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ABSTRACT

This IQPanalyzed DNA fingerprinting technologincluding the various methods used
to perform testsand how this amazing new technoldigs ovecome considerableppositionto
makeadvances ithe field of forensic scienc&he earlier chapters foces the technicgbortion
of the topic, describingwhat DNA is, how DNA fingerprints are made using different
proceduresandwhich methodsare usedor collecting, storingand processin@NA evidence
Thefunction of DNA databases artieir ethics was also investigated. The cheptslandmark
court casesxamined howegal precedence was established for admitting technical evidence into
US courts. Finally the authors make their own conclssaivout the technolggoased on their

research.
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PROJECT OBJECTIVE S

The objectie of this project was to examine the technology of DNA fingerprintimg,
different methods of DNA analysis, recent advances in DNA collection and storage techniques
as well as the ethical and legal aspects of using this new technology in solving T¢teses
secondarypurpose waste x pl ai n i n \Why PNAafingérprintingdas hecoméehe
greatest forensic todh that sciencé history The discussion of landmadourt caes serves as
a model for how precedenegsset in US courts faallowing technical information as evidence.

The discussion adensatnal court cases poirgdo the power of the tecblogy to solve decades

old crimes. Although DNA fingerprinting is now nearly universally accepted in legal
proceedingsthe use of DNA databasesauses ethical controvezs Overal this project will

help the layman understand the science and techniques of DNA fingerprinting, investigative
procedures for acquiring evidence, methods of collecting and storing DNA evidence, landmark
court cases that set a precedence of admitting DNdepge in US courtdhe ethics of DNA

databasesand a clearer understanding of buman genetianiqueness.



Chapter-1: DNA Fingerprinting Technology

Archana Reddy

DNA fingerprinting is a DNAbased identification system that relies on the genetic
differences among indiduals or organisms. This technology has been called the greatest tool in
the history of forensic science, and although it is relatively new, it has had an amazing impact on
society. But as is typical of any powerful new technology, the impact on shaetyeen
complex. The aim of this chapter is to introduce you to this amazing technology of DNA
fingerprinting, as a prelude to subsequent chapters documenting its effects on the U.S. legal

system and on population databases.

DNA

Genetics (meaningrigin) is the science of hereditary and variation in living organisms.
The fact that living things inherit traits from their parents is common knowledge, and has been
exploited since praistoric times with ingenuity to enhance crop and animal quality through
selective breeding. The modern science of genetics which seeks to understand the process of
inheritance only began in the mid nineteenth century with the work of Gregor Mendel, who
observed that organisms inherit traits via discrete units of inheritahegs) are now called
genes. The molecular basis for genes is DNA (deoxyribonucleic acid). Every cell contains DNA,
a biochemical molecule found in the nucleus (nuclear DNA) and also in the mitochondria
(mitochondrial DNA, mtDNA). Either type of DNA carelanalyzed in DNA fingerprinting

assays.



DNA contains genetic information which can be described as a blue print of life, carrying
the instructions to construct cell components like protein, RNA, and other molecules necessary
for cell function. In 1952Watson and Crick discovered that the DNA structure has two sides, or
strands and that these strands are twisted together like a {attdedouble helixKigure-1).
The helix i s composed of two pol ymethestrands
| adder 0 which are paired nucleotides (shown a
macromolecule made up of nearly 3 billion of these nucleotides. The DNA strands contain four
types ofrepeating nucleotides, adenine (A), thymine (Tgargoe (G), and cytosine(C), which
are strung together in a sequence that is unique to every individual. The sequence of these
nucleotides in humans can be found in more combinations than the total number of humans on
the planet. DNA typing techniques dse forensics focus on the differences between

individuals for the order and type of these nucleotides (Freudenrich, 2007).
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Figure-1: Diagram of the DNA Double Helix Structure. Note that

the Arungs o0 o rofdiffdremt nliciedidk®(showvnas s i st
different colors), and their order is different between individuBlsoto
courtesy (U.S. National Library of Medicine)



