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Abstract 

Hair morphology is a highly divergent phenotype among human populations. We recently reported 

that a nonsynonymous SNP in the ectodysplasin A receptor (EDAR 1540T/C) is associated with head 

hair fiber thickness in an ethnic group in Thailand (Thai-Mai) and an Indonesian population. 

However, these Southeast Asian populations are genetically and geographically close, and thus the 

genetic contribution of EDAR to hair morphological variation in the other Asian populations has 

remained unclear. In this study, we examined the association of 1540T/C with hair morphology in a 

Japanese population (Northeast Asian). As observed in our previous study, 1540T/C showed a 

significant association with hair cross-sectional area (P = 2.7×10-6) in Japanese. When all 

populations (Thai-Mai, Indonesian, and Japanese) were combined, the association of 1540T/C was 

stronger (P = 3.8×10-10) than those of age, sex, and population. These results indicate that EDAR is 

the genetic determinant of hair thickness as well as a strong contributor to hair fiber thickness 

variation among Asian populations.



Introduction 

The rapid expansion and spread of the human species and resulting adaptation to various 

environments have produced several phenotypic differences among human populations. The genetic 

foundation of these traits and their evolutionary histories is one of the most interesting problems in 

human evolution. Although many human genes or polymorphisms have been suggested as 

candidates for positive selection (Akey et al. 2004; Carlson et al. 2005; The International HapMap 

Consortium 2005; Voight et al. 2006; Kimura et al. 2007; Barreiro et al. 2008), the genetic bases of 

physiological and morphological traits with diverged phenotypes have just begun to be identified 

(Lamason et al. 2005; Duffy et al. 2007; Stokowski et al. 2007; Sulem et al. 2007; Fujimoto et al. 

2008). 

Head hair morphology is one of the most differentiated traits among human populations. 

African individuals tend to have frizzier hair than European and Asian individuals, and Asian hair 

has a more circular and thicker cross-section than European and African hair (Hrdy 1973; Khumalo 

et al. 2000; Franbourg et al. 2003). However, the genetic determinants of human hair variation as 

well as its evolutionary history had remained to be elucidated. Recently, we demonstrated that an 

Asian specific single nucleotide polymorphism (SNP) rs3827760 in the ectodysplasin A receptor 

(EDAR), EDAR 1540T/C (370Val/Ala), is strongly associated with head hair fiber thickness in an 

ethnic group, Thai-Mai, in Thailand (THM) and an Indonesian population (IDN) (Fujimoto et al. 

2008). In addition, using a reporter gene assay, we revealed that 1540T/C affects the activity of the 

downstream transcription factor NF-κB (Fujimoto et al. 2008). Taken together, we concluded that 

EDAR 1540T/C is one of the genetic determinants of Asian hair fiber thickness. 



The chromosomal region of the EDAR gene has been identified as a strong candidate of 

recent positive selection in Northeast Asian populations (i.e., HapMap-CHB+JPT populations) 

(Carlson et al. 2005; Voight et al. 2006; Kimura et al. 2007; Sabeti et al. 2007; Barreiro et al. 2008; 

Bryk et al. 2008; Fujimoto et al. 2008), thus suggesting that Asian hair fiber thickness has evolved 

by local selection. Bryk et al. examined the world–wide distribution of EDAR 1540C and suggested 

that EDAR 1540C reached high frequency in East Asia prior to 10,000 years ago (Bryk et al. 2008). 

Since our previous association study was applied to genetically and geographically close Southeast 

Asian populations, the genetic contribution of 1540T/C to hair morphological variation in the other 

Asian populations has remained unclear. It is therefore important to assess the effect of EDAR 

1540T/C on hair fiber thickness in Northeast Asian populations, such as Japanese and Chinese, to 

achieve a better understanding of the evolutionary impact of 1540C. 

