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Supplementary Fig. 1. Quantification and verification of genomic libraries.
We confirmed that the size of the libraries for pair end sequencing in the MHC
region was 550-650 bp.
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Supplementary Fig. 2. Evaluation of 16 variants extracted from all variants detected using NGS.

Red squares indicate variant locations. Depicted is a portion of all sequence reads in each location

derived from a single individual.
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Supplementary Fig. 3. Analysis of pair-wise LD between 24 loci for investigating LD
with rs142986308 in the MHC region. LD was evaluated using D' values. Black square shows
locus pairs with rs142986308.



Human amino acid residue
585 586 587 588 589
Ser Leu Arg GIin Glu
Human NM_019052.3 GAGGAGGCTGCC AGT CTG CGG CAG GAG CTGACCCAGCAG
rs142986308— T

Mouse NM_146248 GAGGAAGCTGCC AGC CTC CGT CAG GAG CTGACACAGCAG
Ser Leu Arg GIin Glu

589 590 591 592 593
Mouse amino acid residue

v

AGC CTC TGG CAG GAG

Ser Leu Trp GIn Glu
589 590 591 592 593

Mouse sequence generating p. Argb87Trp disease associated missense variant

Human Feb. 2009 (GRCh37/hg19)
The SNV position chr6:31,112,701

The SNV position chr17:35,528,927
Mouse Dec. 2011 (GRCm38/mm10)

Arg Trp
AGCCTCICGTICAGGAG AGCCTCTGGCAGGAG

AN AN

Wild type mouse AA mutant mouse

Supplementary Fig. 4. Sequence alignments of human and mouse around AA-susceptibility variant.
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D6S2930 0.011645 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001065 0.000000 0.000000 0.205690 0.011985 0.000000 0.000000 0.000000 0.006047 0.000000 0.006152 0.211785 0.009695
HLA-C 0.000520 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 5.33E-04 0.008285 0.000000 0.000693 0.000000 0.006122 0.006155 0.000000 0.004485 0.006298 0.000315 0.000000 0.053353 0.005483 0.336927 0.371948
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D6S2740 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.266825 0.000000 0.000000 0.000000 0.000000 0.000000 0.157630 0.810777 0.084828
D6S2892 0.004180 0.000000 0.000000 0.000000 0.000000 0.005375 0.000000 0.000000 0.005667 0.000000 0.000000 0.000000 0.000000 0.004067 0.000000 0.000000 2.02E-01 0.000000 0.000000 0.000000 0.000000 0.009912 0.021235
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D6S2822 0.023187 0.002832 0.031367 0.000000 0.042445 0.003987 0.000000 0.000000 0.044338 0.052980 0.119748 0.000000 0.005840 0.000000 0.000220 0.004143 0.043088 0.000000 0.000000 0.000000 0.003737 0.000673 1.40E-01

Supplementary Fig. 5. Evaluation of pair-wise linkage disequilibrium (LD) between 23 multi-allelic loci in the MHC region.
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Supplementary Fig. 6. Sanger sequencing confirmation of rs142986308.

Left panel indicates individuals with heterozygous (C/T) variant. Right panel indicates individuals
with homozygous (C/C) variant. Black squares and arrows indicate position of rs142986308.

Codons in the CCHCR1 gene are shown in the upper layer.
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Supplementary Fig. 7. Schematic overview of CCHCR1 gene structure and variants with amino acid substitution.

Three alternative splicing variants in CCHCR1 are in the RefSeq Genes database. (A) Twenty-two variants lie in this gene.
Red indicates the variant (rs142986308) identified by resequencing in the MHC region. (B) The difference for each transcript
variant exists in the 5' region of CCHCR1. Two ATG initiation codons and 2 common nonsense variants were observed
in exon01 and exon02.

These two nonsense variants were mapped to the coding regions in alternative transcripts 1 and 2, which are common
in Japanese and European Americans, and to the non-coding region in alternative transcript 3. SNV rs3130453 gave rise to
the shortest of the 3 alternative transcripts previously reported for CCHCR1 (PLoS One 7(11):e49920) and SNV rs72856718,

which had not been reported and was predicted to result in the same alternative transcript.
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Supplementary Fig. 8. Coiled-coil structure prediction of CCHCR1 in 26 haplotypes
using COILS, v. 2.2
Y axis indicated the probability of coiled-coil conformation. X axis indicates amino acid

residue number. Arrow shows position of p.Argd87Trp (rs142986308).
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Supplementary Fig. 9. Coiled-coil structure prediction of CCHCR1 in 5 selected haplotypes
using Paircoil2. X axis indicates amino acid residue number. P-value cutoff of 0.025 was used
as the default setting for domain prediction. Colored boxes indicate segments predicted to form

coiled-coil domains. Arrow shows position of p.Args87Trp (rs142986308).



Supplementary Fig.10. Ribbon and molecular surface representations of partial CCHCR1 structure.

