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Abstract

Completion of a survey of dermatoglyphic variables for all ethnic groups in an ethnically diverse country like China is a huge
research project, and an achievement that anthropological and dermatoglyphic scholars in the country could once only
dream of. However, through the endeavors of scientists in China over the last 30 years, the dream has become reality. This
paper reports the results of a comprehensive analysis of dermatoglyphics from all ethnic groups in China. Using cluster
analysis and principal component analysis of dermatoglyphics, it has been found that Chinese populations can be generally
divided into a southern group and a northern group. Furthermore, there has been considerable debate about the origins of
many Chinese populations and about proper assignment of these peoples to larger ethnic groups. In this paper, we suggest
that dermatoglyphic data can inform these debates by helping to classify a Chinese population as a northern or southern
group, using selected reference populations and quantitative methods. This study is the first to assemble and investigate
dermatoglyphics from all 56 Chinese ethnic groups. It is fortunate that data on population dermatoglyphics, a field of
physical anthropology, have now been collected for all 56 Chinese ethnic groups, because intermarriage between
individuals from different Chinese ethnic groups occurs more frequently in recent times, making population dermatoglyphic
research an ever more challenging field of inquiry.
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and large-scale investigation and research on dermatoglyphics did
not begin until 1977 [6-10]. Over the past 30 years, through the
endeavors of many dermatoglyphic researchers in China, we have

Introduction

Each person’s set of fingerprints is different, but fingerprints for

an individual remain stable over a lifetime. These characteristics
have made fingerprints very useful as tools for law enforcement
officials in many criminal cases. Fingerprints also vary consider-
ably among different groups of people, and can be useful as tools
for tracing individuals to particular populations. Because finger-
prints are highly variable and genetically influenced, they have
important significance for forensic science, anthropology, ethnol-
ogy, genetics, and medicine [1,3,4].

Population dermatoglyphics is a field of research within physical
anthropology. It focuses on the dermatoglyphics of different ethnic
groups [1-4]. The investigation of population dermatoglyphics in
China began in 1910 (Taiwan), and a total of more than fifty
papers on dermatoglyphics were published prior to 1971, though
they reported on only a limited number of dermatoglyphic
variables [5]. Only a small number of research projects on
dermatoglyphics were carried out in Mainland China before 1964,
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jointly completed a grand research project on the dermatoglyphics
of the Chinese people [6-27].

China has a population of 1.3 billion people, and a total of 56
different ethnic groups are recognized in the country [6,10,11,16,19].
The Han Chinese group has the greatest population with 1.2 billion
members. We have now successfully completed an investigation and
analysis of dermatoglyphics for all 56 Chinese ethnic groups. One
result of this study has been a recognition that dermatoglyphics
among Han Chinese show strong diversities.

Table 1 lists the geographic area, sample size and published
references for all populations studied in China [6-30]. If a sample’s
abbreviation has an asterisk “*” after the name, it is a combined
sample. In our study, an ethnic group may have samples from several
populations, and the data from these populations are combined into
one sample. The complete dataset of dermatoglyphic variables for the
Chinese ethnic groups are listed in Table 2. This study is the first

January 2010 | Volume 5 | Issue 1 | e8783



Dermatoglyphics

[91] 002 0f'l9 oL'6 090 oL'e  0C0S 8LC VTSV 8L'L §6'8¢ L8'ovL 00S 0€cC 0/¢ €80L L'e xbueno ¢—-uin
[LL] LO°EL L0'€9 €€'6 70'L 867  S6'0S 99T oSy LEL 0£'6€ 08'LvL (74 €Ll 8¢l €80L L'e 1xbueno L--—-uI9 uin
[91] 048 099  S/'8l [4:44 ¥y 9/L8% 6€C €89 [4r4 €€'LE S6'SEL oLy L0C 60¢ 6901 LT noyzing CEED) oe[Ro

£L9TL  L9'LL 059l €€0 £98  0£9S €V'T  €00v oL 8Y'6¢ 877791 00€ %—'S0eD

[8] szLL 0089  0SZL 0s’0 006  09'SS SE'T 0807 STl [4%13 L0°€91 00¢ 00l 0ol iel L'€T uemie] ¢--'soep
[1 0S¥l 006Z 0S¥l 000 008  0//S 09C 0S'8¢ oL 0z oy LzoolL 0ol 0S 0S oLl 9'€C uemie] L--"Soen ueysoen

eljobuopy

[oL] L6l 98'sC aL'L [4°ak 669  C9'0S 9€'C  8LYY ¥Te 9€9¢ yAwA4) €79 20¢€ LLE L'6lL L'6¥ Jauu| Busmz Busml
[91] 898l €0SS SLLL oL 188 €09t 8L'e 0S8y 6C°C 08¢ 88Tl 413 SL L0€ €eoL 9'6e nsuen "xbuoq Bueixbuoq

veel L1L9 Sl So'L e Wiy 6¥'C (VAVA4 8SC 00°LE LL'9EL 801 «—-buoq

[LL] €Sl 9€69 LYEL (44} L6'€  [9SY ¥8'C  8l'6Y LET 06'9€ 8LovlL 0/9 0€€ ove L'oLL 8'ST 1xBueng ¢—buog
[o1] 966 T9E9  9€SL €571 ST ey €6'L  PESY L0€ JWAS 60°LEL 1454 (k4 661 5801 6'ST noyzing L—-Buog Buog

¥68 6C€L SOTL (0]40] €SS 9Tly €L L69Y Sy €L°6€ £09CL 861 «-buniag

[9] 1’6 000L 0S'LL €€0 L1'9  €9'8E /(8L  08'8F 08y L7'9€ ocLel 00€ 7ol g€l 9'86 L'Le ueuunjA z-buniag
[LL] 69’8 8C'8L 88Tl 0S50 SSY 4974 9C9 6l 1404 09°'%€ SEYCL 861l 86 ool 9'86 L'Le ueuunjA 1-buniag Buniag

vLLL 9L'¥9  Sl'EL 6€°0 9Y ey 88'C 696V LEY (4VAS L8l 068 «bue,2g

[o1 ovTL SL69 LEEL w0 €8y 8Ly L¥'E 6509 Iy 6/'9¢ €€5CL 065 09¢ oge 586 1474 ueuuni z-bueag
[LL]  €goL  Z1es €8Tl €€0 €€y v09Y €L €9l 091 08¢ 6V vEL 00€ o€l 0LL 586 1474 ueuuni L-Bue,ag Bueag
[OL] 0€/L  SOLS  0S¥C S8l or'e  LS6¥ al'e  18YY T STLE 6C L 0001 00S 00S 678 L9 Buelfurx ineg ineg

00l €969 9lvlL STl Ize vty ¥8'T €SS 6€°€ 8LLE oLz £091 x——1ed

[9] €96 /879 SEVL PSL 8T PYL6E 8L'€E 89€S 00t 0S°LE LE°STL £00L £0S 00S 6'L6 1474 ueuuni ¢—le@
[LL]  Z90L 8STL €8¢l S0 STL EvLY [T Ty 8€T ST'8E 000€L 009 00€ 00€ 66 1474 ueuuni L-—--le@ leg@
[91] €68 98’99 €8Tl 680 vce  ol'es STc 087 S8'0 89'9¢ 66'CEL 2144 8l¢ 0g€cC £90L 99¢ noyzing 19Anog 19Anog

00'Le LE'LL  €TEL S€0 0L'S 0987 L0 vTov T4 65°9€ ce9slL 804 «—-ueuog

[o11  9l1e €€LL 8TSL 9’0 009 L9'8Y S0t €L'SY 19T 8/L'S€E 66'L9L (8749 ore L0€ 8'coL L'SE nsueg ¢--ueuog
[91] os0z 18LS LS9 000 €Ly 9Lsy 68'C 68LY 90°L LT6€ 96°L€EL /91 84 14} 8'colL L'SE nsuen L--ueuog ueuog

