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Trace Evidence - Hairs/Fibers - Crime

Scene

Douglas Deedrick
FBI Laboratory

I. Trace Evidence

Evidence that is generally small in sizeand is
often easily transferred is commonly referred to as
"trace evidence". “Trace evidence" can take the
form of fibers, paint chips, soil, building
materials, glass, gun shot residue, seeds, feathers,
animal hair, human hair, wood fragmentsand
other materials. These subgances are often
exchanged between individual s during physical
contact. They can also be transferred from
individuals to environments and from
environments to individuals. They can define
where an individual may have been, with whom
the contact occurred, and perhgps, the nature of
the contact. Trace evidence provides significant
pieces to the puzzle of aviolent crime.

When does trace evidence become an issue in
acriminal investigation? Many times it occurs
well after the commission of the crime, well after
the charges have been filed, and well after the
completion of forensic examinations. It often
occurs when a prosecutor is evaluating the
evidence prior to trial, and questions w hy certain
types of trace materialswere never examined. At
this stage, it may be too lateto conduct
meaningf ul trace examinations due to possible
contamination at the sceneor in the laboratory.

Il. The Crime Scene

Trace evidence transfers occur dl thetime,
and great caution should be usedin the
examination of a crime scene. Care should be
taken to minimize the extent of additional
transfersthat occur onceinvestigators are atthe
scene. Crime scene investigators will often wear
special clothing such as coveralls, hair bonnets
and booties to help prevent additional fibers and
hairs from being added to the scene.

Care should al so be taken when assigning
individuals to related crime scenes. Thereis a
perceived risk when one individual collects
evidence from the suspect's residence and, later
the same day, collects evidence from the victim's
residence. Even though precautions may have
been taken by thatindividual, the fact that the
same person collected evidence from both
locations can have a negative impact on the vadue
of forensic tests derived from that evidence.

The manner in which acrime scene is
searched is determined by the type of crime, the
location of the scene, details concerning events of
the crime, the time of day, the number of people
available for the search and equipment. Inasmuch
as hair and fiber evidence can play arole in most
cases involving violent crime, serious
consideration should be given to collecting it
properly. Once the crime has been committed, it
won’t be long before hair and fiber evidence will
be lost or contaminated. The importance of
securing the crime scene cannot be overstated.

When physical contact occurs between
individuals, objectsand individuals, or two
objects, there isalikelihood of atransfer of hair
and fiber evidence. This likelihood is dependent
on the nature and duration of the contact as well
as the nature of the contacting surfaces. The direct
transf er of hairs from the head of an individual to
the clothing of another individual is called a
primary transer. When hairs have already been
shed and are transferred to an individual, it is
called secondary transfer. Fibers are transferred in
a similar manner. When fibers are transferred
from the fabric of an individual’s clothing to the
clothing of another individual, it is called a
primary transfer. As these same fibers are
transferred to other objects during subsequent
contacts, secondary trangers are occurring.

It isimportant for crime scene investigators to
understand the mechanisms of primary and
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secondary transfer. As trace evidence can be
transf erred during the commission of acrime, it
can also be transferred during the search process.
Hairs and fibers can not only be picked up
inadvertently by investigators, they can be
inadvertently deposited at the crime scene. The
following are considerations at the crime scene:

a. Know the personnel conducting the
search - you may need to obtain
elimination hair and/or fiber samples.

b. Prioritize the order of evidence collection.
Collect large items first and then proceed
to the trace evidence — WATCH
WHERE YOU STEP!

c. Oncethetrace evidence is collected
(vacuuming/taping/tweezing) you can
proceed to take samples of blood, remove
bulletsfrom walls and dust for
fingerprints.

d. Processing the crime scene for
fingerprints prior to trace evidence
collection is not recommended, as the
fingerprinting process may:

1. Inadvertently remove trace evidence
onto the clothing of the technicians;

2. Move trace evidence;

3. Contaminate hair and fiber evidence
with dusting powder that is difficult
to remove.

The following are suggestionsfor collecting
evidence from a crime scene such as a house,
apartment or automobile:

a. Photograph the scene prior toremoving
evidence.

b. Remove larger items/debris from the
carpeting or walk areas prior to other
examinations. Disposable “booties’ should
be worn and collected later.

c. Collect large items such as clothing and
place them in brown paper bags. Keep an
accurate evidence log. Have one person
collect the items and place them in bags,

while the other person recordstheitems
and labels the bags.

d. Do notpleaceall clothingitems from a
suspect in onebag. Likewise, do not place
all items from avictim in a single bag.

e. Never put suspectitems and victim items
in contact with one another. The person
collecting the suspect s items should not
collect the victim’s items. If this must
occur, be sure to change clothing between
collections and do them at different times
to avoid contamination.

f. Bedding should be carefully handled to
avoid loss of hairs and fibers. Each item
should be placed in a separate bag.

g. Floor surfacesshould be vacuumed for
posdble trace evidence. Somecrime
scene investigators may use tape to secure
trace evidence. Thisis generally difficult
to work with, both at the scene and in the
laboratory. However, smaller surfaces
such as chairs, car seats, etc. can be taped
or vacuumed.

h. Make sure carpet standards, pet hair
samples and other gandards tha
realistically might have transferred to a
suspect or victim are collected.

i. Always process for fingerprintsafter
collecting trace evidence.

j. Inavehicle, be sure to collect all possible
“known” fiber samples. These may be
obtained from the carpet, door panels,
headliner, seats, floor mats, trunk, etc.

The following suggestions pertain to different
types of items recovered at the crime scene:

Hats:

Secure all hats in separate bags. Be careful
when collecting baseball style caps with
adjustabl e plastic head bands — these bands are
an ex cellent source for fingerprints. K nit hats
should be packaged as they were found.
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Shoes:

Shoes are an excellent source of fiber
evidence, blood stains, shoe print comparisons,
etc. Shoes worn by a suspect can deposit fibers
from the vehicle used at a crime scene and can
also pick up fibers from the scene and deposit
them in another location.

