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Supplementary note: Regional association plots of the 23
regions detected here for which genome-wide significance
association with non-pathological facial variation has been
reported previously

Several of these regions are associated with multiple profile traits (See Fig. 2 of main
text). Below we show plots only for the trait with strongest association to each region.
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1p12: WARS2, TBX15. We associated SNPs from WARSZ2 (tryptophanyl tRNA
synthetase 2, mitochondrial) and TBX15 (T-box transcription factor 15) region with
traits related to lip thickness. This region was first associated with ear phenotypes
(15). It has also been associated with the upper face area (70), chin dimples (7) and
mid-face morphology (718). Homozygous mutations in the TBX15 gene can induce
Cousin syndrome (OMIM #260660). People with this condition presents particular
facial phenotypes: frontal bossing, narrow palpebral fissures with deep set globes,
hypertelorism, posteriorly rotated and low set ears. In mouse embryo, Tbx15is
expressed in craniofacial region (4).
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1p31.3: RPE65, DEPDC1. We associated a SNP from RPE65 (retinoid
isomerohydrolase RPE65) and DEPDC1 (DEP domain containing 1) region with nose
roundness. This region has already been associated with orbital, midface and chin
area (11).
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1p36.13: PAX7. We associated SNPs within PAX7 (paired box 7) gene with
columella inclination. 1p36 region has been associated with the nose tip shape and
the angle between the lips and the nose (72). Homozygous mutations in the PAX7
gene can induce progressive congenital myopathy with scoliosis (MYOSCO) (OMIM
#618578). People with this condition present particular facial phenotypes: posteriorly
rotated and low set ears, flat nose and hypotonic triangular.
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1p36.32: PRDM16. We associated SNPs within PRDM16 (PR/SET domain 16) gene
with nose size and nose roundness. SNPs from this gene has already been
associated with nose phenotypes (nose width and nose height) (2).
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1931.3: CRB1, DENND1B. We associated SNPs from CRB1 (crumbs cell polarity
complex component 1) and DENND1B (DENN domain containing 1B) region with lip,
lower lip and chin protrusion. This region has already been associated with chin
related phenotypes (7,10).
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2p21: Intergenic (SIX3, SIX2, LINCO1121). We associated SNPs from 2p21 region
with columella size. This region has already been associated with facial variations (2,
59) and particularly with the chin morphology (7,10,12). Before that, this region was
known to have an impact on facial morphology because it was associated with non-
syndromic cleft lip with or without cleft palate (NSCL/P) (71). Mutations in this region
can induce holoprosencephaly 2 (OMIM #157170).
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2g12.1: Intergenic (LOC1002287010). We associated SNPs from 2q12.1 region
with jaw slope. This region has already been associated with chin dimples (7).




2912.3 Lower Face Flatness
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2g12.3: EDAR region. We associated SNPs from EDAR (ectodysplasin A receptor)
region with lower lip protrusion, lower face flatness and jaw protrusion. This region
has already been associated with chin and lips morphology in the CANDELA sample
(and replicated in another study (72)) and with mandible and ear morphology in
mutant mouse (4). Mutations in the EDAR gene can induce ectodermal dysplasia
(OMIM #224900). People with this condition can present particular skin and hair
aspect as well as missing teeth.
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2g22.3: Intergenic (ACVR2A). We associated SNPs from the 2922.3 region with
nasion depth. SNPs from this region have been associated with chin dimples (7).
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2g36.1: PAX3. We associated SNPs from PAX3 (paired box 3) region with brow
ridge protrusion, nasion depth, nasion position and columella size. PAX3 has already
been identified has having an effect on the nasion position (1), the nose area (10)
and chin dimples (7). Mutations in the PAX3 gene can induce craniofacial-deafness-
hand-syndrome (CDHS) (OMIM #122880) and Waardenburg syndrome type 1 and 3
(OMIM #193500, #148820). People with those conditions can present particular facial
phenotypes.
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4q31.3: SFRP2, DCHS2. We associated SNPs from SFRP2 (secreted frizzled
related protein 2) and DCHS2 (dachsous cadherin-related 2) region with nose height,
nose roundness, columella inclination and nostril size. This region has already been
associated with columella inclination and nose shape in general (4,10).
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6p21.1: SUPT3H, RUNX2. We associated SNPs within SUPT3H (SPT3 homolog,
SAGA and STAGA complex component) and RUNX2 (RUNX family transcription
factor 2) genes with forehead and brow ridge protrusion and upper face flatness. This
region has already been associated with the nose bridge breadth in the CANDELA
sample (73) and to nose morphology and chin dimples in other samples (7,10).
Mutations in RUNX2 gene can cause cleidocranial dysplasia (CDD) (OMIM
#119600). People with this condition can present poor closure of the cranial sutures.
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6q23.3: PDE7B. We associated SNPs within PDE7B (phosphodiesterase 7B) gene
with brow ridge protrusion. The 6923 region has already been associated with the
upper part of the face (10).




