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Abstract

Introduction: This study determines the importance of tooth brush from which DNA
can be isolated and used for sex determination in forensic analysis. Materials and
Methods: A total of 30 samples were collected and stored at room temperature for
different periods of time interval. The epithelial cells adhered to the bristles of tooth
brush were collected and genomic DNA was extracted and quantified using Nanodrop
1000 spectrophotometer. Results: Gender identification was done by amplification
of sex determining region on Y chromosome (SRY) gene using real-time polymerase
chain reaction and minimal amount of DNA (in pico grams) with 100% sensitivity
and 73.3% specificity, i.e., all male samples showed positive results and out of 15
female samples 4 showed false positive results, i.e wrongly identified as males.
Conclusion: With this study, we conclude that PCR is a valuable and sensitive procedure
where minute contamination may cause alteration in the result, i.e, 4 females showed
false positive result. Minute amount of DNA in picograms, which was collected at different
intervals is enough for amplification of SRY gene and tooth brush can be used as one
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Introduction

dentification of an individual with usual conventional

modalities like dermal ridge finger print, radiological and
forensic pathological methods becomes difficult in mass
disasters like natural, accidental or man made events such
as earthquakes, floods, airplane crashes and terrorist attacks
that result in multiple human fatalities. At this juncture,
dental evidence emerges as one of the reliable identification
modalities based upon its unique treatment procedures
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of the very valuable sources of gender identification.
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like restorations where they are resistant in badly burnt,
traumatized, decomposed, and skeletonized remains. The
conventional method of dental identification is done by
comparing the post-mortem records with ante-mortem
records. When ante-mortem record is not available, the DNA
isolated from the hard or soft tissues helps in identification.
Even a highly degraded DNA from post-mortem tooth
sample can be amplified by polymerase chain reaction (PCR)
and compared to suspected biological relative, i.e., to a parent
or to a sibling. Even in the absence of biological relatives, the
identification is made by comparing with known biological
samples of decedent, like hair from a hair brush, epithelial
cells from a tooth brush or a biopsy specimen.!!

Identification of unknown bodies of a mass fatality incident
by DNA analysis is the newest of several methods or
techniques in the field of forensic medicine.” The usual
sources of DNA from oral and maxillofacial region are
soft tissues, pulp tissues, odontoblastic processes, and
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cellular cementum. But saliva-stained stamps, human
skin, cigarette butts, tooth brush, oral prosthesis, and other
inanimate objects can also be used as sources of DNA,
as saliva contains many epithelial cells. Oral epithelium
undergoes exfoliation, which is replaced by new crop of
epithelial cells. Even firm pressure can dislodge these cells
like in case of tooth brushing. While brushing, tooth brush
can harbor cells from the oral cavity and these cells can be
isolated and retrieved for analysis of DNA.FIBased on these
findings, we used tooth brush as a source of DNA for sex
determining region on Y chromosome (SRY) and its use in
gender identification.

Materials and Methods

The present study was carried out in the Department of
Oral and Maxillofacial Pathology, Meenakshi Ammal
Dental College, Chennai, and in Shrimpex Biotech Lab,
Chennai. Tooth brushes were given for 30 individuals and
the subjects were instructed to use it for one week with their
regular brushing habits and to return them. The samples
were kept at room temperature. Care was taken to avoid
any kind of contamination. To assess the possibility of any
genetic abnormality and chimerism, information regarding
any diagnosed syndromes, family history, bone marrow
transplantation, and family details of female subjects
were also recorded through personal interview using a
questionnaire. Ten samples were subjected to analysis
immediately, with no storage time, 10 after 1 month, and
10 after 2 months of storage time [Table 1].

DNA extraction and quantifcation

DNA extraction was performed using Real Genomics YGB
100 (Real Biotech Corporation, Taiwan) DNA extraction
kit. Quantification of extracted DNA from each sample was
done using Spectrophotometer, Nanodrop ND-1000. DNA
in the solution was quantified by the absorbance of light
(260 nm) in spectrophotometer.

Amplifcation and detection of SRY gene

The DNA samples were amplified for SRY gene using real-
time PCR and Taq PCR master mix (Qiagen, India) with the
following primers and probe.

Primers for SRY gene

Forward- GCG ACC CAT GAA CGC ATT.

Reverse-AGT TTC GCA TTC TGG GAT TCT CT.

