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ABSTRACT: Specimens of human bone, teeth and dried blood 
spots from 3 months to 91 years old, with a variety of postmortem 
histories, were used in a comparative study of recovery of single- 
copy nuclear DNA sequences from forensic material. Sequences 
of the amelogenin and HLA-DPB 1 genes were chosen for their 
value in sexing and identification. Sequences of the mitochondrial 
non-coding region V were also amplified to compare the recovery 
of mitochondrial and single-copy nuclear DNA. A variation of the 
silica method for DNA extraction was refined for application to 
the forensic specimens in this sample. Single-copy nuclear DNA 
was amplified from 100% of recent postoperative bone specimens 
(n = 6), 80% of forensic teeth and bone specimens (n = 10), 78% 
of recently extracted teeth (n = 18), 78% of exhumed bone up to 
91 years old (n = 37) and 69% of 15 year old bone specimens 
fixed in 10% formalin (n = 20). Amelogenin sexing was correct 
in 85% of cases (n = 74) in which the sex of the donor had been 
recorded. There was no correlation between the age of the specimen 
and the extent of DNA preservation. 
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The sensitivity of the PCR technique is well known and its 
effectiveness in forensic analysis is well established (1). Applica- 
tions to a variety of forensically-interesting material, such as hair 
(2), fingernails (3), dried blood (4), wax-embedded tissues (5,6), 
excrement (7), bone (8-11) and teeth (12,13) have been demon- 
strated. Forensic DNA analysis may target nuclear loci (8- 
11,14,15) or mitochondrial DNA (10,12), which occurs in multiple 
copies in the cell. Sequences from functional nuclear genes are a 
difficult target due to their low copy-number, but remain important 
in forensic analysis due to the high degree of polymorphism 
occurring in parts of the genome, notably in the HLA complex 
(13,16,17), and because of the importance of loci on the sex chro- 
mosomes in DNA sexing techniques (18). 

In this study we have sought to compare the effectiveness of 
one method for single-copy nuclear DNA recovery and analysis on 
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a variety of forensic specimen types, focusing on the polymorphic 
HLA-DPB1 locus and on the X-Y homologous amelogenin gene. 
We have also amplified the mitochondrial non-coding region V to 
provide a comparison of mitochondrial and nuclear DNA survival. 
The sequences we target are all of a size which would reasonably 
be expected to survive in forensic specimens. Human skeletal 
material comprised bone recovered post-operatively (n = 6); teeth 
extracted during dental treatment or shed deciduous teeth (n = 
18); bone fixed in formalin (n = 20); and teeth and bone recovered 
from forensic cases (n = 10) or as a result of exhumation (n = 37). 
There was a variable degree of decomposition and skeletonization 
represented in the sample, and some specimens had been subjected 
to preparative chemical procedures or buried in quick-lime. Dried 
blood spots (n = 28) were collected on gauze. Because of its value 
in removing PCR inhibitors, we used a variation of the silica 
method of DNA extraction (19,20), which we have adapted to a 
range of forensic material. Negative controls were included 
throughout in order to allow an assessment of the extent and 
influence of contamination with extraneous DNA. 

Materials and Methods 

Equipment Preparation 

Precautions were taken against contamination with intrusive 
DNA (21). Bone extraction equipment was cleaned by soaking in 
5.0% sodium hypochlorite solution for 1 h. Pre- and post-PCR 
activities were conducted in separate rooms and a laminar flow 
cabinet was used during extraction and purification steps. Surfaces 
of bone or teeth were cleaned by washing with 0.5% sodium 
hypochlorite solution or by abrasion with a grinding tip or drill 
bit, which was then discarded. 

Sample Preparation 

Post-operative fragments of femur and tibia were recovered 
following routine orthopaedic surgery. Specimens of shaved bone 
were pulverized prior to extraction, except for one specimen, which 
was extracted from a femoral head by drilling with a flamed bit. 
Exhumed material came from three cemeteries. Burials had taken 
place between 1904 and 1984. Specimen A1 originated from a 
grave treated with quick-lime (CaO) and subsequently contami- 
nated with automotive lubricating oil. Powdered bone from 16 
of the exhumed skeletons was generated during the removal of 
segments from the shafts of long-bones by hacksaw for nitrogen 
analysis (see below). Cross-sections of tibia had been removed 
from donated medical cadavers during 1980 and fixed in 10% 
formalin. Bone powder was extracted from the cross-sections by 
drilling with a flamed bit, material from the outer surface being 
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discarded. Forensic material originated from cases arising between 
1986 and 1994. Not all material was skeletonized when recovered. 
Specimens SF and SM had been cleaned by immersion in hot 
water (95~ for several days. Specimens Y, Y1, and Y2 had been 
fixed in 10% formalin prior to cleaning in papain. Other bone 
surfaces were cleaned by abrasion or by washing in ~0.5% sodium 
hypochlorite solution and the bone ground to a fine powder in a 
coffee mill (Philips HR2811) or in liquid nitrogen using a pestle 
and mortar. Extracted permanent teeth had been collected following 
dental treatment and stored at 4~ Specimens ET4 to ET8 had 
been fixed in 10% formalin. Specimen ES was a shed deciduous 
tooth stored at room temperature for 2 years. Intact whole teeth 
were prepared by washing in 0.5% sodium hypochlorite solution 
and fractured longitudinally to expose the pulp cavity. Fragments 
of impact-fractured dentine were used in the extraction procedure. 
Dried blood spots had been collected on sterile gauze over a 26- 
year period from 1969 and stored in sealed containers at room 
temperature. Ethical Committee approval and appropriate consent 
for each specimen was obtained for the study. 

