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M ESEEM A TRBEPIELE E{L DNA, BB a2 M (PCR) R H
 BE X-YReA D NOENRBEEELE (Amclogenin Gene), RTH W EN FTREER
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et
;Eﬁﬁl ﬁﬂ.DNA Amel genm%[ﬁ W oREEL R, PRI

WHILFER, BEES TS FEER R VIEY., O8N TR EahRE
EPFAE, C2IERELCEAMIL SR T URTH B%E4 I DNA (Herrmann
and Hummel. 1993), RN T o d 347 (£ DNA AT 5408 . ReIe TiF2u R 5
F M REH R LLBF % & 1t DNA (Higuchi e af.. 1984: Piibo, 1984; Arnemann et,ak,
1986), fHilE TAMILASLGAE RFEH. WEIZARMERT), AN EH —25 06 DNA 4
e T, RAMA&ELLRE (PCR) 441 DNA HEARA &, S RE
DNA 3 #+2 ft 7 M A T (Piibo er uf.. 1989; Hagelberg et al., 1989; Hummel
and Herrmann, 1991). BAlT£# 1L DNA 5 LEEH H L5 A DNASSRAERF
FIBH B ¥ DNA, HAEIFW G UER A T DNA @7 0. SR % el K e
HiCDNA FE U IELHE KRR PCR I S8 (Saloeral, 1994), FAHIEMREM

G AR AR AT T A R A WY Amelogenin 2 E H .

Amelogenin E—F&EAE., SHTEHETHX. mMNEHEAFNEREM T XY #
eeEhwE g i —xFIEFR (Nakahorier al.. 1991 Baileyet al., 1992), RHAFE{ #H
BRI, © M I AL A b 88 iy A1 IS RE A9 % 4B BUF 90 (Nakahori et of., 19915
Akane ez af.. 1991,1992. Mannucci et al.. 1994), AT H{C DNA MR, A2 TKE—
BMABSILE MEEAS. FEFESFE B Mannuel = ASIHFE. FiEEgesERAE

WeHy H#E- 199a—2—12
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(106/ 112bp). FEEME. “IMEEMTHAEEFHENSESE, THITHEHNEE, E
HEARFHELE SR PARTERE L.

1 # #h

3MAEBAAM—BCF AR AR EE ST IS (R ). ARHREEY—-BER
Sk R A 0 A 1

Y

x1 BT DNAEBEMEAEE

B B K2 3 864 H LM w4 b
XWG2 A B A W L S000—7 000 (IR, 1984)
XWG3 Fg i MR FEi4 50M—7 000 i (FEIREEE. 1984)
DDW? A 3 3 HA A 5 600—-5900 F (M 4T, 1994) .
CGP2 TE A THET®E 7800—9 800 F (R EHE. 1984) -

7t

£ DNA RIZ - 2% B89 PR M T A8 H 2a0R% (8 1), Bag
SHRIFRRE, (ARG WL RIS, §45RTH KR ERTFEER,
MEFHEBATELAEH (81 FAT). THEE - FRE, TRFITSEEHN,
ST FRF R ABEEEG AL, ANRERLCBOERAN, SETCKARALR,
ETHPHEREVERG N QMR IEMEHES (Herrmann and Hummel, 1993;
Lassener al, 1994). % DNA L%k & SWMM: SAR WFERAKSER; %

% DNA 38T 27 B SRS & i H 4

B 1 4 XWGIBHRAY A THEH (um)
Micrograph (XWG3) of bone thin section. The microstructure is mainly well

preserved exhibiting osteons with the Haversian canals and osteocytes {single arrow)
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2.1 &#

FAROHB BRI HRRESY. %5k (254om) BH L5406, X—4EEEH
BEE. W WHEARPHFHRMANIE DNA 5§ (Cone and Fairfax, 1993), R EH 5
AR AR, R 300ZFEW., HT 1.5ml05M EDTA (pHS.3) ¥, 48 /hRZERT
TEEs, RFI9ESRE AFHERBRCERPHTILE, FRBEEXPHEILES
Bk, BOREER. ¥EZE®B O SRR (GenePure Type 341. Applied
Biosystems} .

