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Introduction
The area of forensic odontology studies human 

identification in situations when body tissues are lost during 
criminal investigations or large-scale natural disasters.1 
The field of forensic dentistry is defined as identifying the 
physical, chemical, and biological alterations that occur in 
the skeletons and other human parts or facts of a living or 
deceased person.2 In recent years, the application of DNA 
analysis has expanded the scope of forensic dentistry.3 A 
branch of medical science that, in the field of justice, deals 
with the proper handling and examination of dental evidence 
with the proper evaluation and presentation of the dental 
findings” according to Keiser & Neilson stated forensic 
odontology, also known as forensic dentistry, in 1970.4 

In forensic dentistry, injuries to the jaws, teeth, and soft 
tissues of the mouth are examined in order to accomplish 
three main areas of application: bite mark assessment, person 
identification, and diagnostic and therapeutic purposes.5 A 
wide range of body fluids, comprising blood, semen, tissues, 
organs, hairs, nails, saliva, and urine, may be analyzed to 
determine DNA.1 Since teeth are most durable and typically 
withstand postmortem degradation of all the tissue in 
the body, they are essential for forensic identification. 
Because dental tissues are capable of resisting a variety of 
environmental stresses, including burning, submersion, 
trauma, mutilation, and deterioration, teeth provide a great 
place for discovering DNA.6 Due to the greater availability 
of nucleated cells, the pulpal tissue of teeth has a high 
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genetic information content. The resistance of teeth against 
assault, whether it be chemical or physical, is unique. A tissue 
sample, other than the tooth, represents a significant risk of 
contamination or DNA degradation.1

The establishment of DNA’s double helix structure in 
1953 by James Watson and Francis Crick, which accounts 
for human genetic inheritance, revolutionized almost 
every scientific discipline and brought about significant 
improvements.7 It was reported that the first DNA analysis 
of victims of a big disaster was done during the Scandinavian 
Star Ferry in 1990.8

In forensic DNA analysis, a typical genotyping workflow 
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comprises tasks including evaluating the evidence, identifying 
bodily fluid, extracting DNA, reviewing extracted DNA, 
amplifying target loci, seeing amplified products, assessing 
data, and generating a report.9

DNA PROFILING / DNA FINGERPRINTING
Professor Sir Alec Jeffreys developed DNA profiling, 

commonly referred to as DNA fingerprinting or DNA typing, 
in 1984. It serves as an approach to recognize a person’s DNA 
characteristics.10 Initially, Jeffrey developed a technique called 
restriction fragment length polymorphisms (RFLP) to generate 
fragments of genomic DNA by using restriction enzymes.11

PRINCIPLE FOR DNA PROFILING
Just 2–5% of DNA can be accounted for by the gene that 

codes for a certain protein; the remainder, or 95%, of DNA is 
comprised up of junk or noncoding DNA. This non-coding 
DNA can appear as repeated DNA, which is multiple copies 
of the DNA spacer, or as a single copy. Long strands of this 
repeated DNA sequence are known as STRs. The basic principle 
of DNA fingerprinting and DNA profiling is the change in the 
micro satellite pattern discovered by a probe paired with stable 
inheritance.8

Following are the DNA types indicated in DNA profiling:10

DNA types                                    

STEPS FOR DNA RESEARCH
DNA has a unique quality that makes it helpful for forensic 

work. Temperature, pH, salt, and other unfavorable parameters 
that typically destroy traditional serological markers can be 
tolerated by DNA. Following are three basic steps for DNA 
research:1

STEP 1: EXTRACTION

STEP 2: QUANTITATION

STEP 3: ANALYSIS & INTERPRETATION

DNA COLLECTION TECHNIQUES
Fig. 1: Guidelines to procure dental DNA (Stravinos et al)12

 Samples of soft tissue or blood adhering to the tooth 
should be taken.
 Using a curette, remove any plaque or calculus from 

the tooth and completely disinfect it with hydrogen peroxide 
and ethanol.
 In cases where the tooth is unrestored, non-carious, and 

intact, a traditional endodontic access can be carried out.
 Greater access to the pulp chamber is made possible by 

sectioning the tooth (vertical axis sectioning).
 After the tooth is opened, a slow-speed rotary bur can 

be used to curet or instrument the pulp chamber walls. After 
that, pulp tissue can be gathered over a sterile container with 
a wide mouth.
 Crushing teeth is a possible choice.

