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Summary. Dental  pulp tissue could be obtained in most 
cases from materials obtained under experimental condi- 
tions and from forensic casework (air accidents, burned 
and putrefied bodies). Teeth extracted during dental 
t reatment (n = 30) were stored for 6 weeks and 4 years at 
room temperature.  In addition teeth (n = 10) extracted 
from jaw fragments that had been stored for 15 years at 
room temperature, and teeth extracted post mortem from 
actual identification cases (n = 8) were investigated. Fol- 
lowing extraction from dental pulp tissue the D N A  con- 
centration was measured by fluorometry. The amount of 
D N A  obtained from the dental pulp tissue of a single 
tooth varied from 6 gg to 50 gg DNA. In most cases high 
molecular weight D N A  was still present although the 
major portion consisted of degraded DNA. Genomic dot 
blot hybridization for sex determination using the bio- 
tinylated repetitive DNA probe pHY 2.1 was performed 
and sex was correctly classified in all cases using 50-100 
ng target DNA. PCR typing of the H L A - D Q a  and ApoB 
3' VNTR systems from dental pulp tissue DNA was in 
agreement with the results obtained from blood, blood- 
stains, or lung tissue. In addition, Southern blot analysis 
of selected samples using the single locus VNTR probe 
pYNH24 was successfully performed. In all cases the 
D N A  recovered from dental pulp was unsuitable for 
multilocus probe analysis. 
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Zusammenfassung. Zur Untersuchung gelangten anlfig- 
lich einer Zahnbehandlung extrahierte Zfihne nach einer 
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Liegezeit bei Raumtemperatur  von 6 Wochen (n = 20) 
bis zu 4 Jahren (n = 10) sowie postmortem extrahierte 
Z~hne von aktuellen Identifikationsf~illen (n = 8) und el- 
nero Flugzeugabsturz des Jahres 1976 (n = 10). Die Zahn- 
pulpa wurde pr~ipariert und eine DNA Extraktion vorge- 
nommen. Die Ausbeute betrug 6 gg bis 50 gg D N A  pro 
Zahn. In den meisten F~illen war neben degradierter 
D N A  noch hochmolekulare DNA vorhanden. Die Ge- 
schlechtsbestimmung erfolgte durch Dot-Hybridisierung 
mit der biotinylierten repetitiven DNA-Sonde pHY 2.1. 
In allen Ffillen konnte das Geschlecht mit 50-100ng 
Ziel-DNA zutreffend bestimmt werden. An genetischen 
Markern nach DNA-Amplifikation durch PCR erfolgte 
eine Typisierung der H L A - D Q a  und ApoB 3' VNTR 
Merkmale. Die Resultate zeigten l]bereinstimmung mit 
den Genotypen,  die an Blut, Blutspuren oder Lungenge- 
webe ermittelt wurden. Southern Blot-Analysen mit Mi- 
nisatelliten-DNA-Sonden ergaben auswertbare Resul- 
tate mit der Einzellocus-Sonde pYNH24, wfihrend eine 
Multilocus-Sonden-Hybridisierung der aus den Zahn- 
pulpen isolierten DNA nicht gelang. 

Schliisselwgrter: Identifikation -Forensische Odontolo- 
gie - Zahnpulpa - Geschlechtsbesfimmung - DNA - 
PCR - H L A D Q a  Typisierung - ApoB 3' - VNTR-Typi- 
sierung 