2.2 DNA ¥

RERdBEIEEIEFES, A8 ETm. RolEHEBE A LREHXRMISHE
B FTELE wEETEARKHEA: S5 ERRAESMEAN DNA ERES BE4 DNA
(Sambrook et al.. 1989); LM ZBEBWFET. TIERE™4EM DNA 4+ FRIFT
PR E L (glass milk, Dianova). {38, HIMEARIER L DNA ##8%, SHET
S04 T EBE F7K (Ampuwa, Fresenius), REEW.  DNA B SHBESE 2HER.
B0 DNA BT,

23 BAMEARE (PCR)

REEBM DNABRFHN DNA SEHEM. RHRSMERNREER, RIF#ET
PERCREFZHN DNA KR, ZLHITAMSI9F 5 N Amel A (5-CCC TGG
GCT CTG TAA AGA ATA GTG- 3"} fl Amel B (5~ ATC AGA GCT TAA ACT GGG
AAG CTG-3). X# 5/ e] Rt XY & - —HEIRFH. Bl Amelogenin 2B/
E—NETFEEFB 106bp (X B @ik) F 112bp (Y Hefaik) (Mannucci et al., 1994),
ViR REA®EANGE PCR ¥ (Ruano ef al., 1989), 7 S0ul FLNE & ¥4 JEFT.
BB PCRREHARMF.: 10mM Tris—HCL (pHS8.0), 50mM KCL (Gene
Amp 10x PCR buffer, Perkin Elmer Cetus), 1.5SmM MgCl, { Perkin Elmer Cetus},
175mM 4 ft ANTP (Boehringer), 0.1uM F# 514 (Applied Biosystems) 1 2p1 & 4
DNA # B 2 0.501 I{8 DNA 8B, REMAEEFK (Ampuwa) = 50ul, R
FER ST 0P UCHES (Ruanoeral, 1991). HHBEIAMA 1 8478 Tag DNA B
48 (AmpliTaq, Perkin Elmer Cetus), # i K &% ${EF # (TCL. Perkin Elmer
Cetus) WRHTT: 140460 94CHAH, 308 STCIE A, 148 NNCHRMWEE, 35
W, ENEMTMEERES —ERER C#1T. HENBHRERER, 34 ki
E 0.144M, TagDNA 488 1.5 37, H¥ ey SuUDNA HREE — W E PCR 7=
Y1, EREFTHEMBREITRIEMA. 35 PREF. 1 48 s4C T8, 08 S6CIR
Ko 1980 72CIEMR . B RFEHSET 40 H#7.

2.4 DNA 5347

%} PCR P=4 REFT 14% Y 3 78 ¢ T 70 J5 10k A o88 e vl 3 0 B9 40 47, eBBKAE 16% 20 %

O.Tcm BT E 2T (Biometra) *H3H 7. Ffhu e £ 130V. Wk ETE) 17 ANBf. SRBEAE
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0.1%#9 SYBR Greenl ZER L BLIFR (Mo BiTec) 4 30 385,

RAHBICR .

254nm K 5h k% 3

3 HFHRMWAVT®

4 M EARIR A E DNA B ISR AE R ohsl 2517 PCR ¥ R B, RE K By .2 3 80
CPETRARE. BEAEBE FHAEFTEEH (2. IREFER2EINTMAHELR
(A 2), & (F) ExR¥E—1 106bp &#r. B (M) T 106bp f1 112bp B
ZgatE (X) MR HA PCR P4, HEEPCR ERBEDPRENRRGHREEA,. dTF&M
RESIESRE, EAXDNA SHRT S ERE R, dibiEXHa fef{ATny

F it DNA .

XWG3
DDW3
CGP 2
LSV

o+
uw =

>
W
-1

>

112 bp
106bp

B2 frEk XWG2. DDW3#1 CGP2 i PCR
MBI W A

Electrophoretic separation of PCR products.
711 of the amplification products were loaded on a
normrdenaturating 14% Polyacrylamide gel. run at
130V for 17 hours, and stained with a 0,1% SYBR
GREEN 1 solution. The X-Y homologous
amelogenin gene sequences were amplified from the
ancient samples XWG3 (106/ 112bp), DDW3
(106bp), CGP2 (106bp} and modern samples M
(106; 112bp} and F (112bp). WNo products were
detectable in the no template control{X). The LS ¥
DNA ladder (Boehringer) was used as molecular
weight standard

B3 ind XWG2 6 3 #5E PCR =#M
o d: 7 e F A
Electrorephoretic separation of amplification
products (8s) of the sample XWG?2 from different
PCR reactions. Lane 1 shows a single 106bp band
of the X chromosome, while lane 2 shows a
106/ 112bp bands doublet of the X and Y
chromosome. Lane 3 shows the 112bp band of the
Y chromosome only

