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Recovery of DNA from Human Teeth by Cryogenic Grinding

REFERENCE: Sweet D, Hildebrand D. Recovery of DNA from proposed. The neurovascular tissue that is contained in the pulp
human teeth by cryogenic grinding. J Forensic Sci 1998;43(6): cavity is thought to be the best source of DNA (8). Vertical sections
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through the long axis of the tooth result in exposure of the entire
pulp system (5). Horizontal sections through the interface betweenABSTRACT: DNA has been previously recovered from human
crown and root allow the crown of the tooth to be retained forteeth for RFLP and PCR-based forensic analysis. In some cases,
ulterior investigations, such as comparison of dental fillings tothe maximum amount of undisturbed tooth structure is required for

ulterior forensic analysis. But, in most cases, following comprehen- antemortem dental records (9). Crushing the teeth using a mortar
sive documentation, it is possible to section the tooth longitudinally and pestle or a hammer and metal plates has also been attempted
or horizontally, or crush it to access the DNA-rich core. This techni-

(9).cal report describes an alternative method to recover DNA from
This paper reports an alternative method to maximize the amountwhole extracted human molar teeth. A 6700 freezer mill was used

to pulverize 20 teeth under frozen preparation in liquid nitrogen of DNA recovered. A freezer mill was used to cryogenically grind
and sterile conditions. The mean yield of DNA was 30.9 mg (18.4 recently extracted whole teeth and extracted endodontically treated
mg DNA per gm tooth powder). The resulting fine powder was

(root canal filled) teeth. The yield of DNA obtained was calculatedsubjected to organic extraction and subsequently quantified using
as a function of tooth weight. The DNA samples were purified,slot blot hybridization. Aliquots were successfully amplified at three

short tandem repeat polymorphic loci. The technique is simple and amplified at several STR loci, and visualized using capillary elec-
relatively rapid. Isolation of the samples during pulverization mini- trophoresis.
mizes the risk of contamination.

Material and MethodsKEYWORDS: forensic science, forensic dentistry, DNA evidence,
teeth, cryogenic grinding, liquid nitrogen

Twenty human molars (16 upper and 4 lower) were obtained
from an oral and maxillofacial surgeon. Additionally, one molar,

The teeth are the hardest substances in the human body (1). which had been endodontically treated and restored with a retentive
They are known to survive most postmortem circumstances, post and full gold crown, was obtained from an endodontist. Adher-
including but not limited to such events as decomposition, immer- ent materials, such as epithelium, calculus, and blood, were
sion in water, burial, and fires reaching temperatures of 11008C removed from the outer surface of each tooth with an excavator.
(2–5). Recently, investigators have focused attention on human The teeth were individually placed in bleach (5.25% sodium hypo-
teeth as potential sources of forensically significant DNA evidence. chlorite) for 20 min, rinsed with sterile water, and then soaked in
Studies have been completed on the efficacy of extracting DNA sterile water for 20 min. Each sample was then rinsed with ethanol
from teeth exposed to a variety of environmental insults (6). (95%) and allowed to air dry at room temperature (RT) under a 256

The dental pulp is a loose connective tissue which occupies the nm ultraviolet (UV) light source (Philips TUV 30 watt, Microzone
central region within the tooth. It is continuous with the connective Corp., Nepean, Ontario) for 20 min (rotated after 10 min). The
tissue of the periodontal ligament through the apex of the root. pre-treatment weight of each tooth was recorded (see Table 1).
The components of the pulp are common to all loose connective A 6700 freezer mill (SPEX Sample Preparation, Metuchen, NJ)
tissue, comprising cells, fibers, ground substance, blood vessels

was used to cryogenically grind each tooth. The tooth was placed
and nerves (7). The relative size of the dental pulp is approximately

in a sterile grinding vial with a stainless steel impactor. Stainlessequivalent to the relative size of individual classes of teeth. There-
steel end plugs are positioned at each end of the cylinder. Thisfore, molars theoretically are better sources of pulpal DNA than
assembly was placed in the electromagnetic chamber which wasincisors.
precooled for 10 min in liquid nitrogen. During operation, theSeveral methods to access the DNA of human teeth have been
grinding vial was immersed in liquid nitrogen.

An alternating magnetic field shuttles the steel impactor against
1 Director and research associate, respectively, Bureau of Legal Den- the ends of the vial, powdering the frozen tooth sample. The proto-

tistry, University of British Columbia, Vancouver, BC, Canada. col developed by the authors uses a two-stage pulverization pro-
* This paper was presented at the 50th Annual Meeting of the Academy cess. The first stage employs a stroke rate of 150 strokes per minof Forensic Sciences in San Francisco, CA, on 13 February 1998.

for 5 min followed by a second stage employing a rate of 330Received 30 Dec. 1997; and in revised form 23 April 1998; accepted
23 April 1998. strokes per min for 5 min. The tooth powder produced by grinding
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was scraped from the vial and weighed (see Fig. 1). The percentage gel tube (5′-3′ Inc., Boulder, CO) and microconcentrated in AMI-
CON-100 tubes (Millipore Canada, Toronto, ON) (11). Subse-yield of powder was calculated (see Table 1).