Introduction 

Forensic odontological examination is the primary means 
of identification in situations where exposure, time elapsed 
since death and destruction of the body (fire, explosion 
etc.) has made other means of identification impossible, 
but it does have its limitations e.g. when the remains are 
fragmented and only small portions of jaw bearing teeth 
can be recovered. Under  experimental conditions and 
from actual forensic cases (air accidents, burned and 
putrefied bodies) it was observed that dental pulp tissue 
could be extracted in most cases [20, 21]. Dental  pulp 
consists of a "stromal" tissue containing nerves, blood 
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and l y m p h  vessels.  The  pu lpa  cells are  i r regu la r ly  s te l la te  
in shape  and con ta in  a va r i ab ly  p l aced  nucleus.  The re -  
fore  den ta l  pu lp  t issue is an i m p o r t a n t  ma te r i a l  for  iden-  
t i f icat ion by: A B O  b l o o d  typing,  GC-sub typ ing ,  sex de-  
t e rmina t ion  and  con f i rma t ion  of  gene t ic  m a r k e r s  such as 
the  HLA-DQc~  type  or  d e t e r m i n a t i o n  of  p o l y m o r p h i c  
m a r k e r  systems such as the  apo  B 3' V N T R  p o l y m o r -  
phism.  I t  is poss ib le  to  ident i fy  sex in h u m a n  t issues,  
b loods ta ins  and  pu lpa l  cells for  up to one  yea r  by  the  de- 
tec t ion  of  f luorescen t  Y - c h r o m o s o m e s  in in t e rphase  nu- 
clei af ter  s ta ining with quinacr ine  d ihyd roch lo r ide  [3, 9, 
10, 27, 28, 29, 30, 32]. R e c e n t  advances  in mo lecu l a r  b io-  
logy m e t h o d s  have  s ignif icant ly inc reased  the  abi l i ty  to 
de tec t  gene t ic  m a r k e r s  and  var ia t ions  at  the  genomic  
level  for  forensic  pu rposes  [see 22]. 

Appl ica t ion  of D N A  techniques in forensic odonto logy  
m a y  offer  a new tool  when  iden t i f i ca t ion  by  usual  foren-  
sic means  fails due  to effects of  hea t ,  t r a u m a  or  au to ly t ic  
processes  [12]. 

Materials and methods 

Samples. Teeth were obtained from patients of oral surgeons (n = 
30) and stored at room temperature for 6 weeks (n = 20) and 4 
years (n = 10). Sterile gauze pads with the patients' blood obtained 
during dental treatment were used as references. From actual 
forensic identification cases (burned corpses; n = 3 ,  putrefied 
bodies; n = 2 and high impact crashes; n = 3) teeth were extracted 
at autopsy, and blood or lung tissue was also obtained. Teeth (n = 
10) were extracted from jaw fragments collected after an air acci- 
dent in 1976 and which had been stored at room temperature for 
15 years. Only information on the sex of the individuals was avail- 
able in these cases. 

Sample preparation and character&ation. The teeth were cut and 
the contents of the dental cavities were scraped out with a scaler. 
DNA extraction from dental pulp was performed using previously 
described methods for tissue specimens [11, 16, 26]. Ethanol-pre- 
cipitated DNA was resuspended in 100 gl TE buffer. The DNA 
concentration was measured by fluorometry using Hoechst dye 
33258 [15]. Electrophoresis was performed on a 0,9% agarose gel 
in TBE buffer (0.089M TrisHC1, 0.089M borate, 2raM EDTA 
pHS) at 1.5 V/cm. 

Sex determination by dot hybridization. The DNA probe pHY2.1 
(DY Z 2; kindly provided by T. Cremer, Institut fftr Humangene- 
tik, Universit~it Heidelberg) [8, 25] was labeled by nick translation 
with biotin-dUTP (Enzo, Neckargemiind, FRG) according to the 
manufacturer's instructions. Labeled probe was separated from 
the reaction mixture using spin columns with Sephadex G50 in 
40 mM Tris-HC1, 1 mM EDTA, 0,1% SDS pH 8 (Sigma, Mtinchen, 
rRG).  

For hybridization, 3 pl of resuspended DNA in rYE (containing 
about 50-100 ng DNA) were heated to 95°C, chilled on ice, dotted 
in duplicate on 2 different Immobilon N membranes (Millipore, 
Eschborn, FRG) and fixed to the filters for l h  at 80°C. The mem- 
branes were prehybridized for 30rain at 65°C in 10ml tubes con- 
taining SSCM [6 × SSC, 0,7% (w/v) non-fat milk (Gliacksklee, 
Hamburg, FRG)] and hybridization was performed under high 
stringency conditions. The filters were incubated for at least 12 rain 
at 72°C followed by an overnight hybridization at 42°C, but shorter 
hybridization times (4 h) were also found to be successful. After 
hybridization filters were rinsed with 2 × SSC containing 1% SDS 
(v/v) at room temperature, followed by a 10 rain wash at 56°C in 
2 × SSC, 0,1% SDS (v/v) and 2 × 10rain at 40°C in 2 × SSC 0,1% 
SDS (v/v) with slight agitation. Due to the stringency of the wash- 
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ing procedure it was necessary to incubate for 20 min at 45°C in 
SSCM to avoid background staining. 