R PCRYBERLEE

7 * PCR B ¥ PCR IV
LB 14 14
s Rl o 14 14 N
XWG2 13 3
XWG3 5 4
DDW 3 [ 2
CG P2 6 2
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2 CGP2 #1 DDW3 ¥R R —#) 106bp &%, #5724 XWG3 TR 106bp # 112bp
A& (F 2 F4 XWG2 M H B 3 # THA PCR &K #£— 106bp;, B—H
112bp; F1106; 112bp FFAFH (E 3).

¥ DNA BFE . SREAQERERLIEOZEHEDNA J3—-FH, X
seiRAh T RN FFEEAE BN, TESERERAMEALEAMBETF, 1R
EYE, MMEFL PN SUEETEEEHABENERMNAS, FEARM
PCR 4%, #i& XWG2 A s BT X MR, Fit. #RRTRASSROATBEER
{552 (Schmidt et af.. 1995}, HHEH L ETEEHSEE. SREFTRERE. RN
PR R T DNA S5 8 in bkl 5.

B EER, w4 MHREFEREBTHEINHEERETEN, BT Y RAOERKE
B35 (112bp) A5 EH E AT A XWG2 fl XWG3, AR AWM TN BHENE f—
X B EFP (106bp) AR EHE BB T4 CGP2 HIDDW3, BER_-EITH
MK,

HEHAREBA R, BRHEBEVEFENFRNTE. AHENEEEFER#THEN
Fllg MRS ST LBEME, HILZ T, S FEYEHFEAFHENREBE, LHEGR
DNA MFEHEE, HETFALEFHIAALALEEARLFE AR HFHY
;-

AR LAESDBEREHE AT PE R, THEERRKEALBEFIAFGR
DNA K. LHIRADRIRE. e ik R4t ESHEx.

% & X Wi

b dn, MM, 1984 TEMHASNCAGTHFERLY SRR, () 976
EE. Kietr. T8 196 FHRUTPETFREUM ARG SEEETE. BT 7074,
PP, 1994, MBI EXATA. (WL B YREAW S H ALTIRARASEE.
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ANCIENT DNA EXTRACTION FROM NEOLITHIC HUMAN
SKELETAL REMAINS AND PCR BASED AMPLIFICATION .
OF THE X-Y HOMOLOGOUS AMELOGENIN GENE

ZHAQ Lingxia' Susanne Hummel? CadjaLassen® Bernd Herrmann?
(1. Institute of Vertebraze Paleontology and Palevanthrepolgy. Chinese dcademy of Sciences, 100044 Beipng, China

2. Imstitut fUr Anthropologie, Unmersuds GGatmgen, 37073 Gottmgen, Germany )

Ancient DNA was extracted from Neolithic human skeletal remains excavated in China.
Single copy sequences of the X— Y homologous Amelogenin gene were amplified from the DNA
extracts by PCR technique. Since the amplified sequences exhibit a sex specific length
dimorphism they enable a sex identification on a molecular basis for ancient human bone and
teeth. |

Introduction

Ancient DNA (aDNA) has been extracted from a various number of ancient organic re-
mains {(Herrmann and Hummel. 1993). In the beginning of aDNA rescarch there were attempts
o study aDNA by molecular cloning (Higuchi er al., 1984; Piabo, 1984, Amemann et al.,
1986). But due to postmortemn degradation, it was the polymerase chain reaction (PCR) (Mullis
and Faloona, 1987) which proved to be the ideal tool to amplify minimum amounts of intact
aDNA (Piabo e al., 1989; Hagelberg ¢ al., 198%; Hummel and Herrmann, 19%1), Initially,
most of the aDNA studies concentrated on mitochondrial DNA or repetitive nuclear DNA, be-
cause the high copy numbers of target DINA facilitates its retrieval. However, the amplification
of single and low copy DNA fragments had already been demonstrated (Salo et al., 1994).- |

In the present study. we demonstmate the amplification of the nuclear single copy - |

Amelogenin gene from Neolithic human skeletal material excavated in China.
The Amelogenin gene is a X—Y homeologous gene related to tooth development {(Nakahori i

et al., 1991; Bailey et al., 1992). From conlemporary forensic samples amelogenin sequences can ]

be amplified with different primer systems (Nakahori et al., 1991; Akane et al.. 1991 and 1992;

