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Supplementary Figure 1: Local Manhattan plot on the 16p11.2 220kb rearrangement. The
blue dots correspond to the probes p-values of the association with the Weight. The red
dots are the corresponding effect sizes. At the bottom the black and grey lines are the
deletions and duplications frequencies. Finally, the dots at the bottom are the probes
positions for the GIANT cohorts above and the UK Biobank below. The green line represents
the known syndromic CNV in the region. Positions of the genes are set at the top of the plot.
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Supplementary Figure 2: (A) Local Manhattan plot on the 16p11.2 220kb rearrangement,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the BMI. The red dots/triangles
are the corresponding effect sizes. At the bottom the black and grey lines are the deletions
and duplications frequencies. The plain one corresponds to the GIANT data while the dash



one to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT
cohorts above and the UK Biobank below. The green line represents the known syndromic
CNV in the region. Positions of the genes are set at the top of the plot. (B) Local Manhattan
plot on the 16p11.2 220kb rearrangement, separately for the GIANT data (dot) and the
UKBB data (triangles). The blue dots/triangles correspond to the probes p-values of the
association with the Weight. The red dots/triangles are the corresponding effect sizes. At
the bottom the black and grey lines are the deletions and duplications frequencies. The
plain one corresponds to the GIANT data while the dash one to the UKBB. Finally, the dots
at the bottom are the probes positions for the GIANT cohorts above and the UK Biobank
below. The green line represents the known syndromic CNV in the region. Positions of the
genes are set at the top of the plot.
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Supplementary Figure 3: (A) Local Manhattan plot on the 16p11.2 600kb rearrangement.
The blue dots correspond to the probes p-values of the association with the BMI. The red
dots are the corresponding effect sizes. At the bottom the black and grey lines are the
deletions and duplications frequencies. Finally, the dots at the bottom are the probes
positions for the GIANT cohorts above and the UK Biobank below. (B) Local Manhattan plot
on the 16p11.2 600kb rearrangement. The blue dots correspond to the probes p-values of
the association with the Height. The red dots are the corresponding effect sizes. At the
bottom the black and grey lines are the deletions and duplications frequencies. Finally, the
dots at the bottom are the probes positions for the GIANT cohorts above and the UK
Biobank below. The green line represents the known syndromic CNV in the region. (C) Local
Manhattan plot on the 16p11.2 600kb rearrangement. The blue dots correspond to the
probes p-values of the association with the Waist-Hip ratio. The red dots are the
corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. Finally, the dots at the bottom are the probes positions for the
GIANT cohorts above and the UK Biobank below. The green line represents the known
syndromic CNV in the region.
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Supplementary Figure 4: (A) Local Manhattan plot on the 16p11.2 600kb rearrangement,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the BMI. The red dots/triangles
are the corresponding effect sizes. At the bottom the black and grey lines are the deletions
and duplications frequencies. The plain one corresponds to the GIANT data while the dash
one to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT
cohorts above and the UK Biobank below. The green line represents the known syndromic
CNV in the region. (B) Local Manhattan plot on the 16p11.2 600kb rearrangement,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the Height. The red dots/triangles
are the corresponding effect sizes. At the bottom the black and grey lines are the deletions
and duplications frequencies. The plain one corresponds to the GIANT data while the dash
one to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT
cohorts above and the UK Biobank below. The green line represents the known syndromic
CNV in the region. (C) Local Manhattan plot on the 16p11.2 600kb rearrangement,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the Waist-Hip ratio. The red
dots/triangles are the corresponding effect sizes. At the bottom the black and grey lines are
the deletions and duplications frequencies. The plain one corresponds to the GIANT data
while the dash one to the UKBB. Finally, the dots at the bottom are the probes positions for
the GIANT cohorts above and the UK Biobank below. The green line represents the known
syndromic CNV in the region.
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Supplementary Figure 5: (A) Local Manhattan plot on the 1p36 rearrangement. The blue
dots correspond to the probes p-values of the association with the Height. The red dots are
the corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. Finally, the dots at the bottom are the probes positions for the
GIANT cohorts above and the UK Biobank below. The green line represents the known



syndromic CNV in the region. Positions of the genes are set at the top of the plot. (B) Local
Manhattan plot on the 1p36 rearrangement. The blue dots correspond to the probes p-
values of the association with the Weight. The red dots are the corresponding effect sizes.
At the bottom the black and grey lines are the deletions and duplications frequencies.
Finally, the dots at the bottom are the probes positions for the GIANT cohorts above and
the UK Biobank below. Positions of the genes are set at the top of the plot.
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Supplementary Figure 6: (A) Local Manhattan plot on the 1p36 rearrangement, separately
for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles correspond
to the probes p-values of the association with the Height. The red dots/triangles are the
corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. The plain one corresponds to the GIANT data while the dash one



to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT cohorts
above and the UK Biobank below. The green line represents the known syndromic CNV in
the region. Positions of the genes are set at the top of the plot. (B) Local Manhattan plot on
the 1p36 rearrangement, separately for the GIANT data (dot) and the UKBB data (triangles).
The blue dots/triangles correspond to the probes p-values of the association with the
Weight. The red dots/triangles are the corresponding effect sizes. At the bottom the black
and grey lines are the deletions and duplications frequencies. The plain one corresponds to
the GIANT data while the dash one to the UKBB. Finally, the dots at the bottom are the
probes positions for the GIANT cohorts above and the UK Biobank below. The green line
represents the known syndromic CNV in the region. Positions of the genes are set at the top
of the plot.
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Supplementary Figure 7: Local Manhattan plot on the rearrangement near BBOX1 and
Fibin. The blue dots correspond to the probes p-values of the association with the Height.
The red dots are the corresponding effect sizes. At the bottom the black and grey lines are
the deletions and duplications frequencies. Finally, the dots at the bottom are the probes
positions for the GIANT cohorts above and the UK Biobank below. Positions of the genes are

