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ABSTRACT: A validation study was conducted to demonstrate
that deoxyribonucleic acid (DNA) could be successfully extracted
from human nail material and analyzed using short tandem repeat
(STR) profiling and/or mitochondrial DNA (mtDNA) sequencing.
This study involved the development of a DNA extraction protocol
that includes a cleaning procedure designed to remove external con-
taminants (e.g., biological, chemical). This protocol was used to test
human nail material that had been soaked in whole blood from a sec-
ond donor and coated with gold-palladium to simulate scanning
electron microscopic analysis. The results showed no indication of
a mixture and were consistent with that of the nail donor. Fresh hu-
man nail material usually yielded both STR profiles and mtDNA se-
quence information; however, aged human nail material (~eight
years old) yielded only mtDNA sequence information. Upon com-
pletion of the validation study, the extraction protocol was used for
the analysis of a torn fingernail fragment recovered from the scene
of a violent homicide in 1983. A partial STR profile and mtDNA se-
quence information indicated that the fingernail fragment was ex-
cluded as originating from the suspect and was, in fact, consistent
with originating from one of the victims.
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Forensic deoxyribonucleic acid (DNA) testing is a powerful
technique for human identification and/or the resolution of crimi-
nal and civil legal disputes. One powerful characteristic of DNA
testing is that it may be applied to a wide variety of biological
sources. Some of these sources include blood (1,2), semen (3), hair
(4–6), saliva (7), bone (8–14) and teeth (15–17). In addition, human

nail material has been identified as a potential source of biological
material for forensic DNA testing (18,19).

The collection of trace evidence from beneath the fingernails of
victims of violent crime is one part of a routine autopsy examina-
tion. However, the collection of unknown fingernail fragments
from a crime scene is much less common. The forensic examina-
tion of human nail material typically includes striation pattern anal-
ysis and/or tear comparisons. In addition, the analysis of human
nail material utilizing immunological assays and conventional
serological markers (e.g., ABO) has been performed (20–25).

The analysis of DNA extracted from human nail material has
been utilized in both clinical diagnostics and research (26,27). How-
ever, its application to forensic, evidentiary material has been lim-
ited to reverse dot-blot technology at the Human Leukocyte Antigen
(HLA) DQA1 locus (18,19). Hence, a validation study was per-
formed to demonstrate that DNA could be successfully extracted
from human nail material and analyzed using short tandem repeat
(STR) profiling and/or mitochondrial DNA (mtDNA) sequencing.

This study involved the development of a DNA extraction pro-
tocol that includes a cleaning procedure designed to remove bio-
logical (e.g., whole blood) and chemical (e.g., gold-palladium (Au-
Pd)) contaminants. Organic DNA extractions were performed on
small fragments of fresh human nail material which were contam-
inated by bare-handed manipulation, immersion in whole blood,
Au-Pd coating, or a combination of immersion in whole blood and
Au-Pd coating. In addition, DNA extractions were performed on
small fragments of fresh human nail material from 21 random in-
dividuals. Finally, DNA extractions were performed on an aged hu-
man nail (~eight years old).

Upon completion of the validation study, the extraction protocol
was used for the analysis of a torn fingernail fragment recovered
from the scene of a violent homicide in 1983. The torn fingernail
fragment was contaminated with blood at the time of recovery.
Subsequently, the fingernail fragment was cleaned via sonication
in sodium dodecylsulfate (SDS), coated with Au-Pd, and sub-
jected to scanning electron microscopy (SEM) for the purpose of
striation pattern analysis and tear comparison.