7922.1 Ear Size
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7922.1: CUX1. We associated a SNP from CUXT1 (cut like homeobox 1) region with
ear size. This region has already been associated with mid face area (eyes, nose,
philtrum and lips) (71). Mutation in the RELN gene, located in this region, can induce
lissencephaly syndrome (OMIM #257320). People with this condition present a low
sloping forehead and a salient nasal bridge.
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8q12.1: Intergenic (TOX). We associated a SNP from 8g12.1 region with philtrum
length. This region has already been associated with the depth of nasal alae (5).
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8q24.21: Intergenic (LINC00976). We associated SNPs from 8g24.21 region with
philtrum length. This region has already been associated with facial distances (2) and
with cleft lip with or without cleft palate (62).
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9p22.2: Intergenic (BNC2, CNTLN). We associated SNPs from 9p22.2 region with
columella size. This region has already been associated with the height of the
vermilion upper lip (5).
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12q14.3: HMGA2, MIR6074. We associated SNP from HMGAZ2 (high mobility group
AT-hook 2) and MIR6074 (microRNA 6074) region with forehead and brow ridge
protrusion. This region has already been associated with chin dimples (7) and
craniofacial distances (74).

13034 Nose Size
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13q34: LINC00676, IRS2. We associated SNPs from LINC00676 (long intergenic
non-protein coding RNA 676) and /RS2 (insulin receptor substrate 2) region with
protrusion and size of the nose. The 13934 region has already been associated with
the nose size (7).
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15q21.1: SLC24A5, MYEF2. We associated SNPs from SLC24A5 (solute carrier
family 24 member 5) and MYEF2 (myelin expression factor 2) region with nose
roundness and columella inclination. The 15g21.1 region has already been
associated with facial morphology (mouth corners, lateral parts of the mandible,
philtrum, medial parts of the midface, eyes and forehead) (71). Mutations in the
15021 region can induce Marfan syndrome (OMIM #154700). People with this
condition presents particular facial and skeletal features.
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17924.3: CASC17. We associated SNPs within CASC17 (cancer susceptibility 17)
gene with roundness and size of the nose, as well as columella inclination. This
region has already been associated with nose morphology (7,10).
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20p11.22: LINC01432. We associated SNPs from the 20p11.22 region with nostril
size. This region has already been associated with the nasal area (4,6,10).
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20qg12: Intergenic (LINC01734, DHX35). We associated SNP from the 20p12 region
with brow ridge protrusion. This region has already been associated with chin
dimples, nose size (7), cranial base width (6) and cleft lip with and without cleft palate
(73).




Supplementary note: Regional association plots for the 5 novel
regions detected here that do not replicate in the European
GWAS meta-analysis