SCEL 8C¢vL 990l L6°0 €LT 6LV 98°L LY'LS 88°L EL'vE ssLel L6EL «—-bue|g

[o1 oszzL  00LL 076 S6°0 SLT  erSy L EELS [/} 18€€ §9°STL 0001 00S 00S 8'66 ee ueuuni z--Bueig
[LL]  v9¥L 8978 6£VL 'L 9T Sley T v8Ls 67T 96'v€ 89CElL L6€E ¥0¢ /81 8001 0ce ueuuni L-—-bueg Bueg

8SvL  LEBL 9SGl [440] we  EL9y 00€  96'8Y L6'L S0'9¢ 87'8TL 0081l «—leg

[0 sv9L 0€LL O¥SL 0€0 SE'S  S89F 96'C V98t SS'L °L9e (4N} 0001 00S 00S 666 0'9¢ ueuuni ¢-——leg
[L1] scel £9'6L  9/°GL LS50 LoL [44°14 TR AN 4 9€'C Lese L6'STL 008 00¥ (00} 4 L'o0L 9'st ueuunjA L-—--leg leg

€0l £0°0L LSEL 6€’L L0'S  88'SY L9C  9¥'8y S0'e 08'LE 88'€EL 7ol «bueydy

[9] L1°S1 0€/LL TWLL Ll LES  ESLY 6LC  LECS [R%3 €8¢ LO°EEL LLS 06¢ £8¢C 86 8¢ ueuuni z-bueyy
[LL] €97l ¥L'L9 89'8 Lol Ly 9T'Ls 8€CT V9Ey (444 99'9¢ L8YEL L9% 9€¢ LEC 6'L6 474 ueuunix L-Bueydy Bueyoy
‘3o H Al n ] /L m n nq v oyqg-e D44l |exoL sojewaj soley spny-6uoq  epn-e]  Anunod uonel dnoib
Ise3 YuoN /3dulnoad -A21qqy suyg

'sdnoibino pue sajdwes asauiy) Jo sajqenen diydA|bolewssp pue sajdwes 10) sadUIdR) pue ozis djdwes ‘ease [ediydeiboan *L d|qelL

@ PLoS ONE | www.plosone.org

January 2010 | Volume 5 | Issue 1 | e8783



Dermatoglyphics

9/6 8l'69 6L oL'L ¥9CT  6vvY 96'C  L00S 8¥'C 95°9¢ S9CelL 96¥ 1 x-odbuir
[9] o060L 09749 0OL1LL 0g'L og'e €9y e  T9Ls e 08's€ StLEL 000L 00S 00S 5’86 74 ueuuni z-odbuir
(L] 'L 8EUL  EVSL (VA Le'L €8y S0T 9Ly 95T 60'8¢ 80°GEL 961 we 144 6'/6 v've ueuuni L-odbuir odbuir
8¥9L  1T/9 S8PL 790 (4N TA 4 €T 6T6Y 18T vLLE L6°EEL 90Ty xINH
[0 szoL SL9z 008 0€0 S9C  60°Eh 08C T6LS 6LC 6€°LE Lz6TL 0001 00S 00S zeol 574 ueuuni [——=INH
[oL] ose6l 0808 0C9C oLo 06'S 0671 0T’c 0981 o'y 6/£'9€ ST/l L€6 00S LEy 90l '8¢ exbuIN 9-—InH
eljobuopy
[Pl]  86'SL  £ST9  8¥9l 8L L6V €SSY 8€T PE6Y SLT 009€ oL'8ztL (\[44 Ly 60€ L1l 8'0v Jsuu| S-——InH
[91] €5°0C  99'LY £9'8 L¥'0 6’9  00°LS 0T 99%y oL 86'8¢ 60°/S1 ves (74} o€ L'eoL 9'Ge nsuen --——INH
[LL] €90L 88€S STLL €90 €Ly S8Lb S8l 0TLy oLe 879€ €0°0€L 00t 00¢ 00T Lol (874 ueuuni €-——InH
[OL]  oo0sL §/'69  ST6lL 00°'L S TAVARE ] 1 4 8€'C  /86V 09'¢ (443 6/°8€L (00} 4 00¢ 00¢ £'GlL 8'€E Inyuy ¢——-InH
o1l 806 0061 [45°] 000 €9 o€y €T LSS S8l 8€'8¢ LY'SPL Lee 8¢ €81 60l 8L ueuleH L-—InH InH
ot vt 0T'Ls  66'Le 18l sect 189 S0C  S6'L¥ 6L'¢ GESE 14%44" 991 08 98 oveL 89t Bueifbuojioy usyzsH usyzsH
88'GL 888/ SOSL L0 [45% 20 -TA 54 €LT  ITLS 0€C WAS 6LEEL L01T
[9] s90z SO06L SEVL 0,0 069 LOEy LST  88LS X4 6¥'8¢ LSLEL 0001 00S 00S 8'zolL 1414 ueuuni
[61] 1Z’LL 8978 S9SL 080 080 ¥8SH 88'C  /86Y 'L 66'SE 06'SEL £89 91 (0149 LTol L'€C ueuuni
[l vler  zzee TSt o €6'c  YLTh ¥8'C  €8lS 6L'€ €0'9¢ [43:1%" ozy oLe oLz £00L 0T ueuuni luey
v6'€El 1089  SO'SL LLL 09,L L6y LsC  6v'Sy 67T €8'9¢ 89°€€l €SClLL
[81] €e9L S6'59 Ul 69'L yLol 9€0S vST  S9EY Sv'e LL'S€ LL9TL LoEL 199 09 v'iel cle reybueys
[£L] 6971 SoOv.L  v¥8L £L0C 90l 188 e [89F 88°L 70’07 6Lyl 08¢l 8€9 w9 cLLL L'6€ uifuer]
[SL] o€l GEB89  OFvL SLe 00'€  0S9'¢CS 0LCc 06t 06'0 06'9€ oL'LelL 0oclL 09S 09 v'lct cle reybueys
o] Lect 0499 €96l L9°L 68’8 86V oce LISy Lce £€9'8¢€ crsel 18LL €87 869 L8lL (Or4 nsbueir
911  S9'LL 0099  T6'SL 69'L 00s  ¥/'8F 90T vy 90T L0VE L86TL 060L 80S 78S [WAN [4743 nsbuelr
[O1 9zl  9oveL  99vL £80 £9'8  98°0S e S9vy S0C S0'8¢€ €9erL oroL (4] (0149 viel zie  teybueys
eljobuopy
vll  68LL  ¥6'LL  vL'LT 9ce S€Y 69y VXA VA4 oL'e SELE 98'/LCL cl6 9s¥ 9s¥ o6LL 0’6y Jauu] 6---—-ueH
[LL]  v¥LL 819  8S'LL 60 LT'8  0L°0S 85T 667 €eT 96'8€ L6°0SL 769 LTE £9€ 'S0l 8'8C uenydis 8--—uey
[€l] 6£8L €SS 96°LL wo  L¥FLL 09'6¥ 6T L¥SY 09T 60'8€ STEEL €65 ¥8¢ 60€ it zie  leybueys £--—-ueH
[9l] olL0L 0599 0z's 0Te 05's sy [4 X414 y9'€ 09°€e ye9TlL 00S 0S¢ 0s¢ (4 L'y Buuoery 9----ueH
[Lt] 9/’  G€89  6SYPL 88°L €SL LS L1 LEVY 0z'e 0L'6€ 68'GEL €Ly 60¢ 0C 6901 LT noyzing G-——uey
[el] €Lyl S99 vLvL 9T 8y  v8'6v yAN4 LISy 88'C €CLE 679¢L 8¢ (41 0ze 8Ll €'Le Inyuy y-—-ueH
[oL]  olel £6'C9 09 et 8TLL 9€°0S (434 L9ey (VA 14 X43 or'zol £9¢C €€l el 1’601 9'€e Ixueys €--—uey
[ol]  o0s0C S£SL 0S0T STl 006 09'Lv 0€'Cc S8Ly I Tard Lo'oOY 8E'EVL 00¢ ool 0oL slel 0S¢ uemie] ¢-—-ueHy
[6] 056l 05'0£  0S°0C 00°¢ S£'s  0S°LS or'c  S6er SLe 8€'6¢€ 9C'LsL 00¢ ool 0oL gLl 0'sc uemie] L--—-ueH ueH
L6'8  88'l9 L1'6 VL0 LLE  ¥¥0S VLT LLSY So'L 616E 80Vl (374 %ulD
‘3o H Al m n /L Mm n n \ oyq-e JYdlL |eyoL sojeway solein spny-6uoq  spn-ne|l  Anunod uonel dnoib
jseg YMoON /9dulnoad -A21qqy s1uylg

