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MFEFEBEAATEEPERE & DNA, 3R 4B K (PCR) B ARy #
B X-Y R RERNREERA B (Amelogenin Gene), HT VN EBERNFBREKER
FHMNEAY. MM AH{CASAT HRE TS FEYFENNEE.

XA #1¢ DNA, Amelogenin #H, BA&MELIRN, HNLEE

EILER, MES TAYEFEERNE VRS, BB ZHRNETHXNE R
ZEHREE. CLELEHFREYIERRBEH T URERBREY R DNA (Herrmann
and Hummel, 1993), %R ARufi 3 & 18 DNA BB FTIRE. B0 THEZRA S
F # B35 R LB %0 18 DNA (Higuchi et al.. 1984; Pidbo, 1984; Arnemann ef al.,
1986), (Hlt TAMIRIE G 092 FRIEM, FoRESARRME RN, MW i —5 8 DNA 4
WLEXE#HIT. BREMEAARE (PCR) &4 Y1 DNA AR E Y., IHELR
DNA g4 2 ¢ 7 H A8 gy T (Puibo er al., 1989; Hagelberg et al., 1989; Hummel
and Herrmann, 1991). HHi& WL DNA BHIE TIEE Lk ik DNA RRAEE 7
PB4 M A% DNA, BV 55089 B3 A FLT DNA BIZRE, SR T 803 01 sl 4% 0 &9
Tt DNA R B EHOEKRE % PCR ¥ 347183 (Salo eral, 1994). AR T D EM
P EF AR ST A% R LAY Amelogenin ZEH R B,

Amelogenin 2—MEAR, S5FHEAFMX. RBZEARPERARMLTX MY #
PR EE LA —x R EFY) (Nakahoriet al., 1991; Bailey et al., 1992), RHAR[E Y 1
RERR, B AIUCASE A b 3 it R I K (0% 5B A BUF 5 (Nakahor et al., 1991;
Akane et al., 1991,1992; Mannucci et al., 1994), B F &1t DNA #IFEm, H4FRE—
AR ILA MEES. HERAIF A Mannuci £ A58 FERN, ¥ RSE0NEEAE B
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(106/ 112bp)., EEEMNE, ZUMERNTYEEHNZENE, THITHENEE, €
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1 # e

IMNEBRA—BOF R B HEF AR AR (F D, SHBREAN—BHES
SKARAS A 2 M

%1 FBF DNARBBRERE

& 5 A TR A B 4 F R

XWG?2 P8 328 o5 AR R 5000—7 000 4 (FkIRIFE. 1984)
XWG3 e =gy T £ 5000—7 000 4F (BkIRAREE, 1984)
DDW3 i &=k HA KM 5600—5900 £ (FREHTE, 1994)
CGP2 THEZAK HHRETHR 7800—9 800 &F (JL EAE%, 1984)

1 DNA W 2Z 61, &AM REPREMTAHSF BHUE (H1). B4HHA
HHBREREBYE, NEARMEENMEDRBERL. B4WATHRRAARAERTE,
AEINFMRFELOER (B 1FLIR)., FHRE T, TRIEZEILR
HTFEMTFHREAGRRENHAL, AHEERDENKRBENE, SHERARLE, F
75T H P i g0 M HLIASE S (9 B 9 % it B A 4492 2% (Herrmann and Hummel, 1993;
Lassen et al., 1994), B3k DNA FER =R M: SHAK, SNEHEMBEEHEKR, F
% DNA I8 T 5 86 i 40 A 20 5 B AR B 4 A

A1 A XWG3 BAHAY F BHEMA (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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FRIDMGFHRAMT ERERY, £40E 254nm) B 150K XS REEH
BRE. WE BEABRPERMILK DNA Y (Cone and Fairfax, 1993). R EH#H1x
AFFEE R K, R 300 ZE W, T 1.5m10.5M EDTA (pHS8.3) %W, 48 Pt ERT
MM, REYIRSRE, AMBERREEBFHITNE, FEBELPHANLS
BRER., BORLELER, HEERA 3R R (GenePure Type 341, Applied
Biosystems).