For detection the filters were briefly rinsed in 0.1M Tris-HC1 
pH 7.5, 0.15 M NaC1, followed by incubation with streptavidin-al- 
kaline-phosphatase-conjugate (1:1000) (Dakopatts, Hamburg, 
FRG) for 20min at room temperature. The membranes were 
washed in 0.1M Tris-HC1 pH 7.5, 0.15 M NaC1. After a 5 rain wash 
in 0.1M Tris-HC1 p H 9.5, 0.1M NaC1, 0.005 M MgC12 the filters 
were applied to a staining gel containing 5-bromo-4-chloro-3-in- 
dolylphosphate (BCIP) as substrate according to Pflug [19]. After 
1 hour the coloured dots were examined. 

HLA-DQa typing. DNA amplification was performed by PCR ac- 
cording to the protocol of the supplier (Ampli Type TM HLA-DQcL 
Kit, Perkin Elmer-Cetus, Emeryville, USA). The temperature 
program for all samples was denaturing at 90°C for 60 s, annealing 
at 55°C for 30s and primer extension at 67°C for 30s over 40 cy- 
cles. DNA was amplified in the presence of 5% formamide to 
avoid "drop out" of DQa alleles or total amplification failure [7]. 

Typing of the ApoB 3' VNTR polymorphism. The extracted DNA 
samples were subjected to microdialysis (VSWP 02500 filter discs, 
Millipore, Eschborn, FRG) prior to PCR amplification. Aliquots 
containing 80-100 ng DNA were used as substrate for PCR. The 
DNA was amplified in a final volume of 100 ~tl containing 25 pmol 
of each primer (5'-ATG GAA ACG GAG A A A  TTA TG-3'; 5'- 
CCT TCT CAC TTG GCA AAT AC-3'), 1.5mM MgC12, 50mM 
KC1. After an initial denaturation step of 4rain at 94°C, 2UTaq 
polymerase (Boehringer, Mannheim, FRG) was added and 26 cy- 
cles with the following temperature program were carried out: 45 s 
denaturation at 94°C, annealing and extension at 58°C for 6 min 
according to Boerwinkle et al [2]. The amplified DNA sequences 
were separated by high resolution discontinous electrophoresis on 
polyacrylamide gels [1] followed by silver staining [23]. 

Southern blot analysis. Dental pulp and bloodstain DNA (2-5 gg) 
from selected samples were digested with the restriction enzyme 
Hinf I (New England Biolabs, Schwalbach, FRG) and separated in 
a 0.7% agarose gel in TBE buffer. Southern blotting, hybridiza- 
tion and radioactive detection of minisatellite polymorphisms with 
the 32p-labelled DNA probes pYNH24 [18] and MZ 1.3 [24] were 
carried out under standard conditions as described [18, 24]. 

Results 

In the  p re sen t  s tudy the  to ta l  y ie ld  of  D N A  o b t a i n e d  
f rom a single t oo th  va r i ed  f rom 6 gg to 50 pg D N A .  The  
ma jo r  po r t i on  was d e g r a d e d  D N A ,  and a s t rong smea r  
of  low mo lecu l a r  weight  nucleic  acid  was visible in the  
e l e c t r o p h o r o g r a m s .  The  yie ld  of  D N A  did no t  d e p e n d  
on the  type  of  too th ,  age or  sex of  the  donor .  T h e r e  was 
no signif icant  inf luence  of  s to rage  condi t ions  or  t ime 
pe r iods  ev ident .  

F i l te r  hybr id i sa t ion  with b io t iny la ted  D Y Z 2  (pHY2.1 )  
could  de tec t  a b o u t  20 pg of  h o m o l o g o u s  D N A .  W h e n  
pe r fo rming  gene t ic  do t  hybr id i sa t ion  using 5 0 - 1 0 0 n g  
t a rge t  D N A ,  the sex was cor rec t ly  classif ied in all cases. 
H u m a n  female  D N A  gave no  signal  af ter  one  hour  de- 
v e l o p m e n t  wi th  the  BCIP- s t a in ing  gel  u n d e r  the  strin- 
gent  e x p e r i m e n t a l  condi t ions  desc r ibed  above .  In  some  
cases add i t iona l  con t ro l  e x p e r i m e n t s  were  p e r f o r m e d  as 
fol lows:  a f te r  H a e I I I  d iges t ion  and agarose  gel  e lec t ro-  
phores i s  of  male  D N A  a 2.12 K b  f r agmen t  could  be  de-  
t ec t ed  [8, 25]. 

