosphatase (ALP) level. Another example is a 928-bp deletion upstream of INSR at chromosome 19 (chr19:7,258,353-7,259,281) that is in strong LD (r2=0.979) with rs12798472 at chr19:7,257,979, which is significantly associated (P=1x10-58) with systolic blood pressure. These two SV are in regulatory and intron regions, respectively. The majority of GWAS SNP-linked SV were deletions, but we also found a 55-bp duplication at 19q13.11 that is in strong LD with rs66528626, which is associated with serum albumin levels (P=4.00x10-9), and a 200-bp inversion at 10q22.2 that is in strong LD (r2=0.953) with rs648078, which (together with a couple of other inversions) is associated with atrial fibrillation (P=6x10-27). The full list of SVs in high LD (r2>0.8) with SNPs from the GWAS Catalog is in Supplementary Table 3.

[bookmark: _17dp8vu]FST assessment across ethnicities

To assess ethnicity-based differences we identified the regions and potentially genes that show a difference in SV across individuals from different ethnicities. Figure 1A highlights the diverse ancestry of individuals in our sample, with the majority of individuals of either European or African descent. We first compared the FST between the Europeans and African ancestry. A first scan was done across the SV directly and to see if any were identifiable with an FST>0.2. In total, we identified 2,072 deletions and 21 duplications with an FST>0.2  (Figure 3C). Of these, 929 deletions (44.84%) overlap genes. For the duplications with FST>0.2, we identified 14 (66.67%) SV that overlap genes. Among this pair of populations, there were no deletion SVs with FST>0.2 with an allele frequency less than 0.05, consistent with previous observations that FST is lower at lower allele frequency39, but this may also be an effect of different population sizes and methods of estimation40. In addition, we identified 187 genes (Supplementary Table 4) with a high FST from 0.2 to 0.54. Although there is a high correlation between FST calculated for deletion loci in this sample and FST calculated for matching variants discovered in the 1000 Genomes Project6 (r2=0.87), there are 1,063 deletion loci not discovered in this study with FST>0.2 not found in the smaller cohort.

[bookmark: _3rdcrjn]SV annotation and potential impact

To investigate the potential impact of the SVs across genes (see Methods) we used AnnotSV41 for the gene annotation, which reports overlapping genes as well as genes directly impacted by the breakpoint of an SV itself (see Methods). Many SV (47.05%) overlap genes given the nature of our call set (average SV size 52.5 kbp), but we restricted our analysis to common SV with an allele frequency above 5%. We identified 2,295 genes overlapping deletions of 5% allele frequency or higher, and 22.18% of these were impacted by more than one variant. These genes were significantly enriched across cell junction (FDR: 1.4E-7), ATP binding (FDR: 1.9E-8), and other GO terms and impacted 27 KEGG Pathways (FDR smaller 8.8E-2) with the glutamatergic synapse pathway being the most significant (FDR: 6.3E-4). We investigated the genes impacted by duplications that have an allele frequency of 5% or higher. Across this list, genes with alternative splicing were enriched (FDR: 8.1E-14) as well as zinc finger (FDR:4.1E-7). The genes that were impacted across the duplications also showed a significance of the keyword polymorphism (FDR: 6.1E-3) and sequencing variant (1.5E-2). These could again highlight the role of duplications in the promotion of variations. We investigated if these genes overlap any medically relevant genes to determine potential impact on disease. For this, we utilized a list of 5,131 genes previously annotated42. Interestingly, 1,351 medically relevant genes were impacted by deletions (AF>5%), which represents a slight majority (58.87%) of all genes impacted by deletions in our call set. For duplications (AF>5%) we identified 801 genes that are impacted and medically relevant. Again we observed a similar small majority (56.41%) across all genes impacted by these duplications. 



We identified SVs that are present in a large portion of the population (AF>90%) and thus likely represent a minor allele in the reference. For deletions, 113 genes were identified to be potentially impacted. Of these, 65 (57.52%) medically relevant genes are overlapping deletions with AF>90%, which highlights the importance of this SV catalog for ongoing association studies. The TPTE gene was the only one reported to be potentially impacted multiple times, which is a paralog of TPTE2. We identified 55 genes overlapping duplications that are highly shared, meaning that it is likely a copy is deleted on the reference genome. Of these 55 genes, 34 (61.82%) are recorded to be medically relevant across different databases. Two genes GUSBP1 and MUC3A are reported with two highly shared duplications. 



Finally, we investigated SVs that occurred in 20 (AF=0.0001) to 100 (AF=0.0007) individuals only. These represent very low allele frequency cases that other studies potentially understudied. This range includes 13,320 deletions and 10,268 duplications of which 74.40% and 52.28% are present in gnomAD SV, respectively. Across these deletions, we identified 3,360 genes that are potentially impacted. Next, we investigated if these genes are reported to be medically relevant based on an annotated list42 and found that 1,884 (56.07%) of these genes are reported to be medically important. The list of enriched GO terms was very diverse as expected, with intracellular signal transduction being the most significant (FDR: 9.7E-4). Interestingly the number of genes for duplications in this low-frequency spectrum has slightly increased to 3,842 genes. Interestingly, we identified 2,200 (57.26%) genes that are overlapping with previously reported medically relevant genes. Similar to deletions, we also observed intracellular signal transduction being the most significant (FDR: 1.8E-2) GO entry. 



A component of the AnnotSV41 method is to leverage ClinGen ranking33,43,44 annotations of regions with potential haploinsufficiency (HI) and triplosensitivity (TriS) with respect to SVs. HI is the genetic relationship of a loss of one copy introducing a phenotypic effect. TriS is where an additional copy of a gene may lead to a phenotypic effect. Figure 4A shows the SV counts by annotation across three allele count bins. In total, 25,645 SVs have HI annotation, within which 3,514 SVs are VUS with 55.29% being deletions and 4,132 SVs pathogenic (50.39% deletions). For TriS, we observed fewer SVs (22,065) with proportions of VUS (366) and pathogenic (17) SVs, likely due to the curation criteria. Of the 4,149 SVs annotated as HI or TriS pathogenic, 85% have an allele count less than 20. SVs associated with Hi and TriS remain to be investigated when combined with traits collected from the TOPMed studies.

[bookmark: _26in1rg]
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Figure 4: Overview of the impact of the SVs and their clustering along the genome. A) SVs identified and clustered based on their haploinsufficiency (HI) and triplosensitivity (TriS) potential across different allele counts. B) Overview of SV hotspots and deserts across the TOPMed cohort. Here deserts are regions of the genome with no SV identifiable despite the large collection of individuals in this study. 

[bookmark: _lnxbz9]Identification of genomic SV hotspots and deserts across individuals

The number of individuals in this study gives us the opportunity to further investigate the mutational landscape of SVs across the human population. Figure 1C already indicated multiple hotspots or deserts along the genome. To do this more systematically we identified potential hotspots and deserts (0 SV) across the TOPMed SV call set, which represent either higher levels of SVs or potentially conserved regions. We identified hotspots and deserts using a window approach (100 kbp): if the number of SVs is more or less than three times the standard deviation of the mean (see Methods), that window is assigned to be a hotspot. Using this method we identified 502 deserts and 188 SV hotspots, as shown in Figure 4 B. The deserts could represent SV regions that were flagged during QC or ignored by the calling due to repetitiveness or incoherent alignments; to address this question, we compared the locations with the long-read based SV calls from the Human Genome Structural Variation Consortium (HGSVC) from their high-quality assemblies (see Methods). An average of 10.6 TOPMed SV and 1.4 HGSV SV were found in windows with a standard deviation of 12.4 and 2.8, respectively. Doing so identified 226 (45.02%) SV deserts that HGSV and our call set agreed on. Of these 226 candidates, 104 (46.02% of all deserts) overlap 91 genes (see Methods). A standard GO-term analysis did not reveal any significant enrichments. The 91 genes contained 12 long non-coding RNAs, 8 microRNAs, and 7 long intergenic non-protein coding genes. In addition, we also predicted 14 (2.79%) SV desert regions of the genome that disagree with HGSV. This represents only a small fraction of our genomic candidates. Furthermore, we identified 262 (52.19%) deserts that were not classified as deserts or valleys over the analysis of HGSV data. These could be either identified based on the fact that our call set is much larger compared to the 32 genomes that we used here from HGSV, or it could in fact represent additional missing SVs. Overall our SV desert regions did not show a clear correlation with SNV indicating that an SV desert could still include a multitude of SNV. For hotspots, we only observed an agreement of 4 regions with respect to HGSV data sets. The majority of our predicted hotspots (119, 63.30%) are not classified as either based on the HGSV data set. In contrast, 65 (34.57%) of our predicted hotspots were classified as valleys in HGSV assemblies, which probably highlights lower frequency variations in our call sets. Our SV catalog enables a deeper insight into the regions of the genome that appear ultraconserved (SV deserts) or highly variable for SVs. The latter especially is highly important to consider for SNV and other genetic analyses as they could manifest in incorrectly mapped reads45. Further analysis should be conducted to determine if these regions have an impact on phenotype, or if they represent normal genomic variability along with the population. 



[bookmark: _3i98ue41sq09]Structural Variants in chromosome X

The previous analyses and variant counts reflect structural variants in the autosomes only. The nature of the sex chromosomes adds an additional complexity in the interpretation of heterozygous vs. homozygous calls across males and females. The current methods do not allow for accurate genotyping on chromosome Y due to the variation in mapping and read depth and a haplotype based genotyping method is under investigation for application to the Y chromosome. Similar to the autosomal SV calls, we leveraged the two control samples to identify a core set of SVs for studying sex chromosome X specific events. Using this call set we measured an average 0.94 and 0.788 positive predictive value for deletions and duplications, respectively. The two replicate subjects are one male and one female and we observed similar PPV for deletions (0.945 and 0.948) and higher PPV for the female replicate subject’s duplications (0.729; 0.843). We compared the SV calls on chromosome X with those available in gnomAD and 1000 genomes and identified 51.6% of chrX calls that were not previously reported. Separated by project, 22.2% of the TOPMed SVs overlap with 1KGP SVs and 40.5% overlap gnomAD while 14.5% of our chromosome X SVs overlapped with both gnomAD and 1KGP. 



In total we identified 9,814 deletions, 6,756 duplications and 2,597 inversions across the chromosome X. Per-sample, we find an average of 181 deletions, 12 duplications, and 3 inversions. As expected, we observed 1.5 times more SVs per-sample across the 75,547 (53.54%) female samples of TOPMed compared to the 65,582 male samples, which averages to 235 SVs for females and 148 SVs for males. Furthermore, in females we observed a het/hom ratio of 3.06 for deletions, 3.35 for duplications, and 1.98 for inversions. For homozygous alternative SVs we observe a few more SVs in males (149 SVs) vs. females (58).





[bookmark: _vvbpqzmm0sy2]Discussion 

The resource described includes 355,667 well-curated structural variants from 138,134 ethnically diverse human whole genomes (Figure 1A). These highly accurate calls coupled with the extensive phenotype data available for the TOPMed cohorts provide an unmatched opportunity to identify associations and ultimately study mechanisms by which these variants impact disease onset and progression. This is already exemplified by Wheeler et all.34 who analyzed the SV calls from a subset (N=50,675) of samples for which multiple blood traits had been measured to identify phenotypic associations. They identified 33 independent SVs (23 common and 10 rare) implicated across multiple phenotypes. Interestingly, most of the SVs seem to impact the regulation of genes rather than showing a direct impact on the coding regions34. Most SVs were observed around regions of the genome that had previously been identified to play a role in blood traits. However one SV was shown to impact KCNJ18, which represents a novel finding based on this SV catalog. In another instance, Wheeler et al show a ~13kbp deletion (chr7) which includes the EPO promoter and was associated with HGB/HCT trait and in strong LD with a previously reported SNV ( rs4729607)34,46. The same deletion was also shown in a previous study to impact the expression of genes2 including TFR2 and EPHB4 that are involved in iron metabolism and erythorpoiesis 47,48 Thus highlighting the importance of the SV as potentially causative instead of the SNV alone. We anticipate additional disease trait associations as we have identified a large number of genes, including those designated as medically relevant, which contain SVs that are expected to alter expression. 