Ju0) *L d|qel

@ PLoS ONE | www.plosone.org

January 2010 | Volume 5 | Issue 1 | e8783



Dermatoglyphics

oreL  LZ99  €l6l 09°'L l9s TS99 vz 98’8t 81T LE9g or'sElL Y6€C xloBuopy
eljobuol
[Pl]  zosL 1049  L¥'vT €€C Lg'Z 0861 €87 €SSy 8L L6'SE veerL 890L €95 SlS 0ceL 09 Jsuu €-|obuopy
[61] 0L LOLL TUPL 690 LSS 68'6€ €8l 685 6€C S00F ov'eel 9tL (384 €LE 7oL (74 ueuuni z-lobuopy
eljobuopy
911 STyl ¢6'85 /96l L €T  0L'8Y YT 0E9% €5°C LETE osect 009 00€ 00€ 6'8LL ity Jauu| L-]obuopy |oBuow
[0 8sst 18TL SOLL 000 vl'L  €6'LS 08'L  0C6E L0l Ir'6€ L6°£SL 1T 9Ll 1oL 616 6'LC gL equow equow
€00L  9¥Y9  lETl 9s°L €0 PSTY 0€£T  0LTS e LE'8E L8PEL 6801 x——-O®IN
[oL] GEB  80VL EVLL 6¥'L e ov'Ls 9l'c 68y 6¥'L 6'8¢ SO'EEL 1014 [4:1% Lee 0801 99¢ noyzing €-—-OorlIN
[LL]  s9'LL 1865 T6EL 96'L WL e 06C 8809 00 69'8€ 98'LEL SS€E 91 881 £S0L 1’82 uenydig ¢——-OeIN
[91] €eol VLS S9'LL Lt STy 9Lty 18l v¥'eES 66°L SlLE clrorl LEE (U 18l £'60L 98l ueuleH L-—-OelN OeIN
[Lt] 0671 ¢6'L9 SLEL LLe SL'e  eCly [444 €8'CS o'e LE9¢E €9'0€L 08Y ore ()24 80l 8¢ ixbueno ueuoep ueuoep
[91] €991 08'LS LE8 580 8.9 S99 8LC 9061 L0¢ 8l'ee €09¢CL Uy 0€cC [444 9'0CL 9'0% Buiuoer Uepy Uepy
899 9TIL 6’6 S0 0T YS9Y 6C€ 8T8y 68°L [433:13 86'8€L 886 %--NsI
[9] 6L S6EL 60l LS0 VAN 74 44 €8’ S66Y 86'L €€8¢ 99LEL €8L €8¢ 00S £'86 6'SC ueuuni ¢---nsi
[L1] S6'L 8609 oL9 000 L TESS wL 06'ly 9s'L 9C'8¢ Ll S0z S6 oLL 616 1974 ueuuni L-=-nsi nsi
9s'¥L 9085  LETL 06'L w6e  L[TLY 95T O¥'LY LLT 6£9€ S'8eL 9801 %11
[o1] TzoL (9T, 006l 96'C 6CS  6L8Y 06C Y09 [8T 80°LE 88Tyl 855 (49} 90t 9'60L 661 ueuley N
[9oL] 18ClL €9y 144 640 8¥'c  0€9 0ce  v8'8Y 99'C 8¥'9¢ 9L'eel 8¢S 0LC 85¢ £'601 98l ueuley L1 n
[9] LEYL €978  S6°CL SLo 89’8 LTSS 79l Ly L'l 0t'8€ SO'Zvl (433 061l i L'v6 c6c 1_q1L eqoy eqoy1
L 1§29  8LCC 980 69'¢  OF'¢Ss 8L (444 vl [4°3513 S9'S¥L 9t61L x—-nyeq
[61] S8Y 6vv9  6evec 80 0Lc  EL'LS v6'L L9'SY or'L G8'GE IL'erl 086 00S 08Y 6'66 §'ce ueuun)y ---nyeq
[91] vl'.  060L SE8L 90°'L v6vy  9¥'SS 69'L  06'L¥ S6°0 14343 L9811 89S 00¢ 89¢ Lol 6l ueuuni €---nyen
[12] 008 SC’L9 006Gl 4] 00e  SLC9 0Tl SSPE oLe 80°9¢ CEESL 00¢ oLL 06 666 ST ueuunix ¢-—--nyeq
[LL] 9961 €08 (V4] 49" 06'S 99'8¢ SL'T  LVLS L ¥0's€ vELYL 8/L L8 L6 Lol 6'LC ueuunjx L---nyeq nyeq
8svL  ¥SPS 900l 9Tl 8L'S 6Ly 89'€  1LS0S we 08'v€ €9°/TL 610C x"uealoy|
[91] GT8 €£€95 89El €80 00T v6TH 8¥'c  0S'LS 80'€ 9°0¢ ool 009 00€ 00€ 434" 9Ly Buiuoery p-ueaioy
eljobuopy
wLl 641  S9€L  T8LL 80 LSV 0TEY 8T 99°LS [4%4 LE YL9EL LES 19T (0744 ozl 09 Jsuu| g-uealoy
oLl ve9L €Ly 6v'9 LL)L (9L 6YLY or'c 06’8t 1zt 009€ €L9EL [4:14 LLT S0T S'6CL 6Ty ulr C-ueaioy
[o] 09l So'Ly 049 S8l SLL  0v6E L1'8  Ev6r 00°€ oL9¢ SLTrl 00% 00¢ 00¢ secl 6ty unir L-ueaioy ueaioy
[9] 0L'lE SE€€9  STST S6°L 696  CEVY LL€  Ol'6t 18C 88'8¢€ L7'6€EL 000L 00S 00S 09/ S'6€ Bueifurx zI6ury) zBury
[9] 0L¥E  SL'19  OF0E ST 0ce  ¥9oor €y CSCS L9¢ 98°LE LLI'vEL 000L 00S 00S 9'/8 8ty Bueifurx yezey Jeze)
09'sL 61'8L Le'L LS0 S0'C  C06¢E 8C'C  LESS €e'e LT9€ arect /0L x——-oulr
[o] sosL  90'8L ¥S9 wo vl 09'8€ e  sLss 1343 [44°13 [4:3 34} €8 6t S6€ 8'00L 0ce ueuuni ¢---oulr
[Li] 0s'LL 0008 000L €80 €Lre  osor 0S'C  ¥OPvS 96'C YL'S€E Locel (024 oclL ozl 8001 (44 ueuunjy L---oulr oulr
‘3o H Al m I /L Mm Ll nq v oyqg-e Jy4dl |eioL sojeway sojeiw spm-6uoq  spn-ne|  Anunod uonel dnoib
jseg YON /3dulnoud -ARuqqy suy3

Ju0) *L d|qel

@ PLoS ONE | www.plosone.org

January 2010 | Volume 5 | Issue 1 | e8783



Dermatoglyphics

[o] olee 0079 SL6E oLy 067l 9b'el SL'€  8T0S LST LTLE 60'8€L 0001 00S 00S 978 X34 Buelfuix nBAN nBAN
[LL] €volL 6L09 /6Tl 8L LS8  /86F 98'L 4 €v'e 75°8¢ vo'ocl S0S ove S9C 6801 '8C uenyaIs eiing eiiny
[oz1 96'lz  9g€L  9l6lL 7o'l S6'L 0CPy 06'C 8605 6L 99'6€ L7ErL 14%4 801 901 6’101 89¢ teyburo np np