Nucleotides Figure-2) are composed of nitrogen bases (colors in the figure) attached to
a backlene of sugar and phosphate groups (black in the figure). The bases join each other by
weak hydrogen bonds (dotted Iines in the figu
the ladder (Freudenrich, 2007). Each base will bond only with one ggieeot base, Adenine

with Thymine (upper basepair in the figure), and Guanine with Cytosine (lower basepair in the

figure).
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Figure-2: Diagram of DNA Base Pairs. This figure shows a closeup
of the Arungso on the | adwteAdand or DNA struct
C with G. (DNA101, 2009)

Thymine and cytosine are known as pyrimidines, whereas adenine and guanine are
known as purinesHigure-3). Pyrimidine molecules form 6 cornered rings, and purines are a
combination of a 5 cornered and a 6 coedeting. Thus, purines then are much larger than
pyrimidines. Two purines do not bond in a DNA strand, because they are too large, and
pyrimidines do not bond with each other because they are too small. This ensures that one

pyrimidine will match with ong@urine, and vicerersa.



Purines and Pyrimidines
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Figure-3: The Two Main Types of DNA BasesThis figure shows the
chemical structures of purines (top row) and pyrimidines (bottom row).
These structures help ensure that only certain types of pasewith

other specific types. (Hadfield, 2004)

The molecular structure of DNA can be best understood by imagining it as a zipper
(Figure-4), with each tooth representing one of the 4 nucleotides (A, C, G, or T), and with the

opposite teeth formingairs of either AT or G-C.

a b
} u Figure-4: A Zipper Model for DNA Structure.

: This figure represents the two strands of a DNA
- molecule as two joined strands of a zipper. Such
= a model helps visualize DNA replication which
o requires the strands to separafBetsch, 1994)
Rl

Figure 2.

a) Zipper

b) DHA

Because the two strands in DNA are only held together by hydrogen bonds, a sufficient

force, or even a high temperature, can easily unzip the DNA molecule. This feature is important



to DNA replication. Guanine and cytosine haweeé hydrogen bonds, while adenine and
thymine have only two hydrogen bonds. Therefore, chains of DNA that have many AT pairs
(each joined by only 2 hydrogen bonds) are easily unzipped, while chains that have more GC

pairs (each with 3 hydrogen bonds) heeder to separate.
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s ‘ DNA Base Pairs. This figure shows the
O Q ‘ hydrogen bonds (Honds) that join the bases

b :}c L aanies s e of two DNA strands together. GC pairs have
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The information contained in DNA is determined primarily by the sequence of letters
(nucleotides) along the zipper. For example, the sequence ACGCT represents different
information than the sequence AGTCCfferentn t he s
meaning from 6STOPO6 or O6POTS6 even though the
trait in an organism is the result of a particular DNA sequence. There are so many differences in
the order of DNA base pairs, that every person on theplaas a different and unique sequence.

DNA replicates itself at the time of cell division. The amplifying type of DNA
fingerprinting (which is especially well suited for analyzing small quantities of crime scene
DNA) makes use of this replicating feegtof DNA replication. This can be explained by using
the previously mentioned zipper illustration where the DNA strands unzip, splitting the base
pairs at their weak hydrogen bonds, so the two single polymer strands can serve as templates for

adding new ocleotides. Each strand then adds on free floating nucleotides (A, C, T, and G) to



pair with the template base at each position. The result is two perfect copies of the original DNA
molecule.

Within a cell, DNA is tightly packed and located inside tiieleus in structures called
chromosomesHigure-6). A piece of that DNA within the chromosome (a gene) dictates a
particular trait. A gene is made up of a series of exons (coding regions) and introns (non coding
regions). Exons are responsible for itigructions on how to produce a particular protein. The
noncoding regions function to help regulate gene expresdibe.noncoding sequences are
less conserved between individuals than exons, so these introns sequences, and-other non

conserved sequerséhatdiffer between individuals, are used in DNA profiling.