set at the top of the plot.
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Supplementary Figure 8: Local Manhattan plot on the rearrangement near BBOX1 and
Fibin, separately for the GIANT data (dot) and the UKBB data (triangles). The blue
dots/triangles correspond to the probes p-values of the association with the Height. The red
dots/triangles are the corresponding effect sizes. At the bottom the black and grey lines are
the deletions and duplications frequencies. The plain one corresponds to the GIANT data
while the dash one to the UKBB. Finally, the dots at the bottom are the probes positions for
the GIANT cohorts above and the UK Biobank below. Positions of the genes are set at the
top of the plot.
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Supplementary Figure 9: (A) Local Manhattan plot on the rearrangement near MC4R. The
blue dots correspond to the probes p-values of the association with the Height. The red dots
are the corresponding effect sizes. At the bottom the black and grey lines are the deletions
and duplications frequencies. Finally, the dots at the bottom are the probes positions for
the GIANT cohorts above and the UK Biobank below. The position of the MC4R gene is set at



the top of the plot with the position of the BMI associated probes from GWAS. (B) Local
Manhattan plot on the rearrangement near MC4R. The blue dots correspond to the probes
p-values of the association with the Weight. The red dots are the corresponding effect sizes.
At the bottom the black and grey lines are the deletions and duplications frequencies.
Finally, the dots at the bottom are the probes positions for the GIANT cohorts above and
the UK Biobank below. The position of the MC4R gene is set at the top of the plot with the
position of the BMI associated probes from GWAS.
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Supplementary Figure 10: (A) Local Manhattan plot on the rearrangement near MC4R,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the BMI. The red dots/triangles
are the corresponding effect sizes. At the bottom the black and grey lines are the deletions
and duplications frequencies. The plain one corresponds to the GIANT data while the dash
one to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT
cohorts above and the UK Biobank below. The position of the MC4R gene is set at the top of
the plot with the position of the BMI associated probes from GWAS. (B) Local Manhattan
plot on the rearrangement near MC4R, separately for the GIANT data (dot) and the UKBB
data (triangles). The blue dots/triangles correspond to the probes p-values of the
association with the Height. The red dots/triangles are the corresponding effect sizes. At the
bottom the black and grey lines are the deletions and duplications frequencies. The plain
one corresponds to the GIANT data while the dash one to the UKBB. Finally, the dots at the
bottom are the probes positions for the GIANT cohorts above and the UK Biobank below.
The position of the MC4R gene is set at the top of the plot with the position of the BMI
associated probes from GWAS. (C) Local Manhattan plot on the rearrangement near MC4R,
separately for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles
correspond to the probes p-values of the association with the Weight. The red
dots/triangles are the corresponding effect sizes. At the bottom the black and grey lines are
the deletions and duplications frequencies. The plain one corresponds to the GIANT data
while the dash one to the UKBB. Finally, the dots at the bottom are the probes positions for



the GIANT cohorts above and the UK Biobank below. The position of the MC4R gene is set at
the top of the plot with the position of the BMI associated probes from GWAS.
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Supplementary Figure 11: Local Manhattan plot on the 7q11.23 rearrangement. The blue
dots correspond to the probes p-values of the association with the Waist-Hip ratio. The red
dots are the corresponding effect sizes. At the bottom the black and grey lines are the
deletions and duplications frequencies. Finally, the dots at the bottom are the probes
positions for the GIANT cohorts above and the UK Biobank below. The green line represents
the known syndromic CNV in the region.
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Supplementary Figure 12: Local Manhattan plot on the 7q11.23 rearrangement, separately
for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles correspond
to the probes p-values of the association with the Waist-Hip ratio. The red dots/triangles are
the corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. The plain one corresponds to the GIANT data while the dash one
to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT cohorts
above and the UK Biobank below. The green line represents the known syndromic CNV in

the region.
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Supplementary Figure 13: (A) Local Manhattan plot on the 3929 rearrangement. The blue
dots correspond to the probes p-values of the association with the Height. The red dots are
the corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. Finally, the dots at the bottom are the probes positions for the
GIANT cohorts above and the UK Biobank below. The green line represents the known



syndromic CNV in the region. (B) Local Manhattan plot on the 3929 rearrangement. The
blue dots correspond to the probes p-values of the association with the Weight. The red
dots are the corresponding effect sizes. At the bottom the black and grey lines are the
deletions and duplications frequencies. Finally, the dots at the bottom are the probes
positions for the GIANT cohorts above and the UK Biobank below. The green line represents
the known syndromic CNV in the region.
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Supplementary Figure 14: (A) Local Manhattan plot on the 3929 rearrangement, separately
for the GIANT data (dot) and the UKBB data (triangles). The blue dots/triangles correspond
to the probes p-values of the association with the Height. The red dots/triangles are the
corresponding effect sizes. At the bottom the black and grey lines are the deletions and
duplications frequencies. The plain one corresponds to the GIANT data while the dash one



