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Trace Evidence - Hairs/Fibers - Crime
Scene
Douglas Deedrick
FBI Laboratory

I.  Trace Evidence 

Evide nce th at is gen erally s mall in  size an d 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 fragments and
other materials. These substances are often
exchanged between individuals 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 perhaps, the nature of
the contact. Trace evidence provides significant
pieces to the puzzle of a violent crime.

Wh en do es trac e evid ence  beco me a n issue  in
a criminal 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
evide nce p rior to tr ial, and  ques tions w hy ce rtain
types of trace materials were never examined. At
this stage, it may be too late to conduct
mea ningf ul trace  exam ination s due  to pos sible
contamination at the scene or in the laboratory.

II.  The Crime Scene

Trace evidence transfers occur all the time,
and great caution should be used in the
examination of a crime scene. Care should be
taken to minimize the extent of additional
transfers that occur once investigators are at the
scene. Crime scene investigators will often wear
spec ial cloth ing su ch as c over alls, ha ir bon nets
and booties to help prevent additional fibers and
hairs fro m bein g adde d to the sc ene. 

Care should also be taken when assigning
individuals to related crime scenes. There is a
perce ived ris k wh en on e indiv idual c ollects
evidence from the suspect's residence and, later
the sam e day, co llects evide nce fro m the v ictim's
residence. Even though precautions may have
been taken by that individual, the fact that the
same  perso n colle cted e viden ce fro m bo th
locations can have a negative impact on the value
of forensic tests derived from that evidence.

The m anne r in wh ich a c rime s cene  is
searched is determined by the type of crime, the
location of the scene, details concerning events of
the crim e, the tim e of da y, the n umb er of p eople
available for the search and equipment. Inasmuch
as hair and fiber evidence can play a role in most
cases involving violent crime, serious
cons ideratio n sho uld be  given  to colle cting it
prop erly. O nce th e crim e has b een c omm itted, it
won ’t be lon g befo re hair  and fib er evid ence  will
be lost or contaminated. The importance of
securing the crime scene cannot be overstated.

When physical contact occurs between
individuals, objects and individuals, or two
objec ts, there  is a likelih ood o f a tran sfer o f hair
and fiber evidence. This likelihood is dependent
on the  nature  and d uration of the  conta ct as w ell
as the nature of the contacting surfaces. The direct
transf er of h airs fro m the  head  of an in dividu al to
the clothing of another individual is called a
primary transfer. When hairs have already been
shed  and a re tran sferre d to an  individ ual, it is
called  secon dary  transf er. Fib ers ar e trans ferre d 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 sam e fibers are
transferred to other objects during subsequent
contacts, secondary transfers are occurring.

It is imp ortan t for crim e scen e inve stigato rs to
understand the mechanisms of primary and



2 UNITED STATES ATTORNEYS' BULLET IN SEPTEMBER 2001

secondary transfer. As trace evidence can be
transf erred  durin g the c omm ission o f a crim e, 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
searc h - you ma y nee d to ob tain
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. Once the trace evidence is collected
(vacuuming/taping/tweezing) you can
proceed to take samples of blood, remove
bullets from 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 d usting  pow der tha t is difficu lt
to remove.

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

a. Photograph the scene prior to removing
evidence.

b. Remove larger items/debris from the
carpeting or walk areas prior to other
exam ination s. Disp osab le “bo oties” shou ld
be worn and c ollected 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 records the items
and labels the bags.

d. Do not place all clothing items from a
suspect in one bag. Likewise, do not place
all items from a victim in a single bag.

e. Never put suspect items 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. Bedd ing sh ould b e care fully h andle d to
avoid loss of hairs and fibers. Each item
should be placed in a separate bag.

g. Floor surfaces should be vacuumed for
possible trace evidence. Some crime
scene investigators may use tape  to secure
trace e viden ce. Th is is gen erally d ifficult
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 su re car pet stan dard s, pet h air
samples and other standards that
realistically might have transferred to a
suspect or victim are collected.

i. Always process for fingerprints after
collecting trace evidence.

j. In a ve hicle, b e sure  to colle ct all po ssible
“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
whe n colle cting b aseb all style c aps w ith
adjustable plastic head bands —  these bands are
an ex cellen t sourc e for fin gerp rints. 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 p ick up  fibers  from  the sce ne an d dep osit
them in another location.