2.2 DNA RE

RESEFEELBFES, ISR ERH, RUBHRATREERN TSR
B, FELR: HE#TEAEK HL: RSRABRMES DNA BBES HR4 DNA
(Sambrook et al., 1989); EZRXMMLMHAFET, VIRKNZ4EH DNA 4 FRHET
/N BTk b (glass milk, Dianova), 338, AZBEUEREE KN DNA B #%, BEBRT
504l B % FK (Ampuwa, Fresenius), BEEY, f DNA B EHBH T LER,
B.118 DNA #E#E.

23 EEMEARE (PCR)

L8 28 DNA BB P8 DNA S B ERM. RARSCHHEIREER, YUY HEMT
WERERFF ZEHK DNA R B . ALRFAAXIIWFET N Amel A (5~CCC TGG
GCT CTG TAA AGA ATA GTG-3") 1 AmelB (5~-ATC AGA GCT TAA ACT GGG
AAG CTG-3'). Xx5|¥ ARty # XY ek E—RE¥WHFES, B Amelogenin 3 H #
FE—WETEEREBE 106bp (X Betafk) # 112bp (Y Fefa{k) (Mannucci et al., 1994),
VHRMRARWANBE PCR ¥ (Ruano et al., 1989), 7E 50p1 % RiiR A W o 317,
E—HENMPCRENBEARMT: 10mM TrissHCL (pHS8.0), S0mM KCL (Gene
Amp 10x PCR buffer, Perkin Elmer Cetus), 1.5mM MgCl, (Perkin Elmer Cetus) ,
175mM % f dNTP (Boehringer), 0.1#M ®##5|% (Applied Biosystems) # 2ul % X
DNA B 5% 0.541 B X DNA #REH#, ﬁ)’E‘:JJHA-ZH?K (Ampuwa) 2 50pl. BB
TR 5508k 30 B 94C mamam (Ruano et al., 1991), HAEMA 1 #4789 Taq DNA K
48 (AmpliTaq, Perkin Elmer Cetus). ¥ 3 R A MREH # (TCL, Perkin Elmer
Cetus) FRFT: 1498 94CHREN, 308 57CIB A, 146 RCEMRRL, 35 M HRE
B, FMBEWYTHMENEBEES —PrEEM 3T, RREBASEERMR, 519K 5EH
E 0.144M, TaqDNA EH48 1.5 M40, #5H8 SUDNA BBRE—H B PCR =
Y, ERETFHEABRBHPRBEMA. 35 MR 155 94CHREK, 308 S6CIR
K, 1558 2CEMER. RREFEHWHHT ACHEE.

2.4 DNA 517

*f PCR =91 #17 14% B HRFNBB R BB K2 B 2. BIKE 16x20x%

0.lcm WEHEE (Biometra) H 1T, Fme K 130V, #iktfE 17 /had., BEERAE
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0.1%14 SYBR Greenl B ¥e B %W (Mo Bi Tec) #4ufs 30 40405, 254nm E4h 6% 5

FAHMOC R,

3 %R M

4 AN SRR A DNA 48 BB #F8E U b #E /T PCR Ui R Rz, RBE R RH 2 R
BETFIHAAA, BEAABE EHEFEESE (£2). RS ERZBIBHMLER
(B 2), &t (F) BR$—1 106bp &4, Bd (M) R 106bp F1 112bp B4 55
FSEME (X) WA PCR =4, RUEPCR LREBAEPEEHRERFAML, hTY ¥
REEMEESE, AKX DNA BRASERENER, Bk ST S A SR

i DNA WFFEE.
M MmN
>
> 08355
Nw=%x004d

B 2 54 XWG2, DDW3 1 CGP2 & PCR
2 P BRI P Tk A T

Electrophoretic separation of PCR products.
7ul of the amplification products were loaded on a
non—denaturating 14% Polyacrylamide gel, run at
130V for 17 hours, and stained with a 0.1% SYBR
GREEN 1. solution. The X-Y homologous
amelogeriin gene sequences were amplified from the
ancient samples XWG3 (106/ 112bp), DDW3
(106bp), CGP2 (106bp) and modern samples M
(106/ 112bp) and F (112bp). No products were
detectable in the no template control(X). The LS V
DNA ladder {Boehringer) was used as molecular
weight standard

&3 FRA XWG2 /8 3 #A R PCR =4
B HiL T A

Electrorephoretic separation of amplification
products {841) 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

£2 PCRYUHMENEZR

ROA PCR BR¥ PCR szhik ¥
BB 14 14
R L 14 14
XWG2 13 3
XWG3 6 4
DDW3 6 2
CGP2 2
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#iZ& CGP2 fl DDW3 ¥ 5 R $—# 106bp &4; A& XWG3 ER 106bp F 112bp
ALY (B 2); 4 XWG2 MH I 3 #HAFERK PCR &R B —# 106bp; #£—&
112bp; #1106/ 112bp WA&H (H 3).

