PR HEF 15(5):100-109 COM. on C. A. 3:e12, 2009
WAXAL%Z @I =% 20094 Communication on Contemporary Anthropology Vol. 3 iR

ZRMER BT RERIZIR S TRIKIR

&, WE, OEHE, KW, FaR, FEK, 2EF, BE, AA, KB, BER,
&h",

LA B A Rlpaibe AR Eigtle SR AR EE W E = MYy, B 2004335 2.3 AKKS: g
WAL HDNASER =, K& 130012; 3. EESRIEERE BT, bt 1007105 48064 XY 5% 5000, 164 710054;
SR EREEGL LA REET A b DES HRAEIERSET,  L# 200031.

WE: BRI Z TSR E R & DNA T BB R 1A A IKIE. 2003 4280 5 BE ST i 1
By M R B 55 T3, A AC K Z7E 2200 47T, AT SRl PCR-PRLP (954, 1)
A 19 ANEAEAS 1S B Zeki /8 HVR ARSI (1) SNP A7 55 P 5UE B o A T H87R1X 2855 TR, FRA Tk
FAFE 5 o AR R 32 ABEPR (2164 /PRI Ze R 7 5140 B AR RUBE KT 1A LU, 2 SR 2
9 TR TATR B REN . ASCHER A T 1 DNA BBIET7 V% ¥ 915 S OB SRS 4T 75 7
KB N DNA; ZEhifk DNA: ZUH SRS L

Origins of the Workers Who Built the First Qin Emperor’s

Mausoleum Revealed by Mitochondrial DNA
YUAN Yuanl, XU Zhil, TAN Jingzel, ZHANG Fanl, XU Bosongl, LI Shilinl, LI Chunxiangz,

ZHOU Hui®, ZHU Hong?, ZHANG Jun®, DUAN Qingbo”, JIN Li"®, LI Hui'

1. MOE Key Laboratory of Contemporary Anthropology and Center for Evolutionary Biology, School of Life Sciences and Institutes of
Biomedical Sciences, Fudan University, Shanghai 200433 China; 2. Ancient DNA Laboratory, Research Center for Chinese Frontier
Archaeology, Jilin University, Changchun JL130012 China; 3. Institute of Archaeology, Chinese Academy of Social Sciences, Beijing
100710 China; 4. Shaanxi Provincial Institute of Cultural Relics and Archaeology, Xi’an SA710054 China; 5. Chinese Academy of Sciences
and Max Planck Society Partner Institute for Computational Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of
Sciences, Shanghai 200031 China.

Abstract: Ancient DNA analyses are always employed to reveal the ethnic origins of the ancient human remains. In
this paper, we analyzed 19 human bone remains excavated from a tomb near the Qin Dynasty’s Terra-Cotta Warriors
and dated some 2,200 years before present. There samples were supposed to be workers building the mausoleum for
the First Emperor of China. The polymorphisms in the first hypervariable region and coding regions of mitochondrial
DNA were analyzed using cloning sequencing and RFLP. The results were compared with 2,164 mtDNA profiles
from 32 contemporary Chinese populations at both population and individual levels. Our results showed that
mausoleum-building workers may be originated from very diverse ethnic populations.
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4, 37°CHEH 80min, 80°C 15min 81 2i%
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(Applied Biosystems), F£/3°4 96°C10s FiAr
P, 25 MEFR(96°C10s, 50°CSs, 60°C90s),
60 CIEM 4mins W35 AAHN ) PCR 5l
LY/
VRN HE TSR0 SIE B
RETL S N ARRE S DNA 1741, 23k
FATEER P AIME B, 77 AT w B Y
a)PCR F=#pafifk.. %#H:: {1 AxyPrep PCR
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%1 ™ DNA SHTFrRSIY Tab.1 The primers used in ancient DNA analysis
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519 J¥51(5'-3) F B 25N
L16053 GGGAAGCAGATTTGGGTAC L46b HVRL
H16158 GATGTGGATTGGGTTTTTATG P
L16154 TACCATAAATACTTGACCACCTG 156bp HVRI
H16265 GTTTGTTGGTATCCTAGTGGG
L16263 AACTCCAAAGCCACCCC

