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Abstract

mechanisms that underlie their variation. Using genome-wide scans in Han Chinese cohorts, this study identified

Fingerprints are of longstanding practical and cultural interest, but little is known about the

18 loci associated with fingerprint type across the digits, including a genetic basis for the long-recognized “pattern-
block™ correlations among the middle three digits. In particular, it identified a variant near EVII that alters regula-
tory activity and established a role for EVII/Evil in dermatoglyph patterning in mice. Dynamic EVI1 expression
during human development supports its role in shaping the limbs and digits, rather than influencing skin pattern-
ing directly. Trans-ethnic meta-analysis identified 43 fingerprint-associated loci, with nearby genes being strongly
enriched in general limb development pathways. This study also found that fingerprint patterns were genetically

correlated with hand proportions. Taken together, these findings support the key role of limb development genes in

influencing the outcome of fingerprint patterning.
Keywords
limb development; EVI1

Bt S4%, EERIAREZENX
JREUN IR S, e NI R KRB JE 1Y 7 ik
ISR, B f2 ST bl 2% B i 428 AR 4, o
FATTEAR RIS AR TR L. LA, REUE
BFEFEL RS, dr AR N aris 5 kst
Ak, NN AR . Eil. SIS E ] s
ok Bk, IERIR AR RS, 2 k80K JE I 5%
B [ S B A AR iR SOW S AR A ) R U
Mo AT AE S W 8 R B Bk S D s 2 A LT
2 A HEMER R BHE. HFH 8
V) EAR A RIS e . & R R R B2 L) K Wy
ZECH B AR R IR SR B . X U B AT A
Je OB SUHATIE M bz . B 2153002
4, GALTONPLE 25 | N Je ik F X Se 40 2%, W5 1
Fa SO AR 22 e 1t SRR AR E 1, FF T 18924F i hit
T (Frar) —B, bR EHEIERIBLR S E R T
H. 19264F, CUMMINS!* A MIDLO!"%} j7 ik 40 F
A ZHEAE TIE R IRIE, Wik, il 2

fingerprint pattern; genetics; Genome-Wide Association Study; trans-ethnic meta-analysis;

BN, BAE S DU AG 2, B T R 8UE R E
S, FEIG b K B K (dermato)-5 % (glyphic) 45 6 ik
‘dermatoglyphics’ (57 ik SUH# 2% Jik 40 5 BY 7 40 5%),
AL T RSUEE . BRIk, CUMMINSHFR N5
gz A0, T 19434 AR T (HRSL. FEMEE)
— R Z BN RS L. HIk, R
g E N — AT AT 78 AT

FE] P4 A V5 2 2 3 0 AE 25 A A1 46 0T ik £
SR EAEH T EOKTTmR. AR TN KA,
WILDERPYE H 5k SURFAETE A A H AR N (8] 7775
ZE 5. 2 Ja, RIFE“D AR 2 AN B 5 AR RS04,
DA R i g A A ) RGN A 1 Jhk S i
BIUESE T RRSUEA B R Bk 22 e k. 3k, Tk
(] S5 B e S0V E st A% An 1R 3 [ 564 BRI 43 1k
7 FIAE T P R, SR 4R 3 T RO 8L AR
BEAR. HICTT L, BRGOM N2, RIS, 8% %
(IRE 78 4048 B 3 . 19584F, WALKERP & /X #2
HH AT DU FH 5 SORRAE 24 31 EQ 48 B AIF, UE SE R80T



e MR A MO AR SUE SO b R R E ] —— I 2 IR R B AR SHESUE 1231

DA Qe ik e (s Wi bR 722 )5 i 4R 1],
JRGUHE i IR 2% R4 B 2 W b ) B2 AR A3 31 1K
BEA. S ER, HEREEDSEHIHT FT ik £
i e REEDAE!i ik tH4T AT DL [X 70 J3 IR G35
LR 5 1R H N B BRSURFAE, FHA@ i ie, 18y
W IRER G AR A T A o FRATTAT It e 2 T
PEREAT it — D IR, Goad 5™ IR SURFIE T €,
¥ 0 A HE AR S AR T B T 98%, A AR I 1 e 4% bl 42
16.6%". BRIEKEIALSN, HOLT'HE (Hkarist it
) — AR, BE T AR IR N2
it e RAE B ) TR T E LU a5t BLE,
Wi WY IR S0 AE 5 2 B D 12 Wi 4k o B A 8 8 P A7y
fH. W4, IREL IR, A AR DL
FORAFGENE O Z B A NIGE BRI
fE R %4, RIS W SR NI, BiskE
PhiEs2. AW, RIRS. NRiEHL. B,

Arch

(]

)))3}?/7

Simple arch (As)

Loop

Ulnar loop (Lu)

HHLRFAER AR

IR, MR IR S SUR R F L4514
FEfEIR b, A MERELANGZOY R T =F
ARG SR BAN AR, REfRRL
(BT BEAE O 1 B 40 2% T SO A o
SN, H 1928 LR, 5 SO HARs PE A K A
PEIT 42 T %008 HEIR10/4 )5, FIRIER
Qb i P 3 R R B b ) i R b O B 08
PG VAJH I, 162 [ —FC R A8 T AR AT A s (1 ¥ R 1 5
TAKRIFREACLL(5 L AR F A I T 7190,
NATFR S T LRI LR AR IX L ARSI A, L4
He TR R BB UM 3R F R R0, AR
A8 LA B 28 7E ) BOE IR 2R HERIY, DL S N3
HUE SRR SR, B RS AN 4R
SACBOL M A DHLHIFEAR KRR LR ATEEE .

