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Enhancer of TRPS1 rs12549956 Influences Hair
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TO THE EDITOR
Hair thickness is a critical parameter in
dermatology and cosmetology, partic-
ularly for hair loss treatments. The effi-
cacy of procedures such as follicular
unit transplantation and extraction is
highly contingent upon the individual’s
hair thickness, necessitating tailored
treatment approaches. Despite its clin-
ical importance, the genetic basis of
hair thickness remains poorly explored.
To date, only Fujimoto et al (2009,
2008) have examined hair thickness in
Asian populations using cross-sectional
hair images. Their candidate gene
analysis of hair morphogenesis identi-
fied genetic loci in EDAR, involved in
ectodermal development, and FGFR2,
associated with epithelial proliferation,
both of which are closely related to hair
thickness (Fujimoto et al, 2009, 2008).

We conducted a GWAS on hair
thickness, involving 3682 individuals
across 2 Chinese cohorts using a
discovery-replication design. The dis-
covery phase included 2961 Chinese
participants (64.2% female) with a

wide age range (31e87 years) from the
Taizhou longitudinal (TZL) cohort, with
ethical approval granted by the Ethics
Committee of Fudan University
(Shanghai, China) (ethics research
approval 85). All participants provided
written, informed consent. The repli-
cation phase involved 721 young
Uyghur (UYG) individuals (mean age ¼
20.1 � 1.3 years, 60.9% female)
recruited by Xinjiang Medical Univer-
sity, with approval from the Shanghai
Institutes for Biological Sciences (ER-
SIBS-261410). Written, informed con-
sent was obtained from all participants.

Hair thickness was quantitatively
assessed in the vertex region using �4
microscopic images, processed through
our image processing algorithm (Sup-
plementary Materials and Methods and
Supplementary Figure S1). The digital
measurements of hair thickness were
highly concordant with assessments
independently performed by a derma-
tologist, who analyzed a random subset
of 400 microscopic images from both
the TZL (Pearson’s r ¼ 0.96)

(Supplementary Figure S2) and UYG
(r ¼ 0.94) cohorts.

Hair thickness exhibited a largely
normal distribution in both the TZL and
UYG cohorts, with TZL participants
displaying significantly thicker hair than
those in UYG (mean thickness ¼ 84 vs
80mm;P<7.4�10�12) (Supplementary
Figure S2). Age was inversely correlated
with hair thickness, showing a decrease
of 3.12mmper decade (P¼1.9�10�30).
In addition, men had significantly
thinner hair than women, with a differ-
ence of 1.83 mm (P¼ 1.8 � 10�4).
Notably, individuals with straight hair
had thicker hair than those with curly
hair, especially in the TZL cohort, where
the difference was 3.14 mm (P ¼ 1.6 �
10�3) (Supplementary Figure S3).

Genomic principal component anal-
ysis, integrated with global samples from
the 1000 Genomes Project, affirmed the
genetic closeness of our TZL samples to
East Asians, while positioning our UYG
samples between East Asians and Euro-
peans (Supplementary Figure S4). SNP-
based heritability for hair thickness in the
TZL cohort was estimated at 0.17 using
GCTA (genome-wide complex trait anal-
ysis) (standard error ¼ 0.08, P ¼ .03)
(Supplementary Table S1), with no evi-
dence of genome-wide inflation observed

Abbreviations: TZL, Taizhou longitudinal; UYG, Uyghur
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(lambda ¼ 1.01) (Supplementary
Figure S5). Our GWAS, which adjusted
for sex, age, hair curliness, and genomic
principal components, identified 20 SNPs
within the intronic regionofLINC00536at
locus 8q23.3, displaying genome-wide
significant associations with hair thick-
ness; the most pronounced signal was at
rs56022216 (P ¼ 9.57 � 10�9)
(Supplementary Figure S5 and Table 1).
Repeating the GWAS while conditioning
on rs56022216 or excluding adjustments
for hair curliness did not reveal any
additional loci. These 20 SNPs showed
high linkage disequilibrium (0.5 < r2 �
1.0) and consistently demonstrated
nominally significant associations in the
UYG cohort in the same direction of
effect. A meta-analysis of the TZL and
UYG data further enhanced the
significance at 8q23.3 (rs56022216 P ¼
3.82 � 10�11) (Figure 1b), without
uncovering new loci.