MOLECULAR TECHNIQUES IN DNA ANALYSIS
1. Restricted fragment length polymorphism: Among 

the initial ways of forensic DNA profiling, the application of 
restriction fragment length polymorphism (RFLP) was the 
first.13 Using the restriction enzyme, DNA strands are broken 
up into fragments in this method. After being electrophoresed 
on an agarose gel, the broken DNA strands are transferred to a 
nylon membrane. Incubation with a radioactive probe made up 
of complementary polynucleotide fragments that can migrate 
and combine with fragments of DNA.8,13 The following are the 
steps involved in RFLP: extraction of DNA, fragmentation, gel 
electrophoresis, and band visualization.14

2. Polymerase chain reaction (PCR): The highly sensitive 
molecular technique known as PCR is tremendously helpful to 
forensic DNA research. The advantage of this method is that it 
works faster and needs less effort. The risk of cross-contamination 
is the only procedural downside. For the PCR procedure, 
two materials are needed: a primer and a DNA template.8 
     The process began with the sample tissue being heated to 
96°C for five minutes. This is to ensure the primers and DNA 
strands are melted. To start denaturation, the sample is heated 
for 30 seconds at 96°C. This stage is to ensure that the nucleic 
acids’ hydrogen bonds disintegrate. Annealing is achieved by 
heating the sample to 68°C for 30 seconds. The single-stranded 
primers will delay around at this temperature because ionic 
bonds between the primer and the single-stranded template 
will continually form and break. The production of double-
stranded DNA is facilitated by this stage, which helps to 
establish a strong bond between the template and single-
stranded primer. Upon binding to the template, the polymerase 
enzyme can now start duplicating the DNA, resulting in a 
fresh copy. Elongation is achieved by treating the sample for 
45 seconds at 72 °C. For the polymerase enzyme, this is the 
optimal operating temperature.1,15,16

Short tandem repeats: Genomic regions with core repeat 
sequences ranging from three to seven base pairs are known 
as short tandem repeats (STRs). Core repeat sequences of more 
than seven base pairs are known as long tandem repeats, or 
LTRs. In forensic science labs, dinucleotide repeats are rarely 
employed since they artificially create shadow and stutter 
bands.1,17 When doing tests with STR typing, standard DNA 
profiling protocol is used. The STR typing process, however, is 
dependent upon the standard operating protocols provided by 
the producers of commercial kits intended for use in forensic 
labs.18,19  

Mitochondrial DNA:  Oxidative phosphorylation occurs in 
mitochondria and results in the production of cellular energy. 
These procedures involve proteins that are encoded from 
nuclear and mitochondrial DNA. We can therefore conclude 

Genomic DNA
Teeth serve as a reliable 

source of genomic DNA.
They are situated in the 
cell's nucleus

Mitochondrial DNA
Utilized when a poor 

quality or inadequate 
DNA sample is received.
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that DNA is present in both the nuclei and the mitochondria 
of cells.20 There can be numerous mitochondria in a single cell, 
and each mitochondria can hold several DNA particles. This 
suggests that a cell with a single copy of nuclear DNA can live 

with hundreds of copies of mitochondrial DNA.In the event 
that nuclear DNA is unavailable, it is proposed that Mt DNA be 
taken into consideration for further research.21,22

TABLE1: Studies summary on gender determination by using molecular analysis in forensic dentistry

S.No Reference Sample 
Source

No. of 
samples Technique Result Conclusion

1. Manju R Nair et 
al. (2020)23

Dental 
pulp

120 deciduous 
teeth

PCR Compared to teeth kept 
in fresh water, the pulp 
tissue of teeth preserved 
in natural soil displayed a 
noticeably greater rate of 
accurate interpretation.

Teeth kept in natural soil 
had a higher percentage of 
correctly determined gender 
by PCR technology than 
teeth preserved in fresh 
water.

2. Lim et al. 
(2019)24

Teeth 17 extracted 
teeth with 
and without 
caries

Nested PCR 76.47% of samples were 
accurately identified

with AMEL gene.

Burnt samples can be used 
to establish sex type. Aside 
from that, dental sample 
restricted and deteriorated 
genetic material can be am-
plified using nested PCR, a 
valuable approach.

3. Chowdhury et 
al (2018)25

Dental 
pulp and 
teeth 

130 premolars PCR Most samples had effective 
DNA extraction, with the 
exception of teeth heated 
to 350 degrees Celsius. In 
terms of sensitivity and 
specificity, the determina-
tion of sex was 100%.

Teeth can be used to deter-
mine sex, are resistant to 
extreme environments, and 
were a powerful source of 
DNA.

4. Kholief et al 
(2017)26

Dental 
pulp

40 sound and 
carious ex-
tracted teeth

PCR 100% success rate in 
determining sex without 
any false positive or false 
negative results.

SYS14 & SRY genes were ef-
ficient for sex determination.

5. Hanaa M.H. 
Aal-Hamdan et 
al (2014)27

Maternal 
plasma/ 
serum

30 pregnant 
women (in 
the third 
trimester of 
pregnancy) 

RT-PCR All plasma samples from 
pregnant women carrying 
male fetuses yielded full 
and partial Y-STR profiles, 
whereas all plasma samples 
from pregnant women 
carrying female fetuses 
yielded negative Y-STR 
profiles.

