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Abstract

Genomic DNA was isolated from variable biological sources. Nails contain genomic DNA but
there is limitation in isolating of genetic material from this tissue due to the special composition and
structure of this tissue in which DNA embedded in keratinized cells. This study aimed to investigate
the capability of using DNA that isolated from fingernails in forensic analysis. Thirty fingernails
clipping were collected from three groups (10 fingernail samples for children, 10 fingernail samples
for adolescent and 10 fingernail samples for adult) in addition to thirty buccal swabs collected from
the same volunteers as reference samples. Both fingernail clipping and buccal swabs were subjected
to DNA extraction using phenol/chloroform extraction. All samples were typed for fifteen
autosomal STR loci along with amelogenin, using the Applied Biosystems AmpFiSTR®
Identifiler™ kit. Our finding showed that input of 5 mg nail material (1 to 2 of fingernail clippings)
gives a variable yield of DNA concentration also there was no significant difference in The mean of
concentration for samples that isolated from whole fingernail and those isolated from fingernail
after cut into small pieces for children groups while there were significant difference for adult and
adolescent groups (0.107702, 0.07544 and 0.000192 respectively). Also the allele’s percentage of
STR profiles for three age groups was fluctuated among (100, 33.3, 53.3, 66.6, 73.3, 86.6, and
93.3%). [DOI: 10.22401/JUNS.21.1.16]
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Introduction [21-23], but their use as a provenance of DNA
Deoxyribonucleic acid (DNA) profiling is in the forensic field is rather rare. The aim of
an effective technique for human identification the present study was to verify whether human
and/ or the resolution of criminal and civil nails are appropriate for personal identification
legal disputes. One force characteristic of and paternity testing.
DNA profiling is that it may be used in
assortment of various biological sources. Some Materials and Methods Samples
of these sources include blood [1,2], semen[3], Thirty fresh human fingernails were
hair[4-6], saliva[7],bone[8-14] and teeth [15- obtained from random volunteers an age
17]. DNA profiling of individuals with short average (8-60). Thirty buccal swabs were also
tandem repeat (STR) markers is commonly collected from same volunteers and used as
used in forensic genetics and paternity testing. reference samples. Fingernails were subjected
Short tandem repeats are non-coding regions to two different treatments. In the first
of DNA used for forensic identification due to treatment DNA was isolated from whole
the variation between individual found in these fingernail clipping while in the second
regions [18]. They occupy about 3% of the treatment fingernail clipping was cut into
human genome and occur on every 10,000 small pieces to increase surface area exposed
nucleotides [19]. Nail, hair, horn and feather to lysis solution.
(keratinous tissues) have been utilized as a
source of genetic material for over 20 years. DNA Extraction
There are particular benefits of using DNA was extracted from fingernail
keratinous tissues include the ease obtaining of samples using organically after a modification
the sample and the relative stability of DNA in of a previously published protocol [21] and
these tissues [20]. Many studies have buccal swab samples were extracted according
confirmed that nails are suitable for analysis to Souvik et.al. 2013 [24]. To remove the
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possible exogenous material, the nail clipping
were placed in a 2-mL Eppendorf tube,
washed with 500ul lysis solution, 10 pl of
20mg/ml protenase K and 3 pl dithiothreitol of
1M and incubated in a thermomixer at 56°C
for 1 hour, then rinsed twice with double-
distilled water. After that the samples were put
on clean sterile paper to dry. Later fingernail
clipping transfered to new clean 2-mL
Eppendorf tube and incubated with 500ul
lysis solution, 20 pl proteinase K and
25 ul dithiothreitol and incubate at room
temperature for 24-48 hours. Subsequent steps
were performed according to a standard
phenol/chloroform extraction, followed by
ethanol precipitation.

Measuring DNA concentration and purity

Both concentrations and purity of the
extracted DNA samples were determined
using nanodrop ND-1000 spectrophotometer
(Nano Drop) Technologies. Also, the extracted
DNA samples were electrophoresed on 1%
agarose gel for checking the presences and
integrity of DNA.