H L A - D Q a  typ ing  could  be  p e r f o r m e d  in all cases and 
the  resul ts  were  in a g r e e m e n t  wi th  the  g e n o t y p e  ob- 



L. P6tsch et al.: D N A  from dental pulp 

Table 1. Materials investigated 

Material Exposure conditions Reference 
prior preparat ion of samples 
dental pulp 

Teeth obtained from 
dental t rea tment  
(n : 30) 

Molars: n = 18 
Premolars: n = 12 

Male: n = 15 
Female: n = 15 

Room temperature  Bloodstains 
6 weeks (n = 20) on gauze pads 

Room temperature  
4 years (n = 10) 

Teeth  obtained from 
jaw fragments 
(airplane accident 
in 1976) (n = 10) 

Molars: n = 4 
Premolars: n = 3 
Incisors: n = 3 

Male: n = 6 
Female: n = 4 

Room temperature  Forensic 
15 years (n = 10) identification 

(1976) 

Teeth  obtained from Burned corpses Blood 
actual forensic (n = 3) 
identification cases 

Putrefied bodies Lung tissue 
(n : 8) (n : 2) 

Molars: n --- 5 
Premolars: n = 2 High impact crashes Blood 

Incisors: n = 1 (n = 3) 

Male: n = 6 
Female: n = 2 

Person 
A~ > B 1> C I> D2> 100 bp 

ladder 

141 

Alleles 

63" 39 
133' 37 
133" 35 

900 bp 

800 bp 

Fig. 2. Amplification products of the ApoB 3' VNTR locus from 
genomic D N A  of 15-year-old teeth. 1) incisor pulp 2) molar tooth 
pulp 
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Fig. 1. A Comparison of the H L A - D Q a  genotype of PCR amplified 
genomic D N A  from dental pulp and the result obtained from the 
corresponding bloodstain on gauze pad. Extracted tooth and 
bloodstain had been stored at room temperature  for 4 years. B Re- 
suits of H L A - D Q a  typing from dental pulp and blood. Postmor- 
tem extracted tooth (premolar) from forensic casework (high im- 
pact crash); blood taken at autopsy 

4 . 3  

2 .3  
Fig. 3. Comparison of the 
pYNH24 fragment patterns from 
dental pulp (lane 2) and blood 
stain (lane 3) of the same indi- 
vidual. Molar tooth stored at room 
temperature for 4 years. Lane 1: 
molecular weight marker  

t a i n e d  f r o m  t h e  b l o o d s t a i n  o r  l u n g  t i s s u e  as f a r  as  ava i l -  
a b l e  (Fig .  1). A p o  B 3 '  V N T R  a m p l i f i c a t i o n  w a s  a l so  
c a r r i e d  o u t  success fu l ly .  P C R  r e s u l t s  o b t a i n e d  f r o m  D N A  
e x t r a c t e d  f r o m  d e n t a l  p u l p  d i d  n o t  s h o w  a n y  d i f f e r e n c e s  
w h e n  c o m p a r e d  w i t h  t h e  b a n d  p a t t e r n s  o b t a i n e d  f r o m  
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DNA isolated from corresponding bloodstains or lung 
tissue as far as available (Fig. 2). Southern blot analysis 
of selected samples of DNA recovered from dental pulp 
and bloodstains using the single locus probe pYNH24 
was successfully performed (Fig. 3) while hybridization 
with the multilocus probe MZ1.3 failed in these cases 
(not shown). 

Discussion 

Dental pulp tissue is well protected in the pulp cavity as 
long as the teeth are firmly fixed to the alveolar bones. 
When teeth were extracted and stored at room tempera- 
ture a rapid dehydration of pulp tissue was seen [20, 21]. 
This desiccation is considered to be an explanation for 
the surprisingly good integrity of the recovered DNA in 
most cases as necrotic and/or putrefactive processes are 
stopped as the tissue dries. Duffy et al. [11] fount that 
sex chromatins (both Barr bodies and F-bodies) are pre- 
served in dehydrated human pulp for up to one year. 