Materials and Methods

Fresh human nail material (i.e., fingernail, toenail) was obtained
from 21 random individuals. Aged (~eight years old) human nail
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material was obtained from one individual. Individual nail frag-
ments (~5.0 mg) obtained from two random individuals were con-
taminated by bare-handed manipulation, immersion in whole
blood, Au-Pd coating, or a combination of immersion in whole
blood and Au-Pd coating. The Au-Pd coating was performed to
simulate the analysis of the nail material using SEM. Each sample
of the contaminated nail material was cleaned by one of several
procedures. These procedures included scraping, vortexing, soni-
cation, immersion in water, ethanol, acetone, SDS, and/or bleach,
double-extraction, or a combination of these procedures. The fol-
lowing procedure was used to clean individual nail fragments (~2.5
mg) from the 21 fresh nails as well as the aged nail: 1a) If the nail
material is coated with Au-Pd, then vortex for 2 min in 10% com-
mercial bleach. Remove bleach. 1b) If the nail material is coated
with nail polish, then vortex for 2 min in acetone. Remove acetone.
1c) Vortex the nail material for 2 min in sterile, deionized water.
Remove water. Repeat as necessary to clean surface of nail mate-
rial (at least two times). 2) Sonicate the nail material for 10 min in
10% SDS. Remove SDS. 3) Vortex the nail material for 2 min in
10% commercial bleach. Remove bleach. 4) Rinse the nail material
thoroughly with sterile, deionized water. Remove water. Repeat
three times. The nail material was then cut into fragments and
boiled in sterile, deionized water for 5 min. The DNA was organi-
cally extracted from the nail material by the modification of a pre-
viously published protocol (18). Proteinase K (20 mg/mL) and
dithiothreitol (1M) were added to the extraction buffer (10 mM
Tris, pH 8.0, 100 mM NaCl, 50 mM EDTA, pH 8.0, 0.5% SDS) at
regular intervals until the nail material was completely dissolved.
The DNA extracts were purified and concentrated using Amicon
Centricon-100® concentrators.

Selected DNA extracts were quantified using the Perkin-Elmer
QuantiBlot™ Human DNA Quantitation Kit. In addition, selected
DNA extracts were analyzed using forensic, polymerase chain re-
action (PCR)-based DNA testing systems (e.g., STR profiling,
mtDNA sequencing). Amplification reactions were carried out in a
Perkin-Elmer Thermal Cycler Model 9600. The STR profiling sys-
tem used was the Home Office Quadruplex I (HUMVWFA31,
HUMTH01, HUMF13A01, and HUMFESFPS). The mtDNA re-
gion that was sequenced includes positions 16024 to 16238 (28).
Mitochondrial DNA amplification products were visualized on 2%
agarose gels using ethidium bromide and purified and concentrated
using Amicon Centricon-100 concentrators. Sequencing reactions
were performed using the Perkin-Elmer Applied Biosystems Divi-
sion PRISM™ Ready Reaction DyeDeoxy™ Terminator Cycle
Sequencing Kit. For both STR analysis and mtDNA sequencing,
electrophoresis was performed using 6% polyacrylamide gels. The
detection system used was the Perkin-Elmer Applied Biosystems
Division DNA Sequencer Model 373.

Several of the cleaning procedures were considered unsuccess-
ful based upon the detection of mixtures in the resultant STR pro-
files. However, all cleaning methods resulted in a single, correct
mtDNA sequence. This observation inspired an investigation into
the amount of contaminating DNA necessary to result in the detec-
tion of a mixed mtDNA sequence. Various volumes (i.e., 1 mL, 5
mL, and 10 mL) of contaminating whole blood were added to the
organic DNA extraction reactions of small fragments (~2.5 mg) of
human nail material from two random individuals. The DNA ex-
traction procedure was performed as previously described.

Results

The organic extraction of DNA from fresh human nail material
(~2.5 mg) often yielded a sufficient quantity and quality of human

DNA to allow successful forensic, PCR-based DNA testing (i.e.,
STR profiling, mtDNA sequencing) to be performed. Mitochon-
drial DNA sequence information was obtained from all specimens
tested. Those specimens, which were not tested using mtDNA se-
quencing, yielded complete STR profiles. This suggests that all
specimens would have yielded mtDNA sequence information.
Complete STR profiles were obtained from approximately 76% of
the individuals sampled. No STR results were obtained from the re-
maining individuals sampled (Table 1).

The selected cleaning procedure, used to clean individual nail
fragments from the 21 fresh nails as well as the aged nail, suffi-
ciently removed: 1) biological contaminants so as to eliminate all
detectable indications of a mixture, and 2) chemical contaminants
so as to eliminate inhibitory effects upon the extraction, amplifica-
tion, or sequencing reactions. In fact, it was demonstrated that to
produce a mixture in the mtDNA sequence information obtained
from a DNA extraction of human nail material (~2.5 mg) it is re-
quired that approximately five microliters of whole blood from a
second donor be added to the nail extraction reaction (Fig. 1). How-
ever, the addition of a single microliter of whole blood from a sec-
ond donor to the DNA extraction reaction of human nail material
(~2.5 mg) will produce a mixture in the resultant STR profile.