80°LL €0'0L LEoL 80 8  6SCS LSC 6Ty 6L L0'8€ 00°€SL €SLY 9L

[91 06ST 0078 OL1LL 090 0L'9  SEPS €LT VLY 8Ll 10'8€ 9ErL 0001 00S 00S L'L6 9'6C gL 8—-—-g'L
[o1] o€zl S6'€9 009 09'L  0TLL SzTev 00€  LLYY ¥0'€ S6vE 01’891 0001 00S 00S 60l 67¢ nsueon [—g'L
[LL]  900L ovTL 9TvL 00 866 80'/Y 09t Stiv 181 6/°6¢ 6¥'19L £99 743 843 ol 8'le uenydis 9--'g'L
[s2] L6’ZL 09CL 67’6 L0°L €69  987S L SV'ly 6L LL'6€ LETrL L1S L6C Lla4 L'L6 9'6C 1_qiL gL
[O1]  <s98L 6199 990l L0 TreElL  9TEs ST STy L6°L [4WAS 95°€S1L 88t [474 eiz4 7oL 443 uenydis gl
[OL]  osvL  8LSL  ST8L 000 SE€L  vrYS 00C 89LlY 88'L CTL6E €08yl \i% 18L {344 101 0'€e uenydis €—-gL
[o11 9691 1805 L0 SS90 SLv  CTT6S Sl €1'8¢€ oL 0€'6€ S6'SvL (VA3 68l [4:1) L'Le 9'6C 19qiL gl
[91]  6578L ¢6'€9 LL'6 6t'0 8Ly  9rPvS 80C 86l 8L 8'6€ oL'8rlL 90€ 0sl 961 0/L 08¢ elpu] ueaqil
vzl LSl €¥'6S  T9'6E €8'C Ly €8CE L6y 965 9'C SELY 85°9vL 139 144 6C 9'/8 8'er Bueifuiy Jeye]
[9l] €6'9¢ SL0S ST8C 0og'e Yy 6TEY S9CT  6¥LY LS9 00'6€ 9TYEL 790l 00S [4°9 TSL JAVAS Buellury sifey

(444" 0€vL 6lEL L0C LSV S6'ES L6°L (474 8Ll SL'9¢ yeorlL 8LL
oLl viel 8CCtL TOLL LS°L vS'CT  LLYS L6°L SS'Ly LL) LO0'LE 099¢lL €Ly £0¢ 90¢ 8/01 09¢ noyzino
[OL]  sv9L  €0ZL €19l 19T €€L  ¥8TS S0T  TEEY 6L'L E9€ ov'SyL S0€ 0/L SEL 8,0l 09C noyzino Ing
[o1] ozeL o0L0L  0TSL 0S'L  LELL  9TPY 89'C 9¢6Y 0L'€ LzLe 0TveEL (7474 SSL 0T 66LL S'8C Buelfoyz ays
[e7]  6v'st  86'SL  9£6l L 858  8¥'8Y S6v S8y L Lzoy ov'6vL ¥0¢ [4{0]} [{]} ¥'colL 8'GE 1eybuid Jejes
[czl  8L§L oS  68'SC 6Ll 14VA (VA1 6E€  L69S €6 S¥'8¢ LBEVL 98 S¢ LE 9/8 8tV Bueifuiy Ssny
8801 86'€9 VOVl vl 96 €6'8Y | VA4 4°14 l6'L 8/'6€ 79961 6.6
[o11  95LL LS°€9 ©/'8L 6L LL0L 8891 89'C ¥E8Y oL'e 145074 el 899 cLe 96¢ 8'e0l gLe uenyaIs
[91] ¥6'6 SS9 vS'L 680 6LL 9LLS 08'C 8Lt 99'L 67°6¢ L6'SPL Ly 6L [4°14 8'eol ole uenydis Bueio
[L1] 658 €998 vlvl GE'L  96TL  S8'8S 'L 80°8¢ S9'L LT6E ¥8'/SL 16T 8¢l 651 66 '9C ueuuni wd
ejjobuopy
[911  o9g8L 0T'sc L6'0L Lo°L S90lL 14194 6L'C 98'SH (A 44 €8¢ reorl (4474 8€¢C 8l 99¢lL LS Jauu| uaboio usboio
688 €/8L T9VL L¥'0 ¥€9  €T0S T 98y St'L L¥'8€ LEYYL 681 *-NN
[9] o8 6L€L 189l 1340 L¥'9 9005 LT 68SH el 80°6€ €061 LGE 91 SLL £'86 6'ST ueuuni NN
[LL]  vLoL LEL6 S0'6 9¢'0 9L'9 S90S WL 6LSh oL €6'9¢€ 0SCeEL 8¢l S9 €L 766 ¥'9C ueuuni L---—--NN |
98Tl vTSL 66'LL ¥6'0 86'€  89'LS SLT €LYy vl vr'LE eLzel 144" *IXeN
[6L] vETL €50L w6l 160 9T'Ss  9g£'ES v’ ovey oL'L LLLE Lzeel 878 (0147 80t ool 8'9C ueuuni —IxeN
[91] GG'el S8 SO09L L6'0 9Tt  ever oLzt TS99 68'L 66'9¢€ cocelL 079 0oLE OLE ool 8'9C ueuuni L--—-IXeN IXeN
oLvlL 098, 6091 6L 0€L 6vvY lce €86y LY'E 96'9¢€ £6'0€L 001 «-Weny
[LL]  9s€lL 0S¢ 96'SL Sl €9  OFvy (8L 90°'LS L9C £€6'9¢ SCSEL 0cs 09¢ 09¢ 6801 L'vT 1xBueno C—-weiny
[O11 89l cLrs8  Te9l Sl L6'L  8SY¥ LSC CS8Y €EY 66'9¢€ Lot L8V (1°74 9cc 6801 LYT 1xBueno L--weiny weiny
‘Jod H Al 11} 1] /L Mm M mM v Jyq-e JydlL leloL sojewaj soley spny-6uoq  spn-e]  Anunod uonel dnoib
Ise3 YuoN /ad>ulnoad -A21qqy s1uylg

0> *L d|qel

@ PLoS ONE | www.plosone.org

January 2010 | Volume 5 | Issue 1 | e8783



Dermatoglyphics

953UIYD Uo paseq aiam sdnoub dluyld asayy Jo saweu ysijbug -sjdwes suo Ajuo Aq gz pue sjdwes suo ueyy alow Aq pajussaidal ale L ¢ ‘sdnoib d1uyld 95 3yl buowy ‘dnoib dluyla ue Joy s|dwes PauIquiod e SIIeDIPUL ., VY

L00Y'€8£8000"duod"[ewinol/L£g1°0L:10p
"(%01°82) ¥€ paIpnis am ‘suoneindod LzL dy) Buowy “(%6£'1S) 62
paipnis am ‘sdnoub d1uy1s 95 ay1 buowy ‘G-IA pue ‘L-ep UnbAn ‘n] ‘g-'g | “‘Jele] ‘iejes ‘ssny ‘z-NN ‘z-IxeN ‘z-jobuoly ‘equoly ‘z-nsiT ‘eqoyT ‘p-nyeT ‘zibay yezey ‘z-oulr ‘z-odbulr ‘Z-InH ‘g-z-lueH ‘S 1-0L-Z-1-UBH ‘Z-1-'SoeD ‘z-buniag
‘7-bue,aq ‘z-leq ‘z-buelg ‘z-leg ‘z-bueydy aie sajdwes asay) pue “4aded siyy Jo sioyine Aq paiebisaul a1am sajdwies € Jo [e101 i "9%0Z Se A[1024100ul paiodal Ajjeulblio sem sojewa) wody ssny Jo || Jo Adusnbayy syl 17 INH *IQ
Aq papinoid A|pury sem €-ueH Jo || leQ "n| JO ||| PUe || pue ‘ele] Jo |/] ‘Jejes Jo H pue A ‘Z-UeH JO ||| pue || ‘|-UeH JO ||| ‘Z-'SOeD JO H pue || ‘|-'SoeD Jo
d|ppiw painful ue BuiAey WBY] JO SUO YUM S9[eW) INBNA |G| Ul s19buly 6051 a4 319y "uone|ndod e ur swes syl aq 10u Aew d|qeniea diydA|borewsap yoes 1oy sazis ajdwes aduls syundiabuly woiy asoyl ate inbnj pue usboiQ
‘€-0eIN ‘Z-ORIN ‘S-UeH ‘Duam3 ‘z-buoq ‘L-Buoq ‘19Anog 1oy sazis s|dwies ay] “Ispio |ednageydie ul pabuesre alem saweu ysiibul asayl pue ‘(9861 "unr ‘leybueys ‘builiag 4aysiignd eipadojaAoul) sdnoio dluyig - eipadojaAoug