Socks:

Socks worn by a homicide victim, eg. laying
along a roadside, can provide invaluable fiber and
hair evidence. M any times the victim is driven to
an isolated areain a car or van. Contact with the
interior surfaces of avehicle can cause hairs and
fibers to collect on the socks. It may be necessary
to obtain elimination samples of the carpeting of
the victim’s car or resdence to avoid the
possibility of a coincidental match.

Fingernails:

Care should be taken when scraping or
clipping the fingernail s of a victim/suspect. The
smallest amount of DNA on the hands or utensils
of the medical personnel can contaminate the
material and influence the DNA results.

Hairs inthe hands of the victim:

Generally hairs found in the hands of the
victim come from the victim. Rarely do the hairs
belong to the suspect. Still, these must be
collected and submitted for analysis.

Pubic/head hair combings:

These samples should alway s betaken in
violent crimes. Foreign hairs, aswell as fibers, can
be recovered from these samples. If ahatis
recov ered at the crime scene and a suspect is
identified soon, it may be possible to find fibers
from the hat in the suspect’s hair.

Weapons:

Weapons recovered at a crime scene should
always be checked for the presence of trace
evidence before processing for fingerprints.

Doors/windows:

These should be checked for hair and fiber
evidence if they are points of entry or exit.

Known hair samples:

Good, thorough, random samples should be
taken from the head/pubic regions of the
suspect(s) and victim(s). Twenty-five, full-length
hairs, pulled and combed from different areas of
the head and pubic regions are generally
considered adequate to represent an individual’s
hair characteristics.

I11. Evidence Handling Procedures

Once the evidence has been collected, there
are several recommendations or considerations
when packaging it for transmittal tothe
laboratory. Crime scene items may include
clothing worn by the suspect and victim, bedding,
and known hair samples. It isimportant that the
individual clothingitems be packaged in separate,
seal ed paper bags — not plastic. All damp or
blood-soaked items must be air-dried in aroom
away from air movement and traffic. To avoid
contamination, clothing items from the suspect
should never be handled in the same area w here
items from thevictim arehandled. Drying paper
placed under damp clothing items should be
submitted separ ately.

Individual hairs and fibers should be placed in
adruggist fold in a sealed envelope (all corners
must be taped). Individual hairs identified on
items of clothing are often not removed or
secured. T hese hairs may move or belost, so it is
recommended that they be removed and placed in
an envelope (first noting where they were
removed).

If afloor surfaceis vacuumed, the debris
should be placed on a white sheet of paper (8" X
11") and made into a druggist fold. Then place the
druggist fold in a clear zip-lock bag.

IV. Routine Protocol for Evidence Processing
in the FBI Lab

When evidenceis received in the FBI
Laboratory, the case is assigned to an examiner.
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The examiner will read the incoming
communication to determine the nature of the
offense, the names of the suspects and victims,
and the types of examinations requested. It is
important to have an understanding of the offense
to help determine the course of action in the
laboratory . For example, it would be important to
know the relationship of the suspect and victim
which might influence the significance of trace
evidence collected from these individuals.

The laboratory unit has three processing
rooms that are designed for debris collection. This
arrangement allows for the processng of suspect
clothing, victim clothing, and crime scene
evidence in different rooms. Debris is collected
through a combination of picking, scraping and/or
taping. Vacuuming is not recommended for
clothing items. The debristhat is collected by
scraping is placed in pillboxes and tapings are
secured in clear plastic document sleeves.
Pillboxesand tape strips are examined with a
stereobinocular microscope using incident and
transmitted light. The hairs and fibers are mounted
on glass microscopeslides for identification and
comparison purposes.

V. Conclusions

When a questioned hair exhibits the same
microscopic charecteristics as the known hairs of
an individual, the hair could have originated from
that individual. If the questioned hair is
microscopically dissimilar to the known hair
standard, it cannot be associated to the individual.
Differences in microscopic characteristics can be
the result of time and alteration. Known hair
sampl es should be collected from individuals as
soon as possible after the date of the crime. As
time passes, microscopic characteristics can
change or the individual may alter the color with
dyes. It isimportant to know that different people
generally have different hair characteristics.

Nuclear and mitochondrial DNA analyses are
meaningful adjunct examinations to microscopical
comparisons. While the microscopic comparison
of human hairsis avery useful technique, DNA
technol ogies can resolve identity issues when the
guestioned and known hair samples exhibit the
same microscopic characteristics.

If atextile fiber exhibits the same microscopic
and optical properties as a known fabric, the fiber
could have originated from that fabric. Itis not
possible to say that afiber originated from a
particular fabric. However, textile fiber
associations are not insignificant. Because of the
many different types of fibersand fabrics and the
many different ways they can be colored and
processed, the likelihood of finding coincidental
fiber associations is remote.
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l. Introduction

Touted as the most significant analytical tool
introduced into forensic science since
fingerprinting, DNA typing of biological evidence
has far exceeded expectations. Because of its
sensitivity of detection and genetic resolving
power, DNA typing enables exculpation of those
individuals falsely associated with evidence,
potentially provides solid identification of donors
of evidence, potentially enables identification of
remains of missing persons, and can elucidate
family relationships. However, the technology’s
impact has been more far-reaching. There are
now, in forensic science, effective quality
assurance standards, proficiency testing
requirements, interpretation guidelines, training
guidelines, requirements for higher education and
continuing education, national felon DNA
databanks, and even changes in legislation, such
as post-conviction analyses. Moreover, DNA
typing has become routine in cases where
biological evidence may be meaningful.

