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Abstract

Introduction and objective: The main exogenous factors limiting the 
retrieval of information from human remains are fire and accidents 
involving high temperatures. Teeth, due to their relatively high degree of 
chemical and physical resistance, offer the possibility for the recovery 
of genetic material, becoming important in forensic cases. With the 
aim to contribute to a standardization of the protocols employed in 
DNA extraction and analysis, it was evaluated the integrity of DNA 
recovered from dental roots submitted to high temperatures, simulating 
what happens to burnt people. Material and methods: Extractions 
of genomic DNA were made from the dental root after exposure to 
high temperatures (600ºC, 800ºC and 1000ºC), during 10, 30 and 60 
minutes. Results and conclusion: After molecular analysis through 
PCR technique, it was verified that DNA amplification of the samples 
was not possible at any of the periods and temperatures analyzed.
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Introduction

By definition, identity is the set of characteristics 
that individualize a person or thing, making it 
distinct from all others. Identification is the act upon 
which identity of someone is established [2]. França 
(2001) [10] considered that the value of postmortem 
identification is indisputable, considering either 
the social relations or the civil, administrative, 
commercial and penal requirements. 

Forensic Dentistry has long contributed to 
these identification processes. Dentists, properly 
supported by Laws [6] and Resolutions [5] in 
Brazil, may perform analyses involving biological 
materials from the human body in various conditions 
(sliced, dilacerated, charred, macerated, decayed, 
in skeletonization and skeletonized), aiming to 
establish human identification [18].

Currently, with the application of molecular 
biology resources in human identification, it became 
possible to identify a person even without physical 
ante-mortem data or with deteriorated biological 
material in negligible amounts, which are actually 
relatively common conditions in forensic analyses 
[7, 12, 16, 19]. The new forensic sciences offer an 
unprecedented degree of certainty and reliability 
for the obtained results [19].

The main exogenous factors that may limit the 
retrieval of information from human remains and 
restrict the entire process of human identification 
are issues associated with fires, such as heat and 
explosions [23]. In this context, teeth proved to be 
important elements in this type of identification, 
due to the high probability that there are not two 
people having the same exact dental features, as 
well as the relatively high degree of physical and 
chemical resistance of dental structures [15].

Teeth have in their composition the most 
resistant tissue in the human body – dental enamel 
– which provides high resistance against adverse 
conditions that can degrade DNA in the whole 
dental structure [14]. Due to this resilience against 
environmental changes (incineration, immersion, 
traumas, mutilation and decomposition), teeth 
represent an excellent source of DNA, when the other 
biological sources have been lost [20, 29, 30]. Also, 
due to the fact that dental pulp is surrounded by 
hard tissues, it is not easily influenced by changes 
in external temperature, as the buccal mucosa 
membrane and saliva [31].

PCR (polymerase chain reaction) technique has 
achieved increased importance for post-mortem DNA 
analysis in forensic cases [8] because of the millions 
of copies amplified from one specific sequence of 

DNA. Thus, it is of fundamental importance that 
dentists who act in Forensic Dentistry become 
familiar with the technological aspects of DNA 
analysis, as well as gradually incorporate this 
methodology into their practices [17].

It is not completely clear in which condition is 
possible to recover the DNA from teeth subjected 
to various temperatures under different exposure 
times, hence the expertise of Forensic Dentistry 
in human identification is necessary, especially in 
cases where little is left to make the identification, 
as in fires and explosions.

With the aim to evaluate the ability to recover 
genomic DNA contained in the root portion of teeth 
and its possible applicability in human identification 
process, human teeth were submitted to different 
heat conditions (600ºC, 800ºC, 1000ºC) for exposure 
times of 10, 30 and 60 minutes and the biological 
samples were amplified by PCR technique.

Material and methods

The project was submitted to the Committee 
for Ethics in Human Research of the Hospital for 
Rehabilitation of Craniofacial Anomalies at the 
University of São Paulo (CEP-HRAC-USP), approved 
under no. #117/2009-SVAPEPE-CEP.