PCR amplification
Autosomal STR loci were typed along
with amelogenin locus on the X and Y

chromosomes utilizing the Applied
Biosystems AmpFiSTR® Identifiler™ kit
which amplifies fifteen loci: D8S1179,

D21S11, D7S820, CSF1PO, D3S1358, THO1,
D13S317, D16S539, D2S1338, D19S433,
VWA, TPOX, D18S51, D5S818, FGA. The
amplification was done by thermocycler
(Applied Biosystems) [25]. One (ng) of target
DNA submitted to the protocols described in
the User's Manual (Applied Biosystems). The
PCR conditions for amplification of STR
markers were 95°C for 11 min, 94°C for 1
min, 59°C for 1 min, 72°C for 1 min and 60°C
for 6 min for 28 cycles [26].

DNA Typing

Amplicons were diluted with factor 9.5:
0.5 in Hi- Di™ formamide and GS500-LIZ
internal size standard (Applied Biosystems)
and analyzed on the 16-capillary 3130XL
Genetic  Analyzer. POP™-4  (Applied
Biosystems) was used for high resolution
separations on a 36 cm array [27].
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Data collection

Specimens were analyzed by Gene Mapper
v.3.2 software (Applied Biosystems, Foster
City, CA, USA) after data collection was
performed with Data Collection v.2.0 software
(Applied Biosystems, Foster City, CA, USA).

Results and Discussion

This study was conducted to assess the
isolation of Genomic DNA from fingernail
clipping samples and the capability of using in
forensic analysis. Samples were obtained from
three age groups (children, adolescent and
adult). Fingernail clipping samples were
washed to exclude contamination which
inhibits polymerase chain reaction. Our results
show that the DNA yield for samples that used
whole nail clipping (5mg) rang between
(40-144ng/pl).  The mean of DNA
concentration for children group was 126.2 +
12.35718, while was 70.8 +14.42914 for
adolescent group and 52 + 8.860023 for adults
while DNA vyield for samples that use small
pieces of nail clipping (5mg) rang between (8-
66 ng/pl) and the mean for three age groups
were 57.2+ 6.760178, 34 + 6.63325 and 18.2 +
6.797058 respectively Table (1). These
quantities are considered to be good if it is
aimed to be used in personal identification and
paternity testing since the quantity of required
DNA in polymerization is not less than 0.5 ng.
Also there was no significant difference in The
mean of concentration for samples that
isolated from whole fingernail and those
isolated from fingernail after cut into small
pieces for children groups while there were
significant difference for adult and adolescent
groups (0.107702, 0.07544 and 0.000192
respectively). The variability in DNA yields is
not entirely clear, but it might be related to the
different keratin content that strongly affects
the weight of nail material. A standardized of
nail clippings may therefore contain a variable
number of cell nuclei or possibly extra nuclear
DNA, leading to fluctuating levels of
extractable DNA [30].

The purity of nail clipping samples ranged
between (1.3 - 1.6) which was lower than the
ratio A260/A280 of pure double-stranded
DNA which is~ 1.8. This could be due to
contamination of the samples with proteins
(e.g., keratin) and phenol.
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Result of agarose gel -electrophoresis
descriptive of the quality and integrity of the
extracted DNA, our investigation showed that
the DNA extracted from buccal swab appeared
sharp band while DNA isolated from
fingernails clipping were highly fragmented
Fig.(1) this result agree with other studies
[28, 29]. Genetic material in nail creates from
germinal matrix cells in the nail root. During
growth, germinal matrix cells differentiate
into nail plate and are filled with keratin.
In this stage of Kkeratinization, the cells
suffer programmed cell death, which lead
to considerable DNA fragmentation [20].
Table (2) illustrates the percentage of STR loci
which emerged for each profile obtained from
fingernail clipping. Short tandem repeat (STR)
use in forensic field to estimates specific
marker that are found on nuclear DNA. The
variable nature of (STR) regions make the
probability of similarity among individuals in
13 loci of DNA profile can be as highas 1in 1
billion or greater (except identical twins). In
this study genetic profile typed from each
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fingernail sample was identical with buccal
swab sample to the same individual. the
percentage of STR loci were 100% for all
DNA samples extracted from buccal swab
while this percentage Fluctuated and some loci
were drop-out in respect to DNA samples that
isolated from nail clipping Fig.(2) clarifies
successful amplification for all STR loci get
from nail material.