Extraction Rationale 

We use a variation of the silica method for DNA extraction 
(19,20) which we have refined using material of the kind described 
in this study as an experimental model. In refining the method, 
we have endeavored to retain its simplicity and rapidity, and not 
to increase the number of steps. We have made the following 
preliminary observations (22) (data not shown). 

Use of a detergent (Triton X-100 or sodium dodecyl sulfate) 
makes no difference to the effectiveness of the method, but addition 
of proteinase K is marginally advantageous. Use of 0.5 M 
Na2EDTA increases DNA yield, but also results in the extract 
containing a plethora of proteins and other biomolecules. DNA 
yield improves with up to 48 h of mixing in extraction buffer at 
room temperature, after which further gains are marginal. Extrac- 
tion temperature makes little difference: increased release of DNA 
may be countered by increased DNA degradation and reduced 
proteinase activity. We found 4 M guanidine isothiocyanate 
(GuSCN) superior to 6 M sodium iodide as the DNA/silica binding 
agent and a 2 h binding time at room temperature to be optimal-- 
others have found a higher binding temperature more effective, 
however (23). The GuSCN solution should be freshly prepared 
and stored in a light-proof container. A thorough washing step, 
prior to elution of DNA from the silica, is also important. We use 
a reduced silica volume (20 IxL), which we consider adequate for 
the DNA quantities involved, and elute once into a large aliquot 
(115 I~L) of sterile filtered distilled water, taking off a slightly 
smaller aliquot (105 ~L) to avoid inadvertent removal of silica. 
Presence of 160 ixg/mL bovine serum albumin (BSA) in the PCR 
reaction made no difference to product yield, perhaps reflecting 
the effectiveness of the silica method in removing inhibitors. A 
degree of random contamination of extraction, purification, and 
amplification blanks was experienced. When the amplifications 
were repeated using a layer of 25 txL mineral oil to prevent evapora- 
tion of the reaction mixture this problem diminished. Preliminary 
experiments with extended PCRs (of up to 50 cycles) increased 
the frequency of positive results obtained, but an increased fre- 
quency of contamination was also experienced. However, 
extended-cycle PCRs may be necessary if DNA is to be detected 
in especially difficult forensic specimens. PCRs of 35 or 40 cycles 
were therefore employed and blank controls were included in all 
recovery and amplification steps. 

Although our method is effective in releasing DNA from bone 
specimens and removing inhibitors, there is an "overhead" of DNA 
loss which may be greater than that involved when the phenol- 
chloroform method (24) is used. The beneficial effects of proteinase 
K, a high Na2EDTA molarity and lower extraction temperature 
may be a reflection of the types of substrates we have examined, 
which we expect contain a relatively high proportion of fixed 
proteins and other biomolecules, and their break-down products. 
These preliminary results were used as guidelines for the amend- 
ment of our extraction and PCR protocols, which are those 
given below. 

DNA Extraction and Purification 

Quantities of - 1 . 0  g of bone, -0 .1-0 .7  g of tooth fragments 
or ~0.5 c m  2 of dried blood spot (on gauze) were combined with 
2.0 mL 0.5 M NazEDTA pH 8.0 and 25 p~L proteinase K (20 rag/ 
mL) in 3.5 mL polystyrene tubes and mixed on a rotary mixer for 
48 h at room temperature. Substrate residues were pelleted by 
centrifugation at 4000 g for 5-15 rain. Aliquots of 0.5 mL extract 
supematant were bound to 20 p~L silica suspension using 1.0 mL 
4 M. GuSCN by mixing for 2 h in 1,5 mL Eppendoff tubes on a 
rotary mixer at room temperature. DNA/silica matrix was pelleted 
by microcentrifugation for 20 s at 13,000 g and washed twice in 
1.5 mL 70% ethanol and once in 1.5 mL acetone. The pellet was 
dried at 56~ for 5 min. DNA was eluted from the silica into 115 
IxL sterile filtered distilled water by heating at 56~ for 15 min, 
and vortexing every 5 rain, to aid solution of the DNA. Silica was 
pelleted by centrifugation at 13,000 g for 2 min. Volumes of 105 
txL DNA solution were taken off to avoid inadvertent removal of 
unwanted silicate. Specimens were stored in 0.5 mL Eppendorf 
tubes at -20~  prior to PCR analysis. 