The large sample size across multiple ethnicities and inclusion of low frequency SVs (20-100 individuals, AF 1E-3 to 7E-3) enables exploration of alleles that may be absent from other studies. For example, in 1KGP and gnomAD SV, these low frequency SVs would most often singletons and on average will only be present in 0.25 or 1.4 individuals, respectively. We note that these rare events show an impact across 1,884 medically important genes in the TOPMed callset. This is likely a result of the broad range of disease cohorts that are represented in TOPMed and highlights the diversity across some of these genes. In addition, the large sample size and uniform data quality enabled us to identify different hotspots and deserts of SVs. Despite the large number of individuals, we still identified multiple deserts (regions with no SVs present) and compared them with other studies. Characterization of these patterns can be medically relevant and is important for disease biology, but also may provide valuable insights on human evolution and selection.



The large volume of the TOPMed whole genome sequencing data provides ample opportunity for discovery, however it presents computational and management challenges when generating this cohort wide variant resources. To accommodate this scale we implemented the Parliament2 and muCNV framework. Cloud compute was leveraged and the crams were analyzed directly in their native GCP environment, obviating any egress charges. In order to effectively scale to the sample size present in TOPMed, we optimized the runtime of the 5 selected SV callers to fully leverage a 16 core cloud instance. For example, we reduced the wall time of Lumpy from 6.45 to 0.45 hours and for Delly from 8.52 to 0.67 hours. This enabled efficient and accurate processing of individual samples. Despite a high precision rate from Parliament226, processing such a large number of samples results in a high rate of false positives due to the inferential nature of SV callers. To mitigate this we implemented muCNV, which utilizes coverage, split and discordant paired-end reads together to jointly genotype and filter SVs. muCNV achieves a higher precision by computationally validating each SV site across all individuals simultaneously. In addition to muCNV, we leveraged multiple populations and long read-based comparison filtering steps outlined in the methods to achieve a highly accurate SV resource. 



It is well established that long read technologies (e.g Pacific Biosciences and Oxford Nanopore) more accurately resolve structural variants and have recently shown marked improvement in overall data quality. Despite improvements in quality, price point and capacity, long-read sequencing is still prohibitive for large scale human WGS studies. While there is a natural tension between cost and comprehensiveness, there are opportunities for complementarity where the resolution offered by long read data can be leveraged to improve large scale short read resources. Long read efforts such as GIAB promote SV calling optimizations and the development of novel methodologies to improve the detection of SVs across complex regions in short read data. We demonstrated how long-read control samples from such programs can be used to assess the accuracy of a population based SV catalog. Nevertheless, by doing so we also discovered slight disagreement between two state-of-the-art benchmark methodologies (Truvari and TTmars). While this might be a minor point of this manuscript, it shows that the SV field has not yet found a standard or agreement of how to compare SV alleles and speaks to the need for continued work in this area. 



Despite the limitations inherent to short read SV calling, this TOPMed resource will provide unparalleled discovery opportunities by presenting allele frequencies across a wide range of individuals and ethnicities. With the ever-increasing number of available Illumina WGS datasets, this call set will provide continued utility in identifying novel associations between complex alleles and disease phenotypes.

[bookmark: _44sinio]Methods 

[bookmark: _2jxsxqh]SV call set generation 

[bookmark: _z337ya]Parliament process

For SV calling we deployed our Parliament226 method. Parliament2 processes aligned Illumina paired-end reads and identifies SVs via five programs: Manta49, Delly50, Lumpy51, Breakseq52, and CNVnator53. Subsequently, we merged the SV calls of the same type using SURVIVOR10 merge with a 1 kbp wobble distance between breakpoints. The single sample calling was done in parallel across Google Cloud instances and the results were written to a bucket on DNAnexus. Then another population merge was performed with SURVIVOR merge (1 kbp wobble) and type matching following recommended parameters on a per-chromosome basis. We ignored any translocation calls among the samples. The population VCF file of SV candidates generated by SURVIVOR was passed along for population genotyping. 

[bookmark: _3j2qqm3]muCNV 

The muCNV pipeline is designed for whole-genome population-level joint genotyping of SVs. We generated summary pileups, which recorded all discordant read pairs, split reads, soft clips, average depth information for each candidate SV event, and average depth for each 100-bp interval across the whole genome in a single scan of a CRAM/BAM file28. The pileup process also generated per-sample GC curves for GC correction. The pileups (100 to 200MB per sample) were then merged across samples and sliced by chromosomal regions for efficient handling of large sample sizes by a single compute node, as joint genotyping needs concurrent access to pileup data from all samples. Joint genotyping was performed across all samples by combining all supporting information around each candidate SV. To genotype deletions and duplications, we fitted a two-dimensional Gaussian mixture model with 1) the number of supporting alignments (discordant read pairs, split reads, and soft clips) and 2) the normalized read depth. Some deletions and duplications had complex breakpoints, which resulted in a lack of alignment support but clear depth-based signals. These events were genotyped by fitting a mixture model with only read depth information. Inversions were genotyped by fitting a mixture model with only alignment support. We also genotyped candidate SVs with clinical implications as reported in dbVar (https://www.ncbi.nlm.nih.gov/dbvar/studies/nstd102, August 2020 release), which added 453 deletions and 65 duplications. 

[bookmark: _1y810tw]Additional filtering/flagging

We took additional steps to identify potentially low-confidence duplications as they are more sensitive to genomic context and sequencing depth variations. First, we flagged DUPs with aberrant normalized depth as measured by muCNV and highly concordant genotypes with significantly overlapping DUPs. This filter identified and flagged 58,322 DUPs as PreFiltered. A second filter involved training a support vector machine (SVM) with five SV features reported by muCNV. These features are mean and standard deviation of the sequencing depths both before (INFO field=PRE) and after (INFO field=POST) the DUP, plus the GC content of the DUP region. Training data were DUPs genotyped as being present in the validation replicate samples and were labeled using Truvari (see SV validation below). Hyper-parameter tuning of the SVM’s RBF kernel was performed using grid search. An SVM score cutoff was manually set by evaluating increases in PPV versus number of DUPs flagged. As a result, 29,897 DUPs were flagged as being LowQual. The SVM was coded using Python version 3.7.12, scikit-learn version 1.0.1, and NumPy version 1.19.5.

[bookmark: _qo96o479adsy]Chromosome X calling and filtering

Chromosome X has been called separately from autosomes as it involves additional processing for joint calling of males and females. We used inferred sex information based on the ratio between average sequencing depths of chromosomes X and Y and normalized sequencing depth of male samples has been increased by 0.5 before genotyping step. Pseudoautosomal regions (PARs) have been excluded from genotyping. To minimize possible artifacts from depth compensation and mapping issues, we applied SVM-based filtering on all deletions, duplications, and inversions. Features used are mean and standard deviation of sequencing depths, difference in allele frequencies between female and male samples, difference in call rate between male and female samples, and also based on the existence of split-read and soft-clip based support for breakpoints. SVM was trained using variants labeled as true positive or false positive by Truvari. The SVM was coded using Python version 3.7.12, scikit-learn version 1.0.1, and NumPy version 1.19.5.

[bookmark: _y4bzsrarpagj]SV validation



We used a set of haplotype-resolved long-read assembly29. 

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA19238_hgsvc_pbsq2-ccs_1000-pereg.h1-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA19238_hgsvc_pbsq2-ccs_1000-pereg.h2-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA12878_giab_pbsq2-ccs_1000-pereg.h1-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA12878_giab_pbsq2-ccs_1000-pereg.h2-un.racon-p2.fasta



We created a baseline set of SVs per haplotype via Minimap2 v2.17 using Ebert long-read haplotype-resolved assemblies for two subjects, and we used Truvari collapse v2.1 to perform intra-sample haplotype merging. For each sequenced replicate of the two subjects, we used Truvari v3.1-dev bench to compare variants that were present (i.e., non-reference homozygous and non-missing genotypes) to the baseline variants. Benchmarking comparison parameters were set at {refdist: 500, pctsim: 0.0, buffer: 0.1, pctsize: 0.5, pctovl: 0.0, typeignore: false, use_lev: false, chunksize: 1500, gtcomp: false, sizemin: 10, sizefilt: 10, sizemax: 100000000, passonly: true, no_ref: c, includebed: null, multimatch: true}.



In addition we used TT-Mars54with the following code:

reference=hg38.no_alts.fasta ;output_dir=./; vcf_file=callset.vcf; centro_file=centromere_hg38.txt; tr_file=hg38_tandem_repeats.bed ;if_hg38=True; pass_only=True; seq_resolved=False; num_X_chr=2; wlen_tp=True



python ttmars.py "$output_dir" "$if_hg38" "$centro_file" assem1_non_cov_regions.bed assem2_non_cov_regions.bed "$vcf_file" "$reference" h1.fa h2.fa lo_pos_assem1_result_compressed.bed lo_pos_assem2_result_compressed.bed "$tr_file" "$pass_only" "$seq_resolved" "$wlen_tp"



python reg_dup.py "$output_dir" "$if_hg38" "$centro_file" assem1_non_cov_regions.bed assem2_non_cov_regions.bed "$vcf_file" "$reference" h1.fa h2.fa lo_pos_assem1_result_compressed.bed lo_pos_assem2_result_compressed.bed "$tr_file" lo_pos_assem1_0_result_compressed.bed lo_pos_assem2_0_result_compressed.bed "$pass_only" "$wlen_tp"



python chrx.py "$output_dir" "$if_hg38" "$centro_file" assem1_non_cov_regions.bed assem2_non_cov_regions.bed "$vcf_file" "$reference" h1.fa h2.fa lo_pos_assem1_result_compressed.bed lo_pos_assem2_result_compressed.bed "$tr_file" "$pass_only" "$seq_resolved" "$wlen_tp"



python combine.py "$output_dir" "$num_X_chr"



For evaluating the genotypes, we calculated non-reference error rates in all trio/duo genotypes by dividing the number of Mendelian-inconsistent genotypes by all sites present in at least one individual of the pedigree. In addition to the error rates, we calculated allelic balances by measuring the ratio between the reference and heterozygous genotypes in children when their parents had reference (REF) and heterozygous (HET) genotypes to identify possible biases in making genotype calls.

[bookmark: _2xcytpi]PCA 

Ancestries were assigned by identifying the genetic ancestry across individuals24. Filtering was performed to exclude variants with AC==1. A randomized PCA was performed using scikit-allel v1.3.5 with n_components=10 and scaler='patterson'.

[bookmark: _1ci93xb]FST

All variants with AC==1 were excluded. Furthermore, we excluded ethnicities with fewer than 1,000 samples and ethnicities with higher numbers of samples were randomly subsetted to 7,000 samples. Hudson FST was calculated using scikit-allel v1.3.5 (https://zenodo.org/record/4759368#.YbxgLn3MIq0).