DNA can be considered a genetic blueprint of
an individud. The complete blueprint can be
found in each nucleated cell of a person’s body
and is constant throughout the life of an

individual. DNA found in the nucleus of acell is
termed “nuclear DNA.” The nuclear DNA is
divided among and packaged into twenty-three
different chromosomes in an individual (males
have an X and a'Y chromosome and therefore
technically have twenty-four different
chromosomes; but there are twenty-three
chromosomes to a set of human DNA). There are
two sets of twenty-three chromosomes in each cell
(excluding sperm and eggs which only have one
set of chromosomes); one set isinherited from an
individual's mother and the other set is inherited
from the individual’s father. Thus, most genetic
markers exist as two copies in each nucleus
(Figure 1). T he diff erent f orms of a genetic

mark er are called alleles.

Generally, any biologicd material that
contains nucleated cells, including blood, ssmen,
saliva, hair, bones, and teeth, potentidly can be
typed for nuclear D NA markers (or genetic
polymorphisms). The technology available today
includes a myriad of genetic markers, a variety of
valid D NA ty ping strategies, and computers with
specialized software. The methods used routinely
for human identity testing includerestriction
fragment length polymorphism (RFLP) typing of
variable number of tandem repeat (VNTR) loci (9,
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21, 34, 35, 69, 78), and amplification of target
DNA molecules by the polymerase chain reaction
(PCR) (65) with subsequent typing of specified
genetic markers (10, 11, 12, 16, 18, 36, 64, 76,
77). These nuclear DN A typing methods and their
applications have been well-described in the
scientific literatureand, thus, will not be discussed
further in this article. Instead, the focus of this
paper will be on another piece of genetic material
found within the cell, but outside the nucleus -
mitochondrial D NA (mtDNA).

Il1. Mitochondrial DNA

Typing mtDNA affords greater sensitivity of
detection which enables analy sis of severely
degraded materials. MtDNA analysisis
particularly useful for genetic typing of bones,
teeth and hair, and elucidating some family
relationships (1, 6, 20, 22, 29, 30, 33, 39, 42, 45,
63, 67, 71, 76, 77).

Mitochondria, known as the powerhouses of
the cell, are subcellular organelles that contain
their own chromosome thatis separate and
distinct from the nuclear DNA chromosomes
(Figure 1). Human mtDNA differs from nuclear
DNA inthatitisa circular piece of DNA, itis
inherited solely from the mother, and it occursin
hundreds to thousands of copies per cell.

Some regions of the mtDNA chromosome
have a high degree of variation among the human
population. The highest degree of variation in the
MtDNA chromosome among individualsisfound
within the non-coding region. Two areas within
the non-coding region termed hypervariable
regions| and Il (HV | and HVII, respectively) are
typically sequenced (2, 13, 73) (Figure 2).
Excluding mutations, amtD NA sequenceis
identical for all maternally related relatives (14,
19, 32, 62). In general, the transmission of a
mtD NA typeis consistent across generations. This
featur e of maternal inheritance can be useful in
establishing, or refuting, identity of putative
samples by using known maternd relatives as
reference material to compare with the questioned
mtDNA type (20, 22, 30, 33,45, 71). Thus, unlike
nuclear genetic markers, relationships several

generationsremoved may be evaluated by
mtDN A typing (Figure 3).

Generally, only one type of mtDNA sequence
should be observed perindividual. If only one
mtD NA ty peisobserved, theindividual is
considered to be homoplasmic. However, a
condition known as heteroplasmy can occur (3, 4,
15, 16, 23, 28, 70, 75). Heteroplasmy is defined as
more than one mtDNA type being carried by an
individual. The different types operationally
observed in anindividual usually differ at only
one genetic site in the sequence. Heteroplasmy
may be observed in several ways: 1) individuals
may have more than one mtDNA typein asingle
tissue 2) individuals may exhibit one mtDNA
typein onetissue and aslightly different typein
another tissue; and/or 3) individuals may be
hemoplasmic in one tissue sample and
homoplasmic in another tissue sample.

While there aredifferent characteristics of
mtD NA compared with nuclear D NA, the forensic
application of mtDNA typing is basically similar
to nuclear DNA, or other forensic tests, and is
nothing more than a pattern comparison. A
mtD NA pattern (or profile or sequence) is
generated from an evidence sample, and itis
compared with amtDNA sequence derived from a
reference sample. If the two sequences are
sufficiently different, then the two samples could
not have originated from the same source.
However, if the two sequences are sufficiently
similar, then they cannot be excluded as
originating from the same source. If afailureto
exclude is obtained, inferences can be made,
through statistics, to convey the significance of
the match.

Sequence analysis of human mtDNA
extracted from forensic biol ogical specimens has
been available as a routine forensic tool since the
mid 1990's (1, 6, 20, 22, 29, 30, 33, 39, 42, 45, 76,
77) and has culminated in the implementation of
the FBI's National Missing Person DNA Database
(NMPDD). Hair shafts, bones, teeth and other
samples that are severely decomposed and may
not be typeable with nuclear DNA methods, may
be characterized with mtDNA due to the high
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copy number of mtDNA (5). For example, 7000-
year-old brain tissue (57), 5,500-year-old bone
(59), 4000-year-old mummified tissue (58), the
remains of a Neanderthal man (39), and bones
from American war casualties have been mtDNA -
sequenced successfully (30). A well known
example of mtDNA analysis for identity purposes
is the verification of bones originating from Tsar
Nicholas I1. Using mtDNA obtained from living
maternal relatives (Countess Xenia Cheremeteff-
Sfiri and the Duke of Edinburgh), a comparison
was made with the sequence of mtDNA extracted
from putative bones of the Tsar. The sequences
were similar, and the data supported the
hypothesis that the putative remains were those of
Tsar Nicholas 11 (20, 33).