Gene locations, Pairwise LD, and annotations for regulatory elements active during
craniofacial development are also shown.
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6g24.3: STXBP5-AS1. We associated intronic SNPs of STXBP5-AS1 (STXBP5
antisense RNA 1) gene with the lip protrusion. Antisense RNA can hybridize with
complementary mRNA and block its translation.
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7p12.1: Intergenic (COBL). We significantly associated three intergenic SNPs in
7p12.1 with eye position. Closest entity is a pseudogene RN7SL292P (RNA, 7SL,
cytoplasmic 292, pseudogene) situated about 50,000BP upstream. In the region,
there is also COBL (cordon-bleu WH2 repeat protein) gene about 445,000BP
upstream. This gene encodes for an actin nucleator protein. In zebra fish, Cobl is
mainly expressed in brain and retina, it seems to be essential in the formation of cilia
(hair-like structure of the surface of cells). Defect in the cilia formation can induce
developmental error, like failures in left/right patterning (75). It appears that primary
cilium has central part in vertebrate development and various human genetic
diseases (76).
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8g22.3: PABPC1. We significantly associated intronic variants of LOC105375673
with columella inclination and suggestively with nose roundness. The most significant
variant was an indel 8:101737776:AT:ATT. Around 1,000BP upstream there is
PABPC1 gene (poly(A) binding protein cytoplasmic 1), it encodes for a poly(A)-
binding protein that plays a role in translation.
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11p15.5: LSP1. We significantly associated intronic SNPs from LSP1 gene with lip
thickness and lower lip thickness. But most significant one was rs907613 a variant
situated 2KB upstream LSP1. LSP1 stands for lymphocyte specific protein 1. This
gene has been associated with multiple traits including systolic blood pressure (35),
and height (35). There are also craniofacial specific super-enhancers and multiple
gene in that region. Among them there is TNNI2 (Troponin 12, Fast Skeletal Type)
which encodes for troponin | protein found in skeletal muscle. In mice this gene
seems to have an effect in the regulation of bones development (77). There is also
TNNT3 (troponin T3, fast skeletal type), a gene that encodes for an isoform of
troponin T that play a crucial role in the contraction and relaxation of fast skeletal
muscle (78). Additionally, in that region there is a cluster of imprinted genes, among
them there is IFG2 (Insulin Like Growth Factor 2) a gene that regulates skeletal
growth (79) and H19 (H19 imprinted maternally expressed transcript). Different
epigenetic mechanisms can affect the expression of those two genes resulting in two
opposite growth disorder: Beckwith-Wiedemann syndrome (OMIM #130650), which
is defined by pre and postnatal overgrowth and macroglossia (large tongue) and
Silver-Russell syndrome (OMIM #616489), which is defined among other by growth
retardation and craniofacial features like broad forehead and triangular shaped face.
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17p13.3: SMG6. We significantly associated 41 variants from 17p13.3 region with
forehead protrusion. One was 2KB upstream DPH1 (diphthamide biosynthesis 1),
four were intron variants of DPH1, 3 were intron variants of SRR (serine racemase),
26 were intron variants of SMG6 (SMG6 nonsense mediated mRNA decay factor)
and 2 were missense variant of SMG6: rs1885987 (an asparagine becomes a serine
or a threonine) and rs1885986 (an arginine becomes a proline) both in exon 2 or 3
out of 30. The most significant SNP was rs8069947 an intronic variant of SMG6
gene. SMG6 encodes for a protein link with telomerase activity. In zebrafish, SMG6
protein contributes to a mechanism that detects and degrades mRNAs with
premature stop codons and is needed for proper embryonic development (80). SNPs
from this gene have been associated with multiple traits including height (35). It also
has been suggestively associated with forehead morphology (9) and we found
suggestive association with eyebrow protrusion. This region includes several
craniofacial super-enhancers.




Supplementary note: Geometric morphometrics analysis of
mouse skulls

Landmarks and semi-landmarks used

A set of 44 landmarks and curve semi-landmarks were digitized on meshes using
the R package digit3DLand vs 0.1.5 (https://github.com/morphOptics/digit3DLand).
This set is composed of 11 paired landmarks and 4 unpaired landmarks. Many skulls
have their posterior part damaged due to brain removal and landmarks were limited
to the face and the palate. Seven additional curve paired semi-landmarks and five
unpaired curve semi-landmarks modeling the nasal bone curvature as well as the
nasal vestibule opening were also digitized (Figure S3-1).

Figure S3-1. The landmarks and curve semi-landmarks used for the analysis. Black
dots are the 11 paired landmarks and gray dots are four unpaired landmarks. Dark
orange dots are seven paired curve semi-landmarks and light orange are five unpaired
curve semi-landmarks. Curves are green lines.