[bookmark: _7n1hkvogf2pg]SV-phenotype association in ARIC and HCHS/SOL

The ARIC study is an ongoing biracial cohort designed for cardiovascular research, as described in detail previously55. HCHS/SOL is a community-based cohort study of Hispanics/Latinos designed to examine risk and protective factors for chronic diseases, as published previously56,57. For our analyses, we selected heart/lung/blood phenotypes related to cardiovascular outcomes that were measured across the entire cohort to maximize sample size. The list of analyzed phenotypes analyzed are height, body mass index (BMI), waist-hip ratio (WHR), whilte blood cell count, hemoglobin, hematocrit, neutrophil, platelet count, systolic/diastolic blood pressure, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride, high sensitive C-reactive protein (hsCRP), fasting glucose, fasting insulin, glycated hemoglobin (HbA1c), serum creatinine, albumin, albumin-to-creatinine ratio, estimated glomerular filtration rate (eGFR), cystatin C, alanine aminotransferase (ALT), aspartate aminotransferase (AST),and gamma-glutamyltransferase (GGT). We tested statistical association of each SV with individual phenotypes separately on ARIC African Americans, European Americans, and HCHS/SOL Hispanics and then performed inverse variance weighted meta-analysis across three populations. We used age, sex, age by sex, age2, age2 by sex and first five ancestry principal components (PCs) from SNPs and five PCs from SVs as covariates in all analyses. All traits are rank-normalized after adjustment for covariates. We excluded prevalent diabetes cases from glucose and insulin quantitative trait analyses, excluded prevalent CHD cases from hsCRP analyses, and excluded prevalent CKD cases from creatinine, albumin, cystatin C, and albumin to creatinine ratio analyses. Blood pressure levels of hypertension medication users were adjusted by +15 for systolic and +10 for diastolic blood pressure. For ARIC African Americans and European Americans, we used linear regression (Wald) tests for quantitative traits and logistic regression (Wald) tests implemented in the EPACTS pipeline (https://genome.sph.umich.edu/wiki/EPACTS). For HCHS/SOL Hispanic samples, we used GMMAT58 package with three random effects for genetic relatedness, household and census block groups to address for population and cohort substructures. Meta analyses were done using METAL software 59.

[bookmark: _yjxn7iakrnaw]Linkage disequilibrium (LD) analysis between SNPs and SVs

We first selected SVs and SNPs with minimum minor allele frequency of 0.001 in founders using inferred pedigree information using KING60. We also used these founders-only subset in the following analysis. LD calculation was done for SNPs that are within +/- 1Mbp for each SV using PLINK v1.90b6.24 with –r2 –ld-window-r2 0.05 options. We used GWAS catalog dowoloaded from https://www.ebi.ac.uk/gwas/docs/file-downloads in ‘all associations v1.0’ format on December 13, 2021.

[bookmark: _t9j91pjl6xio]Annotation of SVs and their impact over genes

We annotated the generated population VCF file using AnnotSV33 with default parameters. BCFtools was used to filter and extract SVs that overlapped with genes for different allele frequency (AF=0.05) or allele count (AC=20) thresholds. Subsequently these gene lists were analyzed using DAVID61 version 6.8 to identify enrichment of Go terms or KEGG pathways.



AnnotSV62 v2.5 was run with default parameters, intersecting annotations with gnomad SV (v2.1), and Ensmbl Genes (v2021-03-19). 

[bookmark: _2bn6wsx]Hotspots + Valleys

The TOPMed SVs were subset to events ≥50 bp. HGSV SV were downloaded from http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v2.0/integrated_callset/variants_freeze4_sv_insdel_alt.vcf.gz and subsetted to events ≥50 bp. GRCh38 autosomes were split into 100kb disjointed regions with windows intersecting centromere and gap regions as annotated by UCSC genome tracks were removed. The number of SV for each window over the TOPMed variants and HGSV variants were counted. Hotspots were defined as windows with greater than 3x the standard deviation per-variant set. Valleys were defined as windows without any SV per-variant set.

[bookmark: _qsh70q]Data Availability

An overview of the TOPMed participant consents and data access procedures is provided in Taliun et al. 24. All TOPMed WGS (cram) data are publicly available on a cloud based platform with access managed by dbGaP under study specific accessions. The dbGaP accession numbers for all TOPMed studies referenced in this paper are listed in Extended Data Table … and a detailed protocol for data access and a description of the publicly accessible data resources is available at https://topmed.nhlbi.nih.gov/topmed-data-access-scientific-community 



Structural variant calls from this joint call set for each cohort will be made available under study specific dbGaP accessions using standardized sample IDs and formats to facilitate combined analyses24. The full call set including per sample genotypes is currently available via the TOPMed dbGap Exchange Area for approved TOPMed investigators. To further promote the utilization for this call set we have deposited the SV alleles together with population frequencies in dbVar (accession ID pending XXX) for studies with appropriate consent. This will allow studies to easily compare their individual SV call sets with ours and utilize the large call set to more robustly annotate their individual SV with population frequencies.



Long-read assemblies for NA12878 and NA19238 used for benchmarking are publicly available at http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA19238_hgsvc_pbsq2-ccs_1000-pereg.h1-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA19238_hgsvc_pbsq2-ccs_1000-pereg.h2-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA12878_giab_pbsq2-ccs_1000-pereg.h1-un.racon-p2.fasta

http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/HGSVC2/release/v1.0/assemblies/20200628_HHU_assembly-results_CCS_v12/assemblies/phased/v12_NA12878_giab_pbsq2-ccs_1000-pereg.h2-un.racon-p2.fasta



[bookmark: _3as4poj]Code Availability

The variant calling pipelines have been deployed and published previously Parliament226: https://github.com/slzarate/parliament2 MuCNV28 :https://github.com/gjun/muCNV. Additional analysis scripts are collected here: https://github.com/BCM-HGSC/TopMedSVQC 
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Sup Table 1 - SVSummary

				[0,50)		[50,100)		[100,200)		[200,300)		[300,400)		[400,600)		[600,800)		[800,1k)		[1k,2.5k)		[2.5k,5k)		>=5k		Total

		DEL		9,314		6,175		2,737		1,336		2,213		2,832		3,215		1,657		17,368		57,920		127,050		231,817

		DUP		55		5,573		11,391		4,809		5,222		3,756		1,935		1,279		5,811		6,283		40,797		86,911

		INV		3,749		3,598		2,620		275		158		304		253		223		2,101		4,866		18,792		36,939

		Total		13,118		15,346		16,748		6,420		7,593		6,892		5,403		3,159		25,280		69,069		186,639		355,667

						38

						39





Sup Table 2 - HetHom Ratio

		Per Sample Het/Hom Ratio Distribution

		svtype		count		mean		std		min		25%		50%		75%		max

		DEL		138134		2.1468829081		0.3437483359		1.0813124108		1.8974600188		2.0048614499		2.5074478649		3.441273326

		DUP		138123		3.8067677747		0.9350022036		1.2773109244		3.24		3.6818181818		4.2142857143		38.9523809524

		INV		137706		12.388632		10.917109		1.346154		6.6		9.444444		14.2		327

		ALL		138134		2.266403		0.344948		1.188653		2.016275		2.128015		2.623626		6.22298

		Consolidating samples

		svtype		Subset		Het		Hom		Ratio

		DEL		Proband, Mendelian consistent		9151665		4476153		2.044538022

		DUP		Proband, Mendelian consistent		708811		215414		3.290459302

		INV		Proband, Mendelian consistent		698622		34030		20.52959154

		ALL		Proband, Mendelian consistent		10559098		4725597		2.234447415

		DEL		All		310811568		145412099		2.1374532803

		DUP		All		24953978		6699135		3.7249552368

		INV		All		24413803		1106063		22.0727056235

		ALL		All		360179349		153217297		2.3507747236





Sup Table 3 - SVinLD

		SV		R2		REGION		CHR_ID		CHR_POS		SNPS		CONTEXT		DISEASE/TRAIT		P-VALUE		OR or BETA		RISK ALLELE FREQUENCY		PUBMEDID		STUDY

		DEL_1:1227292-1227466		0.917065		1p36.33		1		1227055		rs3766186		intron_variant		Blood protein levels		6.00E-11		0.2713308		0.8990625		30072576		Co-regulatory networks of human serum proteins link genetics to disease.

		DEL_1:72289661-72289810		0.967415		1p31.1		1		72288631		rs61765651		intron_variant		Childhood obesity		4.00E-07		0.1346		NR		31504550		A Trans-ancestral Meta-Analysis of Genome-Wide Association Studies Reveals Loci Associated with Childhood Obesity.

		DEL_1:72289661-72289810		0.967415		1p31.1		1		72288631		rs61765651		intron_variant		Body mass index		2.00E-38				NR		31669095		Shared Genetic and Experimental Links between Obesity-Related Traits and Asthma Subtypes in UK Biobank.

		DEL_1:72289661-72289810		0.967415		1p31.1		1		72288631		rs61765651		intron_variant		Childhood body mass index		1.00E-08		0.058		0.83		33045005		Novel loci for childhood body mass index and shared heritability with adult cardiometabolic traits.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Depression		4.00E-52		1.034		0.6156		30718901		Genome-wide meta-analysis of depression identifies 102 independent variants and highlights the importance of the prefrontal brain regions.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Body mass index		1.00E-53		0.0253		0.6177		30239722		Meta-analysis of genome-wide association studies for body fat distribution in 694,649 individuals of European ancestry.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Obesity		4.00E-16		1.06		0.61		23563607		Genome-wide meta-analysis identifies 11 new loci for anthropometric traits and provides insights into genetic architecture.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Body mass index		2.00E-14		1.16		0.6		23563607		Genome-wide meta-analysis identifies 11 new loci for anthropometric traits and provides insights into genetic architecture.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Weight		2.00E-08		3.37		0.58		19079260		Genome-wide association yields new sequence variants at seven loci that associate with measures of obesity.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Body mass index		1.00E-11		3.77		0.58		19079260		Genome-wide association yields new sequence variants at seven loci that associate with measures of obesity.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Depressive symptoms		3.00E-19		0.011401672		0.612018932		30643256		Multivariate genome-wide analyses of the well-being spectrum.

		DEL_1:72300641-72346158		0.999764		1p31.1		1		72299433		rs2568958		intron_variant		Weight		4.00E-23		0.0193		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_1:72300641-72346158		0.940876		1p31.1		1		72346221		rs11209948		intron_variant		Body fat percentage		2.00E-07		0.11132		NR		30593698		Genomics of body fat percentage may contribute to sex bias in anorexia nervosa.

		DEL_1:72300641-72346158		0.940876		1p31.1		1		72346221		rs11209948		intron_variant		Body fat percentage		2.00E-07		0.13699		NR		30593698		Genomics of body fat percentage may contribute to sex bias in anorexia nervosa.

		DEL_1:72300641-72346158		0.940876		1p31.1		1		72346221		rs11209948		intron_variant		Major depressive disorder		8.00E-11		0.0357		0.638888		27479909		Identification of 15 genetic loci associated with risk of major depression in individuals of European descent.

		DEL_1:72300641-72346158		0.999244		1p31.1		1		72346757		rs2815752		intron_variant		Body mass index		6.00E-08		0.1		0.62		19079261		Six new loci associated with body mass index highlight a neuronal influence on body weight regulation.

		DEL_1:72300641-72346158		0.999244		1p31.1		1		72346757		rs2815752		intron_variant		Body mass index		2.00E-22		0.13		0.61		20935630		Association analyses of 249,796 individuals reveal 18 new loci associated with body mass index.