Another important application of mtDNA
sequencing in forensics is the potential analysis of
hair shafts. Since single hair shafts contain too
small a quantity of nuclear DNA, mtDNA
sequence analy sis may be the only viable
technique for analysis. In fact, sequences can be
obtained from as little as one to two centimeters
of asingle hair shaft (29, 42, 73, 76, 77).

I1l. Typing Methodology

The double-stranded DNA molecule has a
shape similar to that of a spiral staircase. If
stretched out, the double-stranded molecule looks
like arailroad track. The rails, or strands, are each
apolymer (i.e., along chain) composed of four
building blocks called nucleotides or bases
(designated A, C, G, or T). The sequence of the
different bases can bein any order along this
polynucleotide chain. An enormous array of
different sequences can be generated with the four
different nucleotides within arelatively short
DNA fragment. The two strands associate by
chemical bonds between bases on each strand
(these bonds would be the wooden dlats
connecting thetwo rails of therailroad track). An
A on one strand will only bond with a T on the
other strand. Similarly, G and C on opposite
strands can bond. Thus, if the sequence of one
DNA strand is known, for example AAGCTAC,
then the complementary strand sequence can be
deduced, i.e, in thiscase TTCGA TG (Figure 4). It

is this phenomenon of complementary binding
that is exploited in all DNA typing methods.
When in the single stranded state and under
appropriate analytical conditions, aDNA
molecule will bind only to its complement.

To prepare the DNA from forensic samples
for mtDNA sequencing (see Figure 5afor steps to
mtDNA analysis), the polymerase chain reaction
(PCR) is employed (65). PCR is an in vitro
process that can be thought of as a form of
“molecular Xeroxing.” Thesalient feature of PCR
is the ability to obtain relatively large amounts of
specific DN A sequences from relatively small
guantities of DNA (Figure 5b). The PCR isa
particularly useful tool for the analysis of forensic
material (which may be somewhat degraded). In
fact, minute quantities of DNA extracted from the
following materials are typed routinely and
successfully using PCR-based assaysin forensic
laboratories: 1) blood (i.e., lymphocytes), semen
(i.e., sperm and to a lesser degree lymphocytes),
saliva (i.e., epithelial cells), and sweat (i.e., skin
cells) deposited on various substrates including
clothing, cigarettes, postage samps, envelope
flaps, drinking straws and containers, chewing
gum, and face masks; 2) vaginal swabs from rape
victims; 3) various tissues from human remains;
4) personal items, such as hair brushes, tooth
brushes, and razors which may provide a source
of reference samples for identification of
unknown remains.

After the PCR amplifies a sufficient quantity
of the hypervariable regionsof the mtDNA, the
sequence of the nucleotides (i.e., genetic letters to
the DNA code A, G, C, and T) can be determined
in the mtDNA (Figure 5c). The reagents required
to perform sequencing (i.e., the Sanger
sequencing method (66)) are standard reagents
and include: purified, sngle-stranded DNA
template (whichis obtained from the PCR-
amplified sample), a DNA primer ( a short piece
of DNA to initiate the sequencing reaction), the
four DNA building blocks (A, C,G,and T -
collectively known as dNTPs), four specialized
building blocks of terminator anal ogs that halt or
terminate DNA synthesis (collectively known as
ddNTPs), and a DNA polymerase (an enzyme that
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enables synthesis of DNA by extending the primer
and adding DNA building blocksin an order
dictated by the amplified DN A template).

Basically, the PCR generates sufficient DNA
template for sequencing. The double- stranded
DNA templateis split into single strands and then
the sequencing primer is allowed to bind to one of
the single-stranded DN A molecules. The primer is
extended, by action of the DNA enzyme, across
the target DNA by the sequential addition of the
four dNTPs and, eventually, one of the terminator
ddNTPs. When a ddNTP isincorporated into the
growing chain by complementary base pairing to
the template, chain elongation isterminated at the
point where the ddNTP is incorporated. The
particular ddNTP that is incorporaed (i e., A, G,
C, or T) indicates that genetic letter and its
position in the sequence. By reading the sequence
electropherogram (Figure 6), the sequence of the
sampl e can be deduced.

IV. Mitochondrial DNA Nomenclature

The first entire human mtDNA sequence was
described by A nderson, et al. (2), and this
sequence isused as areference standard to
facilitate nomenclature of mtDNA types. When a
difference in an individual’ s sequence compared
with that of the Anderson, et al. (2) sequence is
observed (known as a polymorphism with respect
to the Anderson or Cambridge Reference
sequence), only the site (which has a designated
number) and the nucleotide differing from the
reference standard are recorded. For example, at
site 263 (in HV 1), the Cambridge Reference
sequence has an A; however, a person may carry a
G at gte 263. Such an individual’s mtDNA
sequence is described as 263G. If no other bases
(or sites) are described, then it is undersood that
the particular mtDNA sequence is identical to the
Cambridge Reference sequence, except as noted at
site 263. If an unresolved ambiguity is observed at
any site, the base number for the site is listed
followed by an “N” (e.g., 16228N). An “N”"
designation is essentially a“wild card” in that any
base (A, G, C, or T) can be compared and
consdered equivalent for matching purposes. An
insertion (an additional base in the sequence

compared with the Cambridge Reference
Sequence) is described by first noting the site
immediately to the left of the insertion followed
by apoint and a“1" (for the first insertion),a “2"
(if there is a second insertion), and so on, and then
by the nucleotide that isinserted. For example, a
common insertion is 315.1C. This polymorphism
occurs after site 315 where a C is inserted.
Deletions are recorded by listing the missing site
followed by a“-" (i.e., 249-).