Socks:

Socks worn by a homicide victim, e.g. laying
along a roadside, can provide invaluable fiber and
hair ev idenc e. Many tim es the v ictim is d riven  to
an isolated area in a car or van. Contact with the
interior surfaces of a vehicle 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 residence to avoid the
possibility of a coincidental match.

Fingernails:

Care should be taken when scraping or
clipping the fingernails of a victim/suspect. The
smalle st amo unt of  DNA  on the  hand s or ute nsils
of the medical personnel can contaminate the
material and influence the DNA results.

Hairs in the hands of the victim:

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

Pubic/head hair combings:

Thes e sam ples sh ould a lway s be tak en in
violent crimes. Foreign hairs, as well as fibers, can
be rec over ed fro m the se sam ples. If  a hat is
recov ered a t the crim e scen e and  a susp ect is
identified soon, it may be possible to find fibers
from the hat in the suspect’s hair.

Weapons:

We apon s reco vered  at a crim e scen e sho uld
always be checked for the presence of trace
evidence before processing for fingerprints.

Doors/windows:

These should be checked for hair and fiber
evide nce if th ey are  points  of entr y or ex it.

Known hair samples:

Good, thorough, random samples should be
taken from the head/pubic regions of the
susp ect(s)  and v ictim(s ). Tw enty- five, fu ll-length
hairs, pulled and combed from different areas of
the he ad an d pub ic regio ns are  gene rally
considered adequ ate to represent an individual’s
hair characteristics.

III.  Evidence Handling Procedures

Once the evidence  has been collected, there
are several recommendations or considerations
when packaging it for transmittal to the
laboratory. Crime scene items may include
clothing worn by the suspect and victim, bedding,
and known hair samples. It is important that the
individual clothing items be packaged in separate,
sealed paper bags — not plastic. All damp or
blood-soaked items must be air-dried in a room
away from  air mo vem ent an d traff ic. To a void
contamination, clothing items from the suspect
should never be ha ndled in the same area w here
items from the victim are handled. Drying paper
placed under damp clothing items should be
subm itted separ ately. 

Indiv idual h airs an d fiber s shou ld be p laced  in
a druggist fold in a sealed envelope (all corners
must be taped). Individual hairs identified on
items of clothing are often not removed or
secu red. T hese  hairs m ay m ove o r be los t, so it is
recom men ded th at they  be rem oved  and p laced  in
an envelope (first noting where they w ere
removed).

If a floo r surfa ce is va cuum ed, 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 evidence is received in the FBI
Laboratory, the case is assigned to an ex aminer.
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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 th e type s of ex amin ations  reque sted. It is
important to have an understanding of the offense
to help determine the course of action in the
labor atory . For e xam ple, it wo uld be  impo rtant to
know  the rela tionsh ip of the  suspe ct and  victim
which might influence the significance of trace
evidence collected from these individuals.

The laboratory unit has three processing
room s that ar e desig ned fo r debr is collec tion. Th is
arrangement allows for the processing 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 debris that is collected by
scraping is placed in pillboxes and tapings are
secured in clear plastic document sleeves.
Pillboxes and tape strips are examined with a
stereobinocular microscope using incident and
transmitted light. The hairs and fibers are mounted
on glass microscope slides for identification and
comparison purposes.

V.  Conclusions

When a questioned hair exhibits the same
microscopic characteristics as the known hairs of
an individual, the hair could  have originated from
that ind ividua l. If the q uestio ned h air is
micro scop ically d issimila r to the k now n hair
stand ard, it ca nnot b e asso ciated  to the in dividu al.
Differences in microscopic characteristics can be
the res ult of tim e and  alteratio n. Kn own  hair
samples should be collected from individuals as
soon as possible after the date of the crime. As
time passes, microscopic characteristics can
chan ge or th e indiv idual m ay alte r the co lor with
dyes . It is imp ortan t to kno w tha t differe nt peo ple
generally have different hair characteristics.

Nuclear and m itochondrial DNA an alyses are
meaningful adjunct examinations to microscopical
comparisons. While the microscopic comparison
of human hairs is a very useful technique, DNA
technologies can resolve identity issues when the
questioned and known hair samples exhibit the
same microscopic characteristics.