		DEL_1:72526642-72526673		0.983235		1p31.1		1		72527173		rs1775370		intron_variant		Smoking status (ever vs never smokers)		2.00E-09		0.013873694		0.2479		30643258		Genome-wide association analyses of risk tolerance and risky behaviors in over 1 million individuals identify hundreds of loci and shared genetic influences.

		DEL_1:78061615-78061731		0.828053		1p31.1		1		78062228		rs2031496		intron_variant		Educational attainment (MTAG)		6.00E-12		0.0091		0.5813		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_1:78061615-78061731		0.828053		1p31.1		1		78062228		rs2031496		intron_variant		Highest math class taken (MTAG)		3.00E-08		0.0093		0.5944		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_1:109288251-109288502		0.990053		1p13.3		1		109288646		rs6689611		intergenic_variant		Apolipoprotein B levels		7.00E-44		0.132132		0.987626		32203549		Evaluating the relationship between circulating lipoprotein lipids and apolipoproteins with risk of coronary heart disease: A multivariable Mendelian randomisation analysis.

		DEL_1:196776401-196812700		0.827807		1q31.3		1		196852250		rs67908756		intron_variant		Blood protein levels		4.00E-14		0.23		0.194		29875488		Genomic atlas of the human plasma proteome.

		DEL_1:205663091-205663128		0.971706		1q32.1		1		205663090		rs72434280		inframe_deletion		Elevated serum prostate-specific antigen levels in healthy men		3.00E-20		0.2333		NR		28471803		Search for genetic factor association with cancer-free prostate-specific antigen level elevation on the basis of a genome-wide association study in the Korean population.

		DEL_2:25822165-25822182		0.813096		2p23.3		2		25822162		rs11269944		intron_variant		Total bilirubin levels		1.00E-09		0.016		NR		33462484		Genetics of 35 blood and urine biomarkers in the UK Biobank.

		DEL_2:120480913-120480931		0.947979		2q14.2		2		120481784		rs4848599		intergenic_variant		Breast cancer		2.00E-20		0.0933		0.8845		29059683		Association analysis identifies 65 new breast cancer risk loci.

		DEL_2:146105053-146119297		0.999849		2q22.3		2		146119354		rs62169493		intergenic_variant		Lung function (FEV1/FVC)		2.00E-12				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_2:151184691-151184980		0.999294		2q23.3		2		151185188		rs6705511		intron_variant		Self-reported math ability		4.00E-09		0.0115		0.5034		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_2:151184691-151184980		0.999294		2q23.3		2		151185188		rs6705511		intron_variant		Self-reported math ability (MTAG)		3.00E-10		0.0112		0.5034		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_2:207486431-207494646		0.999674		2q33.3		2		207494783		rs13027546		intron_variant		Refractive error		2.00E-08						32231278		Meta-analysis of 542,934 subjects of European ancestry identifies new genes and mechanisms predisposing to refractive error and myopia.

		DEL_2:207486434-207494645		0.999674		2q33.3		2		207494783		rs13027546		intron_variant		Refractive error		2.00E-08						32231278		Meta-analysis of 542,934 subjects of European ancestry identifies new genes and mechanisms predisposing to refractive error and myopia.

		DEL_2:217091173-217092549		0.999771		2q35		2		217092976		rs72951831		TF_binding_site_variant		Cancer (pleiotropy)		7.00E-11		1.268		NR		32887889		Pan-cancer study detects genetic risk variants and shared genetic basis in two large cohorts.

		DEL_2:221201546-221201579		0.882612		2q36.1		2		221203020		rs12478119		intergenic_variant		Blood protein levels		6.00E-14		0.24		0.199		29875488		Genomic atlas of the human plasma proteome.

		DEL_3:18714325-18714634		0.99693		3p24.3		3		18714738		rs13086597		intron_variant		Lymphocyte counts		8.00E-25		0.0283		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_4:1316318-1316348		0.867474		4p16.3		4		1316113		rs6815464		intron_variant		Type 2 diabetes		2.00E-07		1.1236		0.64		23945395		Genome-wide association study identifies three novel loci for type 2 diabetes.

		DEL_4:1316318-1316348		0.867474		4p16.3		4		1316113		rs6815464		intron_variant		Type 2 diabetes		2.00E-20		1.13		0.58		22158537		Meta-analysis of genome-wide association studies identifies eight new loci for type 2 diabetes in east Asians.

		DEL_4:1316318-1316348		0.867474		4p16.3		4		1316113		rs6815464		intron_variant		Type 2 diabetes		1.00E-08		0.083		0.0258		28869590		Identification of new susceptibility loci for type 2 diabetes and shared etiological pathways with coronary heart disease.

		DEL_4:1601232-1601946		0.946549		4p16.3		4		1602243		rs56039511		intergenic_variant		Hip circumference adjusted for BMI		8.00E-09		0.0164591		NR		34021172		GWAS of allometric body-shape indices in UK Biobank identifies loci suggesting associations with morphogenesis, organogenesis, adrenal cell renewal and cancer.

		DEL_4:39029470-39029738		0.925946		4p14		4		39028563		rs2254075		non_coding_transcript_exon_variant		Eosinophil counts		2.00E-17				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_4:39029470-39029738		0.925946		4p14		4		39028563		rs2254075		non_coding_transcript_exon_variant		Monocyte count		3.00E-24		0.0224		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_4:79284589-79284902		0.813203		4q21.21		4		79285118		rs6816922		intron_variant		Chronotype		4.00E-08		1.0202013		0.4623		30696823		Genome-wide association analyses of chronotype in 697,828 individuals provides insights into circadian rhythms.

		DEL_4:99101899-99102235		0.981688		4q23		4		99101420		rs1453873		intron_variant		Blood protein levels		2.00E-25		0.2839609		0.74171875		30072576		Co-regulatory networks of human serum proteins link genetics to disease.

		DEL_4:147537804-147537856		0.999323		4q31.23		4		147539885		rs5333		synonymous_variant		Red blood cell count		5.00E-13				0.262028		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_4:147537804-147537856		0.999323		4q31.23		4		147539885		rs5333		synonymous_variant		Red blood cell count		8.00E-14		0.015938		0.250584		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_5:58027651-58037954		0.990585		5q11.2		5		58027292		rs6861883		intergenic_variant		Neutrophil count		2.00E-08		0.0148		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_5:81886671-81887002		0.83887		5q14.1		5		81887293		rs10041849		intergenic_variant		General risk tolerance (MTAG)		8.00E-12		0.0082		0.401		30643258		Genome-wide association analyses of risk tolerance and risky behaviors in over 1 million individuals identify hundreds of loci and shared genetic influences.

		DEL_5:150084367-150084455		0.975839		5q32		5		150084545		rs112661564		intron_variant		Granulocyte percentage of myeloid white cells		2.00E-19		0.03550029		0.302		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_5:150084367-150084455		0.975839		5q32		5		150084545		rs112661564		intron_variant		Monocyte percentage of white cells		8.00E-25		0.04043029		0.3018		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_5:150084367-150084455		0.975839		5q32		5		150084545		rs112661564		intron_variant		Serum total protein level		2.00E-10		0.0147		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_5:150823606-150843703		0.999774		5q33.1		5		150843825		rs13361189		intergenic_variant		Crohn's disease		2.00E-10		1.38		0.08		17554261		Sequence variants in the autophagy gene IRGM and multiple other replicating loci contribute to Crohn's disease susceptibility.

		DEL_5:177108235-177108683		0.948028		5q35.3		5		177108030		rs625882		intergenic_variant		Nonsyndromic cleft lip		2.00E-08		1.208		0.412		31609978		Genetic factors define CPO and CLO subtypes of nonsyndromicorofacial cleft.

		DEL_6:6141301-6143100		0.89365		6p25.1		6		6141025		rs148586547		intergenic_variant		DNA methylation variation (age effect)		1.00E-08				NR		30348214		Genotype effects contribute to variation in longitudinal methylome patterns in older people.

		DEL_6:32694038-32694156		0.999062		6p21.32		6		32693798		rs9275260		intergenic_variant		Immunoglobulin A vasculitis		3.00E-09		1.7857143				28698626		A genome-wide association study suggests the HLA Class II region as the major susceptibility locus for IgA vasculitis.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Mean corpuscular hemoglobin		5.00E-10		0.17070511		0.009918		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Mean corpuscular volume		3.00E-16		0.45862		0.00992		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Reticulocyte fraction of red cells		3.00E-10		0.1208241		0.0102		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Reticulocyte count		4.00E-19		0.1716687		0.0102		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		High light scatter reticulocyte count		4.00E-10		0.1197863		0.0102		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Mean reticulocyte volume		5.00E-11		0.18733634		0.009951		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_6:41984501-41988900		0.954786		6p21.1		6		41984773		rs113267280		intron_variant		Mean spheric corpuscular volume		2.00E-18		0.24612151		0.009909		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_6:53671986-53672013		0.994173		6p12.1		6		53671582		rs559527340		regulatory_region_variant		Hip circumference adjusted for BMI		2.00E-16		0.0439281		NR		34021172		GWAS of allometric body-shape indices in UK Biobank identifies loci suggesting associations with morphogenesis, organogenesis, adrenal cell renewal and cancer.

		DEL_6:65885161-65885956		0.995362		6q12		6		65886038		rs9885896		intergenic_variant		Endometriosis or depression (pleiotropy)		4.00E-09		0.0241602				32959083		Genetic analysis of endometriosis and depression identifies shared loci and implicates causal links with gastric mucosa abnormality.

		DEL_6:139282501-139287000		0.993565		6q24.1		6		139286588		rs34320498		intron_variant		Heel bone mineral density		2.00E-12		0.0174145		0.838328		30598549		An atlas of genetic influences on osteoporosis in humans and mice.

		DEL_6:139282501-139287000		0.967612		6q24.1		6		139286685		rs36044402		intron_variant		Heel bone mineral density		5.00E-13				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_6:149981522-149981668		0.849859		6q25.1		6		149981212		rs4869780		regulatory_region_variant		Aspartate aminotransferase levels		3.00E-09		0.0213219		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_6:149981522-149981668		0.849859		6q25.1		6		149981212		rs4869780		regulatory_region_variant		Aspartate aminotransferase levels		6.00E-09		0.0142		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_6:149981522-149981668		0.849859		6q25.1		6		149981212		rs4869780		regulatory_region_variant		Platelet count		1.00E-09		0.0208324		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_7:12242085-12242399		0.805993		7p21.3		7		12242825		rs7805419		3_prime_UTR_variant		General factor of neuroticism		1.00E-08		0.0099821		NR		30867560		Genetic contributions to two special factors of neuroticism are associated with affluence, higher intelligence, better health, and longer life.

		DEL_7:12242085-12242399		0.805993		7p21.3		7		12242825		rs7805419		3_prime_UTR_variant		Well-being spectrum (multivariate analysis)		9.00E-13		0.006661938		0.416096427		30643256		Multivariate genome-wide analyses of the well-being spectrum.

		DEL_7:26097398-26105876		0.923977		7p15.2		7		26095870		rs35006008		intergenic_variant		Lymphocyte counts		8.00E-13				0.21083		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:26097398-26105876		0.923977		7p15.2		7		26095870		rs35006008		intergenic_variant		Lymphocyte counts		1.00E-13		0.017017		0.220991		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:26097398-26105876		0.931037		7p15.2		7		26106443		rs916964		intergenic_variant		Interleukin-18 levels		2.00E-08		0.059		0.8		33067605		Genomic and drug target evaluation of 90 cardiovascular proteins in 30,931 individuals.