Wil 1511y 9Y1 Joj paysijgnd aie erep buimo|jo) 8y ‘puey 1ybu sy jo sabuy

*

[l 0zSE S¥Sy  S9LE 0ST  OLZ 0TI OFv  SYL9  S6 sely So'lEL 00 002 002 vsn elsed>ne)  suejsedned
l6z'87] €L'vE  0S'€8 Sy O¥6 €L SLLT OLT  OLY9  S8% 798 Tl 00t 007 007 B4V Yinos suedLyy suedLyy
o] o6 07S9 0€TL  OL'L  OF0 009  OLL 069y  OF'S 0£9€ 00871 sl 69 99 0901 0lz  Weudip 13IA-UID un
o1l 799 OL¥9 868 000 Ly'9 LULE  SE€T  v¥T9 0Ly LL9E  Twsll ez oLL vzl zeoL a4 ueuuny Bueyy Bue

vSOL  T8LL €46l TLT  6ES  LOWy  ¥ET  LT0S  TEE 869t SELEL 0201 «Buenyz

[LL] 0s8L 0S89 OLSL 0Ll OfS €57 €97 6075  SLT [T9E  SS6TL 0£5 €87 18T L'Z0L 'z ixBueno z-6uenyz
oLl 0¥l 09§/ 00ST 09T 0SS T8SY 00T 0T8Y  86'€ 6L/ OVEEL 005 0z 867 9901 gz 1xBueno 1-Buenyz Buenyz
oLl  £0ST  6LSS 668l €9l S06 8ELS 60T Oy £0T Loy oVl oge LSL S8l 966 g'8¢ nsueo nBNnA anBNnA

987l 1899 SLEL L¥0 09T €59y /ST 8T6F  T9'L e 60°Lyl SviT 1A

[0l  0s6 0999 SL'9L  0TO 00T O9Evy 78T OTLS  T9l 06'8€  8ESEL 000L 005 005 zeo0l Vg4 ueuuny S—IA

o1l  0S'LL 68y €44 9L €S S8 60E  LE9¥ 00T YELY  8YESL 0§ 1 vey 8701 ree uenyis p—IA

[o1] 08/L 0Z/9 08TL 000 00% 8L€S TSL 09€y  OL'l 08'/€  80SEL 005 05z 057 S0l 0'sz ueuun €--—IA

[Ll]  8€€L 006/ €19l STO  STT OLSy  L¥T  0STS  €€L v SLGEL 00 00z 007 ad)! 0'sz ueuuny 1A
[l 169l [z6/ [Tyl 8L 89 T9TY 94T 0STS  TLT 80y €901 ove 091 08L 8701 087 uenypis L—IA IA

vSL 668 L0LL  vLL L[99 ¥SLy  0TT  6SLy  [8T 08vE €657l 0L
Ol vSZ L0S9  6L€L 8YT Lyl 180S  LyT 8SEy  OCE 00vE S8zl vbs 891 o/€ zL0L l've  ixBuenp

L7l ssL  STTS  LL0T  T60  SvZL  06'€r 96l €9lS  1ST 69°5€  vlECL 06t ovl 0s¢€ r1o1 6vz  1xBueno oep
oLl 00lZ S6¥9 SOLZ 08l  0SZ /LS  €9T 6€Sy  Lgl 006€  0S9VL 000L 005 005 S8 ey Buelfu aqIx aqIx

oF'LL  9¥'S. 9TSL  v80 €T 0€8E  8YT  €0LS  6LT veLE  9L8EL 091 *CA

oLl  [9€L  [9€/ 6EYL 90l  [9T €TLE  T8T L9LS  tET 078 09%6EL 006 00t 005 766 R34 ueuuny 2N
6Ll  S/6  95/L 8T9L 850 08T vS6E 60T 9€95 10T €9LE  8LLEL 0L vse oy 66 a4 ueuuny LA eA
[OL]  00/Z 8€¥S L9SY  €9S  L6S 6SWy 94T 6€6F  9v'E 008 007TSL 00ZL 009 009 878 g9y buelfui X29zn X292n
‘4o H A n Tl VL m n m V D¥g-e  D¥dL  |eoL sseway  saje spm-6uoq  apnane|]  Anunod uope dnoib
iseg YuoN /acuinoad -A24qqy s1uyag

0D *L 9jqel

@ PLoS ONE | www.plosone.org

January 2010 | Volume 5 | Issue 1 | e8783



Table 2. Principal Component analysis of 29 PM & 2 SM and
Han-10 of Shanghai.

PM® & ethnic
No. SMP groups PCl z;; PCliz; PCllzs PCIV z,
1 PM-S¢ Achang-2  0.2399 —0.1747  0.6042 —0.4677
2 PM-S Bai----2 —0.0529 —0.4894 0.5706 —0.2354
3 PM-S Blang--2 —0.1020 —1.3572 —04173 14570
4 PM-N¢ Bonan--2 —0.2290 0.2155 0.5376 —0.1416
5 PM-S Dai-—2 0.4040 —0.7465 —0.1697 —0.9512
6 PM-N Daur 0.0015 0.2013 0.1736 —0.1806
7 PM-S De’ang-2 0.2649 —0.6173 —0.2867 —1.2678
8 PM-S Dong--2 0.0086 —0.3368 0.2246 —0.0644
9 PM-N Dongxiang —0.0867 0.3428 —0.5854 —0.5603
10 PM-N Ewenki —0.3760 0.2720 —1.9678 0.1914
11 PM-S Hani---3 0.0682 0.0177 0.6914 —0.1180
12 PM-N Hezhen —0.1786 0.2268 —1.7250 0.9234
13 PM-N Hui-—4 —0.4375 0.5904 —0.2046 —0.6614
14 PM-S Jingpo-2 0.1461 —0.8400 —0.2555 —0.7281
15 PM-S Jino—2 0.2725 —1.1702  0.1397 —0.0252
16 PM-N Korean-2 —0.2645 —0.2273 —1.5184 0.4181
17 PM-N Lhoba —0.6095 0.0769 1.1188 0.7162
18 PM-S Lisu-—-2 0.0533 —0.6645 0.7987 —1.8339
19 PM-S Maonan 0.2757 —0.5810 —0.3408 0.5417
20 PM-N Monba —0.6430 0.8287 1.5115 0.6402
21 PM-N Mongol-3 —0.1168 0.1244 —0.0349 0.6394
22 PM-S Mulam--2 —0.0156 —0.3476 —0.0309 0.7808
23 PM-N Orogen —0.4078 0.4133 —2.4687 0.3475
24 PM-N Qiang-—-2 —0.2862 0.8945 0.2502 —0.5886
25 PM-N Titeban-8 —0.3730 0.2263 1.4243 0.1645
26 PM-N Xibe —0.1612 0.6358 0.5821 0.2102
27 PM-S V=5 0.0145 —0.5395 0.7167 —0.9459
28 PM-N Yugur —0.2458 1.1025 0.4154 0.1799
29 PM-S Zhuang-2  0.1841 —04111 —0.2357 03549
30 SM Africans 1.5700 0.4936 0.8020 29551
31 SM Caucasians  1.3888 1.6194 —0.8029 —1.8662
32 ?¢ Han—10 —0.3063 0.2212 0.4827 0.1162
?PM - population marker.
bSM - supervisory marker.
°N - northern population.
95 - southern population.
€7 - simulated population remaining to be determined.
doi:10.1371/journal.pone.0008783.t002

complete and comprehensive dermatoglyphic research for all 56
Chinese ethnic groups. It is fortunate that data on population
dermatoglyphics have now been collected for all 56 Chinese ethnic
groups, because intermarriage between individuals from different
ethnic groups is more frequent in recent times, making population
dermatoglyphic research an ever more challenging field of inquiry.