In the present study, we implemented a population-based association study in the 

Japanese population in order to answer the following questions: (1) Is there any difference in hair 

morphology, especially in hair fiber thickness, between the Northeast Asian and the Southeast Asian 

populations? (2) Is 1540T/C associated with hair thickness in the Northeast Asian population? (3) Is 

the effect of 1540T/C in the Northeast Asian population similar to that in the Southeast Asian 

population? (4) Does 1540T/C account for the largest amount of variation between the Northeast 

Asian and the Southeast Asian populations? (5) Does population stratification have any effect on the 

association with 1540T/C in Asian populations? 

 

Materials and methods 

Samples 



Hair and DNA samples were gathered from 189 unrelated individuals (92 males and 97 females) in 

Tokyo, Japan, consisting of 109 individuals in their 20s, 68 in their 30s, 10 in their 40s, and 2 in their 

50s, which are designated as JPN here. Ethical approval was obtained from the ethics committee of 

the medical faculty at the University of Tokyo, and informed consent was obtained from all subjects. 

DNA samples were extracted from mouth swabs. Hair samples were gathered from the back of the 

head of each individual. Hair samples were dissected and large diameter, small diameter and 

cross-sectional area were measured under microscopy (Fujimoto et al. 2008). Hair index, which is 

the ratio of small diameter to large diameter, was used to evaluate the shape of the cross-section 

(Fujimoto et al. 2008). We used the average value of five hairs from each individual for the 

following statistical analyses.  

We also utilized DNA samples and hair morphological data from our previous study 

(Fujimoto et al. 2008) which came from 121 unrelated Indonesian (IDN) individuals in the west part 

of Java island, Indonesia and from 65 unrelated Thai-Mai (THM) individuals in the Rawai village of 

Phuket, Thailand. As a combined Southeast Asian population sample, they are referred to as SEA. 

 

SNP selection and genotyping 

The EDAR 1540T/C, a nonsynonymous SNP in exon12, and -1430A/G, a representative SNP in the 

promoter region, were genotyped by PCR-direct sequencing. Twenty three genomic control SNPs 

were selected based on the genome-wide SNP data of three human populations obtained from the 

International HapMap project (60 from Yorba in Ibadan, Nigeria, YRI; 60 from the CEPH 

population of northern and western European ancestry in Utah, CEU; 90 from Han Chinese in 

Beijing and Japanese in Tokyo, CHB+JPT) (The International HapMap Consortium 2005). To select 



genomic control SNPs, we calculated the maximum value of FST (mFST) across all SNPs in a 50kbp 

window (Fujimoto et al. 2008). SNPs showing higher population differentiation than the 95th 

percentile of mFST under the empirical distribution between HapMap-CHB+JPT and other 

populations were employed as the genomic control SNPs. These SNPs were sufficiently distant so 

that they were thought not to be in linkage disequilibrium with each other. Genomic control SNPs 

were genotyped in SEA and JPN populations by means of DigTag2 method (Nishida et al. 2007). 

 

Statistical analyses 

The allele frequencies were estimated by gene counting. Deviation from Hardy-Weinberg 

equilibrium was examined by chi-square test. Here, we analyzed the combined SEA group, since our 

previous regression analysis did not show there to be significant population differentiation between 

the IDN and THM groups (Fujimoto et al. 2008). Comparisons of the cross-sectional area, small 

diameter, large diameter, and hair index between JPN and SEA were carried out by t-test. 

Associations between SNPs in EDAR (EDAR 1540T/C and -1430G/A) and hair morphology were 

evaluated by ANOVA. The effects of the copy number of EDAR 1540C allele (i.e., 0, 1, or 2), age, 

and sex on hair morphology in JPN were examined by using a stepwise multiple regression analysis, 

where the criteria for variable selection (FIN) and rejection (FOUT) were set at 4.0. Furthermore, the 

effect of population (SEA vs. JPN) on hair cross-sectional area was also evaluated by using a 

stepwise multiple regression analysis with the copy number of EDAR 1540C allele (i.e., 0, 1, or 2), 

age, sex, and population (SEA or JPN) as independent variables. To examine the possibility of 

population stratification, a multiple regression analysis on hair cross-sectional area was performed 



using the target allele’s copy number (i.e., 0, 1, or 2) of the genomic control SNP, age, sex, and 

population (SEA or JPN) as independent variables. 