to the UKBB. Finally, the dots at the bottom are the probes positions for the GIANT cohorts
above and the UK Biobank below. The green line represents the known syndromic CNV in
the region. (B) Local Manhattan plot on the 3929 rearrangement, separately for the GIANT
data (dot) and the UKBB data (triangles). The blue dots/triangles correspond to the probes
p-values of the association with the Weight. The red dots/triangles are the corresponding
effect sizes. At the bottom the black and grey lines are the deletions and duplications
frequencies. The plain one corresponds to the GIANT data while the dash one to the UKBB.
Finally, the dots at the bottom are the probes positions for the GIANT cohorts above and
the UK Biobank below. The green line represents the known syndromic CNV in the region.
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Supplementary Figure 15: Q-Q plots for the association between probes falling in various
candidate regions. The columns correspond to the traits of interest: BMI (left), weight
(middle) and height (right). (A) Regions are selected to be within 500kb vicinity of SNPs
associated with BMI* or height?. For the 97 and 423 candidate regions for BMI and height,
respectively, we did not observe significant enrichment of CNVs with minP<0.05
(Supplementary Table 24). Beyond the already known 16p11.2 CNV, the MC4R CNVs
survived multiple testing correction for BMI and the 1g21.1 CNV (close to the height SNP
rs6658763 in gene FMO5) for height. Note however that both were picked up in the
genome-wide scan and hence described in detail in the main text. (B) Regions selected
based on 59 previously BMI-associated CNVs (Peterson et al. 3), out of which we tested 39
that were covered by probes with high quality CNV calls (r?>0.5). For all probes within these
CNVs we collected the association p-values for BMI. For each of these CNVs we then
calculated the minimal association P-value in our study for BMI and corrected them for the
number of encompassed independent probes in the given CNV, denoting it with minP. We
observed four CNVs with minP<0.05, corresponding to 2.1-fold enrichment (P=0.04). Only
the 16p11.2 CNVs survive multiple testing correction (minP<0.05/39) (Supplementary Table
25). (C) We repeated the experiment with a newly proposed set of genes shown to be
involved in some genetic syndrome with obesity®. Out of the testable 65 unique candidate
genes 57 are located on autosomes, among these 54 had copy number variant probes, 32 of
which with reasonable imputation quality (r*>0.5). We observed a non-significant 1.2-fold
enrichment of candidates with minP<0.05 (P=0.21). Note that 23 of the 32 genes had
corrected P-value equal to 1, thus only 10 distinct points are visible. Only the 16p11.2 CNV
survived multiple testing correction. (D) Finally, we looked at regions harbouring genes
related to syndromic height and or weight alterations according to the OMIM repository®
(selection made on height-, weight- and BMI-related key words). We observed a slight
inflation on the QQ-plots for the 37 BMI / weight and 40 height candidates and found 2.2-
fold enrichment of candidates with minP<0.05 for BMI (P=0.04). Here again, only the
16p11.2 CNV survived multiple testing correction.
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Supplementary Figure 16: Quantile-quantile plots of the copy number association P-values
for BMI, height, weight and waist-to-hip ratio.



Supplementary Tables

Beta P-value

.A" del dup U-shaped .A"
mirror mirror

BMI 3.33E-02 | 1.44E-01 | 3.15E-02 | 4.98E-02 | 3.74E-02 | 2.85E-03 | 1.40E-01 | 1.06E-02

Weight | 2.35E-02 | 1.12E-01 | 1.12E-02 | 2.73E-02 | 6.22E-01 | 4.46E-01 | 8.61E-01 | 6.42E-01

-8.37E- -4.13E- -7.84E- -1.32E-
02 01 02 01

WHR | 6.93E-04 | 2.94E-03 | 8.21E-04 | 1.15E-03 | 3.37E-03 | 6.03E-05 | 9.18E-03 | 6.90E-05

del dup U-shaped

Height 8.56E-05 | 2.51E-10 | 6.00E-03 | 4.46E-07

Supplementary Table 1: CNV burden analysis results per trait and CNV categories.



Beta BMI P val BMI R square BMI Beta WT Pval WT
chr start end
mirror del dup mirror del dup mirror del dup || mirror del dup mirror del dup
- 3.97E- 1.41E- 1.78E- 1.73E- 1.52E- 4.83E-
1 145 145.9 0.92 1.11 1.37 02 01 02 0.80 0.77 0.50 6.66 -9.66 6.27 06 05 04
1.55E- 6.17E- 1.59E- 1.20E-
3 197.7 197.9 5.00 7.2 03 04 0.98 0.64 22.55 24.14 06 04
3.53E- 1.89E- - 1.22E- 5.13E- 6.18E-
3 198.2 198.4 2.93 2.71 02 01 1.00 0.65 15.88 11.68 11.49 04 02 02
4.40E- 2.60E-
7 72.66 72.75 4.59 03 0.97 14.41 03
- 5.89E- 1.55E- 1.15E- 1.09E- 9.52E- 4.55E-
11 26.97 27.19 1.46 0.56 2.01 02 01 01 0.86 0.92 0.96 2.82 -3.09 3.02 02 03 01
- 5.31E- 5.51E- 4.44E- 5.03E- 1.44E- 3.46E-
16 28.73 28.95 -3.07 5.16 2.08 08 06 03 0.76 0.78 0.59 -10.35 14.57 -8.01 09 05 04
- 1.39E- 4.48E- 1.16E- 5.25E- 1.79E- 2.83E-
16 29.5 30.11 -3.66 6.15 1.81 12 14 02 1.00 0.99 0.77 -6.57 12.5 -2.52 05 06 01
2.03E- 5.75E- 2.24E- 1.45E- 2.16E- 5.27E-
18 55.81 56.05 -5.06 5.66 2.22 07 08 01 0.92 0.92 0.60 -15.94 17.43 3.77 08 08 01
Close to significance
CNVs
- 6.23E- 1.38E- 1.88E- 1.33E- 2.52E- 2.82E-
2 111.3 111.5 -2.30 2.54 2.22 04 02 02 1.00 1.00 1.00 -8.97 7.11 -9.98 05 02 04
- 4.96E- 4.07E- 8.15E- 1.74E- 3.26E- 2.68E-
2 112.4 112.5 -2.15 2.19 2.03 04 02 03 0.91 0.91 0.91 -8.77 7.64 -8.43 05 02 04
- 2.78E- 2.97E- 9.93E- 5.88E- 2.55E- 3.75E-
15 20.33 20.62 -0.22 0.36 1.52 01 01 02 0.94 0.96 0.88 1.2 -2.18 0.48 03 03 01
1.70E- 1.54E- 4.43E- 5.83E- 2.05E- 1.52E-
22 17.41 18.69 2.11 4 2.05 05 02 06 0.96 0.97 0.94 5.01 6.12 5.09 04 01 03
- 3.82E- 1.80E- 1.40E- 5.26E- 9.59E- 5.95E-
22 19.07 19.33 1.85 1.71 1.89 06 01 05 1.00 1.00 1.00 4.98 -8.42 5.28 05 02 05
Beta HT Pval HT R square HT Beta WHR P val WHR
chr start end
mirror del dup mirror del dup mirror del dup | mirror del dup mirror del dup
- 3.75E- 3.30E- 1.27E- - 2.24E- 3.02E- 1.46E-
1 145 145.9 3.46 6.57 2.22 10 11 03 0.93 0.95 0.89 0.020 | 0.010 | 0.028 03 01 03
3.12E- 3.95E- 3.03E- 1.35E- 4.50E-
3 197.7 197.9 8.29 1.44 05 01 0.96 0.93 0.028 0.060 | 0.095 02 01 03
2.32E- 8.07E- 2.16E- 2.88E-
3 198.2 198.4 13.3 08 0.95 -0.046 0.061 0.067 03 02 02
1.91E- - 1.49E- 2.75E- 8.43E-
7 72.66 72.75 3.14 01 0.73 0.111 0.153 0.104 06 02 05
- - 1.46E- 8.24E- 1.24E- - - 5.69E- 2.11E- 7.41E-
11 26.97 27.19 2.43 2.56 2.64 06 08 01 0.95 0.82 0.89 0.022 0.014 | 0.053 02 01 02
- - 4.24E- 6.79E- 5.29E- - 1.25E- 8.67E- 2.20E-
16 28.73 28.95 -1.6 0.62 2.81 02 01 03 0.97 0.96 0.97 -0.024 | 0.057 0.037 02 04 01
- 1.12E- 5.44E- 3.04E- - 2.30E- 2.20E- 3.02E-
16 29.5 30.11 5.21 8.32 3.43 14 14 04 0.99 0.98 0.97 -0.041 0.092 0.057 07 11 02
- 1.41E- 4.20E- 2.37E- - 8.86E- 2.41E- 2.15E-
18 55.81 56.05 -3.16 2.87 2.93 02 02 01 0.97 0.97 0.64 -0.036 0.035 0.059 03 02 01
Close to significance
CNVs
- - 2.26E- 5.73E- 4.86E- 1.61E- 6.00E- 3.90E-
2 111.3 111.5 -2.74 0.81 4.06 03 01 04 0.99 1.00 | 0.98 -0.015 0.032 0.032 01 02 01
- - 7.89E- 4.93E- 1.61E- - 1.52E- 1.33E- 3.55E-
2 112.4 112.5 -2.18 0.99 3.21 03 01 03 0.88 1.00 | 0.98 -0.014 | 0.028 0.011 01 01 01
- 8.10E- 3.14E- 1.28E- 3.48E- 3.16E- 1.08E-
15 20.33 20.62 0.74 1.49 0.38 06 08 01 0.95 0.94 | 0.95 0.002 0.006 0.007 01 02 02
- - 2.89E- 1.37E- 5.64E- 3.11E- 8.13E- 9.17E-
22 17.41 18.69 -1.36 6.76 1.84 02 03 03 0.97 0.96 1.00 0.027 0.067 0.022 03 03 04
- - 2.94E- 1.63E- 2.49E- 1.55E- 1.96E- 4.58E-
22 19.07 19.33 -0.62 2.44 1.99 01 01 01 1.00 1.00 | 0.58 0.020 | 0.041 0.022 03 01 04