Probe - FAM-TGG TCT CGC GAT CAG AGG CGC-TAMR

The PCR cycle consisted of initial denaturation at 95°C
for 7 min, followed by 40 cycles of annealing at 95°C for
15 sec., and extension at 60°C for 1 min. The presence of target
gene SRY is automatically detected by the Real Plex Master
Cycler (Eppendorf, Japan) and result is plotted in the form
of a visualization chart with red color indicating positive and
green color as negative and as a FAM assay table.

Table 1: Distribution of subjects based on storage time

Storage time Males Females
Nil 5 5
30 days 5 5
60 days 5 5

Results

Quantification of DNA extracted using Nanodrop 1000
Spectrophotometer revealed that most of the samples
yielded very low values and certain with negative values.
The sensitivity of Nanodrop 1000 spectrophotometer as
specified by the manufacturer is 2 ng/ul + 2 ng/ul. Hence,
values below 4 ng/ul indicate the presence of DNA at
picogram levels. Only four subjects 1, 4, 8, and 22 showed
the presence of DNA above 4 ng/ul, i.e., 29.32, 10.34, 5.19,
and 4.74 ng/ul and the respective purity of DNA was 2.01,
1.6, 3.28, and 0.121 [Table 2].

Real-time PCR analysis of SRY gene identified all the 15
males as males based on the presence of SRY gene. Among
the 15 female subjects, 4 females were wrongly identified
as males by the presence of SRY gene in their tooth brush
samples [Table 3].

In the present study, true positive indicates those males

who were identified as males; true negative indicates those

females who were identified as females; false positive

indicates those females who were wrongly identified as

males; and false negative indicates those males who were

wrongly identified as females by the presence or absence

of SRY gene.

* True positive = 15 - those males who were identified as
males

* True negative = 11 - those females who were identified
as females

e False positive = 4 - those females who were wrongly
identified as males

¢ False negative = 0 - those males who were wrongly
identified as females

Hence, the sensitivity and specificity of SRY gene in gender
identification was 100% and 73.33%, respectively.

Discussion

Identification is the establishment of a person’s
individuality. Proper identification of the dead is required
both for legal and humanitarian reasons. Identification of
an individual includes the conventional methods like the
birth of fingerprints in 1892, followed by serological typing
with various blood group markers such as ABO, visual,
personal effects, skeletal remains, autopsy findings, dental
characteristics along with several special methods like
bite marks, lip prints, cytology, histology, photography,
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Table 2: Quantification of DNA extracted from tooth brush
samples stored for various time period

Sample no. Storage time Gender DNA yield (ng/ul)
1 Nil Female 29.32°
2 Nil Female 0.36
3 Nil Female 1.12
4 Nil Female 10.34°
5 Nil Female 0.5
6 Nil Male 1.37
7 Nil Male 15
8 Nil Male 5.19°
9 Nil Male -0.6
10 Nil Male 0.71
" 30 days Female 1.34
12 30 days Female 2.23
13 30 days Female 0.1
14 30 days Female 1.89
15 30 days Female 0.08
16 30 days Male 0.67
17 30 days Male 0.22
18 30 days Male -0.31
19 30 days Male 0.69
20 30 days Male 1.1
21 60 days Female -0.46
22 60 days Female 474"
23 60 days Female -1.23
24 60 days Female -1.46
25 60 days Female 2.32
26 60 days Male -0.86
27 60 days Male -1.19
28 60 days Male 0.48
29 60 days Male 0.63
30 60 days Male -0.01

As the sensitivity of Nanodrop 1000 spectrophotometer was 2 ng/ul = 2 ng/ul,
values below 4 ng/ul were not considered, *DNA above 4ng/ul

forensic radiography, and now the next evolution is DNA
typing.™

Determination of sex using skeletal remains presents a
great problem to forensic experts especially when only
fragments of the body are recovered. At this point, the
teeth that are resistant to all these conditions play an
important role as they show particular differences in their
tooth size like mesio distal width and canine dimorphism
between males and females. Sex is also determined
by observing barr bodies and f bodies in X and Y
chromosomes respectively under microscope. All these
methods are having limitations and the percentage of
accuracy is not 100%. Advanced methods like extraction

Table 3: Gender identification based on presence of SRY gene

Sample no. Actual gender Gender based on SRY Gene
1 Female Female
2 Female Female
3 Female Female
4 Female Female
5 Female Male*
6 Male Male

7 Male Male
8 Male Male
9 Male Male
10 Male Male
" Female Female
12 Female Female
13 Female Female
14 Female Female
15 Female Female
16 Male Male
17 Male Male
18 Male Male
19 Male Male
20 Male Male
21 Male Male
22 Male Male
23 Male Male
24 Male Male
25 Male Male
26 Female Female
27 Female Male*
28 Female Male*
29 Female Female
30 Female Male*

*indicate false positive results

of the DNA and PCR amplification will assist accurately
in determining the sex of the remains."!