Whorl

-
Simple whorl (Ws)

5

)

>

Tented arch (At) Radial loop (Lr) Double whorl (Ws)
Rl = A AT O X S SR GRS A . A =R R A, SO0 BRI Y BB BERE . R 5 1) AT X AR R SRR

Pattern-types of fingerprints according to the number of triradii/deltas (triangles) and cores (circles) (STAR methods). There are three main types: arch,
loop and whorl. Each main group contains two sub-types according to the steepness, direction of ridges and the variable core.
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Fig.1 Pattern-types of fingerprints (modified from reference [23])
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A: a Manhattan plot showing the results of the meta-analyses combining GWAS of East Asian (EAS)-ancestry (TZL, NSPT, JD, CKB and WeGene)
and European (EUR)-ancestry cohorts (ALSPAC, QIMR and Pittsburgh) across all ten digits (D1L/R were unavailable in JD and ALSPAC). There were
43 signals associated with fingerprint patterns of at least one digit (P.<1.67%x10®), with gene names in different colors: purple indicating significant
in both EAS and EUR; red and blue indicating only significant in EAS and EUR, respectively; green indicating not significant in either EAS or EUR,
but only significant after the meta-analysis combining both. Bold genes showed associations with limb phenotypes abnormalities. The block map on
the right represented the digits corresponding to the signals on the left. Red and blue triangles indicate significance in EAS and EUR, respectively, while dark
and light colors represented signals that reached the adjusted genome-wide significant (P.<1.67*10"®) and suggestive levels (P,;<3.33 x10°°), respectively.
Bold frame indicated genome-wide significant (black) or suggestive (gray) significant after combined meta-analyses. B: venn diagram summarizing
fingerprint-associated signals. C: enrichment of annotations across ontologies for the 43 fingerprint-associated signals. The red asterisk indicates limb-
relevant terms that genes are significantly enriched in after Bonferroni correction (the red dotted lines). Only the top 10 terms ranked after enrichment
analysis and top 5 epithelial/skin-related terms are shown.
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Fig.2 A meta-analysis of fingerprint patterns showing signals enriched in limb development (modified from reference [23])
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Fig.3 The top signal near EVII may be the genetic basis of the middle three digit “Pattern-block” phenomenon

(modified from reference [23])
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A: palmar dermal surface of toluidine blue stained paws from wild type and Evil”" adult mice showing dermatoglyph arrangement. Arrow indicates
spur on the mutant digit 5 (D5). B: schematic depicting transverse ridge categories on mouse digits and ventral surface of D4 of wild type and Evil”™”".
Regions carrying continuous C, discontinuous D, and incomplete I ridges are indicated. C: quantification of digit ridge pattern in wild type and Evil""*
mutants. Continuous ridges are reduced on all mutant digits, while D3 and D4 carry more discontinuous ridges. D: wholemount in situ hybridization
detecting Evil expression in mouse embryonic forelimbs. Ventral view. E: RNAscope in situ hybridization detecting £vi/ and the limb mesenchyme
marker Prrx/ transcripts in mouse embryonic limb and digits between E11.5 and E17.5. F: quantitative RT-PCR determination of Evi/ expression in
mouse forelimb at E11.5 (whole limb bud), E13.5, E15.5 and E17.5 (autopod only). G-J: immunofluorescence detecting EVI1 expression in human
embryonic tissue. Transverse section of CS17 embryo (~6-week EGA) shows nuclear expression in mesenchymal cells of the limb bud (LB, magnified
in lower panel). The neural tube (NT) indicates the dorsal midline (G). Longitudinal section of 10-week EGA digit, arrow indicates the raised volar pad
across which fingerprints form (H). 13-week EGA digit (I) and 16-week EGA digit (J) detecting EVI1 and epithelial marker K14. Dotted line indicates
dermal-epidermal junction. * indicates cateinin immunofluorescence. SG: eccrine sweat gland. K,L: RNAscope in situ hybridization detecting £V/] and
PRRX]I transcripts in sectioned 10-week EGA (K) and 16-week EGA (L) human digit. Individual cells co-express £V/I and PRRX]. Asterisks indicates
autofluorescent blood cells. M: detection of proliferative cell marker Ki67 in 10-week EGA digit. Dorsal (D) and ventral (V) axes are annotated: Nuclei
are stained with DAPI. Error bars indicate S.E.M.

El4 &M/REBR SR AL R & BT IR R EVIIVRIE (B R RiIRE % STk 123])

Fig.4 EVII1 in dermatoglyph patterning and limb development (image source from reference [23])
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A: diagrammed human hand with measured phenotypes, including hand and digit length. The digit-hand ratio (DHR) is the ratio of digit length and
hand length. B: the association between the whorl frequency of eight digits (D2-D5) and the DHR of each digit. We used Z-score to standardize the
mean DHR of left and right hands. Red dots indicate the average values and short black lines the standard deviation for each group. The arrow indicates
the linear regression passes the significance test. C: bar plot of fingerprint patterns of each digit (D2-D5) and the mean DHR of D5. Error bars indicate
S.E.M. *¥P<0.05, **P<0.01, ***P<0.001. D: genetic correlations between fingerprint patterns and the mean DHR of D5. Estimates and tests were per-
formed using the bivariate GREML of GCTA software. Error bars indicate S.E.M.
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Fig.5 Association between fingerprint patterns and hand phenotypes (#=6 318) (image source from reference [23])
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