 

Results 

Association between EDAR and hair morphology in the Japanese population 

We gathered DNA and hair samples from 189 Japanese individuals (JPN) and measured their hair 

cross-sectional area, small diameter, and large diameter under microscopy. For the following 

analyses, we also examined 121 Indonesian (IDN) and 65 Thai-Mai individuals (THM) as a 

combined Southeast Asian (SEA) population. The genotype frequencies of EDAR 1540T/C and 

-1430G/A were consistent with expectations under Hardy-Weinberg equilibrium. The allele 

frequency of 1540T/C in JPN (78.6%) agreed with that in the HapMap-JPT population (79.5%) 

(Table 1). To the best of our knowledge, this research provides the first comparative analysis of head 

hair cross-sectional area and diameters for a number of individuals from Asian populations. As 

shown in Table 2, JPN individuals had significantly greater values for cross-sectional area, small 

diameter, large diameter, and hair index (i.e., the ratio of small diameter to large diameter) than SEA 

individuals (t-test: cross-sectional area P < 2×10-16, small diameter P < 2×10-16, large diameter P = 

3.4×10-16, hair index P = 0.0029). 

In JPN, 1540T/C showed significant associations with cross-sectional area, small 

diameter, and large diameter (ANOVA: cross-sectional area P = 1.4×10-5, small diameter P = 

4.9×10-5, and large diameter P = 0.0010) but not with hair index (Fig. 1). The Asian specific 1540C 

allele increases hair cross-sectional area and appears to have a codominant effect (Fig. 1). On the 

other hand, -1430G/A showed no significant association with any of the variables (data not shown). 



To evaluate other factors, stepwise multiple regression analysis using the copy number of 1540C (i.e., 

0, 1, or 2), age, and sex as independent variables was performed for JPN. The 1540T/C and age were 

finally included in the model. The copy number of 1540C was positively associated with 

cross-sectional area, small diameter and large diameter, and increasing age was significantly 

associated with cross-sectional area, large diameter, and hair index (Table 3). In particular, 

cross-sectional area exhibited the strongest association (P = 2.7×10-6) (Table 3). The effect of one 

copy of 1540C on the cross-sectional area in the JPN population (667μm2) seemed to be a little 

larger than that in the SEA population (491μm2) (Fujimoto et al. 2008). 

 

The effects of population and 1540T/C on hair cross-sectional area 

To assess whether hair fiber thickness is affected by populations (i.e., SEA vs. JPN), we further 

carried out multiple regression analysis on hair cross-sectional area with the following independent 

variables: the copy number of 1540C (i.e., 0, 1, or 2), age, sex, and population (SEA or JPN). 

Interestingly, the effect of population (i.e., SEA vs. JPN) was highly significant (P = 4.3×10-6) even 

when adjusting for 1540T/C (Table 4). The standardized regression coefficient (SRC) of 1540T/C 

was larger than that of the others, and 1540T/C showed the lowest P value (P = 3.8×10-10) in 

comparison to the other factors (Table 4) 

 

The possibility of population stratification 

Since hair morphology is a highly divergent phenotype among populations (Hrdy 1973; Franbourg et 

al. 2003), population stratification might result in a false positive association. Although this 

possibility was explored using one SNP with high population differentiation in our previous study 



(Fujimoto et al. 2008), we reviewed the possibility by using 23 additional genomic control SNPs. We 

selected these “genomic control SNPs” based on the same criteria of the previous candidate gene 

selection; SNPs with higher population differentiation under the empirical distribution between 

HapMap-JPT+CHB and other populations were employed. The selected SNPs had a minor allele 

frequency of more than 0.05 in the JPN and SEA populations and were consistent with expectations 

under Hardy-Weinberg equilibrium (Supplementary Table S1). No significant association with hair 

cross-sectional area was observed for all the genomic control SNPs after correcting for multiple 

testing of 25 SNPs (1540T/C, -1430G/A, and 23 control SNPs) (Fig. 2 and Supplementary Table 

S2).  

