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ABSTRACT: To investigate aircraft accidents, multiple postmor-
tem biological samples of victims are submitted to the Civil Aero-
medical Institute for toxicological evaluation. However, depending
upon the nature of a particular accident, their body components are
often scattered, disintegrated, commingled, contaminated, and/or
putrefied. These factors impose difficulties with victim identifica
tion, tissue matching, and consequently authentic sample analysis
and result interpretation. Nevertheless, these limitations can be
overpowered by DNA typing. In this regard, three situations are
hereby exemplified where DNA analysis was instrumental in
resolving a tissue mismatching/commingling issue, pinpointing an
accessioning/analytical error, and interpreting an unusual analytical
result. Biological samples from these cases were examined for six
independently inherited genetic loci using polymerase chain reac-
tion (PCR) suitable for analyzing degraded DNA generally encoun-
tered in putrefied/contaminated samples. In the first situation, three
of five specimen bags from one accident were labeled with two
different names. DNA analysisrevealed that one of these bags actu-
ally had commingled specimens, originating from two different
individuals. Therefore, the sample was excluded from thefinal toxi-
cological evaluation. In the second situation, an unacceptable blind
control result was reported in a cyanide batch analysis. By compar-
ing DNA profiles of the batch samples with those of the known
positive and negative blind controls, it was concluded that the error
had occurred during the analysis instead of accessioning. Accord-
ingly, preventive measures were taken at the analytical level. The
third situation was related to the presence of atropine at toxic con-
centrations in the blood (318 ng/mL) and lung (727 ng/g) with its
absence in the liver, spleen, and brain. DNA analysis of the blood
and liver samples exhibited their common identity, ensuring that
the submitted samples had indeed originated from one individual.
The selective presence of atropine was attributed to its possible
administration into the thoracic cavity by the emergency medical
personnel at the accident sitefor resuscitation, but circulatory failure
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prevented its further distribution. These examples clearly demon-
strate the applicability of the PCR-based DNA typing to enhance
the effectiveness of forensic toxicology operation.
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Acquiring accurate and authentic analytical data on biological
evidence to seek the chemical basis for the cause of accident or
death isthe main objective of forensic toxicology laboratories. For
achieving that objective, strict adherence to quality assurance/
quality control (QA/QC) procedures is essential. Such adherence
alows not only the correct scientific interpretation, but aso the
judicial admissibility, of analytical results with a high degree of
confidence. Nevertheless, the accuracy of the results resides with
the integrity of the submitted biological samples. This perspective
is of particular importance in aircraft accident investigations,
wherein multiple types of postmortem specimens are collected for
analysis from the victims, and depending upon the nature of an
aircraft accident, victim bodies are frequently scattered, disinte-
grated, commingled, contaminated, and/or putrefied. The compli-
cations associated with the identification of remains and matching
of tissues frequently hamper investigation, including toxicological
evaluation. However, such complications are effectively resolved
inour laboratory by DNA typing. Since environmental and biologi-
cal factors responsible for putrefaction also damage DNA (1), the
genetic material is potentially degraded in postmortem samples
generally obtained from aviation accident sites.

Analysis of degraded DNA by the conventional restriction frag-
ment length polymorphism (RFLP) technique is not as effective
as it is by the method based on the polymerase chain reaction
(PCR), a directed in vitro DNA synthesis. The former is more
suitable for fresh samples containing nondegraded, high molecular
weight DNA. This technique is aso relatively cumbersome and
time-consuming (2). The PCR-based analysis has been success-
fully employed for analyzing minute amounts of degraded, low
molecular weight DNA in contaminated and putrefied samples
(2—4). Thus, the PCR anaysis was adopted in the present study.

Besides the identification of victims and of postmortem tissues,
we apply DNA typing in resolving other postmortem toxicology
issues, such as accessioning/analytical errors and interpretation of
unusual analytical results. Covering the whole spectrum of forensic
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toxicology operation, three situations—tissue mismatching/
commingling, accessioning/analytical error, and unusual analytical
finding—are hereby exemplified to illustrate the effective applica-
bility of the DNA analysis in addressing those issues. In these
situations, identification of the samples was determined by target-
DNA amplification and DNA hybridization using sequence-spe-
cific probes. During this process, loci associated with six indepen-
dently inherited genetic markers were examined (5). These markers
were human leukocyte antigen (HLA) DQAL, low-density lipopro-
tein receptor (LDLR), glycophorin A (GY PA), hemoglobin G gam-
maglobin (HBGG), D7S8 (locus on chromosome 7 linked with
cysticfibrosis), and group specific component (GC). The combined
discriminating power of these genetic markers statistically estab-
lished the fidelity of the submitted biosamples in the three
described situations.