The analysis of DNA has revolutionized the field of
sex determination, and using which identification
of an individual has become much more easier. The
requirement for only a small amount of sample, stability
of the molecule and the high degree of assay accuracy
and precision has contributed to the application of this
technology for forensic, parentage testing, population
studies, medical analysis, and agricultural and animal
genetic applications.™

Various sex typing markers used for identification are
Amelogenin, centromeric alphoid repeats, ZEX/ZFY zinc
finger genes, SRY gene, DXYS156, and DYZ1.1%

Kastelic et al, Kashyap et al, Thangaraj et al, Chang et al,
Steinlechner et al, LI-GI Kao et al, Drobnic et al in their
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studies have observed deletion of amelogenin gene on Y
chromosome and the males have been wrongly identified
as females. They are called as amelogenin-deleted males.
In these situations of unambiguous gender identifications,
Y chromosomal STR markers and SRY gene are used for
identification of gender of amelogenin-deleted males.”*]

The SRY gene provides instructions for making a
transcription factor called the sex-determining region Y
protein. A transcription factor is a protein that attaches
(binds) to specific regions of DNA and helps control
the activity of particular genes. The sex-determining
region Y protein causes a fetus to develop as a male. It is
the Y-chromosomal gene that acts as a trigger for male
development in mammalian embryos.!"

In the present study, we isolated epithelial cells from
tooth brushes and analyzed the DNA for sex determining
region Y (SRY) and its use in determining the sex of the
individual. Similarly, Bandhaya et al. and Tanaka et al.
also used tooth brushes for extraction of DNA.[1516]

Various sources were used for extraction of DNA in
different studies, like - Hanaoka et al. conducted a study
to determine sex from blood and teeth.!'”! Sivagami and
co-workers prepared DNA from teeth by ultrasonication,
and subsequent PCR amplification, they obtained 100%
success in determining the sex of the individual.!'®
Loreille et al. extracted DNA from bone." Marchand
et al. extracted DNA by isolating epithelial cells from
buccal swabs, rinses and cyto brushes.?” Thomson
et al. in their study, extracted DNA from hair roots and
buccal cells for PCR DNA analysis and stated them to be
the first choice than invasive blood samples.?!! Herber
et al. observed study subjects and crime cases by taking
the dandruff as the material of choice for extraction of
DNA. I Allen et al. in their study proved that saliva from
envelops and stamps can be used for PCR- based DNA
typing.®! Graffy et al. in their study explained simple
methods for mitochondrial DNA extraction from head
hair shafts.*

In the present study, the quantity and purity of DNA
extracted from tooth brush samples were not analyzed
as only four samples have shown quantification as per
the sensitivity of Nanodrop 1000 spectrophotometer
specified according to the manufacturer as 2 ng/ul + 2
ng/ul, i.e., 4 ng/ul. Hence, values below 4 ng/ul indicate
the presence of DNA at picogram levels. This shows that
minute traces of human DNA are sufficient to amplify a
specific gene target using PCR. Real-time PCR offers an
added advantage over the conventional PCR in that the
amplification of the specified gene target is shown as a
graph representing the amount of fluorescence emitted
by PCR products after each cycle [Figure 1].
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Figure 1: Real-time PCR amplification plot for SRY gene. The horizon-
tal red line indicates the threshold value of fluorescence. All the samples
positive for SRY gene show amplification of the target sequence that
attains the threshold fluorescence at varying cycles of amplification.
Those samples negative for the SRY gene show the fluorescence to
be below the threshold value (red line)

Bandhaya et al. in their study have concluded that limited
number of bundle of bristles give enough quality of DNA
than the entire bundle of bristles even though they give
more genetic material, as they contain PCR inhibitors in
the tooth paste residue. They have yielded 0.025 to 2.355
ng/ul.® Tanaka ef al. in their study used entire bundle
of bristles and were able to retrieve 10 to 430 ng/ul of
DNA. Similarly, Jiang et al, Mannucci ef al, and Sullivan
et al in their studies for sex determination extracted very
minimal amount of DNA; 50 pg, 20 pg, and less than 1
ng, respectively.l'626-2

In the present study, gender determination of all 30 samples
was done by SRY gene with 100% sensitivity and 73.3%
specificity.