If a tex tile fiber  exhib its the sa me m icrosc opic
and optical properties as a known fabric, the fiber
could  have originated from that fabric. It is not
possible to say that a fiber originated from a
particular fabric. However, textile fiber
associations are not insignificant. Because of the
many different types of fibers and 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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Bruce Budowle 
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Federal Bureau of Investigation
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Assistant District Attorney
Major Offense Bureau
Nassau County District Attorney’s Office

Dwight E. Adams
Laboratory Division
Federal Bureau of Investigation

I. Introduction

Touted as the most significant analytical tool
introduced into forensic science since
fingerprinting, DNA typing of biological evidence
has fa r exce eded  expe ctation s. Bec ause  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
rema ins of m issing p erson s, and  can e lucida te
family relationships. However, the technolog y’s
impact has been m ore far-reaching. There are
now , in fore nsic sc ience , effec tive qu ality
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 becom e routine in cases where
biolog ical ev idenc e ma y be m eanin gful.

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

individ ual. D NA f ound  in the n ucleu s of a c ell is
terme d “nu clear D NA. ” The  nucle ar DN A is
divided among and packaged into twenty-three
different chromosomes in an individual (males
have an X an d a Y chrom osome and there fore
technically have twenty-four different
chromosomes; but there are twenty-three
chromosom es to a set of human D NA). There are
two se ts of tw enty- three c hrom osom es in ea ch ce ll
(excluding sperm and eggs which only have one
set of chromosomes); one set is inherited from an
individual’s mother and the other set is inherited
from  the ind ividua l’s fath er. Th us, m ost ge netic
markers exist as two copies in each nucleus
(Figu re 1). T he diff erent f orms  of a ge netic
mark er are ca lled alleles. 

Generally, any biological material that
contains nucleated cells, including blood, semen,
saliva, hair, bones, and teeth, potentially can be
typed  for nu clear D NA m arker s (or g enetic
polymorphisms). The technology available today
includes a myriad of genetic markers, a variety of
valid D NA ty ping s trategie s, and  com puter s with
spec ialized  softw are. T he m ethod s used  routin ely
for human identity testing include restriction
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). T hese  nucle ar DN A typ ing m ethod s and  their
applications have been well-described in the
scientific literature and, thus, will not be discussed
furthe r in this a rticle. In stead , the foc us of th is
paper will be on another piece of genetic material
found within the cell, but outside the nucleus -
mitoch ondrial D NA (m tDNA ). 

II. Mitochondrial DNA

Typing mtDNA affords greater sensitivity of
detec tion w hich e nable s analy sis of s evere ly
degr aded  mate rials. M tDNA  analy sis is
particularly useful for genetic typing of bones,
teeth a nd ha ir, and  elucid ating s ome  family
relationships (1, 6, 20, 22, 29, 30, 33, 39, 42, 45,
63, 67, 7 1, 76, 77 ). 

Mitochondria, known as the powerhouses of
the ce ll, are su bcellu lar org anelle s that co ntain
their own chromosome that is separate and
distinct from the nuclear DNA chromosomes
(Figure 1). Human mtDNA differs from nuclear
DNA  in that it is a  circula r piece  of DN A, it is
inher ited so lely fro m the  moth er, and  it occu rs in
hund reds to  thous ands  of cop ies 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 individuals is found
within  the no n-co ding r egion . Two  areas  within
the no n-co ding r egion  terme d hyp ervar iable
regions I and II (HV I and HVII, respec tively) are
typically sequenced (2, 13, 73) (Figure 2 ).
Exclu ding m utation s, a mtD NA s eque nce is
identical for all maternally related relatives (14,
19, 32, 62). In general, the transmission of a
mtD NA ty pe is co nsisten t acros s gen eration s. This
featur e of m aterna l inherita nce c an be  usefu l in
establishing, or refuting, identity of putative
samples by using known maternal relatives as
reference material to compare with the questioned
mtDNA type (20, 22, 30, 33, 45, 71). Thus, unlike
nuclear genetic markers, relationships several

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

Generally, only one type of mtDNA sequence
should be observed per individual. If only one
mtD NA ty pe is ob serve d, the in dividu al is
conside red to be  homo plasmic . How ever, 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
individ ual. Th e diffe rent typ es operation ally
obse rved  in an in dividu al usu ally diff er at on ly
one genetic site in the sequence. Heteroplasmy
may  be ob serve d in sev eral w ays: 1 ) indiv iduals
may  have  more  than o ne m tDNA  type in  a single
tissue; 2) individuals may exhibit one mtDNA
type in  one tiss ue an d a sligh tly diffe rent typ e in
another tissue; and/or 3) individuals may be
hemoplasmic in one tissue sample and
homoplasmic in another tissue sample.