V. Interpretation

Interpreting mtDN A resultsis fairly
straightforward. Typically sequence concordance
is assessed between reference and evidence
MtDNA sequences. Concordance occurs when the
reference and evidence samples share a common
DNA sequence. If the sequencein the evidence
and that in the referencesample are identical at
every compared position in the sequence, they are
considered concordant, and it may be concluded
thereis afailureto exclude these samples as
possibly originating from the same source (Figure
7a). If the two compared sequences are
sufficiently dissimilar, then the samples can be
considered to have originated from different
sources (Figure 7b). When heteroplasmy arises,
careful analysis and direct comparisons between
multiple reference samplesand a questioned
sample should, in most cases, aleviate
interpretational differences. If the mtDNA
sequences from two samples being compared
demonstrate the heteroplasmy (i.e., both
sequences are observed in each sample), the
interpretation is “cannot exclude” (or they are
concordant). If they sharea common sequence
(i.e., one sample isheteroplasmic and the other
homoplasmic, and one of the heteroplasmic types
is concordant with the homoplasmic type), then
the interpretation is a “failure to exclude” (Figure
8b). If both samples are deemed homoplasmic and
differ slightly (i.e., typically at only one site),
further investigation is warranted, such as typing
additiond reference samples. If no resolution can
be attained, the interpretaion is“inconclusive’
(i.e., there is insufficient information to render a
conclusion).
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When a mtDNA sequence from an evidence
sample and one from a know n reference sample
cannot be excluded asoriginating from the same
source, itis desirable to convey some information
about the rarity of the mtDNA profile. The current
practice is to count the number of times a
particular sequence is observed in a populaion
database(s). Because of the uncertainty involved
in all population daabase samplings, a confidence
interval can be placed on the observation. A
confidence interval is ameasure of the amount of
confidence which can beplaced on a value lying
between two specified limits (i.e, the interval).
The use of a confidenceinterval around the
counted number of mtDNA sequencesin a
database sample is similar to the method for
placing a rangeon polling estimates Thus, based
on the size of the database(s), a range of
uncertainty is placed on the frequency of a
mtDNA type. However, only the upper (or
conservative) bound estimate is provided to the
factfinder. For example, consider amtDNA
seguence obtained from an evidentiary sample
that iscompared to a database containing 500
typed samples to evaluate the significance (or
weight) of the evidence, and no matching
sequences w ere observed. Thus, there were zero
observationsin the database of five hundred
people. The 0/500 value is the counting method
approach and is typically presented. However,
when requested (to account for possible sampling
error), the upper bound estimate can be cal culated
and, in this particular case, that value would be
0.6% of the population that could possibly carry
the type. On the other hand, if five people in the
database were to have the same mtDNA sequence
as the evidence sample, the counting method
estimate would be five out of 500 (or 1.0%).
However, the range in this casewould be from
0.6% to 1.4%, but only the 1.4% value would be
presented.

V1. Databases

According to the FBI’s National Center for
the Analysisof Violent Crime, between one
hundred fifty and two hundred children are
involved inlong term, non-familial abductions
each year. Many of these missing children are

never located. In any given calendar year, the
skeletal remains of over one hundred unidentified
individuals are |ocated throughout the

United States(personal communication, John E.B.
Stewart, FBI, NMPDD). When an individual or
the skeletal remains of an individual cannot be
identified by fingerprint, dental, medical, or
anthropological examinations, DNA from
relatives of the missing person can be compared
to DNA from the person or the remains of a
person for identification purposes. A database that
stores the known mtDNA sequence of a maternal
relative of amissing person may facilitate
identification of these human remains.

The FBI Laboratory developed the COmbined
DNA Index System (CODIS) which combines
forensic science and computer technology into an
effective tool to provide investigative |eads.
CODI S enables federal, state, and local crime
laboratories to exchange and compare DNA
profiles electronically, thereby linking crimes to
each other and to convicted offenders, or missng
persons to family members (or believed personal
effects). CODIS has implemented a missing
persons database and mtDNA profile searching
software known as COD IS"". The central function
of the software is to facilitate searching of a
mtDNA nucleotide sequence devedoped from an
evidentiary sample against one or more reference
databases. There are two files or indexes
contained in the missing persons database. One
index is the Relatives of Missing Persons Index
(ROMPI) File which housesreference DNA
profiles. The samples are donated voluntarily
from related individuals of missing individuals.
These DNA profiles are for missing person
identification only and cannot be searched against
any felon or unsolved case files. The other index
is the Unidentified Human Remains Index
(UHRZ) File which houses DNA profiles from
blood or saliva samples from discovered children
of unknown identity or from unidentified human
remains. The DNA profilesin the UP File will be
searched against profilesin the UPRI File.
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VI1I. Admissibility

Although the scientific community has spent
over ten years devdoping, validating, and laying
thefoundation for theforensic use of mtDNA
analysis, there will be challenges to the
admissibility of mtDNA sequencing. It is the
responsibility of prosecutorsto dearly and
concisely present the material in a simple and
understandablefashion. The goal is to present an
explanation of the technology so that a court can
easily make a determination that, when properly
performed, mtD NA analysis generates results
accepted as reliable within the scientific
community.

Not all jurisdictions have made an
admissibility determination of mtD NA analysis
and, therefore, challenges on the use of this
important forensic tool will continue. Failure of a
prosecutor to carefully prepare and clearly present
evidence might result in unfavorable or unsound
rulings and thereby cause confusion within the
legal community. M oreover, such an unfavorable
ruling will only lend credence to unsupported and
undocumented criticisms about the forensic use of
mtD NA analysis. No matter which admissibility
standard is applied (i.e., Frye, Daubert, FRE 702,
etc.), similar presentations of evidence should
produce identica outcomes of mMtDNA
admissibility.