Results

Results from the Cluster Analysis of 56 Chinese Ethnic
Groups

Figure 1 shows the results of a cluster analysis performed on the
156 samples. These samples include 122 population samples, 31

@ PLoS ONE | www.plosone.org
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Figure 1. Cluster tree for 156 samples (including 56 Chinese
ethnic groups, Africans, Caucasians and Gin Vietnamese). There
are 156 populations numbered from top to bottom 1-156. In the figure,
there is a southern group (SG) (1-71) and a northern group (NG) (72-
154). There are two outgroups: Caucasians (155) and Africans (156). Gin-
Vietnamese (70) clusters with the SG. The cluster tree was drawn using
the average linkage method.

doi:10.1371/journal.pone.0008783.g001

combined samples, and Africans, Caucasian Americans and Gin
Vietnamese. The cluster analysis shows two major sub-clusters: a
southern group (1-71) and a northern group (72-154), demon-
strating that all ethnic groups in China do not share similar
physical characters.

Southern group (1-71). This group contains 70 Chinese
samples (excluding Gin-Vietnamese), and includes only nine
samples from northern China. Fifty six percent of these northern
samples (5 samples) are concentrated in clusters 57-66.
Geographically, this can be treated as an area of transition
between the southern group and the northern group, or as a mixed
area. For the physical characters of dermatoglyphics, there is a
process of gradual diffusion from south to north or from north to
south. Migration and mixing of many ethnic groups are still
restricted by geographical barriers.

Northern group (72-154). This group contains 83 samples.
Clusters 115-126 contain samples from southern China.
Therefore, this cluster could be seen as a transition area
between the northern group and the southern group. In the
northern group, there are several ethnic groups from Xinjiang
province (Kazak, Kirgiz, Uygur, Uzbek, Tatar, Tajik) and Salar of
Qinghai Province. These seven samples constitute a cluster by
themselves. With the exception of the Salar, the fingerprint
frequency of whorl (W) among these six Xinjiang samples is
significantly lower than the frequency of loop (L) ($<<0.01), and the
frequency of true pattern in the third interdigital area (III) in the
hands is higher than 20%. Our Xingjiang samples express clear
characters similar to the peoples of Central and Western Asia, and
they could be treated singly as a “northwest group”.

Some Experience. Africans and Caucasian Americans,
working as outgroups, express clear and suitable positions on the
cluster tree. Gin-Vietnamese cluster in the southern Chinese
group. Caucasian Americans first cluster with the Tajik and then
cluster with northwest samples. Africans form the most peripheral
cluster.

Combined samples representing 31 ethnic groups are included
in the cluster analysis. The frequencies of their dermatoglyphic
variables were calculated using the population size of each
population sample. The combined samples tend to show a general
picture for a specific ethnic group.

Sichuan is a province with many minorities of large population
size in southwestern China. Ten (Han-8, Miao-2, Qiang-1-2-*,
Tibetan-6-3-4, Tujia, Yi-4) of 11 samples from this province
cluster in the northern group (including the Qiang combined
sample) with only one sample (Yi-1) clustering in the southern
group. During the past three centuries, the population in Sichuan
has increased from 100 thousand to 100 million. Most likely,
Sichuan is a place of migration and fusion of peoples.

Han Chinese are represented by 16 samples (including
combined samples): 4 samples (Han-4-6-11-9) cluster in the
southern group and 12 samples (Han-8-10-1-2-14-7-12-*-15-13-
5-3) cluster in the northern group. Han-2 and Han-14 are
neighboring samples in the northern group on the cluster tree, but
Han-2 and Han-14 were collected separately from the south and
north. Two samples (Han-6-9) were collected from the north but
cluster in the southern group. Nine samples (Han-8-10-1-2-7-12-

@ PLoS ONE | www.plosone.org
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15-13-5) that were collected from the south actually cluster in the
northern group. Three samples of Han Chinese in Shanghai (Han-
10-15-13), with each sample having more than 1000 persons, all
cluster in the northern group. Within clusters 109-114, there is a
section containing many samples of Han Chinese. Samples of Han
Chinese do not cluster into a single group. Han Chinese is the
ethnic group with the largest population in China and throughout
the world. Cluster analysis indicates that Han Chinese samples
from different places (east, northwest, northeast and southwest)
tend to cluster together as a group with local minorities. Therefore,
the dermatoglyphic characters of Han Chinese express strong
nationwide diversities.

Many large migrations through history, including migrations
from south to north and from north to south, as well as migrations
relating to the opening of the Silk Road for interchange between
the east and the west, have divided the original ethnic groups into
different populations. For example, migratory populations such as
Mongol-2 and Hui-2-7-3 who migrated from northern China to
southern China cluster with a neighboring ethnic group (southern
group). This indicates correlations between physical characters of
dermatoglyphics and geographical areas. Clearly, there can be
large differences between migratory populations and the original
population within the same ethnic group.

All nine Tibetan samples (including combined samples) cluster
with the northern group although they are geographically located
in southwestern China. There are five Tibetan samples (Tibetan-*-
3-Ind.-5-8) in cluster 85-98 where Tibetan populations are
relatively concentrated. Tibetan dermatoglyphics shows characters
of the northern group. Therefore, it seems that Tibetans are a
northern group and not a “southern group from India” as has
been suggested by scholars. It seems likely that Tibetans originated
from the ancient Qiang people in northern China.

Tibetan-4 is a population whose origin is up for debate, and
they are known as Baima Tibetan people in Sichuan province. On
the cluster tree, Tibetan-4 clusters with Gansu Tibetan (T.B.-7) in
northwestern China. This suggests that there is a difference
between Baima Tibetan People and Tibetan people living in
Tibet. Tibetan migrants in India (T.B.-1) cluster with the Tibetan
sample from the Lhasa area (T.B.-5), expressing a close relation-
ship between these two populations.

Mang is a population that has not yet been assigned to an ethnic
group. In the cluster tree, Mang clusters with Miao-2 and Russ
(138,139). This result does not help to assign them to a particular
ethnic group.

Regarding the Miao samples, Miao-1 was collected from
Hainan Island (province) and clusters in the southern group, and
Miao-3-2 in Sichuan and Guizhou provinces cluster in the
northern group. This result may be explained by evolution of
physical characters occurring in populations that are isolated in an
island setting.

Minnan Han Chinese (Han-2) is the largest population in
Taiwan. Their dermatoglyphics are similar to the mainland
northern group [10]. Minnan people in Taiwan come from the
southern part of Fujian Province, and Minnan people in Fujian
originate from northern China. The dermatoglyphics of Hakka
Han Chinese in Taiwan (Han-1) are also similar to the northern
group [9].

Taiwan aborigines (Gaoshan ethnic group) are represented by
two samples in this research: Amis (GaoS.-2) [8] with a large
population (167 thousand) and the Kavalan sample (GaoS.-1) [7]
with a very small population (about 800). Taiwanese aboriginal
samples (GaoS.-1-2-*) all cluster in the northern group. It is not
clear why they do not share a close relationship with southern
Chinese minorities.