While there are different characteristics of
mtD NA c omp ared w ith nuc lear D NA,  the for ensic
application of mtDNA typing is basically similar
to nuc lear D NA,  or othe r forensic tes ts, and  is
nothing  more th an a pa ttern com parison . A
mtD NA p attern ( or pro file or s eque nce) is
gene rated f rom a n evid ence  samp le, and  it is
compared with a mtDNA sequence derived from a
reference samp le. If the two sequences are
suffic iently d ifferen t, then th e two  samp les cou ld
not have originated from the same source.
How ever,  if the tw o seq uenc es are  suffic iently
similar, then they cannot be excluded as
origin ating fr om th e sam e sou rce. If  a failur e to
exclude is obtained, inferences can be made,
through statistics, to convey the significance of
the match.

Sequence analysis of human mtDNA
extracted from forensic biological 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 II. Using mtDNA obtained from living
maternal relatives (Countess Xen ia 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 N icholas II  (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
sequ ence  analy sis ma y be th e only  viable
technique for analysis. In fact, sequences can be
obtained from as little as one to two centimeters
of a sing le hair sha ft (29, 42 , 73, 76, 7 7). 

III. Typing Methodology

The double-stranded DNA mo lecule has a
shape similar to that of a spiral staircase. If
stretched out, the double-stranded molecule looks
like a railroad track. The rails, or strands, are each
a polymer (i.e., a long chain) composed of four
building blocks called nucleotides or bases
(designated A, C, G, or T). The sequence of the
differ ent ba ses ca n be in  any o rder a long th is
polynucleotide chain. An enormous array of
different sequences can be generated with the four
different nucleotides within a relatively short
DNA fragment. The two strands associate by
chemical bonds between bases on each strand
(these  bond s wou ld be th e wo oden  slats
connecting the two rails of the railroad track). An
A on one strand will only bond with a T on the
other  strand . Simila rly, G a nd C  on op posite
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 this case 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, a DNA
mole cule w ill bind o nly to its  com plem ent.

To prepare the DNA from forensic samples
for m tDNA  sequ encin g (see  Figur e 5a fo r 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.” The salient feature of PCR
is the ability to obtain relatively large amounts of
spec ific DN A seq uenc es fro m rela tively s mall
quantities of DNA (Figure 5b). The PCR is a
particu larly us eful too l for the  analy sis of fo rensic
material (which may b e somewh at degraded). In
fact, minute quantities of DNA extracted from the
following materials are typed routinely and
succ essfu lly usin g PC R-ba sed as says in  foren sic
laboratories: 1) blood (i.e., lymphocytes), semen
(i.e., sperm and to a lesser degree lymph ocytes),
saliva  (i.e., epith elial cells ), and  swea t (i.e., skin
cells) deposited on various substrates including
clothing, cigarettes, postage stamps, envelope
flaps, drinking straws and containers, chewing
gum, and face masks; 2) vaginal swabs from rape
victims; 3) various tissues from human remains;
4) per sona l items, s uch a s hair b rushe s, tooth
brushes, and razors which may provide a source
of reference samples for identification of
unkno wn rem ains. 

After  the PC R am plifies a  suffic ient qu antity
of the hypervariable regions of the mtDNA, the
sequ ence  of the n ucleo tides (i.e ., gene tic 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
sequ encin g me thod ( 66)) a re stan dard  reage nts
and include: purified, single-stranded DNA
template (which is 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 analogs 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 blocks in an order
dictated b y the am plified DN A temp late). 

Basically, the PCR generates sufficient DNA
template for sequencing. The double- stranded
DNA template is split into single strands and then
the sequencing primer is allowed to bind to one of
the sin gle-str ande d DN A mo lecule s. The  prime r 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 is incorporated into the
grow ing ch ain by  com plem entary  base p airing  to
the template, chain elongation is terminated at the
point where the ddNTP is incorporated. The
particular ddNTP that is incorporated (i.e., A, G,
C, or T ) indica tes that g enetic  letter an d its
position in the sequence. By reading the sequence
electropherogram (Figure 6), the sequence of the
sample can be deduced.