Situations
Tissue Mismatching/Commingling

In a biohazard shipping box, five bags containing postmortem
tissues from an aircraft accident, involving two occupants, were
submitted for analysis. The types of tissues were liver, lung, kid-
ney, and muscle; all samples appeared to be putrefied. Out of these
five bags, two bags were clearly marked: The name of one victim
was written on one bag, while the name of the other victim on the
second bag. On the other hand, doubting the exact origin of the
tissues, the remaining three bags were labeled with the names of
both victims. Samples from the five bags were analyzed for DNA
to establish the source of the tissues so that toxicological analyses
could effectively be performed on the appropriately identified sam-
ples.

Accessioning/Analytical Error

A batch comprising a total of seven blood samples was acces-
sioned and submitted for cyanide analysis. It entailed five aircraft
accident-related case samples and blind controls (one negative and
one positive). Review of the batch analysis revealed that the posi-
tive blind control was reported as negative. Thus, the batch was
rejected. Since it was not certain whether the error occurred during
the accessioning or the analysis, attempts were made to identify
the source by subjecting all seven samples of the existing cyanide
batch for DNA analysis. Along with these were analyzed the
known positive and negative controlsfrom which the blind controls
for the batch were initialy prepared; it was presumed that both
controls originated from different biological sources. The observed
DNA profiles in the batch samples were compared with those of
the known controls.

Unusual Analytical Finding

Multiple specimens from an aircraft accident victim were sub-
mitted for analytical toxicology. Routine analysis disclosed the
presence of atropine at unusual toxic concentrations in the blood
and lung samples, but the drug was not detected in theliver, spleen,
and brain samples. The presence of atropinein the biological sam-
ples could be related to three possible scenarios. intentional or
accidental atropine poisoning, atropine administration by emer-
gency healthcare providers into the thoracic cavity to modify the
vasovagal activity, and tissues originating from different subjects.
To verify the tissue origin, DNA analysis was performed on two

selected tissue types (blood and liver), because atropine was pres-
ent inthe blood but absent in the liver—a primary drug metabolism
site.

Materials and Methods
Materials

All reagents were of analytical grade, and the solvents were of
chromatographic grade. Thesereagents and solvents, immunoassay
and DNA analysis kits, standards, internal standards, derivatizing
agents, and other necessary supplies were obtained from commer-
cial sources. Different immunoassay kits for drug screens were
purchased from Abbott Laboratories (Abbott Park, IL), Roche
Diagnostic Systems (Nutley, NJ), and Diagnostic Products Corpo-
ration (Los Angeles, CA). The DNA analysis kits (Quantiblot™
Human DNA Quantitation Kit; AmpliType® PM +DQA1 PCR
Amplification and Typing Kit) were supplied by Perkin-Elmer
Corporation (Foster City, CA). Bovine serum albumin (BSA) of
96 to 99% purity was purchased from Sigma Chemical Company
(St. Louis, MO).

Routine Forensic Toxicology

Submitted samples were analyzed for drugs, volatiles, carboxy-
hemogl obin (COHDb), and cyanide using standard |aboratory proce-
dures. For drugs, various immunoassays and chromatographic
techniques were used. Samples were analyzed for volatiles by
headspace-gas chromatography. COHb was measured spectropho-
tometrically. Blood cyanide was determined colorimetrically using
the chloramine-T/pyridine/barbituric acid reagent.

DNA Extraction

DNA from whole blood and other tissue samples was extracted
in the presence of Chelex® 100 resin (Bio-Rad Laboratories, Rich-
mond, CA) following the procedure of Walsh et . (6). To 3 to
30 mg of each of the samples, 200 pL of the 5% Chelex® resin
suspension in water was added, and the mixtures were incubated
in a water bath at 56°C for 30 min and then at 90 to 100°C for 8
min.