The viability of using Y-STR 
typing to find the gender 
of the fetus in the third 
trimester of pregnancy with 
an accuracy rate of 100% as 
a gender-determining test.

6. Manisha M 
Khorate et al 
(2014)28

Dental 
Pulp

100 Fluorescent 
microscope

Gender determination from 
human pulp is possible 
upto 7 weeks. The percent-
age of FB and BB decrease 
gradually as the time inter-
val increases. 

The age of an individual has 
no bearing on the gender 
that may be determined 
from their pulp. The accu-
rate and economical method 
of determining gender is 
based on the presence or 
lack of the X (BB) and Y (FB) 
chromosomes.

7. Prashant M. 
Battepati et al 
(2013)29

Dental 
Pulp

30 PCR Using PCR amplification, 
sex was identified by look-
ing for alphoid centromeric 
repeat sequences that are 
unique to the X and Y chro-
mosomes.

When it comes to stored 
teeth, dry teeth can be a 
more reliable source of DNA 
than moist teeth. It is quick, 
precise, sensitive, and de-
pendable to use PCR for the 
co-amplification of X and Y 
specific sequences.
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Discussion

Teeth - Genetic material source
Dentin and pulp can be used to successfully extract DNA. 

One significant benefit of using teeth for DNA research is that 
they can yield large amounts of high-quality DNA. DNA is a 
significant source of information because it is long-preserved in 
teeth and bones. Numerous techniques for removing DNA from 
teeth have been documented, including aspiration, scraping, 
and horizontal or vertical tooth sectioning at the cemento-
enamel junction or up to the root tip. Additional techniques 
include traditional access cavity preparation and dental pulp 
removal, cryogenic grinding, or crushing of the teeth. The 
simplicity, affordability, and preservation of tooth integrity 
that can be taken into account in forensic investigations are the 
benefits of the access cavity preparation approach. 10

Molecular Genetics Studies   
In the field of forensics today, PCR is a vital technique, 

particularly when it comes to amplifying victim or suspect 
nucleic acid sequences and then matching them in situations 
involving few samples. Saiki et al. were the first to demonstrate 
PCR, while Mullis and Faloona were the first who utilized it 
in DNA synthesis.31,32 Amelogenin, SRY, DXYS156, and TSPY 
were the molecular markers used in PCR analysis for forensic 
sex determination.33,34 

Utilizing enzymes and concomitant primer extension of 
the complementary DNA strands, PCR is an in-vitro method 
for replicating specific DNA sequences.30 Prior to the 
development of heat-stable polymerases, the application of 
PCR was restricted. The majority of PCR-based methods make 
standardization easier, boost the sensitivity of the findings, 
and make it simple to evaluate old or severely deteriorated 
samples.35 To determine the quantity of male or female 
DNA in a mixed sample, as in sexual assault cases, real-time 
PCR or quantitative PCR was developed.13 Sex typing for 
destroyed samples was effective, and Lim et al.’s 2019 research 
demonstrated that genetic material could be evaluated. In 
addition, dental samples with limited and deteriorated genetic 
material can benefit from the use of nested PCR as a beneficial 
approach.36 Reesu et al. (2015) state that the length of time 
exposed to fire, the temperature at which it occurs, and the 
existence of materials in between teeth can all have a substantial 
impact on how fire affects teeth. Reesu et al. (2015) state that 
the length of time exposed to fire, the temperature at which 
it occurs, and the existence of materials in between teeth can 
all have a substantial impact on how fire affects teeth.24 The 
amount of DNA from a tooth sample varied from 6 micrograms 
to 50 micrograms, as demonstrated by Potsch et al. in 1991. 

Short tandem repeats (STR) analysis is commonly used for 
recognizing hypervariable regions of DNA in forensic samples. 
These segments comprise repeated repetitions of fragments 
containing two to seven base pairs.37 The December 26, 2004, 
tsunami that ravaged the Indian Ocean created significant 
challenges for dead body forensic identification.38 In 1991, 
high molecular weight DNA was extracted from tooth pulp by 
Schwartz et al. in a variety of environmental settings.39 

DNA analysis has been useful in identifying the deceased 

when other dental techniques have failed.38 Therefore, teeth are 
a great place to find DNA because they are covered with layers 
of muscle, bone, connective tissue, and epithelium. Studies 
on molecular biology as it relates to human identification will 
probably enhance DNA extraction even more as less material 
becomes available and as adverse circumstances worsen.6

Conclusion
     In the realm of forensic sciences, DNA technology is well-

established, and forensic odontology has developed a special 
interest in gathering DNA from the body’s hard tissue remains, 
especially from teeth. Given the belief that teeth are a repository 
of DNA, more investigation into methods for obtaining DNA 
from teeth could broaden the scope of molecular advances in 
forensic sciences and strengthen the notion that DNA functions 
as “a molecular signature in forensic odontology.” DNA 
analysis is frequently utilized in criminal investigations, family 
investigations, and mass disasters. 
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