Although the signal at 8q23 demon-
strated a consistent effect across
Chinese Han and UYG populations, it
likely does not account for major global
variations in hair thickness, given the
allele frequencies and effect size
observed. Analysis of the 1000 Ge-
nomes Project dataset revealed a trend
in the frequencies of the derived A
allele of rs56022216, which is associ-
ated with thinner hair, decreasing
gradually from East Asians (0.52)
(Supplementary Figure S6) to Europeans
(0.20), whereas Africans display fre-
quencies similar to those of East Asians
(0.45). This distribution differs from the
global patterns of hair thickness, where
East Asians possess the thickest hair.
Furthermore, no significant positive se-
lection signals were detected at 8q23

(Supplementary Figure S7), suggesting a
widespread fixation of the major allele
across diverse continental groups.

A lookup of 2 previously reported
hair thicknesseassociated SNPs in our
GWAS results showed that rs3827760
in EDAR reached a nominally
significant association with hair thick-
ness in the same effect direction,
whereas rs4752566 in FGFR2 was not
significant (Table 1), thus partially
replicating previous findings. In addi-
tion, rs3827760 has also been reported
to be significantly associated with hair
curliness (Wu et al, 2016). We then
looked up 12 other previously reported
hair curlinesseassociated SNPs (Liu
et al, 2018; Medland et al, 2009) in
our GWAS, and none was nominally
significant (Supplementary Table S2).

To elucidate the role of 8q23.3 in hair
morphogenesis, we conducted a series
of functional annotations using multiple
databases, including Combined Anno-
tation Dependent Depletion, DeepSEA,
EIGEN, FunSeq2, GWAVA, and REMM.
Except for GWAVA, all identified
rs12549956 as the most likely function-
ally causal variant (Supplementary
Table S3). This SNP demonstrated
strong enhancer activities in Roadmap’s
histone modification tracks, notably
H3K4me1, in fibroblasts and keratino-
cytes (Figure 1e). The 3DIV HI-C data-
base located the associated region
within the same topologically associ-
ating domain as LINC00536 and TRPS1,
with significant chromatin interactions
exclusively observed between
rs12549956 and TRPS1 (Figure 1f).
Single-cell sequencing data fromhuman
hair follicles (Ober-Reynolds et al, 2023)
showed that TRPS1 is most highly

expressed in the dermal papilla
(Figure 1g). Pathogenic variants ofTRPS1
are known to cause tricho-
rhinophalangeal syndrome types I and
III, characterized by sparse and slow-
growing scalp hair (Momeni et al,
2000). Similarly, in mouse models (Ge
et al, 2020), Trps1 shows peak expres-
sion in dermal papilla from embryonic
day 16.5. Skin from Trps1-knockout
newborn mice, when transplanted
onto the backs of nude mice, exhibits
smaller hair follicles and thinner hair
shafts than wild-type skin, indicating a
critical role for Trps1 in hair follicle
development (Fantauzzo and
Christiano, 2012; Zhang et al, 2019).

In conclusion, our pioneering GWAS
on hair thickness in Chinese pop-
ulations identified 8q23 as a crucial
genetic susceptibility locus. Compre-
hensive functional annotation analyses
pinpointed rs12549956 as an enhancer
of TRPS1, a gene that plays a significant
role in regulating hair thickness in
humans. Although our findings provide
insights into the genetic basis of hair
thickness, we hope that future research
will expand upon these results by per-
forming functional validation to further
elucidate the underlying mechanisms.

DATA AVAILABILITY STATEMENT
The GWAS summary statistics are available from
the National Omics Data Encyclopedia (http://
www.biosino.org/node/) under the project identi-
fication document OEP005375. Data usage must
be in full compliance with the Regulations on
Management of Human Genetic Resources in
China. Individual genotype and phenotype data
cannot be shared owing to Institutional Review
Board restrictions on privacy concerns. Other
relevant data supporting the key findings of this
study are available within the letter and Supple-
mentary Materials or from the corresponding
author on reasonable request.