Supplementary Table 2: CNV association meta-analysis results considering mirror, only
deletion and only duplication effects models. (Human genome build 36)



Start End

Chr - (mb)  (Mb)

Genes OMIM diseases

Combined_oxidative_phosphorylation_deficiency 4, 610678
3
Brody_myopathy,_601003_(3),_Autosomal_recessive
Immunodeficiency,_common_variable,_3,_613493_(3),_Auto
somal_recessive

MIR4721 MIR4517 ATXN2L SH2B1 CD19 RABEP2 TUFM

16 2873 28.95 ATP2A1 NFATC2IP ATP2A1-AS1 LAT SPNS1

Supplementary Table 3: List of OMIM diseases for the genes located in the discovered
CNVs. Only three CNVs contained genes related to OMIM diseases. (human genome build
36)



| Pheno | Beta(inverseNorm) | P ____

Waist Circumference 1.37197342090424 0.000113284

Basal Metabolic Rate 1.28061436732642 0.000314676

Mental Health Score 2.27456836098822 0.001463805

Income Category -0.836122729862511 0.00184698

Height 1.34326187246243 0.002747451

Bodyfat Percentage 1.00060529716209 0.00487609
Fluid Intelligence TestScore  -1.45747890521265 ~ 0.013103228
Number of Depression Episodes 5.44797580489105 0.013407919
‘AgeAtMenarche  -137000661836451  0.014310623
Bone Mineral Density 12.421391675403 0.016604821
Forced Expiratory Volume ~ -0.566226688699171  0.02301327
Diastolic Blood Pressure -0.531416055206 0.039000511

Number of Hours Slept Per Night -0.445253506751197 0.098055243

Number of Government Health Advice
Ignored 8.41028932318149 0.139300258

Pairs Matching Test Score 0.327003334128527 0.177431468

General Happiness Score 0.578526516814893 0.267346397

Supplementary Table 4: Top UK Biobank traits association —16p11.2 220kb Deletion




| Pheno ________________________|Beta(inverseNorm) [P |

Hand Grip Strength -1.42085821243649  2.75524E-05

Income Category 0.636507603844169 0.000226834

Reaction Time when Paying SNAP 0.78068371874827  0.000572615

Systolic Blood Pressure 1.20115838609033 0.006725133

Fluid Intelligence Test Score -0.78626798087886  0.006903458

Basal Metabolic Rate 0.412179984464185 0.010134824

Bone Mineral Density -0.40673802129927 0.012341872

Number of Government Health Advice
Ignored 0.691382076183591 0.020682411

Diastolic Blood Pressure 0.946819872774768 0.032662582

Height 0.968071430550906 0.039216385

Pairs Matching Test Score 1.9813718334488 0.048629148

WHR corrected for BMI 0.578839011164971 0.063129236

Number of Hours Slept Per Night 1.72857449125901  0.085393952

Supplementary Table 5: Top UK Biobank traits association — 16p11.2 220kb Duplication




| Pheno _______________________|Beta(inverseNorm) [P |

Waist Circumference 1.59138567876272 3.47323E-13
Forced Vital Capacity -1.71837638025093  6.80729E-12