S H16366 TGAGGGGGGTCATCCAT 235bp HVRI

g L16016 ATTCTCTGTTCTTTCATGGG 13%b HVRI
H16403 ATTGATTTCACGGAGGATGG P
L160178  TTCTCTGTTCTTTCATGGGGA 408bp HVRI
H162518  GGAGTTGCAGTTGATGTGTGA
L162017  CAAGCAAGTACAGCAATCAAC 235bp HVRI
H164097 AGGATGGTGGTCAAGGGA
1629 CACATCACCCCATAAACAAAT 136 663 Haclll
H742 ATCGTGGTGATTTAGAGGGT P
L5135 CTCCAGCACCACGACCCTAC 119 S176ANI
H5253 GCAAAAAGCCGGTTAGCG P
L12362 CCCTAACCCTGACTTCCCTAAT
H12449 AAGGTGGATGCGACAATGG 106bp 12406Hpal
L13188 CACTCTGTTCGCAGCAGTCTG

RFLP HI3280  GTTGGTTGATGCCGATTGTAA 113bp 13262Alul
18226 TCCCCTAAAAATCTTTGAAATA 1000r91h OboA
H8325 AAAAGGTTAATGCTAAGTTAGCTTTA P P
L4798 CCTTTCACTTCTGAGTCCCA 117bp 4833Hhal
H4914 GTGAGGGAGAGATTTGGTATATG
110341 ATCATCATCCTAGCCCTAAGTC 990 10398Ddel
H10439 GTCGAAATCATTCGTTTTGTT P 10400Alul

e = RV-M GAGCGGATAACAATTTCACACAGG
SFENIE V347 CGCCAGGGTTTTCCCAGTCACGAC 156bp

L F1 H 4 5% mtDNA K%, B8, 514% 52 8 rCRS[3](Genbank, AC_000021), M7 5 A K24 8 52
R AIS%. L and H indicate the light and heavy chains of mtDNA respectively numbering according to the
revised Cambridge reference sequence (rCRS) [3](Genbank, AC_000021). Symbol J represents primers used for the

independent replication experiment in Jilin University.

Bt: PCR A& I, 5%k RV-M Hl
M13-47(% 1); FERFN 94°C5min HiAElE, 35
MIEFR(95°C30s, 55°C30s, 72°C30s), 72°C
ZEfH 10min; PCR =4k e, #A K
A PCR KA 156bp, A FBAfiA
[f) PCR P4 K FEL1 4 300bp, Ik R Dhi%E Bz
(1) PCR =4, d)sil 7ill)v: B8 ANpkIhi%
FZIH PCR P24 10ng 1 Al ASEAR 1 .

RFLP 43 84: Shydb— D e s it a s,
FRYE mtDNA A3k A [4], 8k BR il 1k )
IRIFMIL X 1K) SNP A7 45 &L PCR AR R [A L,
IRIEWD LI AR, EREAF 5 R
NYINEER 1).
3. FISHh

BRI WP T A F
Lasergene7.1.0(DNASTAR, http://www.dnastar.
com), # rCRS {ENZMBATIFHI LN 1H
R R ARG S AR, Bl S 0s
RAIR AR ZHE 26000 2 AN AT L
R 5, YRS R )E .
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Tab.2 Modern Chinese populations used for
comparison with Qin samples

TEAA G5 HEAE CRIE

g 1 53 [6]

i 2 44 [6]

7 AEE 3 45 [6]
(NH) [lii3 4 85 (8]
T 5 51 [6]

Hof 6 45 [6]

W 7 61 [6]

PagEs 8 59 [6]

=G 9 66 [9]

vy | 10 70 (6]

ifg 1 56 [6]

VANl 12 23 [6]

g LR 13 67 (6]
fglf)“x W 14 16 [6]
i} 15 29 [6]

Pingo 16 54 [6]

Kb 17 82 [8]

2R 18 42 [6]

I %R 19 29 [10]

i 20 48 [11]

e WA 21 48 [11]
iﬁh(éjb’gl WABET 22 53 [12]
(NM) ke 23 47 [11]
B 24 56 [13]

HEIR 25 47 [12]

4% 26 56 [14]

1% 27 96 [13]