Mannucci et al., 1994). Due to degradation, aDNA fragments usually exhibits not more than a

few hundred basepairs. Therefore. the pritner system which amplifies short segments of 106

basepairs (bp) and 112 bp (Mannucci et af., 1994} had been employed for aDNA studies and al-

ready proved to reveal reproducible results. The sex chromosome specific length polymorphism

of 6 bp of the amplification products provides a sex identification, which is a basic feature for

physical anthropology and historic demography. ' ;



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

EEE Y. W OM#EL LE SR A {TDN AR

3 T\ — Vi 6 G 6 AT HE ASPC R MY - 207 -

Materials

Three bone fragmenis and vne tooth were chosen from three Neolithic sites in China (Table

1). Contemporary human bone from a male individual (M) and human saliva from a female in-

dividual (F) were included as control samples.

Table 1  Ancient materials for DINA extraction

Na. Anatoinical Positinn Site Age
-8
XWG?2 distal fernur Xiawanggang, Henan SO00—- 7000 ys BP
XWG3 drstal uhia Niawanggang, Henan S000—-7000 ys BP
DDW3 proximal [emur Dadiwang, Gansu S600- 5900 ys BP
CGE2 lower M3 Chdaganpao. lilhin TBO0-9300 ys BP

Prior to DNA extraction, histological thin sections were prepared from the bone samples in
order to observe the state of preservation. The micrograph (Fig. 1) exhibits a mainly intact bong
structure. The major sources of DNA extracted from borie are three types of cells: osteocytes,
osteoblasts and osteoclasts. the latler two occuring when bone is remodelled. S

From the macromorphological aspect, also the tooth, which was pulled from an intact
mandible is well preserved. In the cise of teg¢th mainly the cells of the pulpa tissue and
cementoblasts are the sources of DNA. A

Since bone and tooth are hard tissues lacking bulk amounts of liquids and enzymes, cells:
can be expected to suffer less from autolytic processes than soft tissues or fluid tissues, There-
fore they are more likely to be better protected against decomposition than soft tissue cells
(Herrmann and Hummel, 1993; Lassen et ul., 1994), .

Methods

Preparation of samples for DINA extraction RR
After scraping the outer surfaces of the bone and tooth samples with a scalpel the samples
were exposed to UV light (254 nm) for 1.5 hours. This procedure removes and inactivates popsi
ble contaminating modern DNA (Cone and Fairfax, 1993), which may persist on the surfaoes of
the samples due to excavation, collection, and transportation. The samples were powdered in.p
mixer mill (Retsch Typ MM2), aliquots of 304 mg bone powder were mixed thoroughly with 1.5
mi 0.5 M EDTA (pH 8.3), and constantly shaken for 48 hours at room temperature, After &
centrifugation for 5 min. in a bench top centrifuge (Eppendorf 5415C) at 5000 rpm the
supernatants were transferred to an automated nucleic acid extractor (GenePure Type 341A,
Applied Biosystems). which reduces the risk of contamination due to laboratory handling to a
minimum.
DNA extraction
- The automated extraction started with a proteinase K digestion (0.5 ml, 20 mg/ ml). The
incubation was carried out at 56 for 1 hour. The following phenol and chloroform extractions:
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were carried out with standard parameters (Sumbrook et wf., 1989). The DNA was concentrated
by binding to a silica powder (glass milk. Dianova) (Painar, 1994) in presence of sopropanol
and sodium acetate (2.0 M. pH 4.5). The DNA, silica complexes were collected on filtration
membranes (Applied Biosystemns), and washed with 80% ethanal. Finally, the DNA samples
were eluted manually from the silica beads with 530 ul sterile water (Ampuwa, Fresenius).
Polymerase Chain Reaction

Primers used for amplification are Amel A (S—CCC TGG GCT CTG TAA AGA ATA
GTG-3) and Amel B (5—ATC AGA GCT TAA ACT GGG AAG CTG-3'). These primers
flank a homologue. length polymorphic sequence vn intron 1 of the sex chromosomes, resulting
in 106 bp and 112 bp PCR products from the X and Y chromosomes, respectively (Mannucci et
al., 1994). Biphasic booster PCR. amplifications (Ruano et ul., 1989) were carried out in 50 ul
reaction mixes. The stage [ PCR muxes consisted of 10 mi™M Tris— HCI (pH 8.0) (Gene Amp 10 x
PCR buffer, Perkin Elmer Cetus). 50 mM KCl (Gene Amp 10> PCR buffer, Perkin Elmer
Cetus), 1.5 mM MgCl. (Perkin Elmer Cetus). 175 mM each dNTP (Boehringer), 0.1 @M each