Vps13b KO mice are smaller and lighter than WT especially in males

The KO and gender effects on body length were analyzed in a linear model based on
a subsample of 36 mice. The interaction between genotype and gender is significant
(F1,32=8.65, p = 0.006), and the KO effect appearing stronger in male than female
(Supplementary Fig. S3-2). Altogether genotype effects explain 39% of the variance
in body length. In the linear modelling of the log-transformed body weight, and after
controlling for body length (F1,31=16.05, p = 0.00036), and gender (F1,31 = 57.93, p
= 1.39x108), the genotype has an effect (F1,31 = 34.44, p = 1.78x10%) with KO mice
being lighter than WT mice. Interaction between gender and genotype was kept in
the model but it was almost identical than dropping it (AAIC = 0.73). The full model
shows a slightly stronger effect in male than in female (Supplementary Fig. S3-2) but
this could result from chance alone (F1,31 = 2.45, p = 0.13) and it will need additional
data. Altogether genotype effects explain 26% of the variance in body weight once
controlled for body size.
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Figure S3-2. Expected marginal means of the body length or weight in 19 weeks old
Vps13b mice. The weight model includes body length as an additional covariates and
marginal means are predicted at the population average body length. Error bars
correspond to 95% confidence interval.

Vps13b KO mice have smaller facial and palatal size than WT

The KO and gender effects on body length were analyzed in a linear model. Body
length was initially included as covariate together with gender and genotype, but it
was dropped from the model (AAIC = -1.67), as well as the interaction between
gender and genotype (AAIC =-0.17). Genotype has a strong main effect explaining
53.7% of the variance in facial centroid size (Table S3-1 and Figure S3-3)

Table S3-1. ANOVA of centroid size

sex 1 1.24 1.24 0.09 3.40 0.0079
genotype 1 7.60 7.60 054 4541 4.73x
108

Residuals 34 5.30 0.16
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Figure S3-3. Expected marginal means of the facial centroid size in Vps13b mice. Error
bars correspond to 95% confidence interval.
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Table S3-2. Procrustes ANOVA of shape variation in Vps13b KO-mutant and Wild-

type mice
Size 1 1.69
Sex 1 237
Genotype 1 1.54
Sex x genotype 1 1.37
Residual 32 18.68

1.69
2.37
1.54
1.37

0.58

0.063
0.089
0.058
0.052

2.89
4.06
2.64
2.35

0.026
0.005
0.021
0.016

Supplementary Movie 1. Movies of the Vps13b KO effect in males. A threefold scaling

of the effect is visualized at the maximum. Effect is predicted according to the expected

marginal means at the population average centroid size.

Supplementary Movie 2. Movies of the effect at the Vps13b locus in outbred mice. The

effect is scaled by 50 when visualized at the maximum.



Supplementary figures

Supplementary figure S1: Landmarking protocol

333 o

h dlt. William Arias, GENO (Genética Molecular), Universidad de
Antioquia, Medellin, Colombia.