Figure-6: Chromosomes and DNA.This figure shows the nuclear
location of chromosomes, and chromosome structure. Cells also contain
mitochondrial DNA (not shown). (NIGMS, 2006)

A gere encodes a single genetic instruction, usually proteins, and an allele is one variant
of a gene. Alleles are a way of identifying the two members of a gene pair which produce
opposite contrasting phenotypes. An allele of a gene is its partner gena@rfgieb is an allele
of B and vice versa. When alleles are identical, the individual is homozygous for that trait. If the

pair is made up of 2 different alleles, the individual is heterozygous. A homozygous pair can be
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either dominant (AA, BB) or reces® (aa, bb) where as heterozygous are made up of one
dominant and one recessive allele (Aa, Bb). In heterozygous individuals, only one allele (the
dominant) gains expression, while the other recessive allele is hidden but still present. Phenotype
is the erm used to describe visible expression of the trait, and the genotype is the actual gene
makeup. Extensive use is made of this genetic information in the study of hereditary diseases

(Library.thinkquest.com, 2009).

DNA Fingerprinting Methods
The method for DNA fingerprinting are mainly of two types: RFLP type and the PCR

type. RFLP is noramplifying, while PCR is amplifying.

RFLP Type Fingerprinting

Restriction fragment length polymorphism (RFLP) is a molecular biological technique
used to compareifterences in DNA molecules. This technique was invented in England in
1985 by Sir Alec Jeffreys (Jeffreys et., 1985a), and was first used in a courtroom for a paternity
case (Jeffreys et al., 1985b). Because it was adapted from earlier reliable Salothern
techniques, it quicklypecame the standard technique for DNA testing. In this technique,
restriction enzymes that cleave the DNA at specific sequences (depending on the enzyme used)
are used to digest DNA. Because DNA sequences vary between uadisyithe DNAs will
contain different restriction sites, thus two different DNAs will produce different cut DNA
profiles. Electrophoresis is then used to separate the strands according to their lengths.

For example, consider the strand of DNA from amdividual with the sequence

GCGCAAGGCGAATTCGCGC. Assume restriction enzyme EcoRI is added to the DNA.

11



EcoRlI recognizes the DNA sequence GAATTC, and it cleaves the bond between guanine and

adenine Figure-7) (Lerner et al., 2006).

Figure-7: Cleavage oDNA by EcoRl
Restriction Enzyme. This figure shows
the cutting of DNA at the sequence
GAATTC, to produce two fragments
with AATT overhangs. (OpenWetWare,
2007)

So EcoRlI treatment of the original sequence would produce two fragments GCGCAAGGCG (10
nucleotides in length) and AATTCGCGC (9 nucleotides in length). If a second individual has a
different sequence GCGCAAGGCGATTTCGCCC, EcoRI waudticut that sequence to

produce a 19 nucleotide fragment. If the resulting fragments are separated by elszsispho

(Figure-8), individuall would show shorter fragments (Lerner et al., 2006).

Gel Electrophoresis
( For RFLP Analysis)

ATTAGAATTCTATAGAATTCCGGCACTATCGAATTCACGAACTTAG

TAATCTTAAGATATCTTAAGGCCGTGATAGCTTAAGTGCTTGAATC s

After the example DNA is cut into small fra?ments using -
restriction enzyme EcoRI a large number of shorter
fragments are produced. The shorter fragments are
loaded into separate wells formed in a gel chamber
between negative and positive electrodes.

After the electrophoresis
is complete, the DNA
fragments in the gel
can be stained with a
blue dye or made
radioactive to make
them more visible,
If the molecules
fluoresce under a
ultraviolet light, a
photograph or an
autoradiogram can
be taken.

When electric current is passed
through the chamber DNA fragments
move toward the positive cathode.
Smaller fragments move farther and
faster than larger fragments.