Table1. Summary of the Putative Causal SNPs in Our Study and Previous Studies

SNP CHR BP1 Gene EA2

TZL UYG Meta-Analysis

EAF Beta P-Value EAF Beta P-Value Beta P-Value

rs56022216 8 117326907 TRPS1 C 0.57 2.13 9.57 � 10�9 0.70 2.70 1.36 � 10�2 2.22 3.82 � 10�11

rs12549956 8 117306816 C 0.57 2.05 2.66 � 10�8 0.69 2.75 1.01 � 10�2 2.16 1.18 � 10�10

rs38277603 2 109257152 EDAR G 0.95 1.47 7.41 � 10�2 0.38 2.37 4.53 � 10�3 1.92 4.27 � 10�3

rs47525663 10 181511951 FGFR2 T 0.88 �1.32 1.77 � 10�2 0.77 0.84 2.96 � 10�1 �0.62 9.62 � 10�2

Abbreviations: CHR, chromosome; BP, base pair; EA, effect allele; EAF, effect allele frequency; TZL, Taizhou longitudinal; UYG, Uyghurs.
1BP positions are according to human reference hg19.
2The allele is the genotype that increases hair thickness.
3These SNPs are previously reported to be associated with hair thickness.
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Figure 1. GWAS of hair thickness identified a significant signal at 8q23.3 in Chinese populations. (a) Schematic diagram of phenotyping process. (b) Manhattan

plot and quantileequantile plot of the meta-analysis result. The red line indicates the threshold for genome-wide significance (P ¼ 5 � 10�8). (c) Region

association plot for the significant region at 8q23.3. Increasing color intensities represented increasing linkage disequilibrium (r2) with the lead SNP

rs56022216. (d) Effect of derived alleles shows a contribution to hair thickness. (e) Visualization of epigenetic tracks H3K4me1, H3K27ac, and DNase

hypersensitivity at the region around rs56022216 and rs12549956 annotated by Roadmap. (f) Visualization of chromatin interaction by Hi-C data on NHEKs.

Blue connections represented significant 3D interactions between candidate region and TRPS1. (g) Expression of TRPS1 in different cell types of human scalp

skin and mouse dorsal skin. 3D, 3-dimensional; DC, dermal condensate; DP, dermal papilla; E13.5, embryonic day 13.5; E16.5, embryonic day 16.5; NHEK,

normal human epidermal keratinocyte; P0, postnatal day 0.
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DDI-2: A Diverse Skin Condition Image Dataset
Representing Self-Identified Asian Patients
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TO THE EDITOR
Artificial intelligence (AI) holds promise
for improving access to dermatological
care and augmenting provider work-
flows (Gui et al, 2024). Several skin
cancer diagnostic algorithms have
received the Conformité Européenne
mark, and the United States Food and

Drug Administration recently autho-
rized DermaSensor, an AI-enabled skin
cancer device-based diagnostic (Gui
et al, 2024) using elastic scattering
spectroscopy (Chang and Daneshjou,
2024; Venkatesh et al, 2024). Howev-
er, algorithm performance is often
inflated by evaluation under idealized

conditions (eg, on high-resolution im-
ages taken by specialized cameras, lack
of artifacts such as surgical marker or
secondary morphology changes) and is
frequently significantly reduced when
evaluated on datasets reflecting more
real-world conditions (Combalia et al,
2022; Daneshjou et al, 2022). Further-
more, medical algorithms are often
trained on private, siloed, sparsely an-
notated datasets, leading to one-off
publications of limited generalizability
(Daneshjou et al, 2021). Leading public

Abbreviations: AI, artificial intelligence; DDI, Diverse Dermatology Images; FST, Fitzpatrick skin type
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SUPPLRMENTARY MATERIALS AND
METHODS

Populations and samples

The discovery set included 2961 healthy
Chinese (1060 males and 1901 females,
aged 31e87 years) sampled before 2014
in the Taizhou longitudinal (TZL) cohort.
The TZL cohort is a long-term observa-
tional cohort study to explore the envi-
ronmental and genetic risk factors for
common and noncommunicable dis-
eases (Wang et al, 2009), approved by
the Ethics Committee of Fudan Univer-
sity (number 85) (Shanghai, China). All
participants provided written informed
consent.