Landmarks (L) are shown in red and Semi-Landmarks (SL) in blue

1 Trichion or Crinion (T)

2 Glabella (G) 11 Labial superiorus (Ls)

3 Nasion (N) 12 Stomion (St)

4 Palpebral superiorus (Ps) 13 Cheilion (ChR)

5 Palpebral inferiorus (Pi) 14 Labial inferiorus (Li)

6 Exocanthion (ExR) 15 Pogonion (Po)

7 Pronasale (Prn) 16 Neck start (NS)

8 Subnasale (Sn) 17 Adam’s apple (A)

9 Nostril superiorus (Nos) 18 Otobasion superiorus (Os)

10 Nostril inferiorus (Noi) 19 Otobasion inferiorus (Oi)



Supplementary figure S2: GREGOR enrichment analysis for enhancer
annotations and CANDELA face profile GWAS hits.
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We tested for enrichment of profile GWAS hit SNPs relative to randomly selected
control SNPs using an LD aware approach (see
https://genome.sph.umich.edu/wiki’lGREGOR ) in enhancers annotated by
ChromHMM using a 25 state chromatin model. We utilized harmonized annotations
reported for 127 non-craniofacial tissue samples/cell types studied by the Roadmap
Epigenomics Consortium (67) (grey symbols) and for craniofacial tissue from 17
human embryos (27) (orange symbols). Individual craniofacial tissue samples are
labelled according to Carnegie Stages (CS13-20 referring to 4-8 post-conception
weeks (pcw)), with annotations for a particular stage combined across individual
replicates. Enrichment of GWAS hits was also tested for all enhancers detected in
craniofacial tissue (across CS stages, in green), and for the subset of these
enhancers that are detected in craniofacial tissue but not in Roadmap Epigenomics
data (Craniofacial-specific enhancers, in blue). Symbol size is proportional to number
of profiles GWAS hit SNPs identified in enhancer annotations for each tissue
sample/cell type, as determined by GREGOR (28). The y-axis is the -log1o
transformation of Bonferroni corrected p-values reported by GREGOR based on
number of samples tested (n=150). The x-axis is the logz transformation of fold
enrichment of observed GWAS hit SNPs in a given tissue enhancer set relative to an
equally sized but randomly selected number of SNPs. An x-axis value of 1 means
that there are twice as many associated SNPs in the genome region with the
specified annotation than expected assuming a uniformly random distribution of
associated SNPs in the genome.



Supplementary figure S3: Cumulative counts of Denisovan haplotypes
estimated at various confidence levels
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The region shown spans from 119.5 to 119.6Mb on chromosome 1. Haplotypes are
counted over the whole CANDELA population (14,052 chromosomes); only
haplotypes with MAF>1% are shown. With Denisovan sample as archaic reference,
two haplotypes of decreasing lengths are called at increasing confidence thresholds
(a: >20%, b: >50%, c: >90% and d: >99%). Annotations: position of the leading SNP
(rs3790553) for lip thickness ratios (red vertical line), CRF (magenta dashed line) and
HMM (green dashed line) tract bounds reported in Greenlandic Inuits (31).



Supplementary figure S4: Association of the Denisovan tract to the 59 profile

traits.
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Number of tract copies

The 59 traits are ordered by their association p-values with the number of copies of
the introgression tract in a linear regression including sex, age, BMI, landmarking

operator and 6 genetic PCS (a). For the five traits with strongest association, we

show the distribution of phenotype per number of copies of the Denisovan haplotype

(b). The values on top of the boxes are the association p-values in a linear regression

of the phenotype on 11 covariates (the genotype, plus sex, age, BMI, landmarking

operator and 6 genetic PCs).



Supplementary table

Supplementary table S1:
CANDELA sample

S

Definition of the 59 profile traits examined in the

Measurements were obtained based on the profile Landmarks (L) and Semi-
Landmarks (SL) shown in Supplementary Fig. S1.
Notation: a - (dash) indicates the straight line between two points; a £ indicates the

angle between three points.

Trait name Measurement description

Forehead protrusion 1

Slope of L1-L2.

Forehead protrusion 2

Maximum length of a perpendicular to L1-L2 passing
through SL20-24

Forehead size 1

Length of L1-L2.

Forehead size 2

Length of the curve connecting L1 and L2 passing
through SL20 to SL24.

Brow ridge protrusion 1

Distance to L2 on the perpendicular to L1-L3.

Brow ridge protrusion 2

/L3 L2 SL22.

Eye size 1 /L4 L6 L5.
Eye size 2 Length of L4-L5.
Nasion depth 1 /1213 SL29.

Nasion depth 2

Distance to L3 on the perpendicular to L2-SL30.

Nasion position 1

Ratio L3’-L8/L2-L8 where L3’ is the projection of L3 onto
L2-L8.

Nasion position 2

Length of L3-L3’ where L3’ is the projection of L3 onto the
midpoint of L4-L5.

Eye position 1

/L4 L3’ L3, where L3’ is the projection of L3 on the
midpoint of L4-L5.

Eye position 2

Ratio L2-L4L5/L2-L.8, where L4L5 is the projection onto
L2-L8 of the midpoint between L4-L5.