BT DNA 8B, HRBRARNERBESREHTEERDNA;, 5—FE, B
BARAM T RO ZEEAEOEE, TESHELIRABAXRIEMMHET, mh®
haWE, ATEA—WRFEASEEET MR EHAEPEBOAS, FERRY
PCR Z#. A XWG2 IR TXMFEAR. Fid, HRARTRAMRBLTETER
LR (Schmidt et al., 1995), BtH LESHEH B, SWESTLRER. RN
YR B 4T DNA FER 052 L A

BEM LR, 4 MHERBEBRAREHITENHEERTRY. BT Y REERE
B (112bp) 4 WEH AT HE XWG2 M1 XWG3, NHHE SNy BEAME B—
B X R A AFEFS (106bp) 4 HEXR HI THi4d CGP2 I DDW3, BrRTH LM
ME.
EHALREWRY, BIRMBZ AR ERMTE, HERANESESEHTER
MR RS SPT RE XE, MHILZ T, ﬁ?i%%ﬁ&ﬁﬁﬁﬁ%ﬁ@ﬁ,tﬁﬂﬁﬁ
DNA W& EIEE, #Efﬁfﬁ%és%@ﬁWﬁ/\é@ﬁﬁﬁﬁﬂmﬁﬂm&ﬁ%ﬁm‘?
B,

A 058 TS BIRER F B AR R BB EB T, ?Eﬁﬁﬁﬁkﬁﬁﬁ%%ﬁﬁ
DNA LREFR. KRIRAH KRR, AT u%i%ﬁ,ﬁkﬁﬁﬁﬁ

2 % XM
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ANCIENT DNA EXTRACTION FROM NEOLITHIC HUMAN
SKELETAL REMAINS AND PCR BASED AMPLIFICATION
OF THE X-Y HOMOLOGOUS AMELOGENIN GENE

ZH AQ Lingxia' Susanne Hummel? Cadja Lassen?® Bernd Herrmann?
(1. Institute of Vertebraie Paleontology and Paleoanthropolgy. Chinese Academy of Sciences, 100044 Beijing, China

2. Institut fur Anthropologie, Universitdt Gottingen, 37073 Gottingen, 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 research there were attempts
to study aDNA by molecular cloning (Higuchi er al., 1984; Pasbo, 1984, Armnemann et al.,
1986). But due to postmortem 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 (Paibo et al., 1989; Hagelberg et al,, 1989; Hummel and Herrmann, 1991). Initially,
most of the aDNA studies concentrated on mitochondrial DNA or repetitive nuclear DNA, be-
cause the high copy numbers of target DNA facilitates its retrieval. However, the amplification
of single and low copy DNA fragments had already been demonstrated (Sald etal., 1994).'

In the present study, we demonstrate the amplification of the nuclear single copy
Amelogenin gene from Neolithic human skeletal material excavated m China.

The Amelogenin gene is a X—Y homologous gene related to tooth development (Nakahori
et al., 1991; Bailey et al., 1992). From contemporary 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 primer system which amplifies short segments of 106
basepairs (bp) and 112 bp (Mannucci et al., 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.



BEES: HERHEAR BB RDNAER _
3IM BX - YH 8RB EE 4 B 6 PCRY ¥ * 207+

Materials

Three bone fragments and one tooth were chosen from three Neolithic sites in China (Table
1). Contemporary human bene from a male individual (M) and human saliva from a female in- ~
dividual (F) were included as control samples. .