IV. Mitochondrial DNA Nomenclature

The first entire human mtDNA sequence was
desc ribed  by A nder son, e t al. (2), a nd this
sequ ence  is used  as a re feren ce stan dard  to
facilitate nomenclature of mtDNA types. When a
difference in an individual’s sequence compared
with th at of the  And erson , et al. (2)  sequ ence  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 HVII), the Cambridge Reference
sequence has an A; however, a person may carry a
G at site 263. Such an individual’s mtDNA
sequence is described as 263G. If no other bases
(or sites) are described, then it is understood 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
considered equivalent for matching purposes. An
insertion (an additional base in the sequence

compared with the Cambridge Reference
Sequ ence ) is des cribed  by firs t noting  the site
immediately to the left of the insertion followed
by a point and a “1" (for the first insertion), a “2"
(if there is a second insertion), and so on, and then
by the n ucleotide  that is inserte d. For ex ample , a
common insertion is 315.1C. This polymorphism
occurs after site 315 where a C is inserted.
Deletio ns are  recor ded b y listing  the m issing s ite
followe d by a “ -” (i.e., 249 -). 

V. Interpretation

Interp reting  mtDN A res ults is fa irly
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 sequence in the evidence
and that in the reference sample are identical at
every comp ared position in the sequence, they are
considered concordant, and it may be concluded
there is a failure to exclude these samples as
possibly originating from the same so urce (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 samples and a questioned
samp le sho uld, in m ost cas es, allev iate
interpretational differences. If the mtDNA
sequences from two samples being compared
dem onstra te the h eterop lasmy  (i.e., bo th
sequences are observed in each sample), the
interpretation is “cannot exclude” (or they are
concordant). If they share a common sequence
(i.e., one sample is heteroplasmic 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
additional reference samples. If no resolution can
be attained, the interpretation is “inconclusive”
(i.e., there is insufficient information to render a
conclusion).
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When a mtDNA sequence from an evidence
samp le and  one fr om a  know n refe rence  samp le
cannot be excluded as originating from the same
source, it is 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 population
database(s). Because of the uncertainty involved
in all population database samplings, a confidence
interval ca n be plac ed on th e obser vation. A
confidence interval is a measure of the amount of
confidence which can be placed on a value lying
between two spec ified limits (i.e., the interval).
The use of a confidence interval around the
counted number of mtDNA sequences in a
database sample is similar to the method for
placing a range on 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
fact finder. For example, consider a mtDNA
sequ ence  obtain ed fro m an  evide ntiary  samp le
that is compared to a database containing 500
typed samples to evaluate the significance (or
weight) of the evidence, and no matching
sequences w ere observed. Thu s, there were zero
observations in the database of five hundred
people. The 0/500 value is the counting method
approach and is typically presented. H owever,
when requested (to account for possible sampling
error), the upper bound estimate can be calculated
and, in this particular case, that value would be
0.6% of the population that could poss ibly 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 case would be from
0.6% to 1.4%, but only the 1.4% value would be
presented.

VI. Databases

According to the FBI’s National Center for
the Analysis of Violent Crime, between one
hundred fifty and two hu ndred children are
involved in long term, non-familial abductions
each year. Ma ny of these missing children are

never located. In any given calendar year, the
skeletal remains of over one hundred unidentified
individuals are located 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 a m issing p erson  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 leads.
CODIS enables federal, state, and local crime
laboratories to exchange and compare DNA
profile s electr onica lly, there by link ing crim es to
each other and to convicted offenders, or missing
persons to family members (or believed personal
effects). CODIS has implemented a missing
persons database and mtDNA profile searching
software know n as COD ISMT. The central function
of the software is to facilitate searching of a
mtDNA nucleotide sequence developed 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 houses reference DNA
profile s. The  samp les are  dona ted vo luntar ily
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 profiles in the UP File will be
searched against profiles in the UPRI File.
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VII. Adm issibility

Although the scientific community has spent
over ten years developing, validating, and laying
the foundation for the forensic use of mtDNA
analysis, there will be challenges to the
admissibility of mtDNA sequencing. It is the
responsibility of prosecutors to clearly and
concisely present the material in a simple and
understandable fashion. The goal is to present an
explanation of the technology so that a court can
easily  mak e a de termin ation th at, wh en pro perly
perfo rmed , mtD NA a nalys is gen erates  results
acce pted a s reliab le within  the scie ntific
community.