The replication set was recruited from
Xinjiang Medical University (Uyghur
[UYG] cohort). This research program
was conducted with the approval of
Shanghai Institutes for Biological Sci-
ences (Shanghai, China) (ER-SIBS-
261410).Written, informed consentwas
obtained from all participants. Our
replication set included 721 individuals
(282 males and 439 females, aged
17e25 years), which were collected in
2013 and 2014 (Wu et al, 2018; Xiong
et al, 2019).

Phenotyping

We utilized 2 methods to measure hair
thickness: manual microscope mea-
surement and automated quantization
strategy.

Manual microscope measurement
was conducted at Institute of Animal
Husbandry of Xinjiang Academy Ani-
mal Science. The measurement process
involved a professional operator
selecting a hair segment of approxi-
mately 5 cm near the hair follicle on the
vertex region for each person, cutting
the segment into small pieces of around
5 mm with scissors, and placing them
on a slide. These hair segments were
then measured under a �4 microscope.
During measurement, the operator
randomly selected 3 locations to mea-
sure the diameter and took the average
value to determine the person’s hair
thickness. After measurement, the
manually measured thickness data and
microscope images were saved.

To obtain phenotypes faster in more
images, we further developed an auto-
mated method for measuring hair
thickness on the basis of microscopic

images. The specific process is as
follows:
� Convert the hair microscope images
to gray-scale images (Supplementary
Figure S1b).

� Binary threshold the gray-scale
images. By observing the gray-scale
distribution of the images, we found
that the gray-scale values mainly have
2 peaks: the first peak has low gray
scale (black) and consists of the hair
part, whereas the second peak is
skewed toward white and consists of
the background. Therefore, we
decided to use a threshold value to
distinguish these 2 peaks and separate
the hair part from the background.
Because some images may have an
overall gray-scale shift (caused by
external light), a fixed threshold may
not handle all images well. We
decided to use the Otsu’s binarization
method, which assumes that the
chromaticity of the image is mainly
composed of 2 peaks and then selects
a middle value to distinguish these 2
peaks as much as possible, thus sepa-
rating the hair part from the back-
ground (Supplementary Figure S1c).

� Remove background noise. After
binarizing the image, most of the hair
can be distinguished from the back-
ground, but there are some back-
ground noises in the image: (i) the
edges of the air bubbles covering the
glass slide and stains are also classified
as hair owing to their deep grayness.
(ii) Some hair medullas are classified
as white background owing to their
light color. To deal with this, we use
the cyclic dilationeerosion method to
remove these 2 types of noise. First, we
used dilation to blacken the white
medulla wrapped by black hair
(Supplementary Figure S1d). Then, we
used erosion to whiten the black im-
purities floating in the white back-
ground (Supplementary Figure S1e).
After iterating this cycle a few times,
the hair part can be captured, and the
noise can be removed. It should be
noted that the value of dilation and
erosion should be kept consistent so
that the hair part remains the same size
after dilation and erosion processing.

� Capture hair. Because some images
may contain other parts of hair frag-
ments in addition to the main target
hair segment in the field of view as

well as extra-large stains (difficult to
remove with dilationeerosion), we
used the method of connected com-
ponents to detect all black blocks in
the image and then only retained the
largest connected component
(Supplementary Figure S1f).

� Extract hair boundaries. We first used
Canny to extract the boundary lines
of the hair part. Some boundary lines
are the 2 parallel edges of the hair,
which can be conveniently used to
extract the thickness (Supplementary
Figure S1g).

� Obtain the uncorrected hair thickness
value. We randomly selected 13 po-
sitions on boundary 1 and boundary 2
of the hair and then drew a perpen-
dicular line on the other boundary to
calculate the distance between the
point and the line. Finally, the average
value of the 13 thickness segments is
calculated, and the SD is obtained
(Supplementary Figure S1j).

� Phenotype correction. Owing to the
lack of dimensional units in the auto-
matically measured hair thickness
values, we randomly sampled a subset
of individuals andmanuallymeasured
their hair thickness in micrometers. By
performing linear regression between
the manual measurements and the
automatic readings, we obtained a
correction coefficient (1.45 in both the
TZL and UYG cohorts). Multiplying
the automatically measured values by
this correction coefficient allows us to
convert the phenotypic values to units
of micrometers, which provides a
more accurate representation of the
actual hair thickness.