 

Discussion 

Previously, we reported that EDAR 1540T/C is a genetic determinant of Asian hair fiber thickness 

and evolved by recent positive selection. To confirm the association in Southeast Asians and to 

evaluate the contribution of 1540T/C to the difference in hair fiber thickness among Asian 

populations, we carried out an association study in a set of newly collected Japanese samples. First, 

we compared hair morphology between Japanese and the Southeast Asian (SEA) populations. 

Among four traits (cross-sectional area, small diameter, large diameter, and hair index), 

cross-sectional area was found to be most divergent; JPN individuals have more than 30% larger 

mean cross-sectional area (6518μm2) than SEA (4957μm2) (Table 2) and more than 50% larger than 

Africans (4274μm2) and Caucasians (3857μm2) (12). 

As observed in our previous study in the Southeast Asian populations, 1540T/C showed 

the strongest association with cross-sectional area in the JPN population. The multiple regression 



analyses showed that increasing age, 1540T/C, and population differentiation have an influence on 

hair fiber thickness (Table 4). Among these factors, 1540T/C showed the lowest P value, thus 

suggesting that 1540T/C has a relatively stronger effect on hair thickness than the other factors 

(Table 4). However, since the population differentiation between JPN and SEA was also significant, 

1540T/C by itself cannot explain all the differentiation of hair fiber thickness between JPN and SEA. 

In other words, other genetic and/or environmental factors may play a role in hair fiber thickness 

variation among Asian populations. We speculate that in Northeast Asians there may be other highly 

frequent genetic variants associated with the increase in hair fiber thickness. 

In this study, 23 genomic control SNPs were genotyped to examine the possibility of 

population stratification. Although the number of genomic control SNPs is not large, we expected 

these SNPs to be sensitive to population stratification because of high levels of population 

differentiation between the JPN and SEA populations (see Materials and methods). Since no SNPs 

other than 1540T/C showed significant association with hair fiber thickness (Fig. 2), we can say that 

although the population history or genetic structure of the studied populations is not fully understood, 

the association of 1540T/C with hair cross-sectional area is not a false positive finding stemming 

from population stratification. These results lead us to conclude that EDAR 1540T/C is the major 

genetic determinant of hair fiber thickness and can explain a large part of the variation of hair fiber 

thickness in Asians. 

Recently, Bryk et al. and Mou et al. reported that the 1540C allele enhances NF-κB 

signaling in vitro (Bryk et al. 2008; Mou et al. 2008). These results are opposite to our previous 

finding (Fujimoto et al. 2008). The difference may be caused by the different experimental 

time-courses. Since we measured luciferace activity 48 hours after transfection but Bryk et al. and 



Mou et al. did so after 18 hours, feedback-regulation might have influenced EDAR signaling in our 

previous result. Further investigation of various luciferase assay time-courses along with 

measurement of the expression level of EDAR target molecules would likely improve our 

understanding of functional differences involving the 1540T/C polymorphism. In addition to the in 

vitro study, Mou et al. showed that elevation of Edar activity in transgenic mouse leads to increased 

hair fiber thickness and circularizes hair cross-sectional area (Mou et al. 2008). In our reports, 

1540T/C is associated with hair fiber thickness, but not with the shape of hair cross-section. 

Although 1540T/C is the major genetic contributor to hair fiber thickness variation in 

Asian populations, the possible impact of EDAR on other human phenotypes still remains to be 

elucidated. Interestingly, recent evolutionary studies reported EDA, which encodes the ligand of 

EDAR, to be clearly related to the body armor plate morphology of stickleback (Colosimo et al. 

