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Supplementary Text

Transverse digital ridges as a murine model of human dermatoglyphs

We examined the structures on the ventral side of the mature mouse forepaw to assess candidate
structures for modelling the human dermatoglyph ridges. Chemical removal of the epidermis
followed by staining with toluidine blue reveals the arrangement of the uppermost dermal structures.
In mouse this approach leads to visualization of different types of dermal structures in the forepaw
(Tsugane and Yasuda, 1995). The contact surface of the foot sole has large pads, which have been
termed cobblestone, interdigital, or carpal pads. The digits themselves have a series of transverse
parallel ridges, some complete, some interrupted and some partial. The digit tips have a single pad
with very fine reticulated network of dermal ridges under the epidermis (Tsugane and Yasuda, 1995),
which differs from the other dermal structures detected in that they are not present in the topology
of the skin surface, which is smooth. This provides a range of candidate structures for comparison
to human dermatoglyph ridges.

As human fingerprint patterns are established before birth, we explored the developmental
origin of dermatoglyphs in mouse embryos. We found that the transverse digit ridges are apparent
prior to birth, at embryonic day 17.5 (E17.5), as a set of stripes visualized in the WNT reporter
TCF/LEF::H2B-GFP line (Ferrer-Vaquer et al., 2010) (Figure S2A). Thus the ridge patterns in



mouse digits emerge prenatally and prior to physical functioning of the digits, as do the
dermatoglyph ridges in human. Newborn pups at postnatal day 1 (P1) already have both continuous
and discontinuous ridges, which become more distinct by toluidine blue staining in the subsequent
stages (Figure S2B).

In humans, a profound distortion of dermatoglyph pattern is a characteristic of the condition
hypohidrotic ectodermal dysplasia, such that ridges are reduced and distorted, with fingerprint
patterns sometimes indecipherable (Kargul et al., 2001; Verbov, 1970). This condition is caused by
mutations in the EDA, EDAR or EDARADD genes, and also causes reduction or absence of hairs,
teeth and a number of types of glands. We investigated dermal structures on the forelimb of Eda™?
and Edar®""*/ mutant mice, these being models of human hypohidrotic ectodermal dysplasia
(Headon and Overbeek, 1999; Kowalczyk-Quintas and Schneider, 2014; Monreal et al., 1999;
Srivastava et al., 1997). The cobblestone pads of the palmar surface and the fine patterns at the digit
tips were not notably altered in these mutants when compared to control mice, but the transverse
digital ridges were markedly distorted and diminished (Figures S2C). This supports the transverse
digital ridges as the closest identifiable homologs of human dermatoglyphs, due to their shared and
selective requirement for EDA function for their normal development.

Based on their location on ventral side of digits, prenatal formation, parallel periodic
arrangement transverse to the long axis of the digit, presence of Merkel cells from early in
development (data not shown), carrying of eccrine sweat gland pores, and selective disruption of
their pattern by EDA or EDAR pathway mutations, we conclude that transverse digital ridges in
mouse serve as the best model of human dermatoglyphs. These transverse ridges in mouse cover
only approximately the proximal two-thirds of the digit, with the distal portion having a smooth
surface. Thus these transverse ridges are akin to the ridges running across the proximal two

phalanges on the human digit, rather than the more complex patterns of the human digit tip.
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Figure S1. Visualizing chromatin interaction between the EVI1 gene, enhancer and the
rs7646897 region.

(A) Visualization of genome structure by Hi-C data as a heatmap indicated that the rs7646897 region
and EVI1 are located within the same TAD surveyed in 3D genome browser.

(B) Combined with three methods implemented in 3D Genome browser: Virtual 4C (Circular
chromosomal conformation capture, top) that surveys for one-vs-many interactions in the genome,
DNase | Hypersensitivity Site linkage (middle) that detects distal-proximal DHSs pairs, and ChlA-
PET (bottom) that detects long-range interactions between genomic regions, chromatin interactions
were identified between promoter region of the EVI1 gene and enhancer harboring SNP rs7646897
(primarily supported by the DHS-linkage data).
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Figure S2. Independent luciferase reporter assays on candidate regulatory elements carrying

alternate alleles at SNPs rs7646897 in HEK293T cells.

(A-D) Four independent luciferase reporter assays to test the changes of rs7646897 modulating the

expression of EVII. Three out of four experiments confirmed the regulatory activity.

(E-H) Four independent luciferase reporter assays to test the changes of rs7623083 modulating the

expression of EVI1. The effect of rs7623083 on modulating expression of EVI] is inconsistent.