Figure-8: Electrophoresis. This technique is used to separate DNA
fragments by size. DNA samples are loaded onto dlgeian electric
current is applied. SiecDNA is negatively charged (due to its
phosphates), DNA migrates towards the positive anode. Shorter
fragments move faster than longer fragments, providing the basis of
separation. (Bio.davidson.edu, 2001)
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After the gel is run, the DNA is denaturexsingle strands by treatment with sodium
hydroxide which breaks hydrogen bondsd therthe DNA is blotted to a membrane. This
blotting process maintains the original separation pattern (profile) of the DNA fragments, while
allowing hybridization probet® be added to label specific fragments of interest. The probes
bind to complementary DNA sequences present in specific fragments on the membrane. Probes
usually are radioactive or contain fluorescent tags, to allow their position to be determieed. Th
position of the hybridized probe on the membrane is then located usaygikm, which
changes color in the presence of radioactivity or fluorescence. The locations of the fragments of
DNA show up on the film as dark bandsdgure-9). Different samplesan be loaded onto the

gel in different lanes so that the banding patterns can be compared side by side.

Figure-9: Example of an RFLP Type DNA Fingerprint Analysis. RFLP
analysis of a semen sample collected from a raped woman (yellow)
versus bloodamples of two suspects (left and right lanes). Note that the
crime scene DNA matches the suspect on the right. (Bio.davidson.edu,
2003)
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RFLP analysis has been an important tool in genome mapping, locating genetic disease
genes, forensic fingerprimty, and paternity testing. The advantage of this technique is it is
relatively immune to DNA contamination. However, it requires a relatively large amount of
sample DNA, and the combined process of probe labeling, DNA fragmentation, electrophoresis,
blotting, hybridization, washing, and autoradiography can take a week to complete. The
amplifying method or PCR method of DNA fingerprinting is curreptigferred because of the

above mentioned reasons (Bio.davidson.edu, 2001).

PCR Type Fingerprinting

The other main type of DNA profiling is the polymerase chain reaction (PCR) technique.
This method was developed in 1983 by Kary Mullis (formerly of the Cetus Corporation) for
establishing hereditary authentication, and it won a Nobel Prize in 1993. P@BRisaaiplifies
portions of DNA molecules using very small amounts of DNA template, generating millions of
copies in an hour. This method uses a thermocyeigule-10) to place a DNA sample at
different temperatures for specified time periods. The tbeyaier is programmed to run
through cycles of repeated heating (which denatures the DNA), and cooling (which allows
primers to anneal, and DNA replication to occur). Primers complementary to DNA regions of
anneal to the DNA during the cooling periodsith as sites of DNA replication. Two primers
(sense and antisense) flank the region of interest, so the amplified DNA lies between the primer

sites.
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Figure-10: Picture of a Thermocycler Used for PCR.This machine

is used to cycle DNA samples betwegternative periods of heating (to
denature DNA strands) and cooling (to allow primers to anneal to the
DNA, facilitating DNA replication). This process rapidly amplifies
portions of DNA between the primers, allowing DNA profiling at
specific forensic loc (Rice, 2006)

A PCR vial contains all the necessary components for DNA duplication: a piece of
template DNA, large quantities of the four nucleotides, large quantities of the two primer
sequences, and Taqg DNA polymerase. The polymerase is the Vatepate, named for
Thermus aquaticygrom which it was isolated at high temperature vents on the ocean floor. The
enzyme is stable at high temperatures, so it remains active throughout the thermocycling process.
The three parts of PCIRigure-11) are peformed in the same vial, but at different temperatures.

The first part of the process separates the two DNA chains in the double helix. This is done by
heating the vial to 90°C for 30 seconds. But the primers cannot bind to the DNA at such a high
temperatre, so the vial is then cooled to 55°C. At this cooler temperature the primers bind or
6anneal 6 to the ends of the DNA strands. Thi
reaction is to make a complete copy of the templates. The temperatoeeviltis raised to

72°C. This is the optimal temperature of Taq polymerase, and the enzyme rapidly begins adding

15



nucleotides to the primer to eventually make a complementary copy of the templates. If the
template contains an A nucleotide, the enzymes @dd nucleotide to the growing strand. If the
template contains a G, it adds a C to the new chain, and so on, to the end of the DNA template.
This completes one PCR cycle. One cycle takes less than two minutes, and each piece of DNA
in the vial has beeduplicated. The cycle is then repeated 30 or more times, with each newly
synthesized DNA acting as a new template. After 30 cycles, 1 billion copies of a single piece of
DNA can be produced! Taking into account the time it takes to change the tenmgefdahe

reaction vial, 1 million copies can be ready in about 3 hours (Access Excellence, 1992).