‘primer (Synthesis by Applied Biosystems). and 2 pl aDNA. For the modern control samples 0.5
¢l DNA was employed, while the no templ:ltle controls contained no DMNA. The reaction mixes
were filled to 50 @t with Ampuwa (Fresenius). The PCR reactions started with an initial
denaturation (5 min. 30 sec. at 94T ). during this time I U Tag DNA polymerase (AmpliTag,
Perkin Elmer Cetus) was added (Hot start, Ruano ef uf., 1991). The amplification was carried
out in a Thermal Cycler (TC'!. Perkin Elmer Cetus). The 35 amptlification cycles consisted of |
min. at 94, 30 sec. at 57C and 1 min. at 72¢C .

Suppliers of the reaction reagents of stage I PCR were the same as for stage T PCR. The
stage I PCR mixes consisted of 10 mM Tris— HCI (pH 8.9). 50mM KCl, 1.5 mM MgCl,, 175
mM each dNTP, 0.14 uM each primer, 1.5 U Tag DNA Polymarase. The reaction mixes were
filled with Ampuwa (Fresenius) 1o the 50 gl reaction volume. During the initial denaturation
time 5 ul of stage I PCR products were added. The 35 amplification cycles of stage II PCR
were as followed: I min. at 947, 30 sec. at 567, and 1 min. at 72 '

DNA Analysis

' PCR products were separated by non—denaturing 4% polyacrylamide gel (PAA)
electrophoresis (29:1 aecrylamide/ bisacrylamide. Biometra). The electrophoresis were per-
formed at 130 V for 17 hours in 16 x 20x 0.1 cm vertical electrophoresis chambers (Maxigel;
Biometra). The gels were stained with 0.1% aquous SYBR Green 1 nucleic acid gel staining SO~
lution (Mo Bi Tec) for 30 min. Documentation of the PAA—gels was done with Polaroid film
667 on a 254 mn UV transilluminator {Bachoter) using an orange filter.

Results and Discussion

After the automated DNA extraction all ancient samples could be amplified successfully al-
though exhibiting a lower frequency of successful PCR amplification Than modern samples. The
reliability of the results was tested by repeating the amplification procedure several times (cf.

h i

|
|
i

e U —
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Table 2). The control samples always exhibited the expected results. The female sample revealed
a single 106 bp band, the male sample revealed 106 and 112 bp bands. The no template control
samples regularly contained no PCR products. '

Reproducibly, the ancient samples CGP2 and DDW3 showed single 106 bp bands only. Al-
so reproducibly, the ancient sample XWG3 always exhibited the 106/ 112 bp bands doublet
(Fig. 2). In contrast, XW(G2 revealed three different PCR products: a single 106 bp band, a sin-
gle 112 bp band and a 106/ 112 bp band doublet (Fig.3).

Table2 Frequency of successful PCR amplifications

MNo.of PCRs Wo ofsuccessful PCRs
modern male 14 14
madern Temale 14 14
XwWG2 13 3
XWG3 b 4
¢ DDW3 ) 2
CGP2 & 2

Duc to aDNA decomposition and meodification, ancient samples provide only small
amounts of intact template DNA. Moreover. aDNA samples may contain some PCR inhibitors
from soil compounds. Due to this and in correspondence with amplification results of other
bone and teeth series, an amplification failure may occur tor one of the allels as found in
XWG2, Finally, one has to take into daccount the possibility of occasional contaminations in la-
boratory disposables which can also lead to artifact amphfication results {Schmidt er al., 1995).
Therefore, it is neccessary to prove results by repeating the PCR amplification as demonstrated.

On this basis a sex identification is possible for ail samples which are more than 5000 years
old. Because the Y—chromosomal sequence (112 bp) was present in XWG2 and XWG3, they
could be determined as male individuals. The occurance of only 106 bp bands in CGP2 and
DD W3 indicate for female individuals. To achieve a sound sex determination for these individ-
uals too, it would however be necressary to oblain at Jeust one or rwo further confirming ampli-
fication results,
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