Table (1)
Concentration of DNA extracted from 5mg of fingernail.

Whole fingernail (5mg)

Small fingernail pieces (5mg)

Quantity of DNA
(ng)
111
125
144
131
120

62
57
93
77
65

mean

(16-39)

Standard
Deviation

12.35718

14.42914

Quantity of Standard
DNA (ng) Deviation

49

Mean

66

6.760178 | 0.107702

6.63325 | 0.007544

54
46
61
40
59

8.860023

106

6.797058 | 0.000192
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Fig.(1): Gel electrophoresis analysis of genomic DNA on 1% agarose gel stained with red safe
DNA dye and electrophoresed at 5 volt /cm for 45 minutes and visualized under UV light. DNA
maker 50 bp, the lane (1,2) represent DNA extracted from buccal swab samples and the lane (3,4)
represent DNA extracted from fingernail clipping samples.

Allele drop-out happens when one or more
alleles are not present after sample is typed
with STR marker. This may be due to more
than one reason: a mutation in the primer
binding site is present which causes a failure in
the amplification of the allele, the initial input
quantity of DNA is too low resulting in the
failure to amplify one or more alleles in the
sample, an allele sizes outside of the normal
calling range for a particular locus and goes
undetected. Furthermore, allele drop-out
occurs due to polymerase chain reaction

inhibition which was one of the problems
seen in those sample extracted from fingernails
and hair. “PCR inhibitors generally exert
their effects through direct interaction with
DNA or interference with thermo-stable DNA
polymerases. Direct binding of agents to
single- stranded or double-stranded DNA can
prevent amplification” [31].

Table (2)
The relationship among quantity of DNA isolated from fingernail, concentration utilized in
polymerase chain reaction and allele’s percentage of STR profile for three age groups.

Quantity of

s ET e DNA utilizes in

of DNA (ng/pl)

Quantity of
DNA (ng)

Appearance
of alleles

Quantity of
DNA utilizes

Appearance
of alleles
%

G Concentration of

DNA (ng/ul)

(16-39)

(40-60)
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Each nucleated cell contains two copies
of an individual’s genome and can be used
to generate a DNA profile under optimal
conditions [32]. DNA can be isolated
substantially from any part of human body.
The most common source of DNA is blood,
also DNA can be extracted from saliva, semen,
hair root and even from several skin cell left
on surface of glass after it was touch [33].
Several studies have reported that the fresh or
old nail can be used as a source for nuclear
DNA and mitochondrial DNA [34, 21, 22, 35].
Isolating genetic material from keratinous
tissues (nails) are more difficult than from
body fluids or soft tissues due to the washing
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possible nail polish and the incubation step to
dissolve the nail material. On the other hand,
nail samples are the lowest costs for obtaining
and storing, least invasive and most suitable
for use in pediatric studies. [28].

steps for removing exogenous material,
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Fig.(2): Electropherogram of DNA profile obtained from fingernail clipping amplified with 16
loci of STR. It can be seen the amplification was successful.

Conclusion

In recent years obtaining genomic DNA in
an easy way is an issue of importance.
Although the genetic material that extracted
from fingernail specimens have fragmented
nature and relatively high contaminants due to
the special composition and structure of
keratinous tissue in which DNA embedded in
keratinized cells that limit isolated DNA in
sufficient quantity and high quality nails are
considered alternative source of DNA
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especially when the purpose of its use in
forensic analysis.
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