		DEL_7:44560579-44560721		0.905344		7p13		7		44561096		rs217386		intergenic_variant		LDL cholesterol levels		2.00E-11		1.1159		0.4306		30926973		Multi-ancestry genome-wide gene-smoking interaction study of 387,272 individuals identifies new loci associated with serum lipids.

		DEL_7:44560579-44560721		0.905344		7p13		7		44561096		rs217386		intergenic_variant		Low density lipoprotein cholesterol levels		2.00E-07		0.026		0.579		29507422		A large electronic-health-record-based genome-wide study of serum lipids.

		DEL_7:44560579-44560721		0.905344		7p13		7		44561096		rs217386		intergenic_variant		Low density lipoprotein cholesterol levels		4.00E-09		0.027		NR		29507422		A large electronic-health-record-based genome-wide study of serum lipids.

		DEL_7:44560579-44560721		0.905344		7p13		7		44561096		rs217386		intergenic_variant		Total cholesterol levels		3.00E-06		0.021		NR		29507422		A large electronic-health-record-based genome-wide study of serum lipids.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index		3.00E-08		0.032		0.18		25673413		Genetic studies of body mass index yield new insights for obesity biology.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index		7.00E-08		0.029		0.19		25673413		Genetic studies of body mass index yield new insights for obesity biology.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index		5.00E-09		0.025		NR		30108127		A Large Multi-ethnic Genome-Wide Association Study of Adult Body Mass Index Identifies Novel Loci.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index		1.00E-06		0.034		0.18		25673413		Genetic studies of body mass index yield new insights for obesity biology.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		BMI in non-smokers		8.00E-06		0.0349		0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		BMI in non-smokers		2.00E-07		0.0305		0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		BMI (adjusted for smoking behaviour)		6.00E-08		0.0378		0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		BMI (adjusted for smoking behaviour)		3.00E-10		0.0331		0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index in physically inactive individuals		6.00E-06		0.0586		0.1799		28448500		Genome-wide physical activity interactions in adiposity - A meta-analysis of 200,452 adults.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index (joint analysis main effects and physical activity interaction)		5.00E-09				NR		28448500		Genome-wide physical activity interactions in adiposity - A meta-analysis of 200,452 adults.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index (joint analysis main effects and smoking interaction)		3.00E-09				0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index (joint analysis main effects and smoking interaction)		6.00E-07				0.8036		28443625		Genome-wide meta-analysis of 241,258 adults accounting for smoking behaviour identifies novel loci for obesity traits.

		DEL_7:76977858-76978128		0.990443		7q11.23		7		76978826		rs2245368		non_coding_transcript_exon_variant		Body mass index		1.00E-07		0.0491		0.8238		28552196		Whole-Genome Sequencing Coupled to Imputation Discovers Genetic Signals for Anthropometric Traits.

		DEL_7:82099424-82099748		0.977647		7q21.11		7		82099200		rs258668		intron_variant		Subjective well-being		8.00E-07		0.0132		0.5755		27089181		Genetic variants associated with subjective well-being, depressive symptoms, and neuroticism identified through genome-wide analyses.

		DEL_7:82099424-82099748		0.977647		7q21.11		7		82099200		rs258668		intron_variant		Subjective wellbeing conditioned on Townsend deprivation index (multi-trait conditioning and joint analysis)		6.00E-09				NR		33349686		Multivariate genome-wide analysis of education, socioeconomic status and brain phenome.

		DEL_7:100728701-100743200		0.996701		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		8.00E-27		0.023791		0.753816		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100728901-100745700		0.87459		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		8.00E-27		0.023791		0.753816		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729001-100744100		0.995717		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		8.00E-27		0.023791		0.753816		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729201-100738900		0.877581		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		8.00E-27		0.023791		0.753816		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729801-100745700		0.986042		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		8.00E-27		0.023791		0.753816		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100728701-100743200		0.996701		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		9.00E-24				0.757769		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100728901-100745700		0.87459		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		9.00E-24				0.757769		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729001-100744100		0.995717		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		9.00E-24				0.757769		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729201-100738900		0.877581		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		9.00E-24				0.757769		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:100729801-100745700		0.986042		7q22.1		7		100729121		rs4729607		intergenic_variant		Mean platelet volume		9.00E-24				0.757769		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_7:101437992-101438958		0.993952		7q22.1		7		101437993		rs534693155		intron_variant		Lysophosphatidylcholine levels		4.00E-08		1.2381		NR		31551469		Genetic architecture of human plasma lipidome and its link to cardiovascular disease.

		DEL_7:130734622-130734692		0.984381		7q32.2		7		130735979		rs35775580		intergenic_variant		Adult body size		3.00E-08		0.0180149		0.953004		32376654		Use of genetic variation to separate the effects of early and later life adiposity on disease risk: mendelian randomisation study.

		DEL_7:130734622-130734692		0.984381		7q32.2		7		130735979		rs35775580		intergenic_variant		Height		7.00E-09				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_7:130734622-130734692		0.984381		7q32.2		7		130735979		rs35775580		intergenic_variant		Menarche (age at onset)		1.00E-12				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_8:6730322-6730629		0.907532		8p23.1		8		6729749		rs2980682		intron_variant		Liver enzyme levels (alanine transaminase)		2.00E-15		0.00325707		0.343664		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_8:59267215-59267267		0.801516		8q12.1		8		59266527		rs7837791		intergenic_variant		Refractive error		4.00E-12		0.106		0.49		23396134		Genome-wide meta-analyses of multiancestry cohorts identify multiple new susceptibility loci for refractive error and myopia.

		DEL_8:71302517-71305581		0.972528		8q13.3		8		71305668		rs114847962		intron_variant		Heel bone mineral density		6.00E-40		0.0306377		NR		30048462		Identification of 613 new loci associated with heel bone mineral density and a polygenic risk score for bone mineral density, osteoporosis and fracture.

		DEL_8:71302517-71305581		0.972528		8q13.3		8		71305668		rs114847962		intron_variant		Heel bone mineral density		1.00E-12		0.0374555		0.740564		28869591		Identification of 153 new loci associated with heel bone mineral density and functional involvement of GPC6 in osteoporosis.

		DEL_8:71302517-71305581		0.972528		8q13.3		8		71305668		rs114847962		intron_variant		Heel bone mineral density		4.00E-18		0.0314611		0.741418		28869591		Identification of 153 new loci associated with heel bone mineral density and functional involvement of GPC6 in osteoporosis.

		DEL_8:71302517-71305581		0.972528		8q13.3		8		71305668		rs114847962		intron_variant		Heel bone mineral density		4.00E-07		0.026212		0.742164		28869591		Identification of 153 new loci associated with heel bone mineral density and functional involvement of GPC6 in osteoporosis.

		DEL_9:23360801-23377700		0.987576		9p21.3		9		23360419		rs1590949		intron_variant		Age at first birth		8.00E-10		0.0583		0.5919		34211149		Identification of 371 genetic variants for age at first sex and birth linked to externalising behaviour.

		DEL_9:88793567-88794366		0.869335		9q22.1		9		88793217		rs62550975		intron_variant		Mean corpuscular hemoglobin concentration		7.00E-57		0.065596		0.06292		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_9:88793567-88794366		0.869335		9q22.1		9		88793217		rs62550975		intron_variant		Mean corpuscular hemoglobin concentration		1.00E-53				0.0612354		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Serum alkaline phosphatase levels		4.00E-30		0.0527				33339817		Loss-of-function genomic variants highlight potential therapeutic targets for cardiovascular disease.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Serum alkaline phosphatase levels		1.00E-67		17.4		0.33		33547301		Genome-wide association study of serum liver enzymes implicates diverse metabolic and liver pathology.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Serum alkaline phosphatase levels		1.00E-10		0.03		0.278		31666285		Common and rare sequence variants influencing tumor biomarkers in blood.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Serum alkaline phosphatase levels		4.00E-26		0.05359		NR		29403010		Genetic analysis of quantitative traits in the Japanese population links cell types to complex human diseases.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Serum alkaline phosphatase levels		1.00E-29		0.0477833		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_9:101457417-101458101		0.997422		9q31.1		9		101456893		rs2183745		regulatory_region_variant		Liver enzyme levels (alkaline phosphatase)		2.00E-133		0.00595581		0.3247		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_9:111571023-111571604		0.942957		9q31.3		9		111570848		rs74308680		intron_variant		Protein quantitative trait loci (liver)		3.00E-09		0.7009		0.0662		32778093		Genome-wide pQTL analysis of protein expression regulatory networks in the human liver.

		DEL_10:69238368-69238678		0.982975		10q22.1		10		69238245		rs10762269		intron_variant		Birth length (MTAG)		4.00E-08		0.031927217		0.496		31681408		Three Novel Loci for Infant Head Circumference Identified by a Joint Association Analysis.

		DEL_10:69238368-69238678		0.982975		10q22.1		10		69238245		rs10762269		intron_variant		Birth weight (MTAG)		5.00E-08		0.020367887		0.52		31681408		Three Novel Loci for Infant Head Circumference Identified by a Joint Association Analysis.

		INV_10:73659953-73660152		0.952822		10q22.2		10		73660356		rs6480708		intron_variant		Atrial fibrillation		6.00E-27		1.12		0.85		29892015		Multi-ethnic genome-wide association study for atrial fibrillation.

		DEL_10:98929301-98945300		0.885056		10q24.2		10		98942980		rs12260159		intron_variant		Migraine		3.00E-10		1.0869565		0.93		27322543		Meta-analysis of 375,000 individuals identifies 38 susceptibility loci for migraine.

		DEL_11:27286339-27286655		0.996548		11p14.1		11		27286936		rs10450586		intergenic_variant		Total body bone mineral density		8.00E-14		0.0479		0.615		29304378		Life-Course Genome-wide Association Study Meta-analysis of Total Body BMD and Assessment of Age-Specific Effects.

		DEL_11:47365664-47365687		0.85432		11p11.2		11		47366048		rs935914		intron_variant		Neutrophil count		1.00E-22		0.022		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_11:50406787-50407220		0.993971		11p11.12		11		50408188		rs7103246		intergenic_variant		Intraocular pressure		7.00E-12		0.139		0.8666		29617998		Genome-Wide Association Analyses Identify New Loci Influencing Intraocular Pressure.

		DEL_11:65874701-65876000		0.999013		11q13.1		11		65874460		rs625652		intergenic_variant		Body mass index		3.00E-18		0.0211		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_11:69154566-69154642		0.946026		11q13.3		11		69154575		rs72932540		intron_variant		Low tan response		5.00E-20		0.135		NR		29739929		Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to sun exposure.

		DEL_11:69154644-69154683		0.919991		11q13.3		11		69154575		rs72932540		intron_variant		Low tan response		5.00E-20		0.135		NR		29739929		Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to sun exposure.

		DEL_11:69154566-69154642		0.946026		11q13.3		11		69154575		rs72932540		intron_variant		Breast cancer		4.00E-08		0.0553		0.1056		29059683		Association analysis identifies 65 new breast cancer risk loci.

		DEL_11:69154644-69154683		0.919991		11q13.3		11		69154575		rs72932540		intron_variant		Breast cancer		4.00E-08		0.0553		0.1056		29059683		Association analysis identifies 65 new breast cancer risk loci.

		DEL_11:128173078-128173391		0.901426		11q24.3		11		128172680		rs10893829		intron_variant		Type 2 diabetes		1.00E-10		1.06		0.8533		30297969		Fine-mapping type 2 diabetes loci to single-variant resolution using high-density imputation and islet-specific epigenome maps.

		INV_12:27942539-27945430		0.912881		12p11.22		12		27942080		rs10843030		intergenic_variant		Male-pattern baldness		9.00E-09		0.0463114		0.0409438		30573740		Dissection of genetic variation and evidence for pleiotropy in male pattern baldness.