2005) and that the evolutionary pattern of the EDA-pathway corresponds to the morphological 

diversification of vertebrate skin appendages (Pantalacci et al. 2008). Moreover, EDAR is a 

promising candidate as a genetic determinant of human tooth and/or gland variations 

(Schmidt-Ullrich and Paus 2005). Therefore, EDAR could prove to be a key locus that has led to a 

number of morphological changes in Asians. 
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Figure legends 

 

Figure1. EDAR 1540T/C and hair morphology in JPN. (A) Cross-sectional area ANOVA P = 

1.4×10-5 (B) Small diameter ANOVA P = 4.9×10-5 (C) Large diameter ANOVA P = 0.0010 (D) Hair 

index. 

 

Figure 2. Association of EDAR and control SNPs with hair cross-sectional area. P values were 

calculated for EDAR 1540T/C, -1430G/A and the 23 genomic control SNPs based on a multiple 

regression analysis using the target allele’s copy number (i.e., 0, 1, or 2), age, sex, and population 

(SEA or JPN) as independent variables. 



Table 1. Genotype and allele frequencies for EDAR -1430G/A and 1540T/C in JPN 

SNP Allele A Allele B AA AB BB A B 

EDAR-1430 G A 134 (71.7%) 46 (24.6%) 7 (3.7%) 84.0% 16.0% 

EDAR1540 T C 14 (7.4%) 53 (28.0%) 122 (64.6%) 21.4% 78.6% 

Allele A and B represent the ancestral and derived allele, respectively. 



Table 2. Summary statistics of hair morphology 

  Sex  Age Area (μm2) Small diameter (μm) Large diameter (μm) Hair index 

Population M F  Mean SD Mean SD Mean SD Mean SD Mean SD 

JPN 92 97  - - 6518 1290 76.99 13.03 102.49 8.66 0.765 0.092 

SEA 108 78  38.23 12.79 4957 1228 65.93 8.80 90.93 13.22 0.738 0.0823 

SEA: Southeast Asian population (Indonesian and Thai-Mai ethnic group in Thailand). 

JPN consists of 109 individuals in their 20s, 68 in their 30s, 10 in their 40s and 2 in their 50s. 

 

 

 

 

 

 

 

 



Table 3. Multiple regression analyses on hair morphology in JPN (n = 189) 

  Area (μm2)  Small diameter (μm)
Explanatory variables RC SRC t P value  RC SRC t P value 

Age -44.3 -0.22 -3 32 0.0011  - - - - 
Sex (M:0, F:1) - - - -  - - - - 
EDAR 1540T/C (TT:0, TC:1, CC:2) 667.6 0.33 4.84 2.7×10-6  4.6 0.32 4.59 8.2×10-6

          
  Large diameter (μm)  Hair Index 

Explanatory variables RC SRC t P value  RC SRC t P value 
Age -0.5 -0.26 -3.75 2.4×10-4  0.0024 0.17 2.31 0.022 
Sex (M:0, F:1) - - - -  - - - - 
EDAR 1540T/C (TT:0, TC:1, CC:2) 5.3 0.25 3.73 2.5×10-4  - - - - 

A stepwise method (FIN and FOUT: 4) was used in the multiple regression analyses.  

RC: regression coefficient.  

SRC: Standardized regression coefficient.  

-: a variable excluded in the stepwise procedure. 



Table 4. Multiple regression analysis on hair cross-sectional area in JPN and SEA populations (n = 375) 

Explanatory variables RC SRC t P value 
Age -34.7 -0.26 -5.86 1.0×10-8 
Sex (M:0, F:1) - - - - 
Population (SEA:0, JPN:1) 704.2 0.24 4.67 4.3×10-6 
EDAR 1540T/C (TT:0, TC:1, CC:2) 571.4 0.31 6.43 3.8×10-10 

SEA: Southeast Asian populations (Indonesian and Thai-Mai ethnic group in Thailand).  