Height -1.44694062381608  1.02805E-10

Forced Expiratory Volume -1.52718398860764  1.07274E-09

Birthweight -24.413562402529 0.000663086

Age At Menarche -1.08838702695159  0.001248673

Hearing Right 1.51080468265243 0.002232018

Bone Mineral Density 0.863093422674174 0.002482608

Number of Depression Episodes 15.5668732945112 0.004996177

Basal Metabolic Rate 0.835131109211715 0.012296668

Systolic Blood Pressure 0.598220369311587 0.017624569

Diastolic Blood Pressure 0.915990420047258 0.026426458

Age when left higher education -0.427704313588078 0.074265546

Supplementary Table 6: Top UK Biobank traits association — 16p11.2 600kb Deletion




| Pheno _______________________|Beta(inverseNorm) [P |

Reaction Time when Paying SNAP 0.768538430108658  2.20774E-05

Age when left higher education 2.01516893752163 0.000542613

Townsend Deprivation Index 1.22458374660638 0.001135683

Systolic Blood Pressure -0.668623806892171 0.002253388

Height 0.540983456555768 0.002392488

General Happiness Score 0.901502943851121 0.004052996

Number of Depression Episodes 1.29717891918402 0.00562968

Forced Expiratory Volume -0.730805045822161 0.006729204

BMI -0.545792509228783 0.008953892

Birthweight 0.599392287080348 0.017546555

Waist Circumference -1.12949043737894  0.026039595

Number of Hours Slept Per Night 1.39967987876525 0.049720071

Hearing Right -15.0929064726569 0.06068741

Supplementary Table 7: Top UK Biobank traits association —16p11.2 600kb Duplication




BMI Height
Chr Start End
(Mb) (Mb) SNP Nearest gene P-value SNP Ngsrr]ist P-value
1 145 145.9 - - - rs6658763 FMO5 3.60E-11
16 28.73 28.95 rs3888190 ATP2A1 3.14E-23 - - -
16 29.5 30.1 - - - rs11642612 FLJ25404 4.20E-08
18 55.81 56.05 rs6567160 MC4R 3.93E-53 rs11152213 MC4R 6.90E-13

Supplementary Table 8: Known SNPs (from previous BMI and height GWAS) and
nearest gene located in the discovered CNV. (Human genome build 36)

SNP - Height SNP - Expression CNV - Height
SNP Allele Gene

Beta P-value Z score P-value Beta P-value
rs11150581 C CORO1A -0.017 4.29E-08 -4.45 8.60E-06 0.82 1.10E-14
rs11642612 @ CORO1A -0.018 1.24E-08 -4.45 8.60E-06 0.82 1.10E-14
rs11150581 C INOSOE -0.017 4.29E-08 -5.57 2.55E-08 0.82 1.10E-14
rs11642612 @ INOBOE -0.018 1.24E-08 -5.57 2.55E-08 0.82 1.10E-14
s2278557 G INOSOE -0.017 4.64E-08 -5.52 3.49E-08 0.82 1.10E-14
rs6565173 G INOBOE 0.016 6.68E-08 5.8 6.54E-09 0.82 1.10E-14
rs9925915 G INO8OE 0.016 8.97E-08 5.8 6.48E-09 0.82 1.10E-14

their

Supplementary Table 9: eQTLs SNPs located in the discovered CNVs and their effect on the
gene expression and the trait of interest (height).



Beta (InverseNorm) [P |

Basal Metabolic Rate -1.10744807923833  8.64828E-08

Forced Vital Capacity -0.919381302886394 2.93872E-07

Income Category -0.797375544388421 0.000164561
‘AgeAtMenarche  -2.18111621831189  0.000181161
WHR corrected for BMI 1.21135856746827 0.001584752
‘Birthweight ~ -1.47199099115565  0.003644883
Pairs Matching Test Score 0.616587892276118 0.004196544
‘Hearingleft ~ -142549588498061 0.005746628
Waist Circumference -0.534637932226143 0.008312489

Bone Mineral Density -0.510569581710803 0.010557709

Reaction Time when Paying SNAP 0.383757729096462 0.01492828

Bodyfat Percentage -0.483667006516757 0.019393833

Systolic Blood Pressure -0.319695603480369 0.024014062

Mental Health Score 0.33584883482338 0.053873586

Hearing Right -1.27529914599644  0.087466989

Fluid Intelligence Test Score 0.492888873070761 0.400399548

Supplementary Table 10: Top UK Biobank traits association — 1q21.1 Deletion




| Pheno _______________________|Beta(inverseNorm) [P |

Forced Expiratory Volume -0.683510779833834 0.000115131

Income Category -0.614381117971488 0.000300941

Waist Circumference 0.474845948716028 0.000615927

Fluid Intelligence Test Score -0.713141844035933 0.001895973

Reaction Time when Paying SNAP 0.381771713057794 0.004356698

Age At Menarche 1.62211117592782 0.005599322

BMI 0.326494280777879 0.014220087

Birthweight 0.511073938454779 0.019203328

Pairs Matching Test Score 0.71928863958202 0.028514502

Age when left higher education -0.357327073405086 0.039093313

Hearing Left 0.417263493960358 0.060192985

Diastolic Blood Pressure 0.25130483232228 0.086317433

Hearing Right 0.710200126988719  0.125452515

Supplementary Table 11: Top UK Biobank traits association — 1q21.1 Duplication



Start End CNV CNV - P- Nearest
Chr (Mb) (Mb) Genes beta value SNP gene

FIBIN —
11 26.97 27.19 BBOX1 0.38

Supplementary Table 12: Exome SNPs associated with height. The SNP comes from a
GIANT-exome study on height (Marouli et al. 2017) including 381,625 individuals. (Human
genome build 36)

| Pheno ________________________|Beta(inverseNorm) [P |

SNP — P-value

1.50E-06 15138273386 FIBIN 5.79E-12

Bone Mineral Density 2.5937508362453 0.009804329
Townsend Deprivation Index -1.14323622381117 0.011617731
Age when left higher education -0.942196492847463 0.038182179
Hearing Right -1.58214258999308  0.044129454
Reaction Time when Paying SNAP -0.596752588357782 0.117216709