		INV_12:27942545-27945431		0.912881		12p11.22		12		27942080		rs10843030		intergenic_variant		Male-pattern baldness		9.00E-09		0.0463114		0.0409438		30573740		Dissection of genetic variation and evidence for pleiotropy in male pattern baldness.

		DEL_12:77514891-77515199		0.971827		12q21.2		12		77515935		rs771846		intron_variant		Waist-hip ratio		9.00E-11				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_13:22000540-22000631		0.904703		13q12.11		13		22001059		rs17074792		intergenic_variant		Pediatric central nervous system tumors (early onset)(pleiotropy)		2.00E-06		1.73		NR		33226468		Genome-wide association study across pediatric central nervous system tumors implicates shared predisposition and points to 1q25.2 (PAPPA2) and 11p12 (LRRC4C) as novel candidate susceptibility loci.

		DEL_13:26475907-26478053		0.863579		13q12.13		13		26475479		rs61944841		intergenic_variant		Appendicular lean mass		2.00E-11		0.0482738		0.413453		31761296		Genome-wide Associations Reveal Human-Mouse Genetic Convergence and Modifiers of Myogenesis, CPNE1 and STC2.

		DEL_13:29003263-29003289		0.969248		13q12.3		13		29003859		rs3899582		intron_variant		Adolescent idiopathic scoliosis		2.00E-09				NR		30019117		The coexistence of copy number variations (CNVs) and single nucleotide polymorphisms (SNPs) at a locus can result in distorted calculations of the significance in associating SNPs to disease.

		DEL_13:71903127-71906440		0.993727		13q21.33		13		71906742		rs2061543		regulatory_region_variant		Height		4.00E-08				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_13:108614841-108614903		0.993767		13q33.3		13		108615118		rs75764673		intron_variant		Vertical cup-disc ratio (multi-trait analysis)		2.00E-12		0.0068		0.73		31959993		Multitrait analysis of glaucoma identifies new risk loci and enables polygenic prediction of disease susceptibility and progression.

		DEL_14:54995360-54995386		0.988423		14q22.2		14		54995357		rs552414155		intron_variant		Mean corpuscular volume		3.00E-19		0.018861		0.334517		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_14:79473791-79473828		0.948009		14q31.1		14		79473650		rs17109256		intron_variant		Body mass index		1.00E-39		0.0261		0.2335		30239722		Meta-analysis of genome-wide association studies for body fat distribution in 694,649 individuals of European ancestry.

		DEL_14:79473791-79473828		0.948009		14q31.1		14		79473650		rs17109256		intron_variant		Waist-hip ratio		3.00E-08		0.0227		0.2193		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.948009		14q31.1		14		79473650		rs17109256		intron_variant		Waist-hip ratio		9.00E-07		0.0289		0.2193		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.948009		14q31.1		14		79473650		rs17109256		intron_variant		Waist-hip ratio		2.00E-16		0.0169		0.2324		30239722		Meta-analysis of genome-wide association studies for body fat distribution in 694,649 individuals of European ancestry.

		DEL_14:79473791-79473828		0.948009		14q31.1		14		79473650		rs17109256		intron_variant		Waist-hip ratio		2.00E-16		0.0169		0.2324		30239722		Meta-analysis of genome-wide association studies for body fat distribution in 694,649 individuals of European ancestry.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Hip circumference		9.00E-13		0.0304		0.219		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Hip circumference		2.00E-11		0.0395		0.219		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Body mass index		3.00E-20		0.029		NR		30108127		A Large Multi-ethnic Genome-Wide Association Study of Adult Body Mass Index Identifies Novel Loci.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Type 2 diabetes		2.00E-08		0.0482		0.221063371		30054458		Genome-wide association analyses identify 143 risk variants and putative regulatory mechanisms for type 2 diabetes.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Waist circumference		9.00E-16		0.033		0.2191		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Waist circumference		7.00E-13		0.0406		0.2191		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Waist circumference		2.00E-07		0.0277		0.2191		25673412		New genetic loci link adipose and insulin biology to body fat distribution.

		DEL_14:79473791-79473828		0.956311		14q31.1		14		79474040		rs7144011		intron_variant		Body mass index		2.00E-40		0.0263		0.2334		30239722		Meta-analysis of genome-wide association studies for body fat distribution in 694,649 individuals of European ancestry.

		DEL_14:102813162-102813216		0.943523		14q32.32		14		102814320		rs12432676		intron_variant		Non-albumin protein levels		2.00E-24		0.04704		NR		29403010		Genetic analysis of quantitative traits in the Japanese population links cell types to complex human diseases.

		DEL_15:25686249-25687233		0.999654		15q12		15		25686118		rs10152552		intron_variant		HOMA-B (corrected for HOMA-IR)		6.00E-09		23.44		0.47		30369944		Genetic Variants Related to Cardiometabolic Traits Are Associated to B Cell Function, Insulin Resistance, and Diabetes Among AmeriCan Indians: The Strong Heart Family Study.

		DEL_15:51605519-51605843		0.990334		15q21.2		15		51605861		rs9944241		intron_variant		Body mass index		3.00E-12				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_15:51605519-51605843		0.990334		15q21.2		15		51605861		rs9944241		intron_variant		Triglyceride levels		2.00E-09		0.0124164		0.515816		32203549		Evaluating the relationship between circulating lipoprotein lipids and apolipoproteins with risk of coronary heart disease: A multivariable Mendelian randomisation analysis.

		DEL_15:62413901-62415600		0.9164		15q22.2		15		62412942		rs2471032		intron_variant		Heel bone mineral density		4.00E-12				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_15:62413901-62415600		0.9164		15q22.2		15		62412942		rs2471032		intron_variant		Heel bone mineral density		8.00E-10		0.0170094		0.869799		30598549		An atlas of genetic influences on osteoporosis in humans and mice.

		DEL_15:90630758-90631092		0.990751		15q26.1		15		90630469		rs6496712		intron_variant		Eosinophil counts		1.00E-12		0.0135		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		INV_15:95148444-95149526		0.950181		15q26.2		15		95147869		rs6650529		intron_variant		Hematocrit		1.00E-09		0.027778286		0.062225		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		INV_15:95149101-95149312		0.944222		15q26.2		15		95147869		rs6650529		intron_variant		Hematocrit		1.00E-09		0.027778286		0.062225		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		INV_15:95148444-95149526		0.950181		15q26.2		15		95147869		rs6650529		intron_variant		Red blood cell count		5.00E-09		0.026779683		0.062228		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		INV_15:95149101-95149312		0.944222		15q26.2		15		95147869		rs6650529		intron_variant		Red blood cell count		5.00E-09		0.026779683		0.062228		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_16:4973407-4973445		0.939094		16p13.3		16		4973060		rs9925477		intron_variant		Mean platelet volume		3.00E-19		0.03309418		0.4668		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_16:4973407-4973445		0.939094		16p13.3		16		4973060		rs9925477		intron_variant		Platelet distribution width		4.00E-38		0.029665176		0.466341		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_16:4973407-4973445		0.885986		16p13.3		16		4974040		rs11646743		intron_variant		Mean platelet volume		1.00E-61		0.032317		0.516828		32888493		Trans-ethnic and Ancestry-Specific Blood-Cell Genetics in 746,667 Individuals from 5 Global Populations.

		DEL_16:4973407-4973445		0.885986		16p13.3		16		4974040		rs11646743		intron_variant		Platelet distribution width		2.00E-15		0.02899352		0.4845		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_16:4973407-4973445		0.885986		16p13.3		16		4974040		rs11646743		intron_variant		Mean platelet volume		4.00E-42		0.0310844		0.483286		32888494		The Polygenic and Monogenic Basis of Blood Traits and Diseases.

		DEL_16:9136849-9136874		0.987556		16p13.2		16		9136959		rs28455634		intergenic_variant		Bipolar disorder		3.00E-10		1.06481		0.62		34002096		Genome-wide association study of more than 40,000 bipolar disorder cases provides new insights into the underlying biology.

		DEL_17:7621099-7621706		0.985264		17p13.1		17		7622228		rs12938899		intron_variant		Medication use (calcium channel blockers)		5.00E-09		0.058853246		0.199939		31015401		Genome-wide association study of medication-use and associated disease in the UK Biobank.

		DEL_17:45496101-45533100		0.99691		17q21.31		17		45496053		rs62065453		intron_variant		Irritable mood		3.00E-12		6.99		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496201-45537300		0.99729		17q21.31		17		45496053		rs62065453		intron_variant		Irritable mood		3.00E-12		6.99		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496301-45533100		0.996762		17q21.31		17		45496053		rs62065453		intron_variant		Irritable mood		3.00E-12		6.99		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496401-45533100		0.996635		17q21.31		17		45496053		rs62065453		intron_variant		Irritable mood		3.00E-12		6.99		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496101-45533100		0.99691		17q21.31		17		45496053		rs62065453		intron_variant		Neuroticism		2.00E-24		10.227		0.21717		29255261		Association analysis in over 329,000 individuals identifies 116 independent variants influencing neuroticism.

		DEL_17:45496201-45537300		0.99729		17q21.31		17		45496053		rs62065453		intron_variant		Neuroticism		2.00E-24		10.227		0.21717		29255261		Association analysis in over 329,000 individuals identifies 116 independent variants influencing neuroticism.

		DEL_17:45496301-45533100		0.996762		17q21.31		17		45496053		rs62065453		intron_variant		Neuroticism		2.00E-24		10.227		0.21717		29255261		Association analysis in over 329,000 individuals identifies 116 independent variants influencing neuroticism.

		DEL_17:45496401-45533100		0.996635		17q21.31		17		45496053		rs62065453		intron_variant		Neuroticism		2.00E-24		10.227		0.21717		29255261		Association analysis in over 329,000 individuals identifies 116 independent variants influencing neuroticism.

		DEL_17:45496101-45533100		0.99691		17q21.31		17		45496053		rs62065453		intron_variant		Feeling nervous		6.00E-15		7.81		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496201-45537300		0.99729		17q21.31		17		45496053		rs62065453		intron_variant		Feeling nervous		6.00E-15		7.81		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496301-45533100		0.996762		17q21.31		17		45496053		rs62065453		intron_variant		Feeling nervous		6.00E-15		7.81		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496401-45533100		0.996635		17q21.31		17		45496053		rs62065453		intron_variant		Feeling nervous		6.00E-15		7.81		0.217174		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:45496101-45533100		0.99691		17q21.31		17		45496053		rs62065453		intron_variant		Liver enzyme levels (alkaline phosphatase)		2.00E-17		0.00232221		0.774564		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_17:45496201-45537300		0.99729		17q21.31		17		45496053		rs62065453		intron_variant		Liver enzyme levels (alkaline phosphatase)		2.00E-17		0.00232221		0.774564		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_17:45496301-45533100		0.996762		17q21.31		17		45496053		rs62065453		intron_variant		Liver enzyme levels (alkaline phosphatase)		2.00E-17		0.00232221		0.774564		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_17:45496401-45533100		0.996635		17q21.31		17		45496053		rs62065453		intron_variant		Liver enzyme levels (alkaline phosphatase)		2.00E-17		0.00232221		0.774564		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_17:45500101-45519000		0.955005		17q21.31		17		45577102		rs62064364		intron_variant		White matter microstructure (axial diusivities)		5.00E-10						31666681		Large-scale GWAS reveals genetic architecture of brain white matter microstructure and genetic overlap with cognitive and mental health traits (n‚Äâ=‚Äâ17,706).