POLYMERRASE CHRAIN REACTION

1.
DM is denatured, Primers attach
to each strand. & new DA strand
is svnthesized behind prirmers an
each termplate strand,

LWV ey SF FTEErESE,

prirrer

L J ¥ ¥
2. 3. 4,
Another round: DM, is Another round: DM Another round; DMNA, is

denatured, primers are is denatured, primers denatured, prirmers
attached, and the are attached, and the are attached, and the
nurnber of Dk nurnber of Dk nurnber of Dk,

strands are doubled. strands are doubled. strands are doubled.

5.

Continved rounds of amplification swiftly produce
large nurnbers of identical fragments. Each
fragrment contains the DMNA region of interest,

Figure-11: Diagram of PCR. This figure shows the PCR process of
DNA amplification. Note that at the end of the process (diagram lower
right), only theDNA between the two primers has been amplified.
(Access Excellence, 1992)
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The advantage of the PCR technique (especially as applied to STRs, see below) is that it
is fast, and can analyze trace amounts of DNA, including DNA from a single cell. The
disadvantage is it is sensitive to DNA contamination. Because of its ease of use and speed, today
most labs run PCR based assays first, then if enough DNA sample is present or contamination is

suspected, an RFLP type analysis is run.

AmpFLP PCR

A new tecmique has been devised that uses components of both RFLP and PCR, termed
amplified fragment length polymorphism polymerase chain reaction (AFCR), a relatively
cheap, easy, fast, and reliable method to generate hundreds of informative genetic rharkers. |
relies on variable number tandem repeat (VNTR) polymorphisms (see below) to distinguish
various alleles, which are separated on polyacrylamide gels using an allelic ladder. Amplified
bands can be rapidly visualized by silver staining the gel. As WiIHCR based methods,
highly degraded or very small amounts of DNA may cause allelic dropout (false negatives for
certain alleles), and because the analysis is done on a gel, very high number of repeats may
bunch together at the top of the gel, makingfftailt to resolve individual loci. Because of
their high replicability and ease of use, AFLP markers have emerged as a major new type of
genetic marker with broad application in systematics, pathotyping, population genetics, DNA

fingerprinting and quaitative trait loci (QTL) mapping (Mueller and Wolfenbarger, 1999).
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STR Analysis
The short tandem repeat (STR) methodology is based on the features of PCR, as these
regions of DNA are short enough to analyze by PCR. STRs are regions in DNA that are
relaively short, and contain nucleotide patterns repeat within the locus. STR analyses visualize
how many times a pattern repeats itself at a particular location. The more repeats, the longer the
PCR band amplified. The most common form of STR typing @sesihduced fluorescence
detection of dyelabeled polymerase chain reaction (PCR) products following capillary
electrophoresis (CE) sizmsed separation. These STR loci are targeted with sequence specific
primers conjugated to fluorescent markers, aedaanplified using PCR. The DNA fragments
that result are separated by capillary electrophoresis, and directly visualized by fluorescence.
The polymorphisms displayed at each STR region can by themselves be common,
typically each polymorphism will be ahed by 520% of individuals, thus several different STR
loci are analyzed to produce a thorough analysis. The currerdagfidved procedure for
submitting a DNA sample into the CODIS database includes 13 coré&igar€-12). This
rapid analysis can hesed for paternity testing, missing persons identification, and disaster
investigations. When looking at multiple loci, it is the unigoenbinationof allele frequencies
that makes this method highly discriminating as an identification tool (Butler).20bvw
thirteen core loci used in CODIS analyze STRs that involve repeats of about 4 base pairs

(Farkas, 2004).
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13 CODIS Core STR Loci
= with Chromosomal Positions
TPOX

F =
D3s1358 E g
E M
THoO1 =
Dsss18 :851 59 VWA

Fea ™ D7S820
| csFiPOo 3 =
1 2 3 a 5 6 7 8 9 10

Figure-12: The Current Standard 13 Core Loci for STR Analysis.