When preparing for an admissibility hearing,
firstand foremostis the application of the “KI1SS”
principal: keep it simple and to the point. Do not
complicate the explanation of the science and
statistical interpretation of mtDNA analysis by
litigating issues on DNA analysis tha have
already been decided. In fact, most, if not all, of
the science of mMtDNA analysis has already been
accepted as scientifically reliable in admissibility
hearings tha have been conducted on nuclear
DNA analysis. For example, thereisno reason to
revisitthe underlying science or validation of
DNA extraction or PCR technology. In preparing
for the hearing, request apreliminary ruling from
the court that will limit the scope of the hearing so
that theissues for the court’s consideration will be
clearly defined.

Generally, there are two main issues for the
court’s consideration during an admissibility
hearing on mtDNA analysis. Thefirst isthe basic
science related to mtDNA analysis. The second is
the statistical inter pretation applied to the results
of the analys's when a match occurs. Both issues
are well-established in the scientific community,
within and without forensic science.

The principlesand underlying theory of PCR
are the same for all DNA typing technologies.
PCR technology can be presented as the same as
that used in the analysis of nuclear DNA. The
only differences are that the primers are targeted
to areas of the mtDNA chromosome and the
number of cycles during PCR vary slightly from
that of nuclear DNA analysis. Neither of these are
germane to the issue of admissibility.

It is dedrable to qualify an expert, when one
isused, on areas related to mtDNA analysis
methods that may include, but not be limited to,
molecular biology, population genetics, and/or
forensic applications of mtDNA analysis. In some
cases, an expert that can qualify on forensic
nuclear DNA analysis may be useful to establish
thesimilaritiesbetween nuclear and mtDNA
analyses.

Presentation by an expert can cover some or
all of the following topics: 1) abasic explanation
of the biology of the cell; 2) a basic explanation of
DNA; 3) abasic explanation of the sdient
features of mtDNA; 4) a description of
differences and simil arities between nuclear DNA
and mtDNA ; 5) establishing that mtDNA isonly
inherited maternally and that all relatives who
share the same maternal lineage typically possess
identical mtDNA types; 6) a demonstration that
the same principles apply in mtDNA profiling as
in nuclear DNA profiling. The different geps:
extraction, amplification, quantitation and
sequencing are used throughout the molecular
biology field. For mtDNA sequencing, the
sequencing step determines the order of the bases
along the mtDNA molecule. T he diff erencesin
the sequence between or among individuals are
called ASequence Polymorphismd). Basically,
sequence polymorphisms can be described using

10 UNITED STATES ATTORNEYS BULLETIN

SEPTEMBER 2001



an analogy to the information contained in a
telephone number. The Court will readily
appreciate that the seven digits of a telephone
number are arranged in aparticular order. If the
digits are arranged in another sequence, the result
is a different telephone number. In a similar
manner, the As, Ts, Gs, and Cs are arranged dong
the DNA molecule in a particular sequence and
differencesin the sequence array can be used to
differentiate between individuals.

MtDNA analysis has been generally accepted
within the scientific community, and this can be
demonstrated by publications, peer reviewed
articles, scientific presentations and expert
testimony. The identification of ancient remains
(24, 26, 27, 39, 40, 53, 54,55, 57, 58, 59, 60, 74)
and documentation of human rights abuses (22,
37) are two areas in which mtDNA analysis has
been utilized extensively. It has also been
generally accepted as reliable in performing
evolutionary research (73). MtDNA typing was
used to identify the remains of Tsar Nicolas and
the Romanov family, to identify skeletal remains
in mass graves (20, 33), and to type the bones of
soldiers from the Viethnam and Korean W ars (30).
The Armed Forces DN A Identification Laboratory
used mtDNA analysis to assist in determining the
identity of the Vietnam soldier in the Tomb of the
Unknow n Soldier (17).

The mtDNA moleculeisfairly robust,
compared to nuclear DNA. It can survive varied
and harsh environmentd insults (77). For
example, mtDNA has been successfully extracted
and successfully sequenced from cooked meat
products (72) and the fecal matter of crab lice
(43).

Thereis ahistory and wealth of scientific
acceptance and reliance upon population genetics/
statistical analyses. Published articles and expert
testimony describe the population databases used
for inferences of significanceof a mtDNA
sequence match (7, 25, 38, 41, 44, 46,47, 48, 49,
50, 51, 52, 61). Interegingly, to date, there have
not been any peer reviewed articles which have
criticized or questioned the manner in which the
data have been collected or interpreted.

Since 1996, mtD NA analysis has been held
admissible in courtrooms throughout the
United States utilizing boththe Frye and Daubert
admissibility standards. The first case was that of
State v. Ware in Tennessee where the trial court’s
admission of mMtDNA evidence was upheld on
appeal. State v. Ware, No. 03C01-9705CR00164,
1999 WL 233592 (Tenn. Crim. App. Apr. 20,
1999). The Tennessee Court of Criminal Appeals
made note in its decision that, based upon the
tegimony of an expertfrom the FBI DNA
Laboratory, mtDNA analysis met the Frye
standard for admissibility. I n addition, courtsin
South Carolina, Florida, Michigan, Maryland,
Pennsylvania, Connecticut, W ashington, Georgia
and California have all held mtDNA evidence
admissible. In State v. Council, 515 S.E. 2d 508,
516-18 (S.C. 1999), the appellate court upheld the
trial courts’ admisson of mtDNA evidence under
South Carolina’s Rules of Evidence. Several
states have applied the Frye standard and
determined mtDNA analysisis admissible. See
State v. Bolin, 90-11832 (Hillsborough County,
Tampa, FL May 14, 1999); People v. Holtzer, 98-
7603-FC (Grand Traverse County, Traverse City,
MI, Jun 10, 1999); State v. Williams, K-94-1073,
K-98-765 (Arundel County, Annapolis, MD, May
6, 1998); Commonwealth v. Dillon, 97-CR-1575
(Lackawanna County, Scranton, PA Jun 30,
1998); Commonwealth v. Rorrer, 98-0320
(Lehigh County, Allentown, PA, Oct 22, 1998),
aff’d on appeal; State v. Torres, CR98102538
(Windham County, Willimantic, CT Jan 21, 1999)
(mtDNA ruled admissible at hearing; pending
trial); State v. Smith, 96-1-00957-1 (Clark County,
Vancouver, WA, Jan 21, 1999); State v. Poole,
97-CR-1874 (Douglas County, Douglasville, GA,
Apr 28, 1999); People v. Torres, 97NF3169
(Orange County, Santa Ana, CA, Sep 21, 1999);
Adams v. Mississippi, 2001 WL 410800
(Miss.App., Apr 24,2001). Moreover, in State of
Wisconsin v. Carl Saecker, 196 Wis. 2d 646, 539
N.W. 2d 336 (Table) (Text in WestLaw),
unpublished disposition, 1995 WL 507601 (Wis.
App. Aug 8, 1995), mtD NA evidencewas used in
a post-conviction analysis, and the result used to
support exoneration of the defendant, who had
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been convicted of rapein ajury trial in 1989 and
was serving alengthy prison sentence.