M B 28 395 [14]
AN ) 29 142 [14]
(SM) % 30 38 [10]
3]

0]

C/ !
1 REFLEM 2 MAKPEAFNBENE
MEL LR ZR I E, BRI S5 WK 2, 95 547
H LSO AR

Fig.1 The geographical locations of Qin Mausoleum
worker tomb and the 32 Chinese populations. The dot
line indicates the border of Qin Dynasty; the numbers
are the same as in Table 2, and the big dot indicates the
location of mausoleum worker tomb.
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w5 A [A]ER A0 HESRRN IR SRR A FH [21]
SEAT A R BRyS G ks AT — bk
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16853 16868 16878 16888 16898 16188 16118 16128 16138 16148 16158
| |
rCGR3 TATTGAGT T TATGTATTTCGTACATTACTGECAGCCACCATGAATATTGTACGGTACCATAAATACTTGAGCACCTGTAGTA
. e e T..... -

16154 16168 16178 16188 16198 16200 16218 16228 16238 162408 16258 16260

rCRS TAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCA]

@ = -

16263 16278 16288 16298 16388 16318 16328 1633 6358 16368

| | | | | | | |
FCRS T TAGBAT T TTARCABTACATAGTACATARAGCCATTTACCGETACATAGCACATTACAGTCARATCCCTTCTCGTCEEE

R 3 PR 19 A5 LR RIS B RGREC

Tab.3 Miscoding lesions observed within clones from MBWs

Transition(Typel)  Transition(Type2)  Transversion
Sample T—-C A—-G C—oT G—A G-oT A>T C—A T—-G A—-C

M17
M21
M31
M37
M39
M41
M43
M47
M50 1
M53
M54 2 2
M57 1
M60 3
Mol 1
M71 1
M86 4
M1 3

1

3

1 2 1

—_
—_

1

WA BN~ W

w
BV R NS R R e O e e Ll T S R
—

[\

M98
Total

3 17 59 10 3 2 4 1 3

R4 ZBRFIZMNZENSNARNOREESE | KEFSIREMRRPER

Tab.4 HVSI motives and mtDNA haplogroups of the staff involved in the excavations and experiments for MBWSs.

e HVRI(16053-16366), 16000+ LR
F1 66-223-311 M*
F2 223-234-290-362 M#*
F3 172-223-356-362 A
F4 223-234-291-316-362 M9a
F5 189-223-311 M#*
F6 111-129-140-183C-189-200T-243 B5b
Al 68-86-189-271-304-311 F1
A2 223-362 ANEH
J1 136-183C-189-217-218-239-248 B4b1
71 126-174-223-311-362 ANHH
J1 145-182C-183C-189-217-261-360 B4a

#F1-F6, 5 HICEMIBITEN G AT A A2, By i se N bas J1-03, ARSI 1. F1-F6, the
staff of the lab at Fudan University; Al and A2, the staff of Shaanxi Institute of Archaeology; J1-J3, the staff of the
lab at Jilin University.
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dNTP, 2.5mM MgCl2, 50mM KCI, 2uM 5|
Y 1A 2mg/mL BSA. PCR FEJ¥h 94°C
4min, 6 MEM(94°C 1min, 58°C 55s, 72°C
1min), 34 MEH(94°C 1min, 54°C 55s, 72°C
Imin), 72°C #Effi 10min. PCR /=47 ABI310
EEBNT
4. HA DNA 77t

P 19 ASFE a8 2 s — o 1)l AR
DNA 7 FHREGE 3), AN T2 AW
B [ ik 75 (chimeric) FF 51 [27,281(B 2) L &
408bp M B 9 R B T M60 i 1
16102T—C X — 5 WARALAT si[29], HAh 741

BRKIER RN R R ISR TRIKIR

BT R4 &

HOB A O SRS BEAT 4. X mtDNA
HVRI XI3E 314 MR (16053-16366)l
J¥, 5 rCRS XF, LA 45 ANE#G8 AN
o L TE SIS & EPYIE ~ 2[5/ S I EANS