This figure shows the 13 core loci representing the current stabDdibkd
STR analysis. Also shown on the right are two additional loci used for
sex determination. (Chemical Science, 2009)

VNTR Analysis

A variable number tandem repeats (VNTR) locus is a short nucleotide sequence
organized as a tandem repeat in theoge: These loci are found on many different
chromosomes, and show variations in length between individuals. Each variant acts as an
inherited allele and can be used for personal or parental identification. There are two main
families of VNTRs: microsatktes and minisatellites. The former are repeats of sequences less
than 5 base pairs in length, while the latter involve longer blocks. VNTRs with very short repeat
blocks may be unstable-ducleotide repeats, and may vary from one tissue to anottien &an
individual so are unsuitable for forensic testing, while the long@utieotide repeats have been

of great use to forensics (Chantler, 2004).
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SNPs

Sometimes DNA samples differ by a single nucleotide at a locus, not by the length of
repeatingdomains. ASingle NucleotidePolymorphism (SNP) is a small single base change at a
specific location. For instance AAGTA to AAGCTTA contains a difference in a single
nucleotide (underlined), in this case we say that there are two alleles C andtlcoMo®n
SNPs have only two alleles. Quite often, SNPs involve cytosine being replaced with thymine (as
shown in the example). SNPs do not seem to alter major functions of the genome, but may
greatly affect how people respond different diseases and medgatlybridization of
complementary DNA probes is a common method to examine SNPs. In this method, if the DNA
sequence does not hybridize to the probe under stringent conditions the sequence likely has a
SNP relative to the probe. Melting point temperasuare used in other methods to breakup
mismatched nucleotides in the probe relative to the template DNA. PCR is sometimes used

along with probe hybridization methods (Just the Facts, 2007).

Mitochondrial DNA Testing

Mitochondrial DNA (mtDNA) is locaté in the mitochondria of our cells. This type of
DNA is passed on from mother to offspring without much variation, and is useful in the study of
family lines through female members. Most cells contain many mitochondria, but only one
nucleus. So mtDNA isften present at a crime scene sample even if nuclear DNA is not.
mtDNA analysis is sometimes used when analyzing old material like hair and bones that no

longer have cells with intact nuclei, but contain mitochondria (Powell, 2009).
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Y-Chromosome Analyss

This type of analysis is often made use of when testing for the parentage of male
offspring. The Y chromosome is passed directly from father to son, so analyzing DNA
sequences on this gene can determine relatedness, and can help discriminate batwesen v

male DNA samples (Powell, 2009).
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Chapter-2: DNA Forensics

Khushbu Patel

In 1985, British geneticist Sir Alec Jeffery, developed a technique to perform a human
identity test which would eventually transform the field of forensic science. The test, discussed
in chapterl, is known as a restriction fragment length polymorphism (RFLP) assay, and was
based on earlier assays by Edward Southern (Southern blots) to idpetiffic DNA fragments
in a mixture. The test allows a visualization of the differences between DNA samples, and has
enor mous applications in forensics (Burns,
same, other than identical twins, makes DNAlemce a powerful crime solving tool. It is
difficult for a criminal to be at arime scenand na leave some DNA, and once left, its
sequence camot be altered. DNA collected fronceame scen&an either link a suspect to the
evidence, or eliminatesuspect. It can be a key to solving a residential burglary, sexual assault,
or murder case. It also can be the evidence that can link diftener® scenet each other.