Sensitivity and specificity of SRY gene in genderidentification
was performed using the following formula

Sensitivity = Number of true positives / (Number of true
positive + Number of false negative)

Specificity = Number of true negatives / (Number of true
negatives + Number of false positives)

Real-time PCR analysis of SRY gene identified all the 15
males as males based on the presence of SRY gene. Among
the 15 female subjects, 4 females were wrongly identified
as males by the presence of SRY gene in their tooth brush
samples.

Here, false positive results were observed in only married

woman. This result might be due to

¢ Close proximity with male brush or used by a male either
child or husband.

e Handling contamination, i.e., from other male samples
or from the user.

Riley in his article states that in the close proximity or in
contact of two samples, the genomic DNA from one sample
can contaminate the other. During PCR, contaminants
may be amplified up to a billion times their original
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concentration. Contamination can influence PCR results,
particularly in the absence of proper handling techniques
and proper controls.”’)

SRY gene is a reliable sex typing marker for unambiguous
sex typing in forensic samples. But in certain conditions like
Turner syndrome (46,X0), Klinefelter syndrome (46,XXY),
Swyer syndrome - caused by mutations in the SRY gene
(46, XY disorder of sex development, or partial gonadal
dysgenesis), 46, XX testicular disorder of sex development -
associated with the SRY gene, Congenital adrenal
hyperplasia,5-Alpha-reductase deficiency, Androgen
Insensitivity Syndrome (AIS) and 47, XYY syndrome
there may exist a discrepancy between the genotype and
phenotype of the person.*”

Identification and gender determination problem arises
in case of chimerism (bone marrow transplants) or micro
chimerism (pregnant women carrying male fetuses) like
in case of false detection (or non-detection) of amelogenin
specific fragments.

In case of chimerism, after successful transplantation, the
patient shows similar short tandem repeats of that of donor
and which are completely different from his or her own
hair roots.

Microchimerism is the presence of a small number
of cells that originate from another individual and
therefore genetically distinct from the cells of the host
individual. Immune cells (T and B lymphocytes, monocytes,
macrophages, and Natural killer cells) from a fetus pass
through the placenta and establish cell lineages within the
mother. Fetal cells have been documented to persist and
multiply in the mother for several decades. After giving
birth, about 50-75 % of women carry fetal immune cell
lines. Maternal immune cells are also found in the offspring
yielding in maternal fetal microchimerism. Microchimerism
also showed to exist after blood transfusions to a severely
immunocompromised population of patients who suffered
trauma. So, in case of different sex between donor and
recipient, PCR-based sex testing gives wrong conclusions in
forensic casework with regard to the gender.?I Costa et al in
their study using SRY gene proved that the maternal serum
of the pregnant woman with male baby gives false positive
result (microchimerism). And this was used to identify the
gender of the fetus in first trimester.?

In our study, no subjects with chimerism and microchimerism
were observed. Out of three married women, two were
found to have female child and the other none.

There is no single gene that can be used as a sole marker
for gender determination with 100% accuracy in all the
cases like amelogenin-deleted males, certain mutations
and syndromes. Hence, it is advised to use a combination

of Y specific and X specific genetic marker for gender
identification, which will be more useful in conditions like
mutations.

Conclusion

In the present study, SRY gene showed 100% sensitivity and
73.3% specificity in gender identification. We also found that
PCR is a valuable and sensitive procedure where minute
contamination may cause alteration in the result, i.e., four
females showed false positive result.

In this study, 86.7% (26) showed the amount of DNA
below 4 ng/ul, i.e., below the lower limit of Nanodrop 1000
spectrophotometer. This indicates that even the minute
amount of DNA, i.e., 1 pg/ul is enough for typing.

Based on these results, we finally conclude that tooth brush
can be used as one of the very valuable sources for gender
identification.
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