The organic DNA extraction of aged (~eight years old) human
nail material (~2.5 mg) yielded a sufficient quantity and quality of
DNA to allow successful mtDNA sequencing to be performed.
Short tandem repeat analysis did not produce a profile for the aged
nail material; however, fresh nail material from the same individ-
ual also failed to provide a STR profile. Therefore, no meaningful
conclusions could be drawn about the effectiveness of STR profil-
ing with respect to aged nail material.

Application to Forensic Casework

On 23 September 1983, three men and two women were ab-
ducted during a robbery at a Kentucky Fried Chicken restaurant in

TABLE 1—Specifications and results for the DNA analysis
of nail material.

,Nail ,DNA Yield mtDNA STR
Individual Mass (mg) (pg/µl) Result Result

1 2.0 ,30 NP POS
2 2.5 ,30 NP POS
3 3.0 35 POS NEG
4 3.5 35 POS POS
5 3.8 ,30 NP POS
6 3.7 ,30 POS POS
7 1.6 35 NP POS
8 2.5 35 NP POS
9 3.2 35 NP POS

10 2.7 ,30 POS POS
11 3.3 ,30 POS NEG
12 2.6 ,30 POS NEG
13 2.6 35 POS NEG
14 1.5 ,30 POS POS
15 2.0 ,30 NP POS
16 2.5 ,30 POS POS
17 2.5 ,30 NP POS
18 3.3 185 NP POS
19* 2.8 ,30 POS NEG
20 2.5 ,30 POS POS
21 3.0 300 POS POS

Average 2.7

*5 This individual donated the aged (∼ eight year old) nail material.
NP 5 Testing not performed.



Kilgore, Texas. The next day, five bodies were discovered in a
Rusk County oil field. Each of the deceased had been shot in the
back of the head. While autopsies were being performed, a torn fin-
gernail fragment was recovered from the belt loop of one of the vic-
tims. The fingernail fragment was determined to be from an indi-
vidual having blood type O.

Within several days, a suspect was apprehended and questioned
concerning the murders. The suspect had a torn fingernail and type
O blood. Striation pattern comparisons were performed between
the fingernail fragment and a fingernail cutting taken from the sus-
pect. Two experts concluded that the striation patterns from the two
fingernail samples matched one another. However, subsequent stri-
ation pattern analysis, performed by a third expert, indicated that a
match did not exist between the fingernail fragment recovered dur-
ing autopsy and the fingernail cutting taken from the suspect (29).

The case was not prosecuted until 1995. Before a grand jury, the
suspect was implicated, in part, by the results of ABO typing and
nuclear DNA testing (AmpliType® HLA DQa typing) which failed
to exclude him as the donor of the fingernail fragment. Subse-
quently, the torn fingernail fragment and appropriate reference ma-
terial from the suspect and the five victims were sent to the Armed
Forces DNA Identification Laboratory for additional DNA testing.
Nuclear DNA testing (partial STR profile at HUMVWFA31,
HUMTH01, and HUMF13A01) and mitochondrial DNA sequenc-
ing (~610 base pairs) excluded the suspect as the source of the fin-
gernail fragment. No alleles were detected at HUMFESFPS. A sin-
gle allele was detected at HUMVWFA31. A single allele was
reported at HUMTH01 and HUMF13A01. These single alleles

were accompanied by a second allele that was below the signal in-
tensity threshold required for reporting. Furthermore, this testing
indicated that the fingernail fragment was consistent with having
originated from one of the victims (Table 2). The alleles at
HUMTH01 and HUMF13A01 that could not be reported were con-
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FIG. 1—Mitochondrial DNA sequence data generated from the DNA extracted from human nail material. Each extract has been contaminated with a
certain volume (10 mL, 5 mL, or 1 mL) of whole blood from a second donor. The nail donor possesses a cytosine (C) at the indicated position. The blood
donor possesses a thymine (T) at the indicated position.

TABLE 2—Results of DNA analyses performed on a forensic case
involving evidentiary human nail material.

STR Locus/mtDNA Suspect Fingernail Victim
Sequence Position Profile Profile Profile

HUMVWFA31 18,19 18,18 18,18
HUMTH01 6,9 8,, 6,8
HUMF13A01 5,7 4,, 4,5
HUMFESFPS 10,11 NR 11,12
16129 N A A
16162 G A A
16189 C T T
16223 C T T
16304 T C C
73 G G G
151 T C C
199 T C C
250 T C C
263 G G G
315.1 C C C

NR 5 No Result.
, 5 Inconclusive result (allele was below signal intensity threshold for

reporting).
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sistent with the second alleles reported for the victim. In 1996, all
charges against the suspect were dropped.
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