The investigation begins at tkeame scenevhere evidence is collected, preservaod

documented. These are very crucial steps in an investigatithre rast of the proceedings rely

on their being correctly performed. Since 1985, our knowledge has grown considerably in this
area of evidence handling, and the purpose of this ahagtediscuss some of this key

information.

DNA Evidence Collection
Evidence is defined as all the means by which any alleged matter of fact whose truth is

investigated at judicial trial is established or disproved. So, where do investigators look for
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DNA evidence, which is invisible to naked eyes? DNA evidence can be collected from virtually
anywhere. It can be from saliva on cigarette butts, postage stamps, a single hair, or blood stains
at the crime scene. Samples that are not suitable for DN&ti@obased on current technology
include: embalmed bodies (with the possible exception of bone or plucked hairs), pathology or
fetal tissue samples that have been immersed in formaldehyde or formalin for more than a few
hours (with the notable exceptiohmathology paraffin blocks and slides), and urine stains.
Recognizing and locating the different types of biological evidence is not a simple task. It
requires strong observation skills to find small evidence like hair, nail scrapings, and blood
stains.Using traditional methods, it can be a very tough job and lots of evidence can be lost. To
prevent the loss of evidence, investigators can use a forensic light source. As body fluids are
naturally fluorescent, they will glow under UV light illuminatiorhi$ makes it easy to locate a
tiny stain of fluid on carpet, wall, or floor at a crime scergyre-1). A tiny piece of hair in a

carpet will glow under the light too so it makes it easier for investigator to locate it to collect

more evidence (Yvon , 290).

Figure 1: Photograph of a Blood Stain Under Ultraviolet Light
lllumination. (Yvon, 2009)

It is very important for an investigator to be very careful while collecting DNA evidence to
avoid contamination of evidencénvestigators should always wear Personal Protective

Equipment (PPE), as a single hair or drop of sweat from the investigator can leave a sample of
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DNA at thecrime sceneCross contamination can be avoided by changing gloves and forceps
after collectig every sample. Investigators should also be very careful while collecting them as

poor specimen quality can result in degraded DNA which is potentially difficult to analyze.

© Original Artist
Reproduction rights obtainable from
www. CartoonStock.com

Figure 2: DNA is Easily Left at Crime Scenes (Proud,2009)

BikL PROUP

"You've left DNA samples all over the place!"

Severadifferent methods can be used in collecting DNA samples. One of the most
commonly used practicesssvabbing This method comes in handen a body fluid likex
blood stain orafloor needs to be submitted to the lab for testi@gtton swabs or cotton tip
swabs are preferable while collecting the samples. The process is very, fmstpieoisten the
cotton swab using clean watand svab the stain Air-dry it, package it in a paper container
and store it carefully. Try to avoid any sort of cresstamination during this process.

Another method of evidence collectinglietape lift This method isised to collect a
dried blood sinple. Bvidence can be collected usiognventional fingerprint tape from a non
porous surfageand should be placed sticky side down on white clean taping, jgenqaestored in
a separate enveloéramer, 2002) Table 1 showsdifferent ways of collectindpNA evidence

from a variety of samples.
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: Collection . Special
EHEENEE Method RIEK Consideration
Type From
Semen and On Allow any stains to ai Often found on
seminal fabric dry. If damp, clothing,
stains allow fabric to dry blankets, and sheets
completely before
packaging. Wrap in
paper and place
in paper, not plastic,
bag. Label and
package each stained
item separately
On If victim shows The body begins | Take swabs as soon
victim evidence of sexual breaking as possible.
intercourse, use down the various | Reasonable attemptg
PERK. If necessary, | componerg should be made to
oral, vaginal, or anal | in seminal fluid take evidence
swabs should through drainage, | from all viable
be taken fronthe enzyme suspects
victim. Swabs activity, pH, etc. (including family,
should be air dried Moisture friends, etc.).
under a fan or in the swabs allows Evidence
moving air source for | microorganisms collected and
at least one to grow, which subjected to
hour. Samples should can destroy the testing may reveal
be stored refrigerated| evidentiary results
Do not freeze sample{ value of the swabs| from biological
as material left
freezing and thawing by other consensual
can rupture sexual
sperm cells. partners unrelated to
the
offense investigated
or other
contact with victim
by other
individuals.
Saliva Use sterile gauze pad
or swabs; allow
to air dry. Place in
paper, not
plastic, containers.
Sources of saliva
can include envelopes
bottles, cans,
gum, food, etc.
Clothing Wet or Hang articles in a Handle fabrics as
not room with adequate little as
completely ventilation and allow possible.
dry to air dry.
Label, roll in paper,
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then store in