Hand Grip Strength
Age At Menarche

General Happiness Score

Height
Income Category

Pairs Matching Test Score

Birthweight

Number of Depression Episodes
Systolic Blood Pressure

Basal Metabolic Rate
BMI
Bodyfat Percentage

Fluid Intelligence Test Score
Forced Expiratory Volume

Mental Health Score

Diastolic Blood Pressure
WHR corrected for BMI

Waist Circumference
Hearing Left

Number of Hours Slept Per Night

Forced Vital Capacity

Number of Government Health Advice

Ignored

0.551083090367888
-0.774216818738854
42.9671566783249
-1.35358929756997
-0.77680692429136
-1.303907968215
-1.30762895069462
1.51147620435941
-0.460878088491214
0.537022600631399
1.18694196140479
1.1623343872493
33.367868574876
-0.427819714080169
-0.999879807230626
-0.377313002867347
-0.355653121189768
0.853417840972687
0.54223103946467
-0.376099142160308
0.3720465161274

-0.311022413453132

0.126981314
0.138082171
0.165456672
0.177712004
0.185088056
0.194157299
0.194503651
0.216405206
0.225718408
0.235915959
0.237252814
0.247135329
0.281619632
0.300924933
0.319716683
0.321295215
0.389310308
0.395436814
0.490424197
0.520786991
0.525652856

0.536978353

Supplementary Table 13: Top UK Biobank traits association — FIBIN BBOX1 Deletion



| Pheno _______________________|Beta(inverseNorm) [P |

Townsend Deprivation Index 1.00253197304022 0.020692661

Hearing Left 2.31915122106899 0.028158145

Pairs Matching Test Score 1.13402076987003 0.057561141

Income Category -0.814611096828761  0.07486036

Number of Depression Episodes 4.8565312910675 0.091357239

Age when left higher education -0.717055639700312 0.125483647

Number of Government Health Advice
Ignored 0.936985425598994 0.158323287

Reaction Time when Paying SNAP 1.99284560746826 0.181329914

Height 1.59394428485759 0.284997425

Forced Vital Capacity -0.530367531543982 0.291322609

Forced Expiratory Volume 1.51844030911441 0.308460006

Diastolic Blood Pressure -0.539023380526832 0.3248363

Age At Menarche -0.597002347783648 0.400048963

Supplementary Table 14: Top UK Biobank traits association — FIBIN BBOX1 Duplication




[Pheno ______________________|Beta(inverseNorm) 1P

Bodyfat Percentage 1.19669540028498 1.80723E-07

Basal Metabolic Rate 1.11872506188444 1.07066E-06

Bone Mineral Density 0.820732787819288 0.001272584

Height 0.433500182384755 0.063579354

Income Category -0.425059622481287 0.072286296

Fluid Intelligence Test Score 0.582796370984299 0.117897265

Forced Expiratory Volume -0.311899582017326 0.160578482

Number of Depression Episodes -0.735141042291542 0.183581979

Forced Vital Capacity -0.385197413130512 0.218966361

Hand Grip Strength 0.258859793094818 0.284771709

Age when left higher education -0.205421416112299 0.403756987

Diastolic Blood Pressure 0.152498877143301 0.496054025

WHR corrected for BMI -0.14621047724507 0.532733176

Supplementary Table 15: Top UK Biobank traits association — MC4R region Deletion



| Pheno _______________________|Beta(inverseNorm) [P |

Mental Health Score -1.01136436856113  0.066043956

Townsend Deprivation Index 0.720526268963964 0.082349696

Age when left higher education -1.13956132894036  0.086947419

Height -1.01379497440273  0.131819416
‘Hand Grip Strength ~~ -0.622717399977821 0.134586732
Forced Vital Capacity -0.713409631408813 0.140821806
‘Bone Mineral Density ~ 0.644011148828381 0.182066272
Systolic Blood Pressure 0.634213131009606 0.18367113
Pairs Matching TestScore  -0.721494928015646 0.185473324
WHR corrected for BMI -0.877334317041033 0.194516555
Number of Hours Slept Per Night ~ -0.524177543915688 0.207846184
Forced Expiratory Volume 0.695607882422717 0.214354592

BMI 0.508298099228124 0.220392978

Bodyfat Percentage 0.639446287922858 0.291381921

Basal Metabolic Rate -0.631314922998035 0.350561941

Income Category 0.750733066081982 0.431294166

Hearing Right 0.483092369068406 0.499133365

Supplementary Table 16: Top UK Biobank traits association — MC4R region Duplication