January 2010 | Volume 5 | Issue 1 | e8783



Yi people in Yunnan Province are represented by two samples
in the analysis: Samei (Y1-2) and Luoluobo (Yi-3). They separately
cluster in the southern group and the northern group. Differences
between these Yi populations are obvious.

Six samples, including Bai-2, Yi-5, Jino-2, Hani-2-3, and Blang-
2 studied by Haiguo Zhang and colleagues, and five different
samples collected from the same ethnic groups (Bai-1,Yi-2, Jino-1,
Hani-1, Blang-1) studied by Anlu Jin and colleagues, all cluster in
the southern group. Also, Derung-2 [6] studied by Haiguo Zhang
and colleagues and Derung-1 [11] studied by Anlu Jin and
colleagues both cluster in the northern group. Scholars from
different research teams can obtain similar results using different
samples collected from the same ethnic groups in Yunnan
province. This fact demonstrates that the technical analysis
[1-3] standard and variables standard [6,19,31] required by the
Chinese Dermatoglyphics Association (CDA) has great value and
effectiveness.

Discussion

Dermatoglyphic characteristics can divide Chinese populations
into a southern group and a northern group, taking the Yangtze
River or 30°-33° latitude as the boundary. This conjecture is
similar to the results of dermatoglyphic research conducted in
1998 [6]. Previous studies from anthropometrics, HLA and
immunoglobulin have also suggested that Chinese ethnic groups
can be divided into northern and southern groups, and that they
may be of different origins. [16]. Since there are great differences
between the southern and northern groups, it is better to use data
collected from local ethnic groups as references for medical
applications and genetic studies.

There has been much debate about the origins of many Chinese
populations and about proper assignment of these peoples to
ethnic groups. Dermatoglyphic data can inform these debates by
helping to classify a population as a northern or southern group. In
order to make such assignments, we selected 29 samples from the
dataset as reference populations (as population marker, PM). The
29 reference populations were limited to northern ethnic groups
that actually cluster into the northern group, and southern ethnic
groups that actually cluster into the southern group. In addition,
preference was given to populations with larger sample sizes. Two
outgroups, Africans and Caucasian Americans (as supervisory
marker, SM), were also used to make such assignments.

There are 11 clustering methods available for cluster analysis in
SAS software. If a clustering method is suitable for assigning a
population to the northern or southern group, it should output 29
reference populations and 2 outgroups divided into four groups in
the cluster tree: a southern group, a northern group, an African
group and a Caucasian group. After selection, we found five usable
clustering methods: Average linkage, complete or longest distance
method, flexible-beta method, McQuitty’s similarity method, and
Ward’s minimum-variance method. All these methods can classify
31 samples into 4 large groups. Although each of these five
methods results in a different position (Y axis) in the clustering
figure or a different clustering distance (X axis) for each
population, the positions of the populations within the four groups
is relatively stable. Figure 2 is an example of the results for the
average linkage method, from which the cluster figure for 31
samples and the Han Chinese in Shanghai (Han-10) has been
drawn. The results from the cluster analysis show that the Han-10
sample should be assigned to the northern group.

We also conducted principal component analysis on these 32
samples, and used PCI and PCII to make a scatter diagram
(Figure 3). The Han Chinese in Shanghai (Han-10) were also
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Figure 2. Cluster tree for Shanghai Han (Han-10), 29 reference
populations (PM) and 2 outgroups (SM). Shanghai Han clustered
with the northern group. This figure was drawn based on cluster
analysis using the average linkage method.
doi:10.1371/journal.pone.0008783.g002

assigned to the northern group in this analysis. Principal
component analysis and cluster analysis produced identical results.
Although Shanghai is south of the Yangtze River, these two
analyses assign this city to the northern group. Not surprisingly,
only 14% of individuals in the sample have both parents from
Shanghai. Shanghai is a typical immigrant city.

According to the principal component analysis, the first four
components can explain 83.51% of the variance (41.61%, 20.73%,
10.62% and 10.54%, for each component respectively). In a
previous study of 38 loci (130 alleles, including blood groups,
HLA, red cell enzymes, serum proteins etc.) in 33 Chinese ethnic
groups (106 populations), principal component analysis showed
that the first four components could only explain 65.8% of the
variance (30.4%, 17.2%, 12.2% and 6.0%, for each component
respectively) [16]. Thus, these dermatoglyphic data can explain
17.71% more of the variance than did the genetic markers. This
research demonstrates that dermatoglyphics, although a classical
discipline, still shows vitality and good future prospects.

The Mang are a population that have not been assigned to any
of the 56 Chinese ethnic groups. Therefore, we conducted a
cluster analysis to determine its most closely related group. Figure 4
shows a cluster tree that includes the 31 reference samples and the
Mang. The results show that the Mang cluster with the Southern
Group. We also conducted principal component analysis on the 32
samples, and used PCI and PCII to make a scatter diagram
(Figure 5). The Mang are also assigned to the Southern Group in
this analysis. This result fits with the fact that they currently reside
in southern China.
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Figure 3. Scatter gram for principal component analysis of Shanghai Han (Han-10), 29 reference populations (PM) and 2 outgroups
(SM). This figure was drawn based on standardized principal component scores. Shanghai Han (indicated by the “?”) stays in the northern group.

doi:10.1371/journal.pone.0008783.9g003

Achang-2
Hani——3
Bai—2
Dong—2
Maonan
Zhuang-2
Mulam-2
Dai—2
De'ang-2
Jingpo-2
Jino—2
Lisu—2
Yi 5 b———
Blang-2
Mang
Bonan-2
Daur
Mongol-3 |
DongX.
Hui—A4
Xibe
Yugur
Qiang—-2
Lhoba
Monba
T.B.—8 J
Ewenki
Orogen
Korean-2
Hezhen
Africans
Caucasia

0 183

Figure 4. Cluster tree for Mang, 29 reference populations (PM)
and 2 outgroups (SM). Mang was in the southern group. This figure
was drawn based on cluster analysis using the average linkage method.
doi:10.1371/journal.pone.0008783.g004
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Dermatoglyphic data, coupled with cluster analysis and
principal component analysis, are a useful tool for assigning
Chinese populations to the northern or southern group.
Dermatoglyphic data from Chinese ethnic groups can also be
used as reference populations or outgroups when doing anthro-
pological research.

Materials and Methods

Some of the dermatoglyphic data used in this study were
obtained from previously published articles or books. The authors
of this paper studied 29 ethnic groups (33 samples) [6-10,19,22—
24,26], which account for 51.79% (29/56) of all ethnic groups.
There are 6 ethnic groups with less than 10,000 people in China,
and we completed research of 4 samples among them (Monba:
7500 people, Derung: 5800 people, Tatar: 5000 people, Lhoba:
2300 people). Parents of all investigated subjects are healthy and of
the same ethnic group. Three samples are used as outgroups:
Africans [28,29], Caucasians [3], and Gin Vietnamese [30]. 121
samples from 56 ethnic groups in China as shown in Table 1
contain a total of 68,846 individuals with 35,950 males and 32,896
females (excluding Indian Tibetans (T.B.-1)) [16].

The standard of technical analysis for dermatoglyphics used for
this research is called the Cummins’ standard or the Euro-
American standard [1-3], because it was strongly promoted by an
American, H. Cummins, but was originally suggested by F. Galton
(1822-1916) and E. R. Henry (1850-1931) from the U.K. [1]. The
Chinese Dermatoglyphics Association (CDA) follows this Euro-
American standard. According to CDA standards, 11 dermato-
glyphic variables must be included in all research: total finger ridge
count (TFRC), a—b ridge count (a—b RC), percentage frequencies
of the arch (A), ulnar loop (Lu), radial loop (Lr) and whorl (W),
percentage frequencies of true pattern in the thenar area (T/I),
second interdigital area (II), third interdigital area (III), fourth
interdigital area (IV) and hypothenar area (H).