A stepwise method (FIN and FOUT: 4) was used in the multiple regression analyses.  

RC: regression coefficient.  

SRC: Standardized regression coefficient.  

-: A variable excluded in the stepwise procedure.
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A list of abbreviations 

EDAR; ectodysplasin A receptor 

JPN; 189 participants from Tokyo, Japan  

THM; 65 participants from Thai-Mai, in Thailand 

IDN; 121 participants from Indonesia 

SEA; Southeast Asians (THM and IDN) 

 

 

 

 

 



TableS1. Genotype and allele frequencies of 23 genomic control SNPs, EDAR-1430G/A and 1540T/C 
 HapMap  JPN   IDN THM     

  Allele Frequency of allele A  FST value Genotype frequency  Allele frequency HWE Genotype frequency  Allele frequency HWE Genotype frequency   Allele frequency HWE 

  A B CEU YRI CHB+JPT  CYa YAb CAc
 AA AB BB  A B P  AA AB BB  A B P AA AB BB   A B P 

rs12724178 A G 0.69 0.05 0.87 0.44 0.68 0.05 154 35 1 0.90 0.10 0.80 91 26 0 0.89 0.11 0.40 53 12 0  0.91 0.09 0.71 
rs12998167 A G  0.24 0.02 0.90  0.11 0.79 0.44  141 27 1  0.91 0.09 0.97  87 28 3  0.86 0.14 0.92  44 19 1  0.84 0.16 0.80 

rs6807190 A G  0.68 0.98 0.18  0.15 0.66 0.26  10 69 112  0.23 0.77 0.99  1 30 87  0.14 0.86 0.66  2 17 46  0.16 0.84 0.96 

rs7680876 A T  0.40 0.97 0.14  0.37 0.70 0.09  3 28 150  0.09 0.91 0.47  9 42 65  0.26 0.74 0.83  5 27 32  0.29 0.71 0.98 

rs9293275 A G  0.59 1.00 0.20  0.26 0.67 0.16  8 59 124  0.20 0.80 0.96  11 48 59  0.30 0.70 0.96  2 14 49  0.14 0.86 0.74 

rs10101203 A G  0.69 0.00 0.81  0.53 0.68 0.02  131 52 8  0.82 0.18 0.63  67 42 9  0.75 0.25 0.80  37 21 7  0.73 0.27 0.35 

rs4749063 C T  0.69 0.06 0.88  0.43 0.68 0.05  156 35 0  0.91 0.09 0.38  79 35 4  0.82 0.18 1.00  48 16 1  0.86 0.14 0.97 

rs4517493 A G  0.45 0.98 0.11  0.34 0.76 0.15  3 59 129  0.17 0.83 0.43  1 13 104  0.06 0.94 0.72  0 4 60  0.03 0.97 0.97 

rs1335688 C T  0.16 0.00 0.84  0.09 0.72 0.46  104 78 9  0.75 0.25 0.50  44 49 25  0.58 0.42 0.28  26 31 8  0.64 0.36 0.97 

rs2354435 C T  0.38 1.00 0.20  0.45 0.67 0.04  2 45 143  0.13 0.87 0.76  10 62 46  0.35 0.65 0.23  6 26 29  0.31 0.69 1.00 

rs10852005 A C  0.45 0.08 0.88  0.18 0.64 0.20  150 37 4  0.88 0.12 0.64  99 17 1  0.92 0.08 0.96  46 18 0  0.86 0.14 0.42 

rs4780701 C T  0.33 0.00 0.81  0.20 0.68 0.23  133 49 9  0.82 0.18 0.29  57 42 19  0.66 0.34 0.08  35 20 7  0.73 0.27 0.33 

rs9916478 A G  0.97 0.83 0.33  0.05 0.26 0.45  14 74 103  0.27 0.73 0.99  16 57 45  0.38 0.62 0.95  10 30 21  0.41 0.59 0.99 