Unlike previous studies (Fujimoto
et al, 2009, 2008), we derived the hair
thickness phenotype from planar im-
ages rather than cross-sectional images.
Because the hair cross-section is ellip-
tical rather than perfectly circular, our
measurements primarily reflect the long
diameter of the hair shaft. Given that
East Asians have the roundest hair
cross-sections (with an ellipticity of
82%, compared with 76% in Europeans
and 57% in Africans) (Franbourg et al,
2003), we consider this method to be
both appropriate and reliable. This
approach is particularly well-suited for
our East Asian cohort, ensuring the ac-
curacy and relevance of our findings.
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Genotyping

For both the TZL andUYGcohorts, DNA
was extracted from blood samples using
the Illumina HumanOmniZhongHua-8
chip (Illumina), which interrogates
894,517 SNPs. We used PLINK, version
1.9 (Purcell et al, 2007), to exclude
individuals with >5% missing data,
discordant sex information, or
discordant ancestral information. We
also discarded SNPs with >2% missing
data, those with <1% minor allele fre-
quency, or any SNPs that failed the
HardyeWeinberg deviation test (P <
1 � 10�5). We then used SHAPEIT
(Williams et al, 2012) to phase the ge-
notype data. Next, we used IMPUTE2
(Howie et al, 2009) to impute genotypes
with the 1000 Genomes Project phase 3
data as the imputation reference panel.
In the TZL cohort, we finally got
6,343,243 imputed SNPs with >0.8
imputation quality score and 776,213
unimputed SNPs. In theUYGcohort, we
also got 6,414,304 imputed SNPs and
810,648 unimputed SNPs.

Statistical analyses

Population stratification analysis. The
TZL cohort belongs to the East Asian
population, whereas the UYG cohort is a
Eurasian admixed population. To avoid
interference from obvious population
structure differences in our dataset, we first
used principal component analysis with
EIGENSTRAT (Price et al, 2006) to study
the population structure differences be-
tween the East Asian Han and the Eurasian
admixed populations. We selected 97
CHB (East Asian Han), 86 CEU (West Eu-
ropean Caucasians), and 88 YRI (African
Yoruba) individuals from the 1000 Ge-
nomes phase 3 dataset (Sudmant et al,
2015) and combined these individuals
with our discovery and replication pop-
ulations. We then selected 102,284 com-
mon autosomal SNPs with weak linkage
disequilibrium (r2 < 0.2) to perform prin-
cipal component analysis. We found that
the TZL population clustered well with the
East Asian population, and the UYG pop-
ulation, as a Eurasian admixed population,
was located between the Eurasian pop-
ulations and did not show any obvious
outliers (Supplementary Figure S4). In
addition, we performed the same principal
component analysis separately in the TZL
and UYG populations, and we chose the
top 4 principal components as relevant

covariates in subsequent statistical
analyses.

Association test. GWASs were sepa-
rately conducted in both the TZL and
UYG cohorts on hair thickness using
PLINK, version 1.9, where additive allele
effects were tested in linear models
adjusted for covariates (age, sex, and the
top 4 genomic principal components).
Meta-analysis was conducted to combine
these 2 GWASs using the fixed-effects
model in METAL (Willer et al, 2010).
Genetic inflation factor lambda and QeQ
(quantileequantile) plots were used to
evaluate whether population stratification
had affected our association analysis.
Owing to the required sample size, the
heritability of hair thickness was esti-
mated only in the discovery set in GCTA
(genome-wide complex trait analysis)
(Yang et al, 2011). All plots were gener-
ated using R software.

Functional annotation. After identifying
multiple related genetic loci using GWAS,
it is common to find high linkage
disequilibrium between these candidate
SNPs. To find the most likely disease-
causing mutation sites, we performed
fine mapping using functional prediction
methods. Specifically, we used 6 func-
tional annotation databases from
SNPnexus (Oscanoa et al, 2020),
including Combined Annotation Depen-
dent Depletion (Kircher et al, 2014),
DeepSEA (Zhou and Troyanskaya, 2015),
EIGEN (Ionita-Laza et al, 2016), FunSeq2
(Fu et al, 2014), GWAVA (Ritchie et al,
2014), and REMM (Smedley et al, 2016).
These methods mainly rely on existing
manually annotated mutationedisease
data as training data and use machine
learning and deep learning methods to
construct models that predict the proba-
bility of other mutation sites being path-
ogenic or having biological functional
effects.