SAS software was used to perform cluster analysis (see Figure S1
in Supporting Information File S1) and principal component
analysis using a 156 x11 data matrix. Through the computation of
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Figure 5. Scatter gram for principal component analysis of Mang, 29 reference populations (PM) and 2 outgroups (SM). This figure
was drawn based on standardized principal component scores. Mang (indicated by the “?”) stays in the Southern group.

doi:10.1371/journal.pone.0008783.g005

these two analyses, we created a cluster tree and scatter diagram
using PCI and PCII (see Figure S2 in Supporting Information File
S2). We also developed some computer programs for frequency
calculating or weighting using QBASIC or C++.

Dermatoglyphic data from other research teams used in this
paper has been carefully checked. The total frequency for several
dermatoglyphic variables must add up to 100%. If the total did not
reach 100%, this could have been caused by publication error or
miscalculation, and needed to be corrected. No data were included
in the research when there was no way to correct for such errors.

All dermatoglyphics were obtained by ink print. All our analyses
on dermatoglyphics were based on these ink prints.

No data were included in the research when there was no way
to correct for such errors.

Supporting Information

Supporting Information File S1

Found at: doi:10.1371/journal.pone.0008783.s001 (0.09 MB
DOC)
References

1. Cummins H, Midlo C (1943) Finger prints, palms and soles. Philadelphia: The
Blakiston Company.

2. Penrose LS (1963) Finger-Prints, Palms and Chromosomes. Nature 197:
933-938.

3. Schaumann B, Alter M (1976) Dermatoglyphics in medical disorders. New York
Heidelberg Berlin: Springer-Verlag.

4. Reed T, Viken RJ, Rinehart SA (2006) High heritability of fingertip arch
patterns in twin-pairs. American Journal of Medical Genetics 140A:
262-271.

5. Chai CK (1971) Analysis of palm dermatoglyphics in Taiwan indigenous
populations. Am J Phys Anthrop 34: 369-376.

6. Zhang HG (2002, Nov.) Nationality dermatoglyphics in China. Fuzhou: Fujian
Science & Technology Publishing House. pp 11-267.

7. Chen Y-F, Zhang HG, Lai CH, Lu ZY, Wang ZG (2007) A dermatoglyphic
study of the Kavalan aboriginal population of Taiwan. Science in China,
Series C Life Sciences 50: 135-139.

8. Chen Y-F, Zhang HG, Shen CF, Lai CH (2008) A dermatoglyphic study of the
Amis aboriginal population of Taiwan. Science in China, Series C Life Sciences
51: 80-85.

9. Chen Y-F, Zhang HG (2007) A dermatoglyphic Study of the Kejia people in
Taiwan of China. Acta Anatomica Sinica 38: 606-609.

@ PLoS ONE | www.plosone.org

1

Supporting Information File S2
Found at: doi:10.1371/journal.pone.0008783.5002 (0.61
DOC)

MB

Acknowledgments

HGZ would like to thank all the workers who collected or analyzed
dermatoglyphics of Chinese people. He would also like to express his
appreciation for the assistance of Jia-Ming Liu and Lin-Lie Sun on
computer programming for making figures. He thanks professor Qing-Po
He for assistance with statistics.

Author Contributions

Conceived and designed the experiments: HGZ MD RBC. Performed the
experiments: HGZ YFC MD YP] XPW CXB GJ JMY XPW JBY.
Analyzed the data: HGZ L] DTC WH ZGW RBC. Contributed reagents/
materials/analysis tools: HGZ LJ. Wrote the paper: HGZ YFC DTC
ZGW RBC.

. Chen Y-F, Zhang HG (2007) A dermatoglyphic study of the Minnan people of
Taiwan. Acta Anthropologica Sinica 26: 270-276.

11. Wu LF (1991) Dermatoglyphics of national minorities in southwestern China.
Guiyang: Guizhou Science Publishing House. pp 168-248.

. Hua ZH, Peng YW, Cai K, Sun L, Wu RH (1993) A dermatoglyphic feature
analysis of ABO blood groups of Han nationality. Acta Anthropologica Sinica
12: 366-373.

. Ruan JC (1992) Normal values of dermatoglyphics parameters in Shanghai
students (12-15 years old) of middle school. J of Shanghai Teachers Univ
(Natural Sciences) 21: 86-90.

. Lu SH, Zheng LB, Zhang BW (1995) Comparative study on dermatoglyphic
feature of Mongolian, Han, Hui and Chinese Korean in Inner Mongolia. Acta
Anthropologica Sinica 14: 240-246.

15. LiH, Jin L, Lu DR (2000) Genetics study of interdigital patterns I. Clustering of
the various interdigital pattern types. Acta Anthropologica Sinica 19: 244-250.

. Du RF (2004, Oct.) Population Genetics of Chinese People. Beijing: Science
Publishing House. pp 41-73.

. Liu SM, Bian TY (1985) Dermatoglyphic study in Systemic Lupus Erythema-
tosus analysis. Tianjin Medical Journal 13: 342-346.

. Lin L, Li H, Zhang HG, Xia YM, Jin L (2002) Physical constitution and genetic
relationship of Shanghai suburbia. Acta Anthropologica Sinica 21: 293-305.

January 2010 | Volume 5 | Issue 1 | e8783



21.

22.

23.

24.

. Ding M, Zhang HG, Huang ML (2001, Nov.) Dermatoglyphics: The para-

meters of dermatoglyphics in 24 nationalities. Kunming: Yunnan Science &
Technology Publishing House. pp 66-283.

. Zhang ZB, Yang kJ, Wang XH, Jin X]J, Jin YH, et al. (2004) A dermatoglyphic

study of Korean nationality in Yanbian area of China. Acta Athropologoca
Sinica 23: 164-168.

Li H, Zhang WL, Qian BZ, Tang J, Zhang H, et al. (1999) A dermatoglyphic
study on Lahu-na population. Journal of Fudan University (Natural Science) 38:
517-522.

Xu §J, Zhang HG, Yuan JB, Dilana A, Xie ZH, et al. (2004) The Russ
nationality dermatoglyphics investigation in Xinjiang. Acta Anatomica Sinica
35: 660-663.

Wang P, Wang H, Zhang HG, Yang JM, Xu GZ, et al. (2003) A
dermatoglyphics study of the Qinghai Salar nationality of China. Acta
Anatomica Sinica 34: 208-212.

Yuan JB, Xu SJ, Zhang HG, Dilana A, Xie ZH, et al. (2003) Dermatoglyphics of
Xinjiang Tatal nationality in China. Chinese Journal of Anatomy 26: 178-183.

@ PLoS ONE | www.plosone.org

12

27.

28.

29.

30.

31.

Dermatoglyphics

. Hua ZH, Pan Y, Hu YS, Lai YF, Fang S (1995) The finger dermatoglyphic study

of the Tibetans from the suburbs of Lhasa. Acta Anthropologica Sinica 14:
233-239.

5. Yang JM, Wang H, Zhang HG, Wang P, Xu GZ, et al. (2002) A dermatoglyphic

study of the Qinghai Tu nationality of China. Acta Anthropologica Sinica 21:
315-322.

Long ZG, Yang GZ, Wei RL (1987) A dermatoglyphics study of the hands of
Baiku Yao nationality in Nandan county, Guangxi. Journal of Youjiang Medical
College for National Minorities 9: 26-29.

Grace HJ, Ally FE (1973) Dermatoglyphics of the south African Negro. Human
Heredity 23: 53-58.

Grace HJ (1974) Palmar dermatoglyphics of south African Negroes and
Coloureds. Human Heredity 24: 167-177.

Li H, Pan SL, Donnelly M, Tran D, Qin ZD, et al. (2006) Dermatoglyph groups
Kinh Vietnamese to Mon-Khmer. Intl Jnl Anthropology 21: 295-306.

Zhang HG (2006) Human Dermatoglyphics. Shanghai: Shanghai Jiao Tong
Universitys Press.

January 2010 | Volume 5 | Issue 1 | e8783