(I-J) Two independent luciferase reporter assays to test whether SNP rs7646897 modulates the

expression of other closest up- and downstream genes GOLIM4 and TERC.

pGL3-basic is a negative control plasmid lacking enhancer activity, pGL3-EVI1, pGL3-GOLIM4
and pGL3-TERC are the positive controls derived from EVI1, GOLIM4 and TERC promoter

region, respectively. Symbols indicate significance in t test (*P<0.05, **<0.01, ***<0.001).
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Figure S3. Development of digit ridge pattern in mouse. A) Embryonic origin of digit ridge
pattern in mouse. Ventral views of forelimbs of mice carrying a TCF/Lef::H2B-GFP WNT pathway
reporter gene at embryonic day 17.5 (E17.5) and newborn (P1). Transverse digital ridges (examples
indicated by arrows) are apparent from E17.5. Scale bar = 500 um. B) Development of mouse digital
ridge patterning through different time points starting from PO (at birth) followed by post natal days
P4, P8 and P12. C) Altered digit ridge patterns in £DA pathway mutant mice. Palmar dermal surface
of toluidine blue stained right forepaws from wild type, Eda™, Edar®™”*¥ and heterozygous Edar"’"*
mice at postnatal day 21, showing footpad and digit pad types and the distorted ridge pattern in the

mutants.
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Figure S4. Evil’* effect on digit proportions and coexpression with Prrx1. A) Digit length,
normalized to palm length, in wild type (WT) and Evil/*°'* heterozygous adult mice. Digits are
shorter in mutant animals. B) RNAscope in situ hybridization detecting Evi/ and the limb
mesenchyme marker Prrx/ transcripts in mouse E13.5 embryonic limb, sectioned perpendicular to
the dorsal-ventral axis. Right panels are higher magnification views of area indicated by the arrow
on the left panel. Dotted line demarcates epithelium, as defined by immunofluorescent detection of

KERATIN14 (K14). Evil and Prrxl are coexpressed in mesenchymal cells, with Evil also



expressed in prominently in mesenchymal cells condensing to form cartilage of the digits, as in
human limb development. No expression is detected in epithelium. Nuclei are counterstained with

DAPI. Scale bar = 100 um.
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Figure S5 Regional plots of 43 loci associated with fingerprint patterns observed in the meta-
analysis across all eight cohorts. Regional association and linkage disequilibrium plot are shown
for each locus around the lead SNP (purple diamond) and the color of the remaining markers reflects
the linkage disequilibrium (+°) with the lead SNP. The recombination rate (right-side y axis) is
plotted in blue and is based on the ASN 1000 genome population for Han Chinese. Vertical bars on

the bottom represent the exons for each gene available from the hg19 UCSC Genome Brower.
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Figure S6. Effect sizes (regression coefficients) for the derived allele at index SNPs in the
genome regions associated with fingerprint patterns. Estimates obtained in each cohort are
shown as blue boxes. Box size is proportional to allele frequency of Allelel. Horizontal bars indicate
confidence intervals representing 2xstandard errors. Intervals that include zero (that is, non-
significant effects) intersect the dashed vertical line. The estimates obtained in the Asian cohorts are
shown in red boxes and those obtained in the European cohorts in blue boxes. Diamonds represent

the beta and the error bars indicate the 95% confidence interval.
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Figure S7. Association between fingerprint patterns and hand proportions. A) Diagrammed

human hand with measured phenotypes, including hand and distal phalanx length. The distal

phalanx-hand ratio (DPHR) is the ratio of distal phalanx length to hand length. B) The association

between the whorl frequency on eight digits and the DPHR of each digit. We used Z-score to

standardize the mean DPHR of left and right hands. Solid dots indicated the average values and

short black lines were standard deviation for each group. The arrow indicates the linear regression

passes the significance test. C-D) Bar plot of fingerprint pattern type (non-whorl versus whorl) of

each digit (D2-D5) and the mean DPHR of D2 or D3. Error bars indicate S.E.M. * P<0.05, ** <0.01,

**% <0.001; E-F) Genetic correlations between fingerprint patterns and the mean DPHR of D2 or

D3. Estimates and tests were performed using the bivariate GREML of GCTA software. Error bars

indicate S.E.M.
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Figure S8. Flow chart of analyses conducted in the study of fingerprint patterns. Flowchart

depicting strategy for the association analysis and functional validation, as well as numbers of




samples and SNPs by stage. The yellow diamonds represent bioinformatics tools and software, the
green box indicates the main results of the analysis, and the purple box (asterisk) summarizes the
conclusions of this study. Abbreviation: TZL = cohort from Taizhou Longitudinal Study, NSPT =
cohort from National Survey of Physical Traits Project, JD = cohort from Jidong of Hebei Province,
CKB = cohort from China Kadorie Biobank, WeGene = cohort from WeGene company, ALSPAC =
The Avon Longitudinal Study of Parents and Children cohort, QIMR = The Queensland Institute of
Medical Research cohort.
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