We used existing epigenetic databases
such as RoadMap (Roadmap Epigenomics
Consortium et al, 2015) and ENCODE
(ENCODE Project Consortium et al, 2007)
to annotate the significant locus region in
greater detail and searched for obvious
epigenetic modifications in the candidate
site region to determine its potential
function. For example, H3K4me1,
H3K27ac, and DNAse modifications
often suggest that the region is a potential
enhancer, whereas H3K4me3 modifica-
tion indicates the promoter region. We
used UCSC genome browser on Human

February 2009 (GRCh37/hg19) Assembly
(Kent et al, 2002) to visualize these
annotations.

To further explore the functional genes
regulated by the candidate region, we
visualized the 3-dimensional chromatin
structure around rs56022216 in 3DIV
(Yang et al, 2018).

Tests for natural selection. Natural se-
lection often leads to reduced poly-
morphism and extensive linkage
disequilibrium in selected genomic re-
gions. We used the rehh package (Gautier
and Vitalis, 2012) to calculate integrated
haplotype score (Liu et al, 2013) in CEU,
CHB þ JPT, and YRI populations. We
selected the top 0.1% of integrated
haplotype score values across the genome
as a threshold to identify regions under
selection. To further improve statistical
power, we applied the Composite of
Multiple Signals (Grossman et al, 2010)
method to test the likelihood of significant
signals being under natural selection.
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Supplementary Figure S1. Schematic diagram of automated quantization strategy. (a) Original hair microscopic image. (b) Gray-scale images. (c) Gray-scale

images after Otsu’s binarization. (d, e) Gray-scale images after cyclic dilationeerosion. (f) The largest connected hair component retained. (g) Extracted hair

boundary after Canny. (h, i) Extracted hair object and the remaining background noise. (j) An example of hair thickness calculation; the red dots represent the

locations of random sampling.
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Supplementary Figure S2. Distribution of hair thickness in both the TZL and UYG cohorts. (a) Scatter

plot of manually measured hair thickness and automatically measured hair thickness in both 2 cohorts. A

total of 400 individuals were randomly selected from TZL and UYG cohorts, respectively. (b) Histogram

of the automatically measured hair thickness in both the TZL and UYG cohorts. TZL, Taizhou

longitudinal; UYG, Uyghur.

Supplementary Figure S3. Phenotypic correlation between hair thickness and hair curliness in both the

TZL and UYG cohorts. TZL, Taizhou longitudinal; UYG, Uyghur.
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Supplementary Figure S4. Structural analysis of the samples from the TZL and UYG cohorts, combined

with representative populations from the 1000 Genomes Project. YRI denotes Yoruba in Ibadan,

Nigeria; CEU denotes Utah residents with Northern and Western European ancestry from the CEPH

collection; and CHB denotes Han Chinese in Beijing, China. PC, principal component; TZL, Taizhou

longitudinal; UYG, Uyghur.
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Supplementary Figure S5. Manhattan plot and quantile‒‒quantile plot showing the results of the genome-wide scan for hair thickness in TZL and UYG. (a) the

GWAS in TZL adjusted for age, sex, and genetic PCs. (b) The GWAS in UYG adjusted for age, sex, and genetic PCs. PC, principal component; TZL, Taizhou

longitudinal; UYG, Uyghur.
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Supplementary Figure S6. The geography of allele frequency on the rs56022216. The effect alleles were marked blue. Allele frequencies were obtained from

1000 Genome data and visualized by the Geography of Genetic Variants Browser (Marcus and Novembre, 2017).

Supplementary Figure S7. Results of the tests for natural selection on chromosome 8q23. (a) Absolute

value of iHSs for region 8q23 in CEU, CHB þ JPT, and YRI populations. (b) CMS scores in the same

region. CHB denotes Han Chinese in Beijing, China; JPT denotes Japanese in Tokyo, Japan; and YRI

denotes Yoruba in Ibadan, Nigeria. CMS, composite of multiple signals; iHS, integrated haplotype score.
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Supplementary Table S1. Heritability of Hair Thickness in TZL

Cohort h2 SE P-Value

TZL 0.170 0.081 .025

Abbreviations: SE, standard error; TZL, Taizhou longitudinal; UYG, Uyghur.