Nose height Length of L3-L8.
Nose protrusion Length of the projection of L7 onto L3-L8.
Nose size Distance between L3 and L8 passing through L7 and

SL26 to SL32.

Nose roundness 1

/L3 L7 L8.

Nose roundness 2

ZSL30 L7 SL31.

Nose roundness 3

Ratio measurement 19/ measurementi8.

Nose curvature 1

Maximum distance between L3-L7 and SL 26 to SL 30.

Nose curvature 2

Ratio measurement 21/L3-L7.

Nose curvature 3

Smallest of £SL26 27 28 or £SL27 28 29.

Columella inclination

Slope of L8-SL31.

Nostril inclination

Slope of L9-L10.

Nostril size

Length of L9-L10.

Columella size

Length of L8-L8’, where L8’ is the projection of L8 onto
L9-L10.

Lip thickness 1

Length of L11-L14.




Lip thickness 2

ZL11 L13 L14.

Lip thickness 3

ZL11 L12 L14.

Upper lip thickness 1

Length of L11-L12.

Lower lip thickness 1

Length of L12-L14.

Upper lip thickness 2

Length of L11-L12’, where L12’ is the projection of L12
onto L11-L14.

Lower lip thickness 2

Length of L12’-L14, where L12’ is the projection of L12
onto L11-L14.

Lip thickness ratio 1

Ratio measurement 31/ (measurement 31 +
measurement 32).

Lip thickness ratio 2

Ratio measurement 33/ (measurement 33 +
measurement 34).

Upper lip protrusion

Length of L11-L11’, where L11’ is the projection of L11
onto L8-SL35.

Lower lip protrusion

Length of L14-L14’°, where L14’ is the projection of L14
onto L8-SL35.

Lip protrusion

Maximum of measurements 37 or 38

Lip width 1 Length of L13-L13’, where L13’ is the projection of L13
onto the midpoint of L11-L14.
Lip width 2 Length of L12-L13.

Philtrum length

Length of L8-L11.

Chin protrusion 1

Maximum distance between SL34, SL35 or SL36 and
L14-SL37.

Chin protrusion 2

/114 SL35 SL37.

Ear size

Length of L18-L19.

Ear inclination

Slope of L18-L19.

Jaw protrusion 1

Length of L15-L15°, where L15’ is the projection of L15
onto L1-L16.

Jaw protrusion 2

Ratio of the length of measurement 47/length of L14-L14’,
where L14’ is the projection of L14 onto L1-L16.

Jaw protrusion 3

/114 L15 L16.

Jaw protrusion 4

Horizontal distance between L15 and L19.

Jaw protrusion 5

Ratio measurement 50/horizontal distance between L14
and L19.

Jaw slope 1 Slope of L15-L16.
Chin roundness Ratio #SL37 L15 SL38//SL35 L15 SL40.
Jaw slope 2 ZL15 116 L17.

Upper face flatness

Maximum distance to SL20-L7 of L2, L3 or SL21 to SL30.

Face flatness

Maximum distance to SL20-L15 of L2, L3, L7, L8, L11,
L12, L14 or SL21 to SL37.

Brow ride protrusion 3

Ratio of distances L2-L19/L.3-L19.

Mid face flatness

Ratio of distances L8-L19/L3-L19.

Lower face flatness

Ratio of distances L15-19/L.3-L19.




Supplementary table S2: Concordance correlation coefficients (CCC)

See supplementary_tables_2-6.xlIsx, sheet ‘Table S2’.

Supplementary table S3: Narrow-sense heritabilities, genetic and phenotypic
correlations

See supplementary_tables_2-6.xlIsx, sheet ‘Table S3’.

Supplementary table S4: Covariate correlations and regional ancestry
contrasts

See supplementary_tables_2-6.xlIsx, sheet ‘Table S4°.
Supplementary table S5: GWAS results
See supplementary_tables_2-6.xlIsx, sheet ‘Table S5’.

Supplementary table S6: Annotations description and color key for a
ChromHMM model with 25 states

See supplementary_tables_2-6.xlIsx, sheet ‘Table S6’.
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