| Pheno _______________________|Beta(inverseNorm) [P |

Waist Circumference -2.90268450847608 0.002635523

Pairs Matching Test Score 2.30936389124103 0.010058217

BMI -2.29787816482944  0.019911956

Age At Menarche -4.67100076509518 0.037480058

WHR corrected for BMI -1.78775586552194  0.038818777

General Happiness Score -22.4366865701911  0.062709251

Reaction Time when Paying SNAP 1.80926815373641 0.070102942

Hearing Right -20.9194200406331 0.08281571

Forced Expiratory Volume -9.1225041093684 0.140910225

Number of Government Health Advice
Ignored 7.01274828568291 0.217177372

Income Category -2.94538127227924  0.264974597

Systolic Blood Pressure 1.00884051698689 0.275956966

Townsend Deprivation Index 0.524875148815789 0.575618025

Supplementary Table 17: Top UK Biobank traits association — 7q11.23 Deletion




| Pheno _____________________|Beta(inverseNorm) P |

Income Category -1.50125456532932 0.00186953

Bone Mineral Density 1.20024687860349 0.00750692

Mental Health Score -1.7853000842924 0.015348088

Number of Hours Slept Per Night 2.35182848663618 0.018324348

Townsend Deprivation Index 0.954896300419198  0.029755281

Fluid Intelligence Test Score -1.97286735976472 0.042864193

Birthweight 16.0005667897666 0.051923223

Forced Vital Capacity -0.920892990328037 0.084474224

Reaction Time when Paying SNAP 0.874159855528507 0.131746108

Age when left higher education -1.33366005384998 0.185399958

Hearing Left 1.14716244267823 0.245769314

Number of Government Health Advice
Ignored 0.68264479885369 0.304033655

Diastolic Blood Pressure -0.853834204402192 0.395358421

Supplementary Table 18: Top UK Biobank traits association — 7q11.23 Duplication




| Pheno ____________________|Beta(inverseNorm) P |

Hand Grip Strength -1.35166355822425 0.001070424

Reaction Time when Paying SNAP 1.34872737506186 0.002657316

Systolic Blood Pressure 1.12716788778251 0.003535866

Basal Metabolic Rate -1.2516395152016 0.005213666

Townsend Deprivation Index 1.03058485645565 0.00765606

Pairs Matching Test Score 2.4463918984338 0.014142737

Bone Mineral Density -0.840159320251297 0.042028947

Number of Government Health Advice
Ignored 1.37619112343831 0.051368882

Age At Menarche 8.97838295561091 0.082394659

General Happiness Score -9.97378898190988 0.100152169

Hearing Left -9.3107662558719 0.125096902

Bodyfat Percentage 0.962503474163049  0.175547548

Birthweight -0.647577000615058 0.362791636

Supplementary Table 19: Top UK Biobank traits association — 3g29 section 1 Deletion




[Pheno ______________________[Beta(inverseNorm) [P |

Bodyfat Percentage 1.56085173791293 0.00024266

Waist Circumference 0.676959996957612 0.001070605

Systolic Blood Pressure 1.93735804839957 0.00174417

Hearing Right -10.8457823086025 0.01262258

Mental Health Score 1.50116456033249 0.025895226

Townsend Deprivation Index 0.601000046460346 0.036635776

Number of Depression Episodes 1.1788388067718 0.040680706

Hearing Left 1.6464372082718 0.072225582

Number of Government Health Advice

Ignored -1.25563668862448 0.073460416
Age when left higher education -0.624514896895656  0.096543046

Number of Hours Slept Per Night 0.995201459157869 0.139498291

Age At Menarche 2.87098713003968 0.206101039
General Happiness Score 1.06589886357795 0.243267086

Supplementary Table 20: Top UK Biobank traits association — 3q29 section 1 Duplication



| Pheno ____________________|Beta(inverseNorm) P |

Hand Grip Strength -1.35166355822425 0.001070424

Reaction Time when Paying SNAP 1.34872737506186 0.002657316

Systolic Blood Pressure 1.12716788778251 0.003535866

Basal Metabolic Rate -1.2516395152016 0.005213666

Townsend Deprivation Index 1.03058485645565 0.00765606

Pairs Matching Test Score 2.4463918984338 0.014142737

Bone Mineral Density -0.840159320251297 0.042028947

Number of Government Health Advice
Ignored 1.37619112343831 0.051368882

Age At Menarche 8.97838295561091 0.082394659

General Happiness Score -9.97378898190988 0.100152169

Hearing Left -9.3107662558719 0.125096902

Bodyfat Percentage 0.962503474163049  0.175547548

Birthweight -0.647577000615058 0.362791636

Supplementary Table 21: Top UK Biobank traits association — 3g29 section 2 Deletion




| Pheno ____________________|Beta(inverseNorm) P |

Basal Metabolic Rate 1.10301630979139 0.002389257

Systolic Blood Pressure 8.15924003735672 0.011690594

Number of Government Health Advice
Ignored -1.09264447363499 0.016472923

BMI 1.27444223823957 0.021660825

Height 0.78610418934282 0.029648874

Reaction Time when Paying SNAP 1.31388106070481 0.032353607

Mental Health Score 0.749675388606364 0.0367163

Pairs Matching Test Score 1.14607415659259 0.038465766

Forced Vital Capacity -1.19176807900792 0.054077371

Age when left higher education 1.08649611123387 0.078928239

Age At Menarche 5.55447684553796 0.13932996

WHR corrected for BMI -0.767022947485931 0.165976711

Hearing Left 0.893383985809885  0.244112848

Supplementary Table 22: Top UK Biobank traits association — 3q29 section 2 Duplication




Chr

Start
(Mb)
[hg18]

End
(Mb)
[hg18]

Frequency (%)

Del

Dup

BMI

P value

B

Weight

P value

r2

Height

P value

r2

15

22

22

1113

112.4

20.33

17.41

19.07

1115

112.5

20.6

18.69

19.33

0.01

0.03

0.38

0.02

0.01

0.02

0.03

0.48

0.06

0.08

211

1.85

1.70E-05

3.82E-06

0.96

1.00

-8.97

-8.77

1.33E-05

1.74E-05

1.00

1.00

0.74

8.10E-06

0.95

Supplementary Table 23: CNVs associated with one or several of the traits of interest and
with a p-value close to the significance level. The first one corresponds to two CNVs in the
2q13 region (111.3-111.5Mb — 112.4-112.5Mb), and whose copy number is negatively
associated with weight (section 1: Beta=-8.97kg, P=1.3x10° — section 2: Beta=-8.77kg,
P=1.7x107). Larger (1.5-2 Mb) CNVs encompassing this region have been reported in the
literature® for risk increase of developmental delay’2. The second one is located between
the 15911.2 BP1 and BP2%19 (20.33-20.60Mb) and is associated with height (Beta=0.74cm —
P=8.1x10°). It corresponds exactly to the region responsible for the Burnside-Butler
syndrome®, in the proximal interval of Prader-Willi/Angelman. Moreover, it was also found
associated with schizophrenia!!. Finally, two CNVs located in the 22q11.2 region (17.41-
18.69Mb and 19.07-19.33Mb) were found to be associated to BMI in our meta-analysis
(Beta=2.11kg/m? (P=1.7x107) and Beta=1.85kg/m? (P=3.82x10%), respectively). They overlap
with the location of Di George/22q11.21 duplication syndrome (17.40-19.75Mb)*?13 with a
wide phenotype spectrum. Recently, the deletion, was associated with schizophrenia?®.