rs635520 A T  0.19 0.68 0.84  0.24 0.04 0.42  135 54 2  0.85 0.15 0.40  83 32 2  0.85 0.15 0.86  40 13 7  0.78 0.23 0.01 

rs4805962 C T  0.08 0.36 0.90  0.11 0.31 0.67  146 27 0  0.92 0.08 0.54  66 43 4  0.77 0.23 0.64  19 20 10  0.59 0.41 0.55 

rs6136567 C G  0.91 0.76 0.25  0.04 0.26 0.45  14 87 90  0.30 0.70 0.52  4 25 89  0.14 0.86 0.43  1 12 52  0.11 0.89 0.95 

rs12386284 G T  0.78 0.43 0.14  0.13 0.10 0.42  8 46 137  0.16 0.84 0.29  4 27 87  0.15 0.85 0.59  0 13 52  0.10 0.90 0.67 

rs695403 A G  0.18 0.76 0.82  0.34 0.01 0.42  113 67 11  0.77 0.23 0.97  61 43 12  0.71 0.29 0.58  20 33 12  0.56 0.44 0.97 

rs2342523 A T  0.14 0.32 0.81  0.05 0.24 0.44  118 61 11  0.78 0.22 0.71  78 36 3  0.82 0.18 0.89  47 16 2  0.85 0.15 0.91 

rs2682248 G T  0.94 0.30 0.11  0.44 0.06 0.70  6 47 137  0.16 0.84 0.73  8 45 65  0.26 0.74 1.00  6 25 32  0.29 0.71 0.94 

rs6845786 C G  0.16 0.95 0.83  0.64 0.04 0.45  130 55 6  0.82 0.18 1.00  79 33 6  0.81 0.19 0.59  54 10 0  0.92 0.08 0.79 

rs10959291 C T  0.14 0.48 0.82  0.14 0.13 0.47  135 44 10  0.83 0.17 0.06  4 34 80  0.18 0.82 0.99  15 18 32  0.37 0.63 0.00 

rs11592314 G T  0.93 0.93 0.31  0.00 0.40 0.41  38 78 74  0.41 0.59 0.12  19 56 43  0.40 0.60 0.99  42 20 3  0.80 0.20 0.95 

EDAR 1540 C T  0.00 0.00 0.88  0.00 0.78 0.78  122 53 14  0.79 0.21 0.07  18 46 57  0.34 0.66 0.25  7 25 33  0.30 0.70 0.79 

EDAR -1430 G A   -  -  -   -  -  -  134 46 7  0.16 0.84 0.49  49 40 32  0.57 0.43 1.6×10-3  28 27 10   0.64 0.36 0.72 

amFST value CEU vs. YRI 
bmFST value Asia (CHB+JPT) vs. YRI 
cmFST value Asia (CHB+JPT) vs. CEU 

95th percentile values of mFST in the empirical distribution are 0.63 and 0.40 in YA and CA, respectively. 

-: EDAR -1430 was genotyped in this study. 

 



Table S2. Results of multiple regression analysis on hair cross-sectional area in JPN+SEA (n=375) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

RC: regression coefficient. 

In the multiple regression analyses, the copy number of target allele (i.e., 0, 1, or 2), age, sex, and population were utilized as independent variables. 
 

 

  Age  Sex (M:0, F:1)  Population (SEA:0, JPN:1)    Genotype   
  RC t P value  RC t P value  RC t P value  RC t P value 
rs12724178 -39.3 -6.25 1.1×10-9 -274.5 -2.19 0.030 1240.5 9.04 <2.0×10-16