Not all jurisdictions have made an
adm issibility d eterm ination  of mtD NA a nalys is
and, th erefo re, cha llenge s on th e use o f 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 c omm unity. M oreo ver, su ch an  unfav orab le
ruling will only lend credence to unsupported and
undocumented criticisms about the forensic use of
mtD NA a nalys is. No m atter w hich a dmis sibility
standar d is applied  (i.e., Frye, Daubert, FRE 702,
etc.), sim ilar pre senta tions o f evide nce sh ould
produce identical outcomes of mtDNA
admissibility.

 When preparing for an admissibility hearing,
first and foremost is the application of the “KISS”
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 that have
already been decided. In fact, most, if not all, of
the science of mtDNA analysis has already been
acce pted a s scien tifically r eliable  in adm issibility
hearings that have been conducted on nuclear
DNA  analy sis. Fo r exam ple, the re is no  reaso n to
revisit the underlying science or validation of
DNA extraction or PCR technology. In preparing
for the hearing, request a preliminary ruling from
the court that will limit the scope of the hearing so
that the issues for the court’s consideration will be
clearly defined.

Generally, there are two main issues for the
cour t’s con sidera tion du ring an  adm issibility
hearin g on m tDNA  analy sis. Th e first is th e basic
scien ce rela ted to m tDNA  analy sis. Th e seco nd is
the statis tical inter pretatio n app lied to th e resu lts
of the analysis when a match occurs. Both issues
are well-established in the scientific community,
within and without forensic science.

The principles and 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 desirable to qualify an expert, when one
is used , on are as rela ted to m tDNA  analy sis
methods that may include, but not be limited to,
molecular biology, population genetics, and/or
forensic applications of mtDNA analysis. In some
cases , an ex pert tha t can q ualify  on fo rensic
nuclear DNA analysis may be useful to establish
the similarities between nuclear and mtDNA
analyses.

Presentation by an expert can cover some or
all of the following topics: 1) a basic explanation
of the biology of the cell; 2) a basic explanation of
DNA; 3) a basic explanation of the salient
features of mtDNA; 4) a description of
differences and similarities between nuclear DNA
and m tDNA ; 5) esta blishin g that m tDNA  is only
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 steps:
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 m tDNA  mole cule. T he diff erenc es in
the sequence betwe en or among  individuals are
called ASequence Polymorphisms@. Basically,
sequence polymorphisms can be described using
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an analogy to the information contained in a
teleph one n umb er. Th e Cou rt will rea dily
appreciate that the seven digits of a telephone
number are arranged in a particular order. If the
digits a re arra nged  in ano ther se quen ce, the  result
is a different telephone number. In a similar
manner, the As, Ts, Gs, and Cs are arranged along
the DNA molecule in a particular sequence and
differ ence s in the s eque nce a rray c an 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 Vietnam an d Korean W ars (30).
The Arm ed 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 m tDNA  mole cule is f airly ro bust,
compared to nuclear DNA. It can survive varied
and harsh environmental 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).