AR AT FOBAT W E A & LR 1) 41
THBENE, (2% 19 MEATE S50 4 PRS2 56
S S B —BU g R, R
W7 5 FEAE I UE DNA, 3X— B0 E g T
RZ 1 DNA W57 [26,30,317. i kf i
DNA ¥ J BEC BRI #E DUBUAAE A DG, 75
P2 YR DNA (155 5, (HIE W0 (1S e
i PCR 2o, FE& T ps R FA98 e s 5
AR e B AAFAE32], BATTHE— D4
408bp 17 B [15,33,34], T keI 1
S5 5%, IXUEBFE S AR K BU DNA(R
AREMTT 3.
5. HERRSLI N Fv5H

W SZE N B mtDNA #5715 3R45 i RE
A DNA AR, LAHERR BTAS ) 15kK 11 5
AR 4)o

=. F3ath

MR L E— &AL, FATT 50 ASHE
ERAT 19 A ATEER I ACREM ) mDNAGGE
5), FEXTIHIBEAT T 74145 BT (http://www.nebi.
nlm.nih.gov/Genbank/GenbankOverview.html,
EU700062-EU700080). £k ¥i & HVRI FiAi5 2 |
RFLP 4558 LUR AT ) s sk 5.

#5 ZHEYH TEAERN MDNAHVRI BER, RFLP 4R KAFEHITRB
Tab.5 mtDNA HVRI and RFLP results of MBWSs and individual haplogroup assignment.

NN e 663 5176 ., 12406 13262 10400 10398 4833
FRA ST HVRIPATR Haelll Alul °°P Hpal Alul Alul Ddel Hhal
M7 M8a  184-189-192-223-298-311-319 / + 2 +

M17 B5b  140-183C-189-243-355 / + 1 +

M21 F* 207-304-311 / / / / /

M31 N*  223-245 + / +

M37 Flb  183C-189-195G-232A-249-258C-304-311 / / +

M39 FIb  189-232A-249-265C-304-311 / / /

M4l N9a  111-129-223-257A-261 / /

M43 N9a  129-223-257A-261 / + 2 +

M47 N9a  223-257A-261-311 / +

M50 M7a  209-223 + o+

M53 D*  223-299-325-362 / /2 o+

M54 C 223-239-298-327-357 + o+ o+

M57 Flal = 129-145-162-172-304 / + 2 T |/

M60 G2a  92-102-223-227-272-278-319-362 + o+ o+
M61 D5  164-172-182C-183C-189-223-362 / /2 o+

M71 Flal  162-172-304 / / / /

M86 A 223-290-311-319-362 + + +

M91 B5 140-183C-189-362 / + 1 +

M98 B4a  182C-183C-189-217-261-360 / + 1 +
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Fig. 3  Principal component analysis of mtDNA
haplogroup frequencies among MBWs and modern
Chinese populations. The 32 modern populations were
divided into four groups (see Table 2).

2. BHEZ ML

ZEB 5T T2 19 ASFEAH BRI A4S
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+0.017 #1 0.01940.010, W& T HiAth 32 4
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MO60(FLA5HE G2a) ] Bk H BU%E; MO1(FL A5 HE
D5)5 — 2 pg DRI EA IR R AE—il, 1M
M21(CARRE ) )5 — e b 5 UM AR 2
FE—i o R MRS LI 4y s by,
A% e B 5B Flal 16 45 59 W 00 %R 45
[35], #EM M57 F1 M71 "l gk Brg )7 Hfs
Hf DHEm T [131AAE 5 DA R [11,12] T 4B
RUTR AR, AR DOBR ORI, LA
M53 A REARSEDUE . IEAh, Bk f) 2ok e
R (A5 AT oV AR 78 M3T(AEHE F1b).
M39(EAAE R, F1b). M4A1 (S5 7 N9a), M43(Hh
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Tab.6 The proportion of the MBWSs’ haplogroups in 32 modern populations and the gene diversity of the populations