We observed that when the alveolar sockets are 
loosened and the microenvironment keeps the teeth moist 
pulp will putrefy but when the environment allows the 
pulp to mummify, DNA can be extracted and the quality 
is sufficient for PCR analysis and VNTR systems. It may 
even be applied to RFLP analysis using single locus 
probes. 

DNA could be obtained from the pulp tissue of teeth 
in jaw fragments which had been stored for 15 years and 
sex was determined in all cases. These results indicate 
that the use of dental pulp as a source of DNA may solve 
problems of identification that occur in forensic case 
work. Thus sex determination from the skeletal remains 
of children or preadolescents, which is extremely dif- 
ficult and uncertain, should be possible when dental pulp 
tissue is available [13]. For sex determination a simple 
hybridisation protocol such as a dot-blot assay can be 
used [14]. In this technique DNA samples are applied to 
filter supports without previous treatment. The DNA 
probe pHY2.1 hybridizes to repetitive DNA sequences 
from the distal long arm of the Y chromosome, its quin- 
acrine bright region, which has previously proved useful 
for the detection of Y chromosomal material [8]. This 
probe hybridizes to about 2000 copies of the DNA se- 
quence and can therefore be easily visualised. An addi- 
tional 100-200 copies are also present in the female 
genome which should not be detected under the strin- 
gent hybridization and washing conditions as shown by 
in situ hybridization [6]. However when high concentra- 
tions of target DNA (> 1 ~tg) were used for dot hybrid- 
ization, weak signals from female DNA could be ob- 
served. For forensic application, it seems appropriate to 
determine the quantity of extracted DNA prior to dot 
hybridization for sex determination. 

Fluorometric or spectrophotometric methods often 
give an overestimation of the DNA yield. It would be 
desirable to have a method to quantitate the exact pro- 
portion of human genomic DNA in a forensic specimen 
of unknown composition (e.g. a mixture of fungal, bac- 
terial and human DNA). Waye et al. [31] suggested a 

method using a dilution series in a slot blot assay and 
subsequent hybridization with a human-specific DNA 
probe. However this method does not seem to be appro- 
priate for forensic case work since a considerable amount 
of stain material is used and is not available for further 
analysis e.g. for VNTR probes. In our experience, the 
dot blot hybridization for sex determination after fluoro- 
metry provides an estimate of the concentration of hu- 
man genomic DNA. By limiting the amount of DNA 
used for dot blot analysis to a maximum of 50-100 ng it 
is possible to avoid false positive signals. We did not ob- 
serve the effect that 50-100ng degraded female DNA 
applied to the membrane gave a weak signal equivalent 
to the probe reacting with 100-200 copies of female 
DYZ2 DNA 2.1 fragments under the experimental con- 
ditions described above. The results demonstrate that an 
unknown amount of genomic DNA (less than 100 ng), as 
is often present in routine forensic case work, is suitable 
for sex typing by dot blot down to the single cell level 
(25 pg DNA) as shown by chromosomal in situ hybrid- 
ization [6, 8]. This procedure is recommended as an ad- 
ditional simple intermediate control step for DNA ob- 
tained from a stain retrieved from a scene of crime. 

Southern blot analysis of selected samples showing 
less degradation of the DNA obtained from dental pulp 
tissue after agarose gel electrophoresis was successfully 
performed using the single locus probe pYNH24. These 
findings confirm the study of Schwartz et al. [26], who 
recently reported an excellent success rate for RFLP 
analysis on DNA isolated from dental pulp tissue. 

The use of PCR-based techniques is of increasing im- 
portance for post mortem DNA analysis in forensic case. 
Virtually any defined short DNA sequence can poten- 
tially be analysed easily and rapidly using the polymerase 
chain reaction (PCR) [5, 17]. In the present study we 
have shown that PCR-based analysis of the HLA-DQa  
and the ApoB 3' VNTR loci can be performed success- 
fully with DNA extracted from dental pulp tissue. The 
results were consistent with the genotype and band pat- 
terns obtained from blood or lung tissue. In addition the 
investigation of different genetic markers and the appli- 
cation of AMP-FLP systems [4] may help to identify a 
person in cases where identity cannot be determined by 
personal items, individual marks or by forensic odon- 
tological means. As it was found that dental pulp tissue 
provided valuable data even after long time periods, we 
conclude that the application of DNA-techniques may 
also be useful for potential identification of human re- 
mains, as long as relatives of the person in question (so- 
called reversed paternity testing) are still available. 
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