brown paper bag or
box; seal and

label container.

Hair With Collect 1520 If a root sheath is
root representative hairs attached,
sheath from the suspect. DNA analysis using
Place inpaper PCR
packet and then in an technology can
envelope. provide
information on the
likelihood
that this hair came
from a certain
percentage of
the population to
which the
suspect belongs.
Stain On materials such
evidence as plastic and
on nonabsorbent metal, shifting the
materials material from a

cold to a warm
environment may
create
condensation,
destroying the
forensic value of
the sample.
Samples

must be packaged
so the stain
portion is protected
Keepevidence

at room
temperature and
deliver to

lab as quickly as
possible.

Table 1: Common Procedures and Considerations When Collecting and Storing DNA
Evidence. (Turner et al., 2002)

Control samples are equally important when collecting evidencaube when the DNA

analysis starts the controls are compared to the suspect evidence to show that no contamination

of test solutions has occurred. It is impossible nowadays to conduct investigation without

control samples. The controls must be collectét samecaution as all other evidencé=orinstance

investigator should ugée same water fothe controland thesuspect evidence theswab
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method. This requires the investigator to be alert and use commof(isearser, 2002).
Collected evidence sent to a laboratory for testing.able 2 shows the main locations
where law enforcement agencies currently send DNA evidence for testing. The vast majority

(80.1%) are sent to sate laboratories.

Location to Which DNA Evidence is Sent =W Enforcemgnt AU
Responding(%o)
State Agency Laboratory 80.1
FBI Laboratory 1.1
Private Laboratory/Commercial Laboratory 2.9
Local Agency Laboratory 11.7
Other (regional, medical examiner, county) 4.2

Table-2: Primary Locations Where Law Enforcement AgenciesSend DNA Evidence for
Testing. (Lovrich et al.,2003)

Storing DNA Evidence

After collecting DNA evidence, its proper storage is also very important. Most of the
evidence should be collected in clean, unused paper containers to prevent the contamgination
other evidence. It is ideal to use paper containers since paper breathes, which allows the item of
evidence to remain dry. Plastic containers should never be used, as plastic bags will retain
damaging moisture. Each container should have the callgctiper sonés i nitial s,
time the evidence was collected, a complete description of the evidence and where it was found,
the investigating agencyods name, and the file
custody to avoid the posdiby of evidence tampering. The collected evidence should be
properly stored to avoid DNA damage. Direct sunlight and warmer conditions may be harmful
to evidence.Officerscollecting evidence should be carefminotput evidence in a room or

police ar without airconditioning. The evidence should be stored in laboratory conditions only
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(in cool, dry climate, free of moisturegnd sentd alaboratory as soon as possible. If stored in
theseconditions all the samples collectembuldbe kept forfive years and safely retain their
viability. A frozen sample should last indefinitelyable 3shows a summary of the main ways
for storing DNA evidence. Most (79%) are stored in centralized storage areas in local police

stations prior to being sent foralysis.

Law Enforcement

Storage Issue for Local Law Enforcement Agencies Agencies Responding

(%)
Centralized storage area 79.0
Decentralized storage areas/various district location 3.1
Prosecutoros facility 2.0
Crime laboratory facility 22.2
Other 5.6

Table 3: Storage Locations for Unanalyzed Evidencd he table summarizes where DNA
evidence is usually stored prior to DNA analygisovrich et al.,2