Ther e is a his tory an d we alth of s cientific
acceptance and reliance upon population genetics/
statistical analyses. Published articles and expert
testimony describe the population databases used
for inferences of significance of a mtDNA
sequence match (7, 25, 38, 41, 44, 46, 47, 48, 49,
50, 51, 52, 61). Interestingly, 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 a nalys is has b een h eld
admissible in courtrooms throughout the
United States utilizing both the Frye and Daubert
admissibility standards. The first case was that of
State v. Ware in Tennessee wh ere the trial court’s
admission of mtDNA evidence was upheld on
appea l. State v. Ware, No. 03C01-9705CR00164,
1999 WL233592 (Tenn. Crim. App. Apr. 20,
1999 ). The  Tenn essee  Cou rt of Cr imina l App eals
made note in its decision that, based upon the
testimony of an expert from the FBI DNA
Laboratory, mtDNA analysis met the Frye
stand ard fo r adm issibility. I n add ition, co urts in
South Carolina, Florida, Michigan, Maryland,
Penn sylva nia, Co nnec ticut, W ashin gton, G eorg ia
and California have all held mtDNA evidence
admissible. In State v . Cou ncil , 515 S.E. 2d 508,
516-18 (S.C. 1999), the appellate court upheld the
trial courts’ admission of mtDNA evidence under
South Carolina’s Rules of Evidence. Several
states have applied the Frye standard and
determ ined m tDNA  analysis is  admiss ible. See
State v. Bolin, 90-11832 (Hillsborough County,
Tam pa, FL  May  14, 19 99); People v. Holtzer, 98-
7603-FC (Grand Traverse County, Traverse City,
MI, J un 10 , 1999 ); State v. Williams, K-94-1073,
K-98-765 (Arundel County, Annapolis, MD, May
6, 199 8); Commonwealth v. Dillon, 97-CR-1575
(Lackawanna County, Scranton, PA Jun 30,
1998 ); Commonwealth v. Rorrer, 98-0320
(Lehigh Coun ty, 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,
Van couv er, W A, Jan  21, 19 99); State v . Poole ,
97-CR-1874 (Douglas County, Douglasville, GA,
Apr 2 8, 199 9); People v. Torres, 97NF3169
(Orange Co unty, 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 33 6 (Table) (Text in W estLaw),
unpublished disposition, 1995 WL 5076 01 (Wis.
App . Aug  8, 199 5), mtD NA e viden ce wa s used  in
a pos t-con viction  analy sis, and  the res ult use d to
support exoneration of the defendant, who had
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been convicted of rape in a jury trial in 1989 and
was se rving a le ngthy p rison sen tence. 

In the New Y ork case of People v. Ko,
Indictment No. 2449/98 (New York County, May,
2000 ), the co urt rule d that m tDNA  evide nce is
admissible at trial of the defendant for murder and
other related charges. However, the court ruled
that it wo uld no t perm it testimo ny ab out a
statistical analysis of the significance of the match
in the case without testimony regarding the
foun dation  of the a ppro ach to  be utiliz ed. Th is
decision clearly is not a rejection on the statistical
application of forensic mtDNA analysis. The
cour t qualifie d its dec ision b y statin g that it w ould
not pr even t prese ntation  of the s tatistical a nalys is
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 O p. 2045 0 (N.Y . Co. Ct.,
Sept 5, 2000) and People v. Kee, Indictment No.
6425/99 (New York County, 2001), there was
expert testimony 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
meth od tha t has su rvive d the te st of tim e and  is
applied throughout the mathematic, scientific and
medical community. Basically, the statistics
involve the number of times a particular mtDNA
sequ ence  is obse rved  in a da tabas e(s). T his
coun ting m ethod  is a bas ic statem ent of f act tha t 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. Th e formulas that are
applied to determine the upper bounds of
confidence intervals have been generally accepted
as reliable. Two such formulas are utilized; one,
when a sequence has been seen before in the
database, and the other, when a sequence has
never been seen before in a data base (61, 68). To
date, there have been no dissenting published
articles  on the  use o f this sta tistical ap proa ch as it
is applied to the interpretation of the significance
of a mtD NA m atch. 

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 appears in the literature, it appears
specifically in a comprehensive paper on the
use of mitochondrial DNA analysis published
by the office of the armed forces medical
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
matc h in the  gene ral pop ulation . The d ata
base of known mitochondrial DNA has grown
to its present proportions over a period of
time. It presently consists of 2,426
individuals. As the data base has grown, the
rate of matches has not significantly changed.
It was interesting to me to note that in some of
the early nuclear DNA cases, the courts also
referred to a statistical analysis which was
base d upo n a da ta base  of con tributo rs, and  in
one of those cases, the data base was 225
randomly chosen FBI agents. That was the 6th

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
proportions in comparison to the total
population is not unusual, and this was
exac tly the sa me a ppro ach a ppar ently u sed in
the nuclear DNA cases.

United States v. Turns, CR-2-99-104, January 24,
2000.

The p redictiv e effe ct of the  statistica l analy sis
is base d upo n a for mula  whic h is app arently
recognized in the scientific community and used
in a variety of scientific contexts, and it has been
used specifically here in the analysis of
mitochondrial DNA results. The court concluded
that it is an accepted and reliable estimate of
probability, and in this case, it led to results,
interpreted results, which substantially increased
the probability that the hair sample 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. Pa ppas, 256
Conn . 854, _ A .2d _, 20 01 W L789 737 (C onn.,
July 24, 2001), a trial courts’ decision was
affirmed admitting mtDNA typing and the
statistical interpretation after a Daubert 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
proba tive value  of the m tDNA  eviden ce. 