DNA Quantitation

A chemiluminescent procedure was used to quantitate the
amount of DNA in the obtained extracts by using Quantiblot™
Human DNA Quantitation Kit. Each 5 pL-extract was processed
following the recommendations of the manufacturer (7). Chemilu-
minescent signals were detected on Hyperfilm™-ECL (Amersham
Life Science Inc., Arlington Heights, IL) after 30 min exposure
and development using a QX-70 medical film processor (Konica
Medical Corporation, Wayne, NJ). The intensity of the sample
signals was visualy compared with that of the DNA standards
processed simultaneously. This method selectively determines
human DNA semiquantitatively in the range of 0.15 to 10 ng.
Based on the DNA amounts, appropriate volumes of the extracts
were utilized in the subsequent DNA amplification.

DNA Amplification

In vitro DNA replication by Taq-polymerase was carried out
according to the manufacturer’s directions for DQA1 and poly-
marker (PM) amplification (5). Thereaction mixture also contained
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160 wg/mL BSA to minimizeinhibition of amplification by inhibi-
tors present in the extracts. Target regions of six genetic loci were
synthesized from 2 to 10 ng of the extracted DNA in a thermal
cycler (GeneAmp PCR System 9600, Perkin Elmer Corporation,
Foster City, CA) in 32 cycles. Of the six loci, onelocuswas DQA1.
The remaining loci were PM: LDLR, GYPA, HBGG, D7S8, and
GC. All amplified samples were kept at — 70°C until typed.

PCR Product Verification, Hybridization, and Detection

Following the procedure for verification of PCR amplification
(5), gel electrophoresis was performed on PCR products using an
agarose preparation (Agarose for the Separation of GeneAmp™
PCR Products, Perkin ElImer Corporation, Foster City, CA) and a
Horizontal Mini-Gel Electrophoresis unit (Sigma-Aldrich Tech-
ware, St. Louis, MO). The amplified products were evaluated by
using a4% agarose gel and visualized with ethidium bromide stain-
ingusingaUV source (U. V. P., Inc., San Gabriel, CA). Hybridiza-
tion and detection of the amplified DNA were also carried out as
per manufacturer’s recommendation (5).

Results and Discussion

In our present approach, six independently inherited genetic loci
are included. They are considered to be sufficient for establishing
thefidelity of the samplesin question within the scope of a particu-
lar situation. According to Perkin-Elmer’ s population genetic stud-
ies, the power of discrimination for these loci ranges from 99.93
t0 99.98%, depending upon the ethnic background of an individual
(5). Although such discriminating power may not be as compelling
asthat generaly cited for a matching within an ethnic population,
it will be statistically sufficient for matching within a particular
forensic toxicology situation involving a relatively well-defined,
limited number of samples.

Tissue Mismatching/Commingling—From Table 1, it is clearly
evident that the samplesin Bag 1 and Bag 2 originated from differ-
ent individuals, as both samples had different genotypes. The geno-
type of the specimen in Bag 2 was consistent with that of the
specimen in Bag 5, confirming that these samples originated from
the same individual. Results from the sample in Bag 3 were incon-
clusive, as out of six loci, only four loci could be successfully
visualized, DQA1 and LDLR could not be typed. The **C’"’" dot
onDQA1lstripand ‘S’ dot on PM strip were also not devel oped.
The reamplification with an increased amount of DNA or the
organic extraction (8) in place of Chelexd did not produce any
conclusive typing results. The preferential amplification of the
aleles in the sample from Bag 3 was further supported by the
visibility of only the corresponding four DNA bands in the PCR
product gel electrophoresis. Such partial amplification could be

TABLE 1—DQAL and PM profiles of samples from Stuation 1.

Genetic Markers

Bag Specimen DQA1 LDLR GYPA HBGG D7S8 GC
1 Muscle 3,3 AB AA AB BB AC
2 Liver 12,41 AB AB AA AB CC
3* Lung — — AA AB BB AC
4t Kidney 12,3,41 AB AB AB AB AC
5 Muscle 12,41 AB AB AA AB CC

* Dashes denote that the type at the locus was not detectable.
T Bold lettering in the sample profile indicates relatively high intensity
dot observed within a particular locus.