Inthe New Y ork case of People v. Ko,
Indictment No. 2449/98 (New Y ork County, May,
2000), the court ruled that mtDNA evidenceis
admissible a trial of the defendant for murder and
other related charges. However, the court ruled
that it would not permit testimony about a
statistical analysis of the significance of the match
in the case without tesimony regarding the
foundation of the approach to be utilized. This
decision clearly is notarejection on the statistical
application of forensic mtDNA analysis. The
court qualified its decision by stating that it would
not prevent presentation of the statistical analysis
at trial should a sufficient foundation be laid. In
People v. Klinger, 185 Misc. 2d 574, 713 N.Y.S.
2d 823, 2000 N .Y. Slip Op. 20450 (N.Y . Co. Ct.,
Sept 5, 2000) and People v. Kee, Indictment No.
6425/99 (New York County, 2001), there was
expert tegimony presented on the validity of the
population database and, for forensic purposes,
the basic statistical approach. The evidence
demonstrated that the statistical approach is a
method that has survived the test of time and is
applied throughout the mathematic, scientific and
medical community. Basically, the statistics
involve the number of times a particular mtDNA
sequence is observed in a database(s). T his
counting method is a basic statement of fact that is
the simplest statistical approach. The size of the
database should then be taken into account when
estimating mtDNA sequence frequencies using
standard sampling theory. The formulas that are
applied to determine the upper bounds of
confidence intervals have been generally accepted
asreliable. Two such formulasare utilized; one,
when a sequence has been seen before in the
database, and the other, when a sequence has
never been seen beforein a data base (61, 68). To
date, there have been no dissenting published
articles on the use of this statistical approach asit
is applied to the interpretation of the significance
of amtD NA match.

In a hearing conducted pursuant to Federal
Rule 702 to determine the admissibility of
MtDNA typing, this same statistical analysis was

admitted in United States v. Turns, CR-2-99-104,
by the Hon. James L. Graham, United States
District Court, Southern District of Ohio. On
January 24, 2000, Judge Graham stated as
follows:

Now, the statistical approach used in this case
is one that appearsin the literature, it appears
specificdly in acomprehensive paper on the
use of mitochondrial DNA analysis published
by the office of the armed forcesmedical
examiner, and it is described in that report at
page 32 as being a very conservative
statistical approach to determining the
probability or likelihood that there could be a
match in the general population. The data
base of known mitochondrial DNA hasgrown
to itspresent proportions over a period of
time. It presently consists of 2,426
individuals. As the data base has grown, the
rate of matcheshas not significantly changed.
It was interesting to me to note thatin some of
the early nuclear DNA cases, the courts also
referred to a statistical analysis which was
based upon a data base of contributors, and in
one of those cases the data base was 225
randomly chosen FBI agents. That was the 6"
Circuit case of United States versus Bonds, 12
F.3d 540, which approved nuclear DNA
testing. So, again, the use of a data base of
what we might consider somewhat limited
proportionsin comparison to the total
population is not unusual, and this was
exactly the same approach apparently used in
the nuclear DNA cases.

United States v. Turns, CR-2-99-104, January 24,

2000.

The predictiv e effect of the statistical analysis
is based upon aformula which is apparently
recognized in the scientific community and used
in avariety of scientific contexts, and it has been
used specifically here in the analysis of
mitochondrial DNA results. The court concluded
that itis an accepted and reliable estimate of
probability, and in this case, itled to results
interpreted results which substantially increased
the probability that the hair ssmple was the hair of
the defendant in this case.
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Most recently, in People v. Cong Van Than,
Case No. 00CR2325 (Denver County, Colorado
2001), the trial court employed a modified
Daubert standard and held admissible mtDNA
analysis together with the statistical interpretation.
In addition, in the case of State v. Pappas, 256
Conn. 854, A.2d _, 2001 WL789737 (Conn.,
July 24, 2001), atrial courts’ decision was
affirmed admitting mtDNA typing and the
statistical interpretation ater aDaubert hearing.
After a careful review of the evidence presented
regarding the statistical significance to be
accorded a match, the court held that the
testimony was statistically sound and that it was
likely to be helpful to the jury in assessing the
probative value of the mtDNA evidence.

Based upon the aforementioned court
decisions, which are clearly supported by
scientific publications, an overwhelming
foundation has been set forth which establishes
that the statistical analysis applied to determine
the upper bounds of confidence intervals has been
generally accepted as reliable within the
mathematic, medical and scientific community.