] FE_mtDNAFLRERELE # BT L LE (%) LR
HEk % A B4a B5 B5b C D* D5 F* Flal FIb G2a M7a M8a N* N9a Iifs (S.D.)
77 L5 19 526 526 526526 526 526 526 526 10.53 10.53 526 5.26 5.26 5.26 15.79 1.000(0.017)
1 53 5.66 1.89 20.75 1.89 3.77 5.66 1.89 1.89 5.66 1.89 49.06 0.999(0.004)
2 44 9.09 2.27 18.18 9.09 227 227 4.55 6.82 2.27 2.27 40.91 0.996(0.006)
Iltji“X(NH) 3 45 444 444 222 444 2222222 222 222 222 2.22 6.67 44.44 0.995(0.006)
‘ 4 84 824 1.18 3.53 471 24.71 5.88 3.53 1.18 1.18 3.53 42.35 0.998(0.002)
5 51 392 392 1.96 196 21.57 3.92 392 196 1.96 7.84 1.96 3.92 41.18 0.991(0.008)
6 45 17.78 24.44 222 6.67 2.22 4.44 2.22 40 0.992(0.007)
7 61 492 6.56 1.64 1.64 6.56 6.56 1.64 1.64 1.64 3.28 1.64 3.28 1.64 6.56 50.82 0.996(0.004)
8 59 5.17 345 5.17 10.34 3.45 6.9 1.72 345 60.34 0.990(0.007)
9 66 7.58 6.06 1.52 3.03 6.06 6.06 4.55 1.52 3.03 3.03 1.52 1.52 3.03 51.52 0.995(0.004)
10 70 429 429 143 143 17.14 143 143 2.86 4.29 1.43 2.86 57.14 0.996(0.003)
11 56 3.57 1.79 536 16.07 3.57 1.79 7.14 3.57 3.57 53.57 0.997(0.004)
12 23 8.7 4.3517.39 17.39 4.35 13.04 435 4.35 26.09 0.996(0.014)
H@/‘JA‘JX(SH) 13 67 10.45 1.49 299 149 1343 597 2.99 4.48 2.99 2.99 50.75 0.996(0.004)
14 16 6.25 6.25 12.5 18.75 56.25 0.983(0.028)
15 26 345 17.24 3.45 10.34 3.45 3.45 345 3.45 345 48.28 0.993(0.011)
16 54 1.85 37 37 926 3.7 37 556 5.56 3.7 5.56 53.7 0.996(0.004)
17 82 6.1 122 23.17 1.22 6.1 122 1.22 488 488 50  0.995(0.003)
18 42 119 7.14 4.76 9.52 7.14 2.38 4.76 2.38 476 45.24 0.995(0.006)
19 56 6.9 345 345 345 10.34 345 6.9  62.07 1.000(0.010)
s K 20 48 8.33 2.08 6.25 31.25 6.25 6.25 39.58 0.989(0.007)
A6 77 > AR 21 48 6.25 4.17 22.92 10.42 6.25 2.08 47.92 0.976(0.010)
HENM) . . . . . . 92 0. .
22 53 3.77 3.77 13.21 13.21 5.66 1.89 1.89 1.89 54.72 0.993(0.011)
23 47 4.26 2.13 19.15 25.53 4.26 44.68 0.956(0.011)
24 56 4.76 9.52 476 4.76 2.38 476 11.9 7.14 11.9 38.1 0.991(0.005)
25 47 4.26 6.38 6.38 2.13 2.13 10.64 6.38 61.70 0.999(0.006)
26 56 12.5 1.79 1.79 1.79 125 1.79 7.14 3.57 57.14 0.996(0.004)
27 96 3.13 521 3.13 938 12.5 3.13 833 3.13 1.04 4.17 46.88 0.993(0.003)
Y 28 395 0.76 10.13 0.25 0.51 228 0.51 0.76 127 2.78 2.53 0.25 0.25 3.04 74.68 0.987(0.002)
ﬁéé(SM/) 29 142 493 7.04 0.7 7.04 282 211 2.11 282 2.11 1.41 0.7 2.11 64.08 0.983(0.005)
30 38 526 7.89 10.53 526 5.26 2.63 63.16 0.994(0.008)
31 55 545 1.82 14.55 1.82 3.64 3.64 1.82 3.64 63.64 0.997(0.004)
32 83 241 1.2 1.2 482 12 482 241 3.61 1.2 2.41 74.7 0.992(0.004)
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Fig4 The maximum parsimony tree based
Neighbor-joining Method. MBW-black, NH-yellow, SH-green, NM-red, SM-blue, outgroup-black arrow.
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