Tooth collection 

The teeth used in the study came from 
extractions of healthy maxillary and/or mandibular 
third molars, from Undergraduate and/or Graduate 
Dental Clinics at the School of Dentistry of Ribeirao 
Preto of the University of São Paulo (FORP-USP), 
upon receipt of a Patient Donation Letter and signing 
of an Informed Consent Form. The exclusion criteria 
consisted of the non-signing of the aforementioned 
documents or whether the extracted teeth were not 
healthy and intact.

Each group consisted of five healthy teeth, 
comprising a total of 45 teeth. Each person could 
donate one to four teeth, depending on the surgery. 
After the surgical procedure, the teeth were cleaned 
with sterile gauze and saline solution, placed in 
sterilized plastic recipients and stored in a freezer 
at -20°C until the moment of use.

Incineration procedure

Teeth were divided into groups, identified and 
subjected to incineration in a porcelain furnace 
(model EDGCON 3P-3000, Sao Carlos, SP, Brazil), 
using 10 ml porcelain crucibles, in the following 
conditions: group 1A (600ºC; 10 minutes); group 1B 
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(600ºC; 30 minutes); group 1C (600ºC; 60 minutes); 
group 2A (800ºC; 10 minutes); group 2B (800ºC; 
30 minutes); group 2C (800ºC; 60 minutes); group 
3A (1000ºC; 10 minutes); group 3B (1000ºC; 30 
minutes); group 3C (1000ºC; 60 minutes); group 
in natura (five teeth were not subjected to oven 
incineration).

DNA extraction from teeth

Teeth in natura were sliced side-to-side at the 
area of the cementum-enamel junction using a low 
rotation motor and a sterilized carborundum disc 
that was replaced for each tooth. For incinerated 
teeth, the crown was separated from the root, and 
the remaining roots were later pulverized, using 
sterilized #5 dental mirror handles that were 
replaced for each tooth. The removed tissues from 
all groups (experimental and control) were placed 
in a microcentrifuge tube, and genomic DNA was 
extracted according to the instructions of the Qiaamp 
DNA Micro Kit (Qiagen, Chicago, USA). 

PCR technique application

To amplify the DNA from the samples, specific 
primers for the exon 2 of gene TGIF2 were 
employed. The sequence of this set of primers 
(Fw 5’ CAATAGTTGCTGTGCTTATAAAGC 3’, Rev 
5’ GAGTGGCAAGGAGCTTAATGC 3’) produces 
a fragment with 378 bp. This human gene was 
chosen due to the countless other studies already 
performed with it at the Clinical Genetics Laboratory 
of the Hospital for Rehabilitation of Craniofacial 
Anomalies at USP (HRAC-USP). The protein codified 
by this gene is a DNA binding homeobox protein 
and a transcriptional repressor. This repressive role 
of transcription occurs by the recruitment of the 
histone deacetylase of genes responsive to TGFβ.

The amplification of the genomic DNA was 
executed in a 20 µl volume containing genomic DNA 
(60-100 ng), dNTPs (200 mM), primers (25 pmol 
each) and Taq polymerase (1U). The PCR Enhancer 
Kit (Invitrogen, San Diego, USA), consisting of 10x 
buffer, MgSO4 and Enhancer solution, was also used 
in all amplification reactions. The amplification 
conditions were 95ºC for 4 minutes, followed by 
35 cycles at 95ºC for 30 seconds, 56ºC for 30 
seconds, and 72ºC for 1 minute, and one extension 
at 72ºC.

After amplification, the products were separated 
by 1% agarose gel electrophoresis, stained with 
ethidium bromide. The products appear as a 
simple band corresponding to the size of the 
amplified sequence, which emits fluorescence when 

illuminated by ultraviolet light, as demonstrated in 
several works [1, 3, 24-26].

The samples were always handled using 
gloves and masks, in a sterile environment, and 
for very short times. The deionized water used in 
PCR reactions was autoclaved, as were the other 
solutions, except from the primers, dNTPs, buffer, 
and Taq DNA polymerase.

Results 

Before performing the PCR assays, the DNA 
content was evaluated and values were estimated 
in ng/ml. For in natura group, values varied from 
448 to 818, for group 1A from 188-300 and group 
1B from 253-1188. For group 1C values were from 
218 to 812 and 2A from 104 to 418. 2C and 3A 
values ranged from 78 to 293 and 40 to 372, 
respectively. Finally, for group 3B and 3C values 
varied from 45 to 85 and 62 to 88, respectively. 
This large range of the DNA content observed is 
probably a result of the morphological differences 
of the tooth and the individual variations. The PCR 
reactions were prepared based on these values as 
an aim to optimize the PCR reactions.