		INV_17:45585805-46260641		0.884283		17q21.31		17		45577102		rs62064364		intron_variant		White matter microstructure (axial diusivities)		5.00E-10						31666681		Large-scale GWAS reveals genetic architecture of brain white matter microstructure and genetic overlap with cognitive and mental health traits (n‚Äâ=‚Äâ17,706).

		INV_17:45587379-46258779		0.874419		17q21.31		17		45577102		rs62064364		intron_variant		White matter microstructure (axial diusivities)		5.00E-10						31666681		Large-scale GWAS reveals genetic architecture of brain white matter microstructure and genetic overlap with cognitive and mental health traits (n‚Äâ=‚Äâ17,706).

		INV_17:45587627-46258866		0.848716		17q21.31		17		45577102		rs62064364		intron_variant		White matter microstructure (axial diusivities)		5.00E-10						31666681		Large-scale GWAS reveals genetic architecture of brain white matter microstructure and genetic overlap with cognitive and mental health traits (n‚Äâ=‚Äâ17,706).

		DEL_17:45500101-45519000		0.955005		17q21.31		17		45577102		rs62064364		intron_variant		Macular thickness		4.00E-35		0.978		NR		30535121		Genome-wide association analyses identify 139 loci associated with macular thickness in the UK Biobank cohort.

		INV_17:45585805-46260641		0.884283		17q21.31		17		45577102		rs62064364		intron_variant		Macular thickness		4.00E-35		0.978		NR		30535121		Genome-wide association analyses identify 139 loci associated with macular thickness in the UK Biobank cohort.

		INV_17:45587379-46258779		0.874419		17q21.31		17		45577102		rs62064364		intron_variant		Macular thickness		4.00E-35		0.978		NR		30535121		Genome-wide association analyses identify 139 loci associated with macular thickness in the UK Biobank cohort.

		INV_17:45587627-46258866		0.848716		17q21.31		17		45577102		rs62064364		intron_variant		Macular thickness		4.00E-35		0.978		NR		30535121		Genome-wide association analyses identify 139 loci associated with macular thickness in the UK Biobank cohort.

		DEL_17:45617901-45620600		0.904604		17q21.31		17		45618793		rs675600		intergenic_variant		Sum basophil neutrophil counts		2.00E-11		0.03056096		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45624601-45625300		0.967832		17q21.31		17		45618793		rs675600		intergenic_variant		Sum basophil neutrophil counts		2.00E-11		0.03056096		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45617901-45620600		0.904604		17q21.31		17		45618793		rs675600		intergenic_variant		Myeloid white cell count		3.00E-09		0.02733148		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45624601-45625300		0.967832		17q21.31		17		45618793		rs675600		intergenic_variant		Myeloid white cell count		3.00E-09		0.02733148		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45617901-45620600		0.904604		17q21.31		17		45618793		rs675600		intergenic_variant		Neutrophil count		3.00E-11		0.03035789		0.2045		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45624601-45625300		0.967832		17q21.31		17		45618793		rs675600		intergenic_variant		Neutrophil count		3.00E-11		0.03035789		0.2045		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45617901-45620600		0.904604		17q21.31		17		45618793		rs675600		intergenic_variant		Sum neutrophil eosinophil counts		6.00E-09		0.02652443		0.2045		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45624601-45625300		0.967832		17q21.31		17		45618793		rs675600		intergenic_variant		Sum neutrophil eosinophil counts		6.00E-09		0.02652443		0.2045		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45617901-45620600		0.904604		17q21.31		17		45618793		rs675600		intergenic_variant		Granulocyte count		5.00E-09		0.02673918		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:45624601-45625300		0.967832		17q21.31		17		45618793		rs675600		intergenic_variant		Granulocyte count		5.00E-09		0.02673918		0.2046		27863252		The Allelic Landscape of Human Blood Cell Trait Variation and Links to Common Complex Disease.

		DEL_17:46084116-46084161		0.998755		17q21.31		17		46084104		rs80028338		intron_variant		White matter microstructure (fractional anisotropy)		4.00E-08						31666681		Large-scale GWAS reveals genetic architecture of brain white matter microstructure and genetic overlap with cognitive and mental health traits (n‚Äâ=‚Äâ17,706).

		DEL_17:46269104-46269127		0.825062		17q21.31		17		46267622		rs2732650		intron_variant		Loneliness		3.00E-08		0.02		NR		31518406		Phenome-wide investigation of health outcomes associated with genetic predisposition to loneliness.

		DEL_17:46269104-46269127		0.825956		17q21.31		17		46269852		rs2696557		intergenic_variant		Feeling nervous		3.00E-15		7.91		0.214201		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:46277791-46282211		0.808222		17q21.31		17		46277183		rs2261201		intron_variant		Irritable mood		5.00E-12		6.91		0.214631		29500382		Item-level analyses reveal genetic heterogeneity in neuroticism.

		DEL_17:67518458-67518521		0.989536		17q24.2		17		67517672		rs36084697		intron_variant		DNA methylation variation (age effect)		5.00E-09				NR		30348214		Genotype effects contribute to variation in longitudinal methylome patterns in older people.

		DEL_17:70163799-70164116		0.979516		17q24.3		17		70164760		rs8066863		regulatory_region_variant		Weight		2.00E-09		0.0163		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_17:71154240-71154277		0.811843		17q24.3		17		71153769		rs719615		intron_variant		Lung function (FVC)		9.00E-27				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_17:82333628-82333678		0.851174		17q25.3		17		82333776		rs116473040		intron_variant		Blood protein levels		1.00E-61		0.9623421		0.95484375		30072576		Co-regulatory networks of human serum proteins link genetics to disease.

		DEL_18:1852006-1852295		0.962799		18p11.32		18		1851687		rs9959497		intron_variant		Highest math class taken		5.00E-09		0.0182		0.8438		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_18:26991656-26992378		0.95639		18q11.2		18		26990703		rs1436904		intron_variant		Breast cancer		3.00E-08		1.04		0.6		23535729		Large-scale genotyping identifies 41 new loci associated with breast cancer risk.

		DEL_18:26991656-26992378		0.95639		18q11.2		18		26990703		rs1436904		intron_variant		Breast cancer		1.00E-14		1.0526316		0.6		29059683		Association analysis identifies 65 new breast cancer risk loci.

		DEL_18:26991656-26992378		0.95639		18q11.2		18		26990703		rs1436904		intron_variant		Breast cancer		3.00E-08		1.0416667		0.6		25751625		Genome-wide association analysis of more than 120,000 individuals identifies 15 new susceptibility loci for breast cancer.

		DEL_18:26991656-26992378		0.95639		18q11.2		18		26990703		rs1436904		intron_variant		Breast cancer		5.00E-06		1.0416667		0.6		25751625		Genome-wide association analysis of more than 120,000 individuals identifies 15 new susceptibility loci for breast cancer.

		DEL_18:40426413-40427036		0.906531		18q12.3		18		40427107		rs73429770		intergenic_variant		Subcortical volume (MOSTest)		9.00E-14						32665545		Understanding the genetic determinants of the brain with MOSTest.

		DEL_19:6886100-6886131		0.815524		19p13.3		19		6886848		rs10406773		intergenic_variant		Protein quantitative trait loci (liver)		1.00E-09		0.008296		0.04355		32778093		Genome-wide pQTL analysis of protein expression regulatory networks in the human liver.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (calcium channel blockers)		3.00E-19		0.10885811		0.127677		31015401		Genome-wide association study of medication-use and associated disease in the UK Biobank.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (diuretics)		9.00E-18		0.10179751		0.127718		31015401		Genome-wide association study of medication-use and associated disease in the UK Biobank.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Systolic blood pressure x alcohol consumption interaction (2df test)		2.00E-34				0.89		29912962		Novel genetic associations for blood pressure identified via gene-alcohol interaction in up to 570K individuals across multiple ancestries.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Mean arterial pressure x alcohol consumption interaction (2df test)		2.00E-11				0.89		29912962		Novel genetic associations for blood pressure identified via gene-alcohol interaction in up to 570K individuals across multiple ancestries.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Diastolic blood pressure x alcohol consumption interaction (2df test)		4.00E-29				0.89		29912962		Novel genetic associations for blood pressure identified via gene-alcohol interaction in up to 570K individuals across multiple ancestries.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (agents acting on the renin-angiotensin system)		1.00E-22		0.089384265		0.127092		31015401		Genome-wide association study of medication-use and associated disease in the UK Biobank.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Diastolic blood pressure		1.00E-23		0.0357		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Mean arterial pressure		1.00E-31		0.04		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Systolic blood pressure		5.00E-32		0.0397		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (diuretics)		9.00E-18		0.1018		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (agents acting on the renin-angiotensin system)		1.00E-22		0.0894		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Medication use (calcium channel blockers)		3.00E-19		0.1089		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Cardiovascular disease		3.00E-43				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_19:7258353-7259281		0.979098		19p13.2		19		7257979		rs12978472		intron_variant		Systolic blood pressure		1.00E-58				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_19:11184177-11185841		0.999168		19p13.2		19		11186154		rs74179972		intron_variant		Cardiovascular disease		4.00E-10				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_19:18131301-18131600		0.990857		19p13.11		19		18131088		rs11666906		intron_variant		Liver enzyme levels (alanine transaminase)		4.00E-28		0.00479824		0.744157		33972514		Genetic analysis in European ancestry individuals identifies 517 loci associated with liver enzymes.

		DEL_19:30526427-30526743		0.998929		19q12		19		30526270		rs73026723		intron_variant		Adult body size		1.00E-13		0.0140677		0.845759		32376654		Use of genetic variation to separate the effects of early and later life adiposity on disease risk: mendelian randomisation study.

		DUP_19:35022645-35022699		0.985203		19q13.11		19		35022333		rs66528626		intron_variant		Serum albumin levels		4.00E-09		0.0213		NR		33462484		Genetics of 35 blood and urine biomarkers in the UK Biobank.

		DEL_19:40847601-40885800		0.971916		19q13.2		19		40848553		rs28399442		intron_variant		Cigarettes smoked per day (MTAG)		4.00E-24		0.071775		0.0256		30643251		Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of tobacco and alcohol use.

		DEL_19:40848601-40885400		0.975392		19q13.2		19		40848553		rs28399442		intron_variant		Cigarettes smoked per day (MTAG)		4.00E-24		0.071775		0.0256		30643251		Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of tobacco and alcohol use.

		DEL_19:40848901-40885500		0.974953		19q13.2		19		40848553		rs28399442		intron_variant		Cigarettes smoked per day (MTAG)		4.00E-24		0.071775		0.0256		30643251		Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of tobacco and alcohol use.

		DEL_19:40847601-40885800		0.971916		19q13.2		19		40848553		rs28399442		intron_variant		Caffeine metabolism (plasma 1,7-dimethylxanthine (paraxanthine) to 1,3,7-trimethylxanthine (caffeine) ratio)		9.00E-11		6.48		0.02		27702941		Genome-wide association study of caffeine metabolites provides new insights to caffeine metabolism and dietary caffeine-consumption behavior.

		DEL_19:40848601-40885400		0.975392		19q13.2		19		40848553		rs28399442		intron_variant		Caffeine metabolism (plasma 1,7-dimethylxanthine (paraxanthine) to 1,3,7-trimethylxanthine (caffeine) ratio)		9.00E-11		6.48		0.02		27702941		Genome-wide association study of caffeine metabolites provides new insights to caffeine metabolism and dietary caffeine-consumption behavior.