attributed to the presence of some unknown contaminant(s)/
inhibitor(s) in the Bag 3 sample, and could further be ascribed to
the quality (degraded) of DNA present in the sample (putrefied).
It has been established that, in samples wherein DNA is degraded,
some but not al alleles are amplified (9). Loci associated with
longer basepair sequences are more affected than those with shorter
basepair sequences. The number of basepairs at the six loci
decrease in the following order: DQA1 (239/242) > LDLR (214)
> GYPA (190) > HBGG (172) > D7S8 (151) > GC (138). The
visibility of loci smaller than 214 basepair—GY PA, HBGG, D7S8,
and GC—in the Bag 3 sample suggested probable degradation of
the DNA fragments with longer sequences. Despite the limited
typing, one can infer that the sample in Bag 3 possibly belonged
to the same source as the sample in Bag 1, since the four visible
loci in the former matched with that of the latter. The Bag 4 sample
was a mixture containing biological material from two genetically
different sources, since three aleles (1.2, 3, 4.1) on the DQA1
strip and imbalanced dot intensities on the PM strip were well
evident. In a particular locus on the PM strip, an allele common
in both Bag 1 and Bag 2 samples was more intense than the one
present in only one sample (Table 1). Based on these DNA results,
toxicological findings were reported on only those specimens
determined to be from a single individual. Although toxicological
evaluation failed to disclose the presence of commonly used drugs
in either of the analyzed muscle samples (Bag 1 and Bag 5), 16
mg/dL ethanol was detected in the fluid from only the Bag 1 sam-
ple. Volatiles found in another tissue (Bag 4) were excluded from
the reporting, as the sample was genetically determined to be a
mixture of tissue originating from two different individuals.

Accessioning/Analytical Error—The DQA1 and PM genetic
profiles of the samples in the cyanide batch, together with the
known positive and negative blind controls, are presented in Table
2. DNA profiles of Sample 1 and Sample 2 matched with those
of the known positive and negative controls, respectively. This
finding is consistent with the accessioning records that Sample 1
was, indeed, the positive blind control and Sample 2, the negative
blind control. These observations implied that the error did not
take place during the accessioning or batch preparation but
occurred during the analysis. Accordingly, proper corrective mea-
sures were taken at the analytical level to prevent the recurrence
of such faulty analysis.

Unusual Analytical Finding—The concentrations of atropine
found in various tissues of the victim are presented in Table 3.
Atropine was present in the amounts of 318 ng/mL of blood and

TABLE 2—DQAL and PM profiles of the samples from Stuation 2
and of the known positive and negative blind controls.

Genetic Markers

Sample DQA1l LDLR GYPA HBGG D78 GC
1 12,41 AB AB AB AA AC
2 11,41 AB AA AB AB CcC
3 41,41 AB BB AA AB CcC
4 2,3 AB AB BB AA BC
5 2,41 AB BB AA BB AB
6 12,3 BB AB BB AB CcC
7 12,2 AB AA AB AB CcC
Positive 12,41 AB AB AB AA AC
Negative 11,41 AB AA AB AB CcC
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TABLE 3—Atropine concentrations in various tissues.

Specimen  Atropine Concentration
Blood 318 ng/mL

Lung 727 ng/g

Liver none detected

Spleen none detected

Brain none detected

TABLE 4—DQAL and PM typing results of the blood and liver fluid
from Situation 3.

Genetic Markers

Sample DQA1l LDLR GYPA HBGG D78 GC
Blood 12,12 AB AB BB AA AA
Liver flud 12,12 AB AB BB AA AA

727 ng/g of lung. It was not detected in the other tissues (liver,
spleen, and brain). The observed blood concentration was consider-
ably higher than thelethal level (200 ng/mL) reportedin an atropine
poisoning case (10). The selective presence clearly demonstrated
that the present case did not follow the general poisoning trend,
wherein the agent should have been distributed throughout the
body. The possibility of samples originating from different sources
was ruled out by the DNA analytical results, as both blood and
liver specimens were genetically identical (Table 4). Atropine's
localized presence could be attributed to its administration by
emergency medical care personnel directly into the thoracic cavity
for resuscitation and to the circulatory failure preventing the drug’s
further distribution. This aspect is further supported by the case
history that emergency medical personnel were at the aircraft crash
site. Similar selective postmortem distribution patterns of lidocaine
have also been reported in three cases following its endotracheal
intubation for cardiopulmonary resuscitation (11).

In summary, the findings from the three exemplified situations
clearly demonstrate the practical application and effectiveness of
the PCR-based DNA typing in resol ving some postmortem toxicol -
ogy-related issues. Thissimple, less time-consuming typing proce-
dure is suitable for the analysis of degraded DNA in the putrefied

samples generally encountered in postmortem forensic cases, par-
ticularly those associated with aviation accidents. The molecular
biology approach to address the forensic issues improves not only
the degree of certainty but also the authenticity of toxicological
results.
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