Table 1 Ancient materials for DNA extraction

No. Anatomical Position Site Age
XWG2 distal femur Xiawanggang, Henan 5000-7000 ys BP
XWG3 distal tibia Xiawanggang, Henan 5000~7000 ys BP
DDW3 . proximal femur Dadiwang, Gansu 5600~ 5900 ys BP
CGP2 lower M3 Chaganpao, Jilin 7800~ 9800 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 bone
structure. The major sources of DNA extracted from bone are three types of cells: osteocytes,
osteoblasts and osteoclasts, the latter two occuring when bone is remodelled.

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

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 al., 1994).

Methods

Preparation of samples for DNA extraction

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 possi-
ble contaminating modern DNA (Cone and Fairfax, 1993), which may persist on the surfaces of
the samples due to excavation, collection, and transportation. The samples were powdered in a
mixer mill (Retsch Typ MM2), aliquots of 300 mg bone powder were mixed thoroughly with 1.5
ml 0.5 M EDTA (pH 8.3), and constantly shaken for 48 hours at room temperature. After a
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 56C for 1 hour. The following phenol and chloroform extractions
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were carried out with standard parameters (Sambrook et al., 1989). The DNA was concentrated
by binding to a silica powder (glass milk, Dianova) (Poinar. 1994) in presence of isopropanol
and sodium acetate (2.0 M, pH 4.5). The DNA/ silica complexes were collected on filtration

~membranes (Applied Biosystems), and washed with 80% ethanol. Finally, the DNA samples
were eluted manually from the silica beads with 50 pl sterile water (Ampuwa, Fresenius). '
Polymerase Chain Reaction '

Primers used for amplification are Amel A (5~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 on 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 al., 1989) were carried out in 50 ul
reaction mixes. The stage I PCR mixes consisted of 10 mM Tris— HCI (pH 8.0) (Gene Amp 10 x
PCR buffer, Perkin Elmer Cetus), 50 mM KCI (Gene Amp 10x PCR buffer, Perkin Elmer
Cetus), 1.5 mM MgCl, (Perkin Elmer Cetus), 175 mM each dNTP (Boehringer), 0.1 uM each
primer (Synthesis by Applied Biosystems), and 2 ul aDNA. For the modern control samples 0.5
ul DNA was employed, while the no template controls contained no DNA. The reaction mixes
were filled to 50 ul with Ampuwa (Fresenius). The PCR reactions started with an initial
denaturation (5 min. 30 sec. at 94C ), during this time 1 U Taq DNA polymerase (AmpliTag,
Perkin Elmer Cetus) was added (Hot start, Ruano er al., 1991). The amplification was carried
out in a Thermal Cycler (TC1, Perkin Elmer Cetus). The 35 amplification cycles consisted of 1
min. at 94C, 30sec. at 57C and 1 min. at 72T .

Suppliers of the reaction reagents of stage 1T PCR were the same as for stage I PCR. The
stage T PCR mixes consisted of 10 mM Tris—HCI (pH 8.0), 50mM KCl, 1.5 mM MgCl,, 175
mM each ANTP, 0.14 uM each primer, 1.5 U Taq DNA Polymarase. The reaction mixes were
filled with Ampuwa (Fresenius) to the 50 ul reaction volume. During the initial denaturation
time 5 ul of stage T PCR products were added. The 35 amplification cycles of stage II PCR
were as followed: 1 min. at 94C, 30sec. at 56C , and 1 min. at 72C.

DNA Analysis ‘

PCR products were separated by non—denaturing 14% polyacrylamide gel (PAA)
electrophoresis (29:1 acrylamide/ bisacrylamide, Biometra). The electrophoresis were per-
formed at 130 V for 17 hours in 16x 20 x 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 (Bachofer) 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.
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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, XWG2 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

No. of PCRs No. of successful PCRs
modern male 14 14
modern female 14 14
XWG2 13 3
XWG3 4
DDW3 2"
CGP2 2

Due to aDNA decomposition and modification, 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 for one of the allels as found in
XWG?2. Finally, one has to take into account the possibility of occasional contaminations in la-
boratory disposables which can also lead to artifact amplification 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 all samples which are more than 5000 years
old. Because the Y—chromosomal sequence (112 bp) was present in XWG2 and XWG3, they
oould be determined as male individuals. The occurance of only 106 bp bands in CGP2 and
DDW3 indicate for female individuals. To achieve a sound sex determination for these individ-
uals too, it would however be neccessary to obtain at least one or two further confirming ampli-

fication resulits.
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