Heritability was not calculated in UYG cohort owing to the small sample size.

Supplementary Table S2. Summary of Previously Reported SNPs Associated with Hair Curliness

SNP Gene CHR BP EA

TZL (Hair Thickness) UYG (Hair Thickness)

EAF Beta P-Value EAF Beta P-Value

rs80293268 ERRFI1 1p36.23 8207579 C — 0.01 �0.50 .88

rs6658216 PEX14 1p36.22 10561604 C 0.39 �0.28 .46 0.33 0.15 .86

rs11203346 PADI3 1p36.13 17600822 G — 0.05 �0.32 .86

rs17646946 TCHHL1 1q21.3 152062767 A 0.13 �0.97 .39

rs12997742 TGFA 2p13.3 70786598 C 0.37 �0.69 .07 0.36 0.54 .50

rs74333950 WNT10A 2q35 219746292 G 0.27 0.67 .10 0.19 �0.60 .53

rs506863 FRAS1 4q21.21 79255688 C 0.80 �0.29 .52 0.63 1.43 .07

rs1999874 GATA3 10p14 8353101 A 0.19 �0.30 .52 0.36 0.75 .37

rs2219783 LGR4 11p14.1 27411298 G 0.06 �0.62 .42 0.04 2.15 .28

rs11170678 HOXC13 12p13.13 54154174 G — 0.11 �1.42 .27

rs11078976 KRTAP 17q21.2 39189360 T 0.73 0.07 .86 0.81 0.20 .84

rs310642 PTK6 20q13.33 62161998 C 0.06 0.26 .73 0.05 �1.86 .27

Abbreviations: BP, base pair; CHR, chromosome; EA, effect allele; EAF, effect allele frequency; TZL, Taizhou longitudinal; UYG, Uyghur.

EA is related to straight hair. GWAS of hair thickness here did not correct the hair curliness.

Supplementary Table S3. Prediction Functional Scores of the 21 SNPs in
8q23.3

SNP CADD DeepSEA EIGEN FunSeq2 GWAVA REMM

rs125499561 9.152 7.052 0.452 0.812 0.36 0.842

rs44257861 5.60 3.03 0.09 0 0.24 0.03

rs48766411 2.24 4.69 0.09 0.812 0.19 0.57

rs168882921 2.70 2.61 �0.15 0 0.422 0.01

rs125505161 2.62 — 0.23 0.16 0.20 0.09

rs168882771 0.94 3.59 �0.33 0.19 0.35 0.05

rs48766401 0.83 3.44 �0.43 0.19 0.21 0.002

rs19187171 1.14 2.61 �0.44 0.19 0.27 0

rs58810439 7.55 2.98 0.20 0 0.31 0.31

rs16888282 5.39 4.33 �0.01 0 0.31 0.003

rs1918719 4.47 3.00 0.15 0.62 0.29 0.53

rs1405982 1.06 4.41 0.14 0.62 0.31 0.01

rs10092355 3.96 2.17 �0.30 0 0.23 0.12

rs12547047 2.75 — �0.27 0 0.21 0.001

rs1405981 0.85 4.07 0.07 0.62 0.19 0.003

rs140854377 3.10 2.20 �0.90 0.19 0.14 0.004

rs12542908 2.06 2.50 �0.33 0 0.23 0.01

rs10955771 1.08 1.74 �0.32 0 0.3 0.10

rs6992138 1.03 2.07 �0.60 0 0.28 0

rs140035482 0.70 1.90 �0.34 0 0.19 0.02

rs56022216 0.61 1.65 �1.10 0 0.34 0

Abbreviation: CADD, Combined Annotation Dependent Depletion.

These 21 SNPs displayed genome-wide significant associations with hair thickness in meta-analysis.
1SNPs are located on the enhancer regions of skin-related cell types annotated by Roadmap.
2The highest functional score in each functional annotation integration database.
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