Finally, challenges to mtDNA analysis often
focus on the issues of heteroplasmy and
contamination. The scientific community is well
aware of heteroplasmy and does not find it to
affect the reliability of mtDNA profiling (3, 4, 15,
23, 28, 56, 70, 75). Forensic scientists take
appropriate steps to address the limited issue
which it presents. Itclearly doesnot affect the
general acceptance of mtDNA profiling within the
scientific community and, under certain
circumstances, can be used to enhance or
strengthen the weight of a match.

Contamination of exogenous DNA during
handling of the evidence isa concern during the
analysis of mtDNA because of the sensitivity of
the assay (asit is for any PCR-based assay).
Contamination is a day-to-day consderation that
forensic laboratories, and all scientific
laboratories, have to address when using PCR.
There are standard accepted laboratory practices
to minimize contamination and monitor
contamination if it did occur during the analysis

(8). These practices are not unique to forensic
applications. The diginction to be made is that the
content of a sample, or what has taken place prior
to itsarrival at the laboratory, cannot be
controlled by the laboraory. The condition of the
sampleiswhat it isupon arrival.

There are no new issues for the use and
admissibility of mtDNA analysesthat have not
been addressed with admissibility litigation of
nuclear DNA . Precedents created by nuclear DNA
admission provide guidance and ample support
for mtDNA admissibility.

VI1I1l. Conclusion

In conclusion, mtDNA sequencing provides
another useful tool for characterizing biol ogical
evidence. The methodology is particularly useful
for analyzing substantially degraded or
environmentally -insulted samples, such asold
bones, or samples with very minute quantities of
DNA, such as hair shafts. The data arebeing used
for identifying missing persons or human remains.
Lastly, thereis a substantial foundation to
demonstrate scientific and legal admissibility of
mtDN A typing.
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Forensic Examination in Major

Bombing Cases

Donald J. Sachtleben

Supervisory Special Agent

Federal Bureau of Investigation
Laboratory Division, Explosives Unit

Although this article was in progress long
before the events of September 11, 2001, the
information that isincluded highlights the
important work being done by law
enforcement personnel following the recent
terrorist attacks on the World Trade Center
and the Pentagon and re-enforces the
importance of cooperative partnerships with
law enforcement in our antiterrorism efforts.

On November 13, 2000, the ethnic violence
that plagued the Republic of Pomzania for the
past one hundred seventy-five years spilled over
onto United States soil. At ten-thirty on an
overcast, fall morning, a rented van pulled up to
the loading dock behind the Pomzanian consulate
in downtown Indianapolis. About three minutes
later the van erupted into a massive fireball. The
force of the explosion caused the collapse of the
rear of the consulate, killing three Pomzanian
diplomats and two US citizens picking up visas at
the consulate. The blast also shattered windows in
nearby buildings, seriously injuring dozens of
people in the area. The death toll would
eventually reach nine.

Although the attack on the Pomzanian
consulate is fictional, terrorist bombings have
become an increasing problem around the world.
The purpose of this article isto familiarize
prosecutors with the process of collecting,
examining and presenting evidence from a major
bombing incident. Examples of recent major
bombing incidents forensically examined by the

FBI Laboratory include the World Trade Center
(New York City - 2/26/93), Murrah Federal
Building (Oklahoma City - 4/19/95), Saudi
Arabian National Guard Building (Riyadh, Saudi
Arabia - 11/13/95), Khobar Towers Building 131
(Dhahran, Saudi Arabia - 6/25/96), Nairobi
Embassy (Nairobi, Kenya - 8/7/98), Dar es
Salaam Embassy (Dar es Salaam, Tanzania -
8/7/98), and USS Cole (Aden, Yemen - 10/12/00).

All of these major bombing incidents
involved the placement of alarge quantity of
explosives into a vehicle, then the detonation of
these explosives inside, or next to, the intended
target. However, alarge explosive device doesnot
need to bein avehicle. In 1910, labor activists
detonated dynamite in the Los Angeles Times
building, killing twenty. M ore recently, terrorists
in Russia hav e used long-delay timers to initiate
caches of explosives that had been placed in
rented storage rooms of apartment buildings.
Nevertheless, the time and energy required to
carry dozens of crates of explosivesinto a
building greatly increases the risk of capture to a
terrorist. Thus, a vehicle-borne bomb isamore
likely choice, and will serve asthe model for this
case study.
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Nairobi, Kenya, August 7, 1998
I. Responding to the Scene

The police officers, firefighters, and
paramedics who responded to the ruins of the
Pomzanian consulate faced a scene few had ever
experienced. The one hundred year old building
had collapsed in a heap of bricks, concrete, and
glass. Listening devices detected several victims
buried alive in the rubble. A frantic race began to
remove debris and rescue the injured. As these
rescue efforts continued, investigators looked for
a reason for the catastrophe. Many believed that a
natural gas leak had caused the explosion.

The first few hours after a large explosion are
filled with chaos and confusion. Initially, abomb
scene may be treated as an accident site, rather
than a crime scene. Rescue workers hav e a very
limited amount of time to remove victims from
therubble. As aresult, items relevant to the bomb

vehicle may initially be overlooked or moved.
Even after evidence is found to classify an
incident as acriminal act, and acrime sceneis
established, the rescue of the injured takes
precedence over the collection of physical
evidence.

The Alfred P. Murrah Federal Building,
Oklahoma City

The FBI Laboratory's Explosives U nit
conducts training seminars for first responders to
bomb scenes in which they stress recording the
condition of the scene without interfering with
rescue operations. The FBI Bomb Data Center has
also published Investigators Bulletin 99-1, titled
"Disaster Management", which outlines, for
criminal investigators, the basic stepsin
processing a major bombing crime scene.
Photographs taken of a bomb scene before rescue
efforts have disturbed the area may be useful to
the forensic explosives examiner in determining
the location of the bomb vehicle at the moment of
the explosion.
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