PCR Analysis 

All PCRs are of the sequence specific primer (SSP) type and 
were carded out using a Perkin-Elmer GeneAmp 9600 thermal 
cycler. PCR reaction mixtures and programs were optimized using 
modem samples by D.S. Standard precautions against contamina- 
tion were taken (25); Primer sequences are given in Table 1. The 
Amel PCR targets the X-Y homologous amelogenin gene. The X 
homologue contains a 6 bp deletion, generating 106 and 112 bp 
products from the X and Y chromosomes, respectively (18). Ali- 
quots of 5 IxL of DNA sample were amplified in a 10 mL reaction 
mixture consisting of Tris-HC1 pH 8.3 (10 mM), KC1 (50 mM), 
MgC12"6H20 (1.5 mM), 1% Triton X-100, dNTPs (200 IxM), Taq 
polymerase (1U) and oligonucleotide primers Amel-A and Amel- 
B (1.0 I~M). The PCR program consisted of an initial strand 
separation step (94~ 120 s), followed by a biphasic amplification 
with a 10 cycle stringent phase (94~ 10 s, 65~ 60 s) and a 30 
cycle non-stringent phase (94~ 10 s; 62~ 40 s; 72~ 30 s). 
The PCR products were visualized by electrophoresis. Aliquots 
of 4 IxL DNA solution were added to 1 IxL by 5 gel loading buffer 

TABLE 1--Oligonucleotide primer sequences. 

5'CCC TGG GCT CTG TAA AGA ATA GTG3' (Amel-A) 
5'ATC AGA GCT TAA ACT GGG AAG CTG3' (Amel-B) 
5'GAG AGT GGC GCC TCC GCT CAT3' (DPB-AmpA) 
5'GCC GGC CCA AAG CCC TCA CTC3' (DPB-AmpB) 
5'ATG CTA AGT TAG CTT TAC AG3' (A) 
5'ACA GTT TCA TGC CCA TCG TC3' (B) 
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(40% sucrose, 0.1% bromophenol blue, 50 mM. Na2EDTA, 50 
mM. Tris-HC1 pH 7.6 and 5% SDS) and run on a 5% agarose gel 
(125 V, 40 min) containing 10 IxL ethidium bromide (10 ixg/mL). 

The HLA-DPB1 primers amplify a 327 bp sequence of the 
polymorphic second exon (26). The mtDNA analysis, included to 
provide a comparison of nuclear and mtDNA survival, used primers 
which target a t21 bp segment of the non-coding region V (27). 
In both cases, aliquots of 5 IxL of DNA sample were amplified 
in a 10 IxL reaction mixture consisting of Tris-HC1 pH 8.3 (10 
mM), KC1 (50 mM), MgC12-6H20 (1.5 mM), gelatin (100 Ixg/ 
mL), dNTPs (200 IxM), Taq polymerase (1 U) and 1.0 IxM oligonu- 
cleotide primers (DPB-AmpA and DPB-AmpB for HLA-DPB1; 
A and B for mtDNA region V) each at 0.5 IxM. The PCR program 
consisted of an initial strand separation step (95~ 5 rain), a 35 
cycle amplification phase (95~ 1 rain; 55~ 1 rain; 72~ 1 min) 
and a final elongation step (72~ 5 min). The PCR products 
were visualized by electrophoresis (100 V, 20 rain) on a 1.5% 
agarose gel. 

Blank controls were included in each extraction, purification 
and amplification step to allow detection of contamination with 
extraneous DNA and to provide an indication of its origin. Positive 
controls were included in extraction (50 IxL modem blood in 
450 txL sterile filtered distilled water), purification (0.5 mL/DNA 
solution at 10 ng/tzL) and amplification (5 mL DNA solution at 
10 ng/p~L) steps. 

Results 

The AmeI PCR yields two bands, corresponding to X and Y, 
for a male, but only the X band for a female (Fig. 1). Single bands 
are generated by the amplification of HLA-DPB 1 sequences (Fig. 
2) and sequences of the mitochondrial non-coding region V (Fig. 
3). The relative intensity of region V mtDNA sequences amplified 
was subjectively rated on a 3 point scale corresponding to products 
generated from >200 pg/txL, 2-200 pg/IxL and <2  pg/l~L of 
modem DNA. Concentrations of <0.2 pg/IxL do not amplify reli- 
ably using our system (22). Results are given in the appendix and 
are summarized in Table 2. Some samples were used in method- 
ological development (see above), leaving insufficient DNA for 
all three subsequent PCR analyses (these are given as "not 
attempted" in the appendix). 