Surface models are shown in 2 orientations. Residue 587 is represented in red.
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Supplementary Fig.11. Effects of Arg587Trp mutation on CCHCR1 protein structure at different pH

values. A change of >0.5 cal/mol, which destabilized the structure, was classified as a significant

change.
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Supplementary Fig.13. Surface maps showing electrostatic potential of the wild type

and Arg587Trp are presented.
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Supplementary Fig.14. Fixed hair loss area in representative Cchcr1-hom mouse
after onset of hair loss.

Day 130 Day 145 Day 159

Supplementary Fig. 15. Hair loss area recovered in representative Cchcr1-hom mouse.
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Supplementary Fig.16. Various type of hair loss area in Cchcr1 mice
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Supplementary Fig. 17. Immunostaininig of skin biopsies Cchcr1-hom mice were
performed by anti-CD4 and CD8 anitbodies with hematoxylin. Spleen of

a wild type mouse was used as the positive control.
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Supplementary Fig. 18. Scatter plot between dorsal and ventral skins in the same individual.

In each panel, the both axis indicate normalized expression values of 28,425 probes with gene symbol.
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Supplementary Fig. 19. Scatter plots between AA mouse and wild type skin.

In each panel, the both axis indicate normalized expression values of 28,425 probes with gene symbol.



SurePrint G3 Mouse GE 8x60K Microarray
55,681 probes

v

Cchcr1 mouse X2

Wild type mouse X1

Hair loss skin
Normal dorsal skin
Normal ventral skin

Dorsal skin
Ventral skin

v

Selection of probes assigned to gene symbol
28,425 probes

v

Ccher1 mouse 01 or 02
Hair loss skin

Versus Wild type mouse
FC>2 Dosal or Ventral skin

v

Cchcr1 mouse 01 or 02
Nomal dosal skin

Versus Wild type mouse
FC>2 Dosal or Ventral skin

Extraction of probes
to fulfill these criteria

v

Ccher1 mouse 01 or 02
Nomal ventral skin

Versus Wild type mouse
FC>2 Dosal or Ventral skin

v

265 probes (246 genes)

v

Culstering analysis

v

Investigation of expression lebel

Supplementary Fig. 20. Filtering scheme used for microarray analysis.
Scatter plots of normalized expression values indicated no expression differentiations

between each dorsal and ventral skin within the same individual (Supplementary Fig.18).

On the other hand, all comparisons of Cchcr1 mice with wild type indicated mainly up-

regulated probes in Cchcr1 mice (Supplementary Fig.19). Therefore, we attempted to

extract probes showing 2-fold up or down regulation in all comparisons of AA mice

with wild type, demonstrating 265 probes (246 genes) were obtained as candidates

for next targets.
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Supplementary Fig. 21. Analysis of expression in mouse skin using quantitative PCR and

a comparative CT method. Each column is added to 95% confidence interval as a bar. Fold change
values were calculated by applying normal dorsal skin from a wild-type mouse to the calibrator.
Thus, the fold change value in the calibrator always was one. Statistical significance was determined

using Welch’ st test.
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Supplementary Fig. 22. Gene expression trends in skin biopsies from Cchcr1-hom
mouse 01 and 02 using 265 probes that showed a 22-fold change. Correlation
coefficients are indicated for each mouse. Correlation coefficients and statistical significance

was determined with Spearman's rho between Cchcr1-hom mouse 01 and 02.
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Supplementary Fig. 23. Gene expression trends in skin biopsies from dorsal normal
areas in Cchcr1-hom mice. Correlation coefficients and the statistical significance was
determined using Pearson's product-moment correlation between each mouse and

Cchcr1-hom 01.
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Supplementary Fig. 24. Gene expression trends in skin biopsies from dorsal normal
areas in Cchcr1-het mice. Correlation coefficients and the statistical significance was
determined using Pearson's product-moment correlation between each mouse and
Cchcr1-hom 01.
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Supplementary Fig. 25. Proximity Ligation Assay (PLA) detected protein—protein

interaction between CCHCR1 and hair cortex keratin in Cchcr1-hom and wild type mice.

Red dots indicate signals of the interaction in the left panels. Slight red smears indicate
the background by PLA in all panels. Upper panels show longitudinal section of upper
hair follicle from Cchcr1-hom mouse. Lower panels show cross sectional section of

upper hair follicle from wild type mouse.
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Supplementary Fig. 26. Scatter plot of normalized signal between each patient. In each panel,

the both axis indicate normalized expression values of 22,887 Transcripts Cluster with gene symbol.
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Supplementary Fig. 27. Validation of up or down regulated gene expression for 4 selected genes.
Hair follicles of AA patients were subjected to expression analysis by gPCR and a comparative
CT method. Bars reflect 95% confidence intervals. Fold change values were normalized to

hair follicle of an AA patient without T allele of rs142986308 as a calibrator, thus the fold change
value of the calibrator was always one.
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Supplementary Fig. 28. Pair-wise LD between 24 variants with amino acid substitution
in CCHCR1.

LD was evaluated using R-squared values. Red square shows SNV pairs demonstrating
strong LD with rs142986308.