The PCR reactions were done for all samples, 
including experimental groups and positive and 
negative controls. As could be seen, the amplification 
was possible for teeth of in natura group (figure 1). 
On the other hand, all samples from those groups 
subjected to any kind of incineration did not 
allow the amplification, regardless of the periods 
or temperatures employed. The results indicated 
that amplification of the DNA was not possible 
in these samples using PCR (figures 2 and 3). An 
amplification of saliva samples was performed to 
show the applicability of the primer used in this 
study. All the samples collected from saliva shows 
amplification (figure 4).

Figure 1 – Amplification of tooth samples: group in 
natura and negative control (NC)
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Figure 2 – Amplification of tooth samples: (A) group 1A; 
1B; positive control (PC); negative control (NC). (B) group 
1C; 2A; positive control (PC); negative control (NC)

Discussion

Bohnert et al. (1998) [4] evaluated the changes 
seen during cremation in 15 bodies, verifying that 
facial bones were exposed only after 40 minutes 
when all soft tissue had been burnt and that the 
complete incineration had occurred after two to 
three hours. Based on this, times varying between 
10 and 60 minutes were tested, once theoretically, 
the teeth would undergo direct exposure to fire for, 
at most, two hours. In another study, Rees (2010) 
[21] examined the effects of heat on the amplification 
of DNA from dental pulp of Sus scrofa molars and 
verified after incineration of intact heads for 15 min 
and 1h (average temperature of 625oC), amplifications 
of the largest fragment (450 bp) were successful 
from teeth. Moreover, the choice of temperatures 
was based on the fact that temperatures reached 
inside cremation ovens (670 to 800ºC) are similar 
to those reached in house fires, but with shorter 
duration due to firefighting actions [12, 22]. It is 
most similar to car fires, although temperatures 
can be higher, depending on the amount of fuel in 
the tank and the type of car [12].

Frequently, the biological materials found at 
the crime scene or collected from cadavers and 
mortal remains, present either on the victim’s 
body or in objects, are scarce or degraded [9, 22]. 
Therefore, there is a concern about guaranteeing 
the preservation of the biological sample for DNA 
extraction and analysis, and these steps are specified 
in the few existing regulations, such as a Brazilian 
norm, Resolution SSP-SP no. #194 [27], and a 
similar statute from FBI (2001) [9]. In an attempt to 
mimic real identification cases, this study followed 
the regulations regarding collection and storage as 
recommended by these authorities. Thus, there was 
a great concern to avoid contamination by foreign 
DNA, which could hinder or mask the results 
obtained from the extraction of the sought DNA, 
especially because PCR technique makes possible 
the amplification of the DNA from a single cell, 
even if it is degraded [27]. This single cell could 
have its DNA amplified along with the sought 
DNA, compromising the analysis of the genetic 
profile, and consequently making identification 
of the individual impossible. Furthermore, other 
cares were properly taken when performing PCR 
reactions to avoid contaminating the samples, such 
as physical isolation of the PCR preparation area 
and of the reagents employed, as well as control of 
the temperature, humidity and pH value, and correct 
choice of negative and positive controls, which can 
aid in detecting contaminants [9, 22, 27].

Figure 3 – Amplification of tooth samples: (A) group 
3A; 3B; 3C; positive control (PC). (B) group 2B; 2C; 3C; 
negative control (NC); positive control (PC)

Figure 4 – Amplification of saliva samples
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Bohnert et al. (1998) [4] conducted a study on 
the changes observed during the incineration of 
15 bodies in temperatures ranging between 670ºC 
and 810ºC and verified that, after 60 minutes, 
teeth remained intact. Their study, however, was 
performed under controlled temperature conditions, 
in which the bodies were exposed in a uniform 
manner. This does not occur in fire accidents. In 
such cases, exposure is not always continuous, with 
temperature variations depending on the presence 
of flammable materials [14].