		DEL_19:40848901-40885500		0.974953		19q13.2		19		40848553		rs28399442		intron_variant		Caffeine metabolism (plasma 1,7-dimethylxanthine (paraxanthine) to 1,3,7-trimethylxanthine (caffeine) ratio)		9.00E-11		6.48		0.02		27702941		Genome-wide association study of caffeine metabolites provides new insights to caffeine metabolism and dietary caffeine-consumption behavior.

		DEL_19:40847601-40885800		0.971916		19q13.2		19		40848553		rs28399442		intron_variant		Smoking behaviour (cigarettes smoked per day)		2.00E-12				0.013		30617275		Meta-analysis of up to 622,409 individuals identifies 40 novel smoking behaviour associated genetic loci.

		DEL_19:40848601-40885400		0.975392		19q13.2		19		40848553		rs28399442		intron_variant		Smoking behaviour (cigarettes smoked per day)		2.00E-12				0.013		30617275		Meta-analysis of up to 622,409 individuals identifies 40 novel smoking behaviour associated genetic loci.

		DEL_19:40848901-40885500		0.974953		19q13.2		19		40848553		rs28399442		intron_variant		Smoking behaviour (cigarettes smoked per day)		2.00E-12				0.013		30617275		Meta-analysis of up to 622,409 individuals identifies 40 novel smoking behaviour associated genetic loci.

		DEL_19:40847601-40885800		0.971916		19q13.2		19		40848553		rs28399442		intron_variant		Serum alkaline phosphatase levels		5.00E-12		0.057		NR		33462484		Genetics of 35 blood and urine biomarkers in the UK Biobank.

		DEL_19:40848601-40885400		0.975392		19q13.2		19		40848553		rs28399442		intron_variant		Serum alkaline phosphatase levels		5.00E-12		0.057		NR		33462484		Genetics of 35 blood and urine biomarkers in the UK Biobank.

		DEL_19:40848901-40885500		0.974953		19q13.2		19		40848553		rs28399442		intron_variant		Serum alkaline phosphatase levels		5.00E-12		0.057		NR		33462484		Genetics of 35 blood and urine biomarkers in the UK Biobank.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.992261		19q13.32		19		46292921		rs11668290		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.991778		19q13.32		19		46293161		rs73059722		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46293245		rs73059723		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Phospholipid levels in medium VLDL		9.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Phospholipid levels in large VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Phospholipid levels in small VLDL		4.00E-07		0.14		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995718		19q13.32		19		46293510		rs73059724		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Phospholipid levels in medium VLDL		9.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Phospholipid levels in large VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.995346		19q13.32		19		46293511		rs73059725		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996611		19q13.32		19		46293937		rs73059726		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996536		19q13.32		19		46293976		rs141332218		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.99661		19q13.32		19		46294033		rs117366905		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Total triglycerides levels		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Phospholipid levels in medium VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Very large VLDL particle concentration		3.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Phospholipid levels in large VLDL		5.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Triglyceride levels in large VLDL		1.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Medium VLDL particle concentration		6.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Phospholipid levels in small VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Free cholesterol levels in medium VLDL		2.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Total cholesterol levels in medium VLDL		4.00E-08		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Small VLDL particle concentration		5.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Triglyceride levels in medium VLDL		4.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:46293545-46293876		0.996499		19q13.32		19		46294038		rs117992292		intergenic_variant		Triglyceride levels in small VLDL		3.00E-09		0.2		NR		29084231		Common, low-frequency, and rare genetic variants associated with lipoprotein subclasses and triglyceride measures in Finnish men from the METSIM study.

		DEL_19:51273153-51273465		0.96066		19q13.41		19		51272863		rs8111074		intron_variant		Adult body size		3.00E-08		0.00838998		0.713638		32376654		Use of genetic variation to separate the effects of early and later life adiposity on disease risk: mendelian randomisation study.

		DEL_19:55590452-55590484		0.871987		19q13.42		19		55590996		rs12610709		regulatory_region_variant		Triglyceride levels		5.00E-17		0.0222318		0.828912		32203549		Evaluating the relationship between circulating lipoprotein lipids and apolipoproteins with risk of coronary heart disease: A multivariable Mendelian randomisation analysis.

		DEL_19:55590452-55590484		0.871987		19q13.42		19		55590996		rs12610709		regulatory_region_variant		Triglyceride levels		7.00E-13		0.025		NR		32154731		Polygenic Hyperlipidemias and Coronary Artery Disease Risk.

		DEL_20:6493262-6493292		0.993789		20p12.3		20		6492407		rs6140009		intron_variant		Vertical cup-disc ratio (multi-trait analysis)		3.00E-48		0.01		0.62		31959993		Multitrait analysis of glaucoma identifies new risk loci and enables polygenic prediction of disease susceptibility and progression.

		DEL_20:6493262-6493292		0.993789		20p12.3		20		6492407		rs6140009		intron_variant		Glaucoma (multi-trait analysis)		2.00E-14		1.09		0.62		31959993		Multitrait analysis of glaucoma identifies new risk loci and enables polygenic prediction of disease susceptibility and progression.

		DEL_20:6493262-6493292		0.993789		20p12.3		20		6492407		rs6140009		intron_variant		Serum alkaline phosphatase levels		6.00E-11		0.0138		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_20:6493262-6493292		0.879696		20p12.3		20		6492476		rs6140010		intron_variant		Vertical cup-disc ratio (adjusted for vertical disc diameter)		9.00E-43		0.01		0.63		31959993		Multitrait analysis of glaucoma identifies new risk loci and enables polygenic prediction of disease susceptibility and progression.

		DEL_20:6493262-6493292		0.879696		20p12.3		20		6492476		rs6140010		intron_variant		Glaucoma (primary open-angle)		8.00E-10		1.09		NR		29891935		A multiethnic genome-wide association study of primary open-angle glaucoma identifies novel risk loci.

		DEL_20:15321088-15323126		0.960448		20p12.1		20		15324612		rs6135385		intron_variant		Self-reported math ability (MTAG)		9.00E-09		0.0125		0.2176		30038396		Gene discovery and polygenic prediction from a genome-wide association study of educational attainment in 1.1 million individuals.

		DEL_21:41669258-41669301		0.846711		21q22.3		21		41668857		rs2776353		regulatory_region_variant		Non-melanoma skin cancer		2.00E-06		1.1039		NR		29739929		Genome-wide association study in 176,678 Europeans reveals genetic loci for tanning response to sun exposure.

		DEL_21:41669258-41669301		0.846711		21q22.3		21		41668857		rs2776353		regulatory_region_variant		Basal cell carcinoma		2.00E-12		1.1		0.67		27539887		Genome-wide association study identifies 14 novel risk alleles associated with basal cell carcinoma.

		DEL_21:41669258-41669301		0.846711		21q22.3		21		41668857		rs2776353		regulatory_region_variant		Basal cell carcinoma		2.00E-26		1.1		0.678026		31174203		Combined analysis of keratinocyte cancers identifies novel genome-wide loci.

		DEL_21:41669258-41669301		0.846711		21q22.3		21		41668857		rs2776353		regulatory_region_variant		Skin cancer		5.00E-14		0.0776		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_21:41669258-41669301		0.895612		21q22.3		21		41668926		rs2849699		regulatory_region_variant		Basal cell carcinoma		1.00E-18		0.10548821		0.22592387		33549134		Genetic and functional interaction network analysis reveals global enrichment of regulatory T cell genes influencing basal cell carcinoma susceptibility.

		DEL_22:38962501-38989700		0.815322		22q13.1		22		38962032		rs12628403		intron_variant		Breast cancer		4.00E-06		1.17		0.27		27354352		Genome-wide association study in East Asians identifies two novel breast cancer susceptibility loci.

		DEL_22:38963501-38992400		0.815241		22q13.1		22		38962032		rs12628403		intron_variant		Breast cancer		4.00E-06		1.17		0.27		27354352		Genome-wide association study in East Asians identifies two novel breast cancer susceptibility loci.

		DEL_22:38962501-38989700		0.815322		22q13.1		22		38962032		rs12628403		intron_variant		Breast cancer		9.00E-14		0.1131		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_22:38963501-38992400		0.815241		22q13.1		22		38962032		rs12628403		intron_variant		Breast cancer		9.00E-14		0.1131		NR		34594039		A cross-population atlas of genetic associations for 220 human phenotypes.

		DEL_22:38962501-38989700		0.815322		22q13.1		22		38962032		rs12628403		intron_variant		Mean corpuscular hemoglobin		4.00E-09				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_22:38963501-38992400		0.815241		22q13.1		22		38962032		rs12628403		intron_variant		Mean corpuscular hemoglobin		4.00E-09				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.

		DEL_22:39523385-39523409		0.936958		22q13.1		22		39523381		rs373147349		regulatory_region_variant		Protein quantitative trait loci (liver)		2.00E-08		0.07488		0.01742		32778093		Genome-wide pQTL analysis of protein expression regulatory networks in the human liver.

		DEL_22:43153339-43153667		0.99281		22q13.2		22		43153733		rs138909		intron_variant		White blood cell count		2.00E-13				NR		30595370		Leveraging Polygenic Functional Enrichment to Improve GWAS Power.





Sup Table 4 - GeneDeserts

		Overlapping with HGSV

		ADAM23

		ASNSP1

		ATP11B

		CECR7

		CECR7/GAB4/IL17RA

		CNTNAP3

		CNTNAP3P2

		DENND4A

		DENND4A/MIR4511

		DNAJB4

		DNAJB4/FUBP1/NEXN

		DNAJC2

		DNAJC2/PMPCB/PSMC2/SLC26A5

		DRD5P2

		DRD5P2/LOC101060524/LOC101927429/LSP1P5

		EBF1

		EMB

		FAHD2A

		FAHD2A/TRIM43B

		FAM95B1

		FAM95B1/GXYLT1P3/LOC105379252

		FRG2DP

		FUBP1

		GAB4

		GREB1L

		GXYLT1P3

		IL17RA

		ISL1

		ISL1/LOC642366

		KCNIP3

		KHDRBS2

		LINC00293

		LINC00313

		LINC00313/LINC00319/LINC01669

		LINC00319

		LINC01193

		LINC01193/MIR5701-1/MIR5701-2/MIR5701-3/NF1P2

		LINC01669

		LOC100287846

		LOC101060524

		LOC101927429

		LOC102723360

		LOC102723360/LOC102724219/LOC102724843/LOC102724951

		LOC102723655

		LOC102723655/TP53TG3/TP53TG3B/TP53TG3C/TP53TG3E/TP53TG3F

		LOC102724219

		LOC102724843

		LOC102724951

		LOC105379252

		LOC642366

		LSP1P5

		MIR4435-1

		MIR4435-1/MIR4435-2/MIR4435-2HG

		MIR4435-2

		MIR4435-2HG

		MIR4511

		MIR5701-1

		MIR5701-2

		MIR5701-3

		NEXN

		NF1P2

		NUP210L

		OCIAD1

		OCIAD1-AS1

		OCIAD1/OCIAD1-AS1/OCIAD2

		OCIAD2

		OR4C11

		OR4C11/OR4C6/OR4P4/OR4S2

		OR4C6

		OR4P4

		OR4S2

		PARP8

		PMPCB

		PROS1

		PRRC2C

		PSMC2

		ROCK1

		SLC14A2

		SLC14A2-AS1

		SLC14A2/SLC14A2-AS1

		SLC26A5

		SRGAP2-AS1

		SRGAP2-AS1/SRGAP2B

		SRGAP2B

		TP53TG3

		TP53TG3B

		TP53TG3C

		TP53TG3E

		TP53TG3F

		TRIM43

		TRIM43B
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