Based upon  the aforementioned cou rt
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
mathe matic, m edical an d scientific  comm unity. 

Finally, challenges to mtDNA analysis often
focus on the issues of heteroplasmy and
conta mina tion. Th e scien tific com mun ity is we ll
awa re of h eterop lasmy  and d oes n ot 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. It clearly does not affect the
general acceptance of mtDNA profiling within the
scien tific com mun ity and , unde r certa in
circumstances, can be used to enhance or
strengthen the weight of a match.

Contamination of exogenous DNA during
handling of the evidence is a concern during the
analysis of mtDNA because of the sensitivity of
the assay (as it is for any PCR-base d assay).
Contamination is a day-to-day consideration that
foren sic labo ratorie s, and  all scien tific
laboratories, have to address when using PCR.
There are standard accepted laboratory practices
to minimize contamination and monitor
conta mina tion if it did  occu r durin g the a nalys is

(8). T hese  practic es are  not un ique to  foren sic
applications. The distinction to be made is that the
content of a sample, or what has taken place prior
to its arrival at the laboratory, cannot be
controlled by the laboratory. The condition of the
samp le is wh at it is upo n arriv al.

There are no new issues for the use and
admissibility of mtDNA analyses that have not
been addressed with admissibility litigation of
nuclea r DNA . Precedents created by nuclear DNA
admission provide guida nce and amp le support
for mtDNA admissibility.

VIII. Conclusion

In conclusion, mtDNA sequencing provides
another useful tool for characterizing biological
evidence. The methodology is particularly useful
for analyzing substantially degraded or
envir onm entally -insulte d sam ples, su ch as o ld
bones, or samples with very minute quantities of
DNA, such as hair shafts. The data are being used
for identifying missing persons or human remains.
Lastly , there is  a substantial f ound ation 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
Labo ratory Divis ion, Ex plosiv es Un it

Although this article was in progress long
before the events of September 11, 2001, the
information that is included 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 o f cooperative par tnerships with
law en forcem ent in ou r antite rrorism  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
over cast, fa ll morn ing, a r ented  van p ulled u p to
the loa ding d ock b ehind  the Po mzan ian co nsula te
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 co nsula te. The  blast a lso sha ttered  windo ws in
nearby buildings, seriously injuring dozens of
peop le in the  area . The d eath to ll 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 is to 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 C ole (Aden, Yem en - 10/12/00).

All of th ese m ajor bo mbin g incid ents
involved the placement of a large quantity of
explosives into a vehicle, then the detonation of
these explosives inside, or next to, the intended
target. However, a large explosive device does not
need  to be in  a veh icle. In 1 910, la bor ac tivists
detonated dynamite in the Los Angeles Times
buildin g, killing  twen ty. M ore re cently , terror ists
in Rus sia hav e used  long- delay  timers  to initiate
cach es of e xplos ives th at had  been  place d in
rented storage rooms of apartment buildings.
Nev erthele ss, the tim e and  energ y requ ired to
carry dozens of crates of explosives into a
building greatly increases the risk of capture to a
terrorist. Thus, a vehicle-borne bomb is a m ore
likely c hoice , and w ill serve  as the m odel fo r 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
burie d alive  in the ru bble. A  frantic  race b egan  to
remove debris and rescue the injured. As these
rescue efforts continued, investigators looked for
a rea son fo r the ca tastrop he. M any b elieve d that a
natural gas leak had caused the explosion.

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

vehicle may initially be overlooked or moved.
Even after evidence is found to classify an
incide nt as a c rimina l act, an d a crim e scen e is
established, the rescue of the injured takes
precedence over the collection of physical
evidence.

The Alfred P. Murrah Federal Building,
Okla hom a City

The F BI La bora tory's E xplos ives U nit
cond ucts tra ining s emin ars fo r first re spon ders to
bomb scenes in which they stress recording the
cond ition of  the sce ne w ithout in terferin g with
rescue operations. The FBI Bomb Data Center has
also published Investigators Bulletin 99-1, titled
"Disaster Management", which outlines, for
crimin al inve stigato rs, the b asic ste ps in
processing a major bombing crime scene.
Photographs taken of a bomb scene before rescue
effor ts hav e distu rbed  the are a ma y be u seful to
the forensic explosives examiner in determining
the location of the bomb vehicle at the moment of
the explosion.