6
75.9 0.5 0.62 

rs12998167 -38.0 -6.00 5.1×10-9 -314.6 -2.42 0.016 1299.0 9.07 <2.0×10-16 -174.2 -1.2 0.22 
rs6807190 -38.6 -6.12 2.4×10-9 -275.1 -2.20 0.029 1227.0 8.79 <2.0×10-16 32.3 0.3 0.78 
rs7680876 -37.8 -5.98 5.5×10-9 -309.2 -2.44 0.015 1268.2 8.78 <2.0×10-16 -62.3 -0.5 0.59 
rs9293275 -38.4 -6.13 2.2×10-9 -266.7 -2.13 0.034 1242.9 9.05 <2.0×10-16 111.1 1.1 0.29 
rs10101203 -37.7 -6.04 3.9×10-9 -274.1 -2.20 0.029 1212.1 8.82 <2.0×10-16 171.9 1.7 0.094 
rs4749063 -38.3 -6.12 2.4×10-9 -275.9 -2.21 0.028 1243.7 8.96 <2.0×10-16 61.1 0.5 0.65 
rs4517493 -39.5 -6.35 6.3×10-10 -290.6 -2.34 0.020 1301.6 9.29 <2.0×10-16 -253.4 -1.8 0.080 
rs1335688 -38.3 -6.11 2.6×10-9 -274.2 -2.19 0.029 1223.3 8.75 <2.0×10-16 -38.7 -0.4 0.68 
rs2354435 -37.7 -5.93 7.1×10-9 -307.3 -2.46 0.014 1274.0 8.82 <2.0×10-16 -47.7 -0.4 0.67 
rs10852005 -38.3 -6.09 2.9×10-9 -269.7 -2.15 0.033 1240.6 8.99 <2.0×10-16 113.9 0.8 0.42 
rs4780701 -37.6 -5.88 9.4×10-9 -280.0 -2.23 0.026 1195.7 8.56 3.2×10-16 -168.9 -1.8 0.080 
rs9916478 -38.6 -6.13 2.4×10-9 -299.6 -2.40 0.017 1210.4 8.72 <2.0×10-16 -118.2 -1.2 0.21 
rs635520 -38.3 -5.70 2.5×10-8 -261.2 -2.06 0.040 1211.9 8.73 <2.0×10-16 86.3 0.7 0.47 
rs4805962 -39.7 -6.07 3.5×10-9 -338.6 -2.56 0.011 1285.5 8.50 6.9×10-16 21.3 0.2 0.87 
rs6136567 -38.7 -6.20 1.6×10-9 -282.8 -2.27 0.024 1292.0 9.12 <2.0×10-16 173.2 1.6 0.12 
rs12386284 -38.2 -6.09 2.9×10-9 -276.8 -2.21 0.028 1233.2 8.98 <2.0×10-16 -37.3 -0.3 0.76 
rs695403 -38.5 -6.10 2.7×10-9 -282.9 -2.24 0.026 1237.9 8.82 <2.0×10-16 -33.3 -0.3 0.73 
rs2342523 -37.8 -6.06 3.4×10-9 -288.7 -2.32 0.021 1221.4 8.89 <2.0×10-16 60.9 0.6 0.58 
rs2682248 -37.8 -6.08 3.0×10-9 -240.2 -1.93 0.054 1225.3 8.87 <2.0×10-16 -81.7 -0.8 0.44 
rs6845786 -38.0 -6.06 3.4×10-9 -278.5 -2.22 0.027 1238.1 9.00 <2.0×10-16 -77.0 -0.7 0.51 
rs10959291 -37.5 -6.00 4.7×10-9 -273.5 -2.19 0.029 1497.6 8.26 2.7×10-15 -223.2 -2.3 0.025 
rs11592314 -38.4 -6.12 2.4×10-9 -294.7 -2.35 0.019 1236.4 8.96 <2.0×10-16 -44.9 -0.5 0.59 
EDAR 1540 -34.8 -5.90 8.5×10-9 -226.9 -1.91 0.057 737.7 4.87 1.6×10-6 557.5 6.3 9.6×10-10

EDAR -1430 -38.7 -6.28 9.9×10-10  -272.4 -2.19 0.030  1164.7 8.01 1.50×10-14  -66.8 -0.7 0.47 