[ pheno | snes | oun | cene | minpnet | betamin | rsamin

BMI rs3888190 16 ATP2A1 0.000189136 -3.07196299 0.756916339
BMI rs4787491 16 INOSOE 5.38E-09 -3.662497866 0.995571108
BMI rs6567160 18 MC4R 0.00064438 -5.061863809 0.92382604
HT rs6658763 1 FMO5 4.49E-06 3.459918459 0.933499023
HT rs11642612 16  FLJ25404 3.39E-10 5.211022089 0.991528719

Supplementary Table 24: CNV association meta- analysis resuIts for known CNVs

dup
Beta (%) (%) | Rsquare

2.32E-

BMI 16 28700000 28900000 05 -3.07196299  0.024  0.041 0.756916339
2.39E-

BMI 16 29514353 30107356 09 -3.662497866  0.023  0.026 0.995571108
2.19E-

WT 16 28700000 28900000 06 -10.3514665  0.019  0.029 0.935360019

Supplementary Table 25: CNV association meta-analysis results for known SNPs

Beta BMI Beta WT Beta HT Beta WHR OR SCz
chr start end
mirror del | dup mirror del dup mirror | del dup || mirror del dup del dup
1 145 145.9 6.66 -9.66 6.27 3.46 | 6.57 3.80
3 197.7 197.9 22.55 24.14 INF
3 198.2 198.4 13.3
7 72.66 72.75 0.111 0.104 16.10
16 28.73 28.95 -3.07 | 5.16 -10.35 14.57 -8.01 20.60
16 29.5 30.11 -3.66 | 6.15 0.82 | 1.31 | 0.54 || -0.041 | 0.092 9.40
Close to significance
CNVs
15 20.33 20.62 0.74 | 1.49 1.80
22 17.41 18.69 2.11 2.05 5.01 5.09
67.70 0.15
22 19.07 19.33 1.85 1.89 4.98 5.28

Supplementary Table 26: Significant CNV effects on the traits of interest with on the last
column the OR for schizophrenia from the Marshall et al 2016 paper on association
between CNVs and schizophrenia. (human genome build 36)



Samples size

Cohort Count Jaist-Hi Reference
Y BMI Weight Height “ar‘::i;hp
ik , https.//doi.org/
D Denmar 942 939 950 10.1177/0333102415570492
B58C UK 2334 2334 2334 2334 http://www.b58¢cgene.sgul.ac.uk/index.php
COROGENE . http://ije.oxfordjournals.org/content/early/
CASE Finland 1410 1417 1411 2011/06/02/ije.dyr090 extract
COROGENE . http://ije.oxfordjournals org/content/earlv/
CTRL Sl =l Ll 157“ e 2011/06/02/ije.dyr090.extract
DNBC Denmark 1590 1588 1612 www.dnbe.dk/
EGCUT Estonia T087 7087 7089 6153 http://www.biobank.ee
https://dsgweb. wustl.eduw/ PROJECTS/
FAMHS Us 755 755 755 755 MP1 html
FAMHS M Us 465 165 465 465 htips://dsgweb. wustl.edw/PROJECTS/
MP 1. html
FINRISK Finland 13056 13068 13060 13067 http://www.ktl.fi/portal/4168
S UK 6390 6391 6412 6329 htp://www.ed.ac.uk/generation-scotland/
Scotland
H2000 Finland 1399 1400 1399 1399  http://www.terveys2000.1i/indexe. html
hitp://www.ktl. fi/portal/english/
. research _people  programs/
HBCS Finland 1448 1449 1448 1447 - —
health promotion and chronic_disease pr
evention/units/diabetes unit/idefix study/
Hypergenes Italy 2930 http://www.hypergenes.eu/
InCHIANTI Italy 702 706 700 715 http://'www.inchiantistudy.net/
LifeLine  Netherlands 11486 11486 hitp://www lifelines.nl
LLFS uUs 476 476 478 https://dsgweb.wustl.edu/11fs/
LOLIPOP UK 1243 1243 1243 1243 http://www.lolipopstudy.org/
Mt Sinai http://icahn.mssm.edu/research/ipm/
BioMe us 1301 1233 programs/biome-biobank
PREDICTCVD  Finland 1744 1757 1744 1757 hup:/Swww.ktLfi/portal/4168
QIMR Australia 7385 7385 7419 http://www.qimrberghofer.edu.au/
http://www.gastroenterologie.usz.ch/
SCCS Switzerland 750 forschung/hepatologie/seiten/
unterseite-3.aspx
SSC Us 701 https:ffsf?rl,org/’r‘esourcesfauns)l'n-cohorls.-’
simons-simplex-collection
TRAILSPOP Netherlands 1171 1171 1173 1167 hitp://www.trails.nl/
TwinsUK UK 1195 1195 1195 1195 http://www.twinsuk.co.uk/
UKBB UK 119873 119767 116259 119867 https://www.ukbiobank.ac.uk/
YFS Finland 1758 1759 1763 1774 http://vanha.med.utu.fi/cardio/
youngfinnsstudy/
TOTAL 191161 175183 181965 161244

Supplementary Table 27: List of all the cohorts participating to this meta-analysis.




Metrics Definition

Confidence Likelihood of the most likely CN minus the 2nd most likely one
Length CNV length in bp
N probes Number of probes in the CNV
LRR mean Mean LRR for a given sample
LRR sd Standard deviation of the LRR
BAF mean Mean BAF for a given sample
BAF sd Standard deviation of the BAF

. Summarize the proportion of BAF values falling out of the expected BAF
BAF drift

(0,0.5and 1)

WF Value measuring the strength of waviness in a given sample
N CNVs Number of CNVs per sample

Supplementary Table 28: List of the quality metrics extracted from PennCNV and used to
calculate the CNV quality score.



Supplementary Notes

Supplementary Note 1. Example configuration file to run the CNV-calling pipeline

pennCNVpath: /data/sgg/aurelien/software/pennCNV/penncnv_2

HMMpath: /data/sgg/aurelien/software/pennCNV/penncnv_2/lib/hhall.hmm
HMMcreate: O

PFB: example/pfb/

CompilePFB: 1

GCmod: my/GC_model/path

UseGCmod: 0

InputData: 1

DATA: example/raw

OUTPUT: example/results

FormatedPath: example/formated

Chromosome: 1-22

CNVcall: 1

Cleancall: 1
format: 1
CreateRfile: 1

AssoData: 1

NbCores: 16

PhenoPath: example/phenotype/phenotype.txt
Phenotype: example
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