FIG. 1 Photograph of 5% agarose gel showing typical results for 
Amelogenin analysis. Aliquots of 4 ixL DNA solution were added to ILL 
by 5 gel loading buffer (40% sucrose, 0.1% bromophenol blue, 50 mM 
NazEDTA, 50 mM Tris-HCl pH 7.6 and 5% SDS) and run on a 5% agarose 
gel (125 V, 45 rain). Normally, 2 bands are generated for a male (112 and 
106 bp) and 1 for a female (106 bp only). Lanes 1-10: DNA extracted 
from forensic specimens; 1: F31, 2: F32, 3: F33, 4: F34, 5: F35, 6: F36, 
7: F37, 8: F38, 9: F39, 10: F40, E: extraction blank, B: silicate binding 
(purification) blank, P: PCR blank, F: PCR positive control DNA (female, 
10 ng/tzL). Faint contamination can be distinguished in blanks E and P 
(see discussion). 

FIG. 2--Photograph of 1.5% agarose gel showing typical results for 
HLA-DPB1 analysis run on a 1.5% agarose gel (100 V, 20 min). Single 
bands are generated by the amplification of the 372 bp target sequence. 
Lanes 1-10: DNA extracted from forensic specimens; 1: F31, 2: F32, 3: 
F33, 4: F34, 5: F35, 6: F36, 7: F37, 8: F38, 9: F39, 10: F40, E: extraction 
blank, B: silicate binding (purification) blank, P: PCR blank, +: PCR 
positive control DNA (10 ng/IxL). 

FIG. 3--Photograph of 1.5% agarose gel showing typical results for 
mtDNA region V analysis rt~n on a 1.5% agarose gel (100 V, 20 rain). 
Single bands are generated by the amplification of the 121 bp target 
sequence. Lanes 1-10: DNA extracted from forensic specimens; 1: F31, 
2: F32, 3: F33, 4: F34, 5: F35, 6: F36, 7: F37, 8: F38, 9: F39, 10: F40, 
E: extraction blank, B: silicate binding (purification) blank, P: PCR blank, 
+: PCR positive control DNA (10 ng/oZ). Although sensitive to low 
DNA substrate concentrations (~250 fg/txL), the PCR may generate high 
molecular weight artefacts at higher concentrations (lanes 1-3 and +). 

Discussion 

As expected, shorter PCR products predominated, with the rela- 
tive length of the mtDNA product (compared with the amelogenin 
products) being compensated for by its higher copy-number. Simi- 
lar success was achieved with amplification of mitochondrial and 

amelogenin sequences. HLA-DPB 1 sequences were successfully 
amplified roughly half as commonly as the other two products. 
This trend tended to prevail irrespective of the source material, 
but in fixed bone cross-sections and teeth, HLA-DBP1 and mtDNA 
region V sequences were relatively more prevalent than might 
have been predicted. Relatively high HLA-DPB 1 recovery in bone 
cross=sections may be a consequence of formalin treatment. Fixing 
in 10% formalin may preserve longer DNA strands, but at the 
same time hinder DNA purification, especially in teeth. In 5 cases 
absence of  Amet  sequences did not preclude amplification of HLA- 
DPB 1 and in 10 cases Amel DNA was amplified, but not mitochon- 
drial. In 4 of the latter cases an incorrect DNA sex was 
obtained, however. 

Amelogenin sexing was correct in 71 out of 84 cases (85%) 
where the sex of the donor of the specimen was known. The sex 
of individual donors of the bone cross-sections was not known, 
but the sexing results obtained (6 male and 6 female) were consis- 
tent with the known proportion of males to females in the sample 
(31 male and 27 female). Sexing errors were exclusively "false 
females." We have observed apparent female results from known 
male material in previous experiments (results not shown) and 
attribute these to preferential amplification of one target strand, 
normally of the shorter (X-chromosome) product, in highly 
degraded or "dirty" samples. Stone et al. (28) suggest that in some 
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TABLE 2--Table of results. 

Amel HLA-DPB 1 mtDNA Total 

Correct Incorrect 
Specimen type n Sex Sex + % n + % n + % n + % 

Exhumed bone 37 21 8 29 78 26 6 23 26 16 62 89 51 57 
Cross-sections 20 ? ? 12 60 16 11 69 16 14 88 52 37 71 
Dried blood spots 28 28 0 28 100 28 11 39 28 27 96 84 66 79 
Forensic bone 8 3 3 6 75 7 4 57 7 6 86 22 16 73 
Forensic teeth 2 0 2 2 100 2 2 100 2 2 100 6 6 100 
Extracted teeth 18 13 ? 14 78 7 5 71 7 6 86 32 25 78 
Post-operative bone 6 6 0 6 100 3 2 67 3 2 67 12 10 83 
Total 119 71 13 97 82 89 41 46 89 73 82 297 211 71 

Results of PCR analysis for Amelogenin (Amel), HLA-DPB1 and mtDNA region V (mtDNA) in forensic specimens. Total number of specimens (n), 
positive samples (+), generating a PCR product of appropriate size, and % of positive samples are given. 

samples amplifiable DNA quantity may fall to a level approaching 
equivalence to a haploid genome. In such cases, a great deal of 
chance variation will influence whether the X or Y sequence tends 
to be amplified in males (in their experimental comparison it again 
tends to be the X): in some samples there may simply be too little 
DNA to confidently sex the individual. In all but one of the "false 
female" cases we encountered in this study HLA-DPB 1 sequences 
have failed to amplify and mitochondrial region V sequences are 
also absent or faint, confirming the degraded nature of the samples 
and the low, or effectively low, concentration of DNA. We have 
found that samples extracted by this method rarely contain suffi- 
cient inhibitors to prevent amplification of a modern DNA sample. 
Nevertheless, we note that "false-female" results predominated in 
the partially-decomposed forensic material or those bones and 
teeth which had been fixed in 10% formalin. We found that one 
forensic bone specimen (from a two-year old partially-skeletonized 
body) gave such a result, but when the DNA sample was put 
through a second purification step, a clear male DNA sex was 
obtained. Two other specimens gave the correct result when the 
extraction process was completely repeated (others could not be 
repeated due to lack of material). In some cases, however, a second 
purification step resulted in the loss of any amplifiable DNA- 
probably due to the "overhead" inherent in the silicate method. 
Stone et al. avoided the potential problem of preferential amplifica- 
tion of the shorter strand by amplifying a different 112 bp region 
of amelogenin occurring without deletion on both the X and Y 
chromosomes. Dot-blots were used to test for the X and Y homo- 
logues, which have slightly different sequences. 

Dried blood spots on gauze were an especially useful substrate 
and all of our specimens, which were up to 26 years old, yielded 
amplifiable nuclear DNA allowing amelogenin sexing, which was 
confirmed to be correct from records. Not surprisingly, all recent 
post-operative bone specimens were also amenable to amelogenin 
sexing, although a single sample did not yield results from HLA- 
DPB 1 and mtDNA region V analysis. 

Good results were obtained from unfixed tooth fragments, but 
fixed teeth yielded poorer results. Although the DNA content of 
teeth may be relatively low compared with bone, the tooth structure 
itself offers physical protection to DNA preserved inside. The 
proportion of organic material resulting from diagenesis is less 
and will interfere less with DNA purification. Treatment with 10% 
formalin inhibits DNA recovery to a greater extent in teeth than 
in bone, perhaps reflecting a greater extent of fixing. Skeletal 
material included specimens which had been subjected to a variety 
of chemical processes as a result of the burial environment or 
postmortem preservation procedures. Burial in quick-lime, which 

might be expected to accelerate DNA degradation by oxidation, 
does not seem to have too adversely affected DNA preservation. 
In fact, burial in quick-lime may enhance DNA preservation (see 
below). Results were also obtained from skeletal material which 
had been cleaned by immersion in papain solution, fixed in forma- 
lin or cleaned by prolonged immersion in hot water (95~ and 
stored at room temperature for up to 15 years. 

Nitrogen content has been considered an indicator of DNA 
preservation in archaeological material (29) and may provide an 
indicator of DNA survival in forensic specimens. Jarvis (30) has 
measured the nitrogen content of 16 specimens of the exhumed 
skeletal material, up to 91 years old, included in this study. We 
recovered DNA from 15 of the 16 samples. It was not possible 
to associate the failed sample with diminished nitrogen content. 
However, the relationship between DNA preservation and nitrogen 
content may not be straight-forward, (31). One specimen (A1) had 
been buried in a grave with quick-lime and later contaminated 
with engine oil. DNA was recovered, nevertheless, and Jarvis (30) 
points out that lime treatment may enhance organic preservation 
by inhibiting microbial and biochemical activity. Age is not the 
determining factor of single-copy nuclear DNA survival, an obser- 
vation which Richards et al. (32) have made with reference to 
mtDNA survival in archaeological material. 

Previous studies of forensic specimens have indicated that soiled 
materials tend to be poorer sources of suitable DNA than clean 
specimens and that putrefied biological material may be unsuitable 
for analysis (33-37). The contrasts between results obtained from 
dried blood spots (stored on clean gauze), fixed specimens, and 
forensic skeletal material examined in this study are consistent 
with these observations. 

A high level of random contamination of extraction and PCR 
blanks was experienced in the study, with contamination evident 
in 38% of all blank controls analyzed. This raises the question 
"can the positive results be explained by a pattern of random 
contamination?" It is not conceivable that 71 specimens sexed 
correctly by chance. Furthermore, a statistical analysis using gener- 
alized linear interactive modeling (38) indicated that positive 
results from forensic DNA samples were independent of the pres- 
ence or level of contamination detected in the blank controls (22, 
Evison et al., forthcoming). Also, although we sometimes experi- 
ence false female results with degraded forensic or archaeological 
material (and male control DNA diluted to below 25 pg/IxL), false 
male results (i.e., with two bands) are extremely rare (22). In this 
study there were no "false males," which would be predicted if 
random contamination of  the forensic DNA samples was occurring. 
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We are presently invest igating the sequences and derivat ion of  the 
apparent  contamination,  

C o n c l u s i o n s  

This study demonstra tes  a single method  capable  of  recovering 
single-copy nuclear  D N A  from a variety of  forensic specimens 
from a few months  to 91 years old. Amelogen in  sequences were 
recovered at a s imilar  frequency to m t D N A  region V sequences,  
but D N A  sexing results were compromised  in fixed or putrefied 
samples. HLA-DPB 1 sequences were recovered at about  hal f  the 
frequency of  the other two products. Fixing in 10% formal in  
reduces the f requency of  D N A  recovery, especially f rom teeth, 
but  does not  preclude it. Increasing the sensitivity of  recovery 
and amplif icat ion protocols led to a concomitant  increase in the 
f requency of  apparent  posit ive results detected in b lank controls. 
However,  compar ison of  D N A  sexing results with  the recorded 
sex of  the donor, and a statistical analysis, exclude contaminat ion  
as an explanat ion for the results obtained f rom forensic specimens.  
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APPENDIX 

APPENDIX--Results of amelogenin (Amel), HLA-DPB1 (DPB1) and 
mtDNA region V (region V) PCR analysis of forensic specimens. 

Result 

Age 
Specimen (yr.) Sex Amel DPB1 Region V Comments 

Dried Blood Spots 
A 1 F 1 
B 1 M 2 
F23 5 M 2 
F23F 5 M 2 
F25 0 F 1 
F26 0 M 2 
F27 0 M 2 
F28 5 F 1 
F29 0 F 1 
F30 0 M 2 
F31 0 F 1 
F32 0 F 1 
F33 0 M 2 
F34 ? M 2 
F35 26 F 1 
F36 26 M 2 
F37 20 M 2 
F38 22 F 1 
F39 11 M 2 
F40 11 M 2 
F41 15 M 2 
F42 12 F 1 
F43 5 F 1 
F44 5 F 1 
F45 0 F 1 
F47 5 F 1 

+ + 
+ + 
+ + + +  

+ 
+ + + +  
+ + + +  

+ + +  
+ + + +  
+ + + +  

+ + +  
+ + +  

+ + + +  
+ + + +  
+ + +  

+ +  

+ 
+ 
+ 
+ 

+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ + +  

Specimen 

F48 
F49 

Post-Operative Bone 
POB 1 
P O B 2  
P O B 3  
P O B 4  
P O B 5  
POB6 

Forensic Teeth 
Y1 
Y2 

Extracted Teeth 
ET1 
ET2 
ET3 
ET4 
ET5 
ET6 
ET7 
ET8 
ET9 
ET10 
ET11 
ET12 
ET13 
ET14 
ET15 
ET17 
ET18 
ES 

Exhumed Bone 
2396X 
A1 
AB17 
AB18 
AB19 
AB20 
AB21 
AB22 
AB24 
AB32 
AB38 
LG15 
LG17 
LG19 
LG20 
LG25 
F50 
F51 
F52 
F53 
F54 
F55 
F56 
F57 
F58 
F59 
F60 
F61 
F62 
F63 
F64 
F65 
F66 
F67 
F68 

APPENDIX--Continued 

Age 
(yr.) 

Result 

Sex Amel DPB1 Region V Comments 

5 M 2 + + + +  
5 M 2 + + +  

1 M 2 na na 
1 F 1 na  na  
1 F 1 + + 
1 F 1 na na 
1 M 2 + + 
1 F 1 

1 M 1" + + 
1 M 1" + + 

10% formalin 
10% formalin 

1 F 1 na  na  
1 M 2 na na  
1 M 2 na na 
2 ? na na 
2 ? na na 
2 ? 1 na na 
2 ? na na 
2 ? na na 
1 F 1 na na 
l M 2 na na  
1 M 2 + 
1 F 1 + 
1 M 2 na na  
1 M 2 + + 
1 M 2 + + 
1 M 2 + + +  
1 M 2 + 
2 F 1 + + 

10% formalin 
10% formalin 
10% formalin 
10% formalin 
10% formalin 

5 
91 
58 
39 
38 
49 
48 
45 
47 
44 
37 
40 
34 
29 
37 
52 
26 
44 
44 
24 
27 
28 
27 
27 
67 
48 
17 
41 
53 
23 
58 
46 
30 
11 
44 

F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

1 + + + +  
1 * na na 
1 * na na 
2 + +  
2 na na 
2 na na 
1" na na 
2 + + + +  
1" + + + +  

na na 
2 + + +  
2 na na 
2 na na 
2 na na 
2 na na 
2 na na 
1 + 

1 + +  

1 + +  
+ 

l* + 

2 + + +  
2 + 
2 + + + +  
1" 
1" 
2 + + +  
2 + + + +  
2 + 

Lime/Oil 
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APPENDIX--Continued 

Specimen 

Result 

Age 
(yr.) Sex Amel DPB1 Region V Comments 

F69 31 M 
F70 49 M 

Forensic Bone 
CC1 2 M 
F71 4 M 
F72 ? ? 
F73 3 M 
F74 1 M 
SF 6 F 
SM 6 M 
Y 1 M 

Cross-sections 
S.A1 15 ? 
S.A2 15 ? 
S.A5 15 ? 
S.A7 15 ? 
S.A8 15 ? 
S.B1 15 ? 
S.B3 15 ? 
S.B4 15 ? 
S.B5 15 ? 
S.B6 15 ? 
S.B7 15 ? 
S.B8 15 ? 
S.B9 15 ? 
S.B10 15 ? 
S.C1 15 ? 
S.C2 15 ? 
S.C3 15 ? 
S.C4 15 ? 
S.C6 15 ? 
S.D2 15 ? 

1" 
2 + + +  

2 na na 
2 + + + +  

+ + +  
1" + 

+ 
1 + + 
1" + + 
1" 10% formalin 

1 + + + 10% formalin 
na na 10% formalin 

1 + + 10% formalin 
1 + + + +  10% formalin 

na na 10% formalin 
2 + + 10% formalin 

+ + 10% formalin 
1 + + 10% formalin 
1 10% formalin 
2 10% formalin 

na na 10% formalin 
2 na na 10% formalin 
2 + + 10% formalin 

+ + 10% formalin 
2 + 10% formalin 

+ 10% formalin 
+ + 10% formalin 

1 + + 10% formalin 
+ + 10% formalin 

2 + 10% formalin 

Positive results (1,2,+), sexing errors (*), tests not attempted (na), 
number of bands (Amel results only) and intensity of mtDNA product 
( + , + + , + + + ;  see text) are indicated. Unusual preservation is given in 
the comments column. 

R e f e r e n c e s  

1. Lee HC, Ladd C, Bourke MT, Pagliaro E, Tirnady E DNA typing 
in forensic science. Am J Forensic Med Pathol 1994;15(4):269-82. 

2. Higuchi R, von Beroldingen CH, Sensabaugh GF, Erlich HA. DNA 
typing from single hairs. Nature 1988;331:543-6. 

3. Kaneshige T, Takagi K, Nakamura S, Hirasawa T, Sada M, Uchida 
K. Genetic analysis using fingernail DNA. Nucleic Acids Res 
1992;20(20):5489-90. 

4. Carducci C, Elinl L, Antonozzi I, Pontecorvi A. DNA elution and 
amplification by polymerase chain reaction from dried blood spots. 
BioTechniques 1992;13(5):735-7. 

5. Sepp R, Szab6 I, Uda H, Sakamoto H. Rapid techniques for DNA 
extraction from routinely processed archival tissue for use in PCR. 
J Clin Pathol 1994;47:318-23. 

6. Horton VA, Bunce M, Davies DR, Turner RC, Lo DY-M. HLA 
typing for DR3 and DR4 using artificial restriction fragment length 
polymorphism PCR from archival DNA. J Clin Pathol 1995; 
48:33-6. 

7. H6ss M, Kohn M, P~iabo S, Knauer F, Shr6der W. Excrement 
analysis by PCR. Nature 1992;359:199. 

8. Hagelberg E, Gray IC, Jeffreys AJ. Identification of the skeletal 
remains of a murder victim by DNA analysis. Nature 1991; 
352:427-9. 

9. Jeffreys AJ, Allen MJ, Hagelberg E, Sonnberg A. Identification of 
the skeletal remains of Josef Mengele by DNA analysis. Forensic 
Sci Int 1992;56:65-76. 

10. Gill P, tvanov PL, Kimpton C, Piercy R, Benson N, Tully G, et al. 

Identification of the remains of the Romanov family by DNA 
analysis. Nature Genetics 1994;6:130-5. 

11. Lee HC, Pagliaro EM, Gaensslen RE, Berka KM, Keith TP, Keith 
GN, et al. DNA analysis in human bone tissue: RFLP typing. J 
Forensic Sci Soc 1991;31(2):209-12. 

12. Ginther C, Issel-Tarver L, King M-C. Identifying individuals by 
sequencing mitochondrial DNA from teeth. Nature Genetics 
1992;2:135-8. 

13. P6tsch L, Meyer U, Rothschild S, Schneider PM, Ritmer Ch. Appli- 
cation of DNA techniques for identification using human dental 
pulp as a source of DNA. Int J Legal Med 1992;105:139-43. 

14. Jeffreys AJ, Wilson V, Neumann R, Keyte J. Amplification of 
human minisatellites by the polymerase chain reaction: towards 
DNA fingerprinting of single cells. Nucleic Acids Res 1988; 
16:10953-71. 

15. Jeffreys A J, MacLeod A, Tamaki K, Neil DL, Monkton DG. Minisa- 
tellite repeat coding as a digital approach to DNA typing. Nature 
1991;354:204-9. 

16. Blake E, Mihalovich J, Higuchi R, Walsh PS, Erlich H. Polymerase 
chain reaction (PCR) amplification and human leukocyte antigen 
(HLA)-DQ alpha oligonucleotide typing on biological evidence 
samples: casework experience. J Forensic Sci 1992;37:700-10. 

17. Allen M, Saldeen T, Gyllensten U. Allele-specific HLA-DRB1 
amplification of forensic evidence samples with mixed genotypes. 
BioTechniques 1995;19:454-63. 

18. Sullivan KM, Mannucci A, Kimpton CP, Gill P. A rapid and quanti- 
tative DNA sex test: flourescence-based PCR analysis of X-Y 
homologous gene amelogenin. BioTechniques 1993;15:636--41. 

19. H6ss M, P~bo S. DNA extraction from Pleistocene bones by a 
silica-based purification method. Nucleic Acids Res 1993; 
21(16):3913-4. 

20. Boom R, Sol CJA, Salimans MMM, Jansen CL, Wertheim-van 
Dillen PME, van der Noordaa L. Rapid and simple method for 
purification of nucleic acids. J Clin Microbiol 1990;28:495-503. 

21. Brown TA, Brown KA. Ancient DNA and the archaeologist. Antiq- 
uity 1992;66:10-23. 

22. Evison MP. Ancient HLA: a preliminary investigation [unpublished 
Ph.D. thesis]. Sheffield: University of Sheffield, 1996. 

23. Smith LS, Lewis TL, Matsui SM. Increased yield of small DNA 
fragments purified by silica binding. BioTechniques 1995; 
18:970-5. 

24. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory 
manual. 2nd ed. New York: Cold Spring Harbor Laboratory 
Press, 1989. 

25. Kwok S, Higuchi R. Avoiding false positives with PCR. Nature 
1989;339:237-8. 

26. Kimura A, Sasazuki T. Eleventh International Histocompatibility 
Workshop reference protocol for the HLA DNA-typing technique. 
In: Tsuji K, Aizawa M, Sasazuki T, editors. Proceedings of the 
Eleventh International Histocompatibility Workshop & Conference. 
Oxford: Oxford University Press, 1992. 

27. Wrischnik LA, Higuchi RG, Stoneking M, Erlich HA, Arnheim N, 
Wilson AC. Length mutations in human mitochondrial-DNA 
direct sequencing of enzymatically amplified DNA Nucleic Acids 
Res 1987;15(2):529-42. 

28. Stone AC, Milner GR, P~i~ibo S, Stoneking M. Sex determination 
of ancient human skeletons using DNA. Am J Phys Anthropol 
1996;99:231-8. 

29. Poinar HN, H6ss M, Bada JL, PA~ibo S. Amino acid racemization 
and the preservation of ancient DNA. Science 1996;272:864-7. 

30. Jarvis DR. Nitrogen levels in long bones from coffin burials interred 
for periods of 26-90 years. Forensic Sci Int. 1997;85(3):199-208. 

31. Colson IB, Bailey JF, Vercauteren M, Sykes BC, Hedges REM. 
Bone diagenesis and the preservation of ancient DNA. Ancient 
Biomolecules. In press. 

32. Richards MB, Sykes BC, Hedges REM. Authenticating DNA 
extracted from ancient skeletal remains. J Archaeol Sci 1995; 
22:291-9. 

33. Balazs I, Baird M, McElfresh K, Shaler R. Experimental techniques 
for the isolation and analysis of DNA from forensic materials. In: 
Robertson J, Ross AM, Burgoyne LA, editors. DNA in forensic 
science: theory, techniques and applications. New York: Ellis Hor- 
wood 1990. 

34. Gill P, Jeffreys AJ, Werrett DJ. Forensic application of DNA "fmger- 
prints." Nature 1985;318:577-9. 



1038 JOURNAL OF FORENSIC SCIENCES 

35. Gill P, Lygo JE, Fowler S J, Werrett DJ. An evaluation of DNA 
fingerprinting for forensic purposes. Electrophoresis 1987;8:38-44. 

36. McNally L, Shaler RC, Giusti A, Baird M, Balazs I, DeForest P, 
et al. Evaluation of DNA isolated from human blood stains exposed 
to ultraviolet light, heat, humidity, and soil contamination. J Foren- 
sic Sci 1989;34:1059~59. 

37. McNally L, Shaler RC, Giusti A, Baird M, Balazs I, Kobilinsky 
L, et al. The effects of environment and drying surfaces on DNA: 
The use of casework samples from New York City. J Forensic 
Sci 1989;34:1070. 

38. Aitken M, Anderson D, Francis B, Hinde J. Statistical modelling 
in GLIM. Oxford: Oxford University Press, 1989. 

Additional information and reprint requests: 
Martin E Evison 
Dept. of Forensic Pathology 
University of Sheffield 
Watery Street 
Sheffield $3 7ES 
United Kingdom 