In accident cases, the tooth is protected by 
epithelial, conjunctive, muscle and bone tissue 
before being affected, as well as by the protection 
that the enamel, dentin and cementum provide to 
cells and tissues, thereby protecting the individual’s 
genetic content. In this paper, the tooth was exposed 
directly to heat, without protection from those 
tissues. That direct exposure of the material to high 
temperatures of 600ºC, 800ºC and 1000ºC did not 
provide any favorable results to the amplification 
of the extracted DNA.

Although DNA concentration was favorable for 
later analyses, it was not possible to obtain any 
PCR product from the teeth submitted to heat. A 
first limiting factor is the fact that the integrity of 
the material was compromised. The exposure of 
the DNA molecule to high temperatures possibly 
led it to a fragmentation into smaller particles. 
This way, Schwark et al. (2010) [28], studying the 
identification of severely burnt human remains by 
genetic fingerprinting from bone fragments showed 
that the identification by DNA analysis is reliably 
and reproducibly possible from well preserved and 
semi-burnt bones.

Another important limiting factor for the 
amplification of these samples was the size of the 
primers used, 378 bp, which is a relatively large 
fragment for analysis of a degraded material. This 
indicates the relevance showing the size of the fragment 
to be amplified, as well as the integrity of the sample, 
which can contribute to the success of the analysis. 
Another point to discuss about the results is the 
methodology employed to show the amplification. In 
this paper, an agarose gel was used because it is a 
low-cost and very easy procedure, but it is proved 
to be less sensitive than other gels. Although it was 
possible to see the amplification from the saliva 
samples, the experimental material, probably because 
of the degradation, could not be shown.

In a simi la r study, but w ith d i f ferent 
temperatures, Tsuchimochi et al. (2002) [31] 
performed a procedure using Chelex 100 resin, 
in order to extract DNA from the dental pulp 

for later application of the PCR procedure. The 
extracted teeth were incinerated for 2 minutes at 
temperatures of 100ºC, 200ºC, 300ºC, 400ºC and 
500ºC. All samples up to 300ºC were able to be 
amplified and classified, whereas no PCR product 
was obtained from those above 400ºC.

Malaver and Yunis (2003) [14] conducted 
research in order to evaluate different dental tissues 
as sources of DNA in forensic analysis, using 20 teeth 
obtained from unidentified bodies buried in 1995 
and exhumed in 2000, obtaining 45 samples (5 of 
pulp, 20 of dentin, and 20 of cementum). The pulp 
produced the strongest signals of PCR amplification, 
while signals from dentin and cementum were quite 
similar to one another. This effect was expected 
once dentin and cementum are highly mineralized 
and present few organic content.

Hanaoka et al.  (1995) [11] evaluated the 
extraction of DNA from 50 teeth (pulp and hard 
tissues). The DNA obtained from the dental pulp 
varied between 3 and 40 µg, and no correlation was 
found between the storage period of samples and 
the amount of DNA found. The authors investigated 
the efficiency of DNA extraction from hard dental 
tissues in different concentrations of decalcification 
solution. The DNA obtained from dental pulp had 
high molecular weight, and was susceptible to 
analysis by multi-locus probe or PCR; the material 
obtained from hard tissues showed a satisfactory 
analysis only with PCR.

In a similar study, Remualdo et al. (2004) [22] 
evaluated the PCR amplification of DNA obtained 
from teeth submitted to heat (200ºC, 400ºC, 
500ºC and 600ºC) during 60 minutes, testing 
three extraction methods (organic; ammonium 
isopropyl/acetate; and silica). For PCR amplification 
of DNA, primers of genomic DNA (STR-F13A01) 
and mitochondrial DNA (MPSs) were employed. 
Using the organic method to extract genomic DNA, 
50% of samples subjected to incineration were 
amplified, although at lower temperatures (200ºC 
and 400ºC). At higher temperatures (500ºC and 
600ºC), the ammonium isopropyl/acetate method 
produced the best results for the extraction of 
mitochondrial DNA.

Conclusion

Using a commercial kit for DNA extraction 
and amplification of the human gene TGIF2 in the 
samples, the present study verified that it was not 
possible to recover genomic DNA contained in the 
root portion of the teeth for human identification 
purposes when submitted to different heat and 
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exposure time conditions. It is advisable that new 
assays are performed using a primer with smaller 
size for more conclusive results.
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