The grinding vials and metal components were cleaned between quently, each sample was quantitated by slot blot hybridization
using a human-specific D17Z1 probe (12) and amplified using thesamples by subjecting them to aquasonic cleaning at 808C for 30

min with Extran 300 (cat. no. VW2305-4, VWR Canlab, Missis- AmpF,STR Blue triplex system (PE Applied Biosystems, Foster
City, CA) at the following loci: D3S1358, HUMvWA and FGA.sauga, Ontario). Each component was rinsed with sterile water and

ethanol (95%) and then exposed to UV light for 30 min.
One mL of extraction buffer [Tris-HCl 10 mM, EDTA 10 mM, Results

NaCl 50 mM, SDS 2% (w/v) (pH 8.0)] and 15 mL of proteinase
K (10 mg/mL) were added to approximately 0.5 gm of tooth pow- The mean weight of tooth powder recovered from each pulver-
der in a sterile 1.5 mL eppendorf tube. This was left at 568C over- ized whole molar was 1.77 gm, which represents an average yield
night. The sample was centrifuged at 10 000 2g for 5 min, and the of 97%. The average yield of DNA from each molar was 30.9 mg
supernatant subjected to organic extraction using buffer-saturated (see Table 1). The average yield of genomic DNA from tooth
phenol-chloroform-isoamyl alcohol (25;24;1) (10) in a phase lock powder was 18.4 mg DNA/gm. As Table 1 illustrates, the yield of

DNA from human teeth is highly variable. The amount of DNA
ranged from a minimum of 0.5 mg to a maximum of 97.5 mg. The

TABLE 1—Yield of tooth powder after grinding, DNA yield following reason for this variability is currently unknown. Similar results
slot-blot quantitation and DNA yield as a function of tooth weight have been previously reported (9).

(FDI 4 Fédération Dentaire Internationale). The DNA was successfully amplified and typed at three forensi-
cally significant genetic loci using standard PCR protocols (Ampli-Sample Tooth Weight, DNA Yield, Yield/Weight,

No. No. (FDI) (gm) (mg) (mg/gm) Taq Gold enzyme, hot start at 958C for 11 min, t1 4 948C for 1
min, t2 4 598C for 1 min, t3 4 728C for 1 min, 28 cycles followed

1 18 2.29 13.5 6.1 by hold at 608C for 30 min) and capillary electrophoresis (Model
2 28 1.30 86.1 66.7

310, Applied Biosystems, Foster City, CA, 50 mm 2 47 cm capil-3 48 2.09 5.6 2.8
lary, POP-4 polymer).4 28 1.03 9.9 10.1

5 28 1.90 90.9 48.9
6 38 2.10 61.9 30.3

Discussion7 28 1.68 97.5 59.5
8 18 1.40 29.1 21.6

Prior to cryogenic grinding, each tooth was debrided and decon-9 18 1.72 59.1 35.0
10 18 1.83 12.8 7.1 taminated using bleach, sterile water, ethanol and UV crosslinking.
11 18 0.98 3.9 4.2 In this study, each tooth was intact and fully developed. No defects
12 38 1.24 1.9 1.6 in the tooth’s crown or root were identified by visual examination.13 48 1.57 0.5 0.3

The authors advise against the use of bleach and ethanol on teeth14 18 1.99 47.9 25.2
15 28 1.85 2.0 1.1 that have visible fractures or do not have fully-developed roots
16 18 1.89 0.9 0.5 since these substances can potentially enter the pulp system. It
17 28 2.08 4.1 2.0 appears that they did not access the neurovascular system of an
18 18 2.34 5.5 2.5

intact tooth under the conditions used in this study.19 28 2.18 51.1 23.4
If a tooth is fractured or incompletely developed, or a pathway20 18 1.87 34.0 18.4

to the pulp system exists, it is recommended that DNA decontami-
Mean 1.77 30.9 18.4

nation be completed by thorough cleaning and debriding of the

FIG. 1—Upper second permanent molar tooth shown before and after cryogenic grinding.
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outer aspects of the tooth along with crosslinking using ultraviolet The results of this study on freshly extracted human teeth repre-
sent a best-case scenario. Teeth from old or skeletal remains havelight.

An average of 30.9 mg of DNA was extracted from human been found to yield less DNA. This study was undertaken primarily
to develop and refine a protocol of decontamination and extractionmolars after cryogenic grinding. Previous authors have reported

similar results to those found in this study. Smith et al. in 1993 which could be reasonably applied to forensic casework where the
levels of endogenous DNA warrant such measures.obtained an average yield of 4.0 mg of DNA by sectioning teeth

and 18.1 mg of DNA by crushing teeth (9). Schwartz et al. in 1991
reported a range of 15 to 20 mg of total DNA (6) and, in 1992, Acknowledgments
Pötsch et al. reported a range of 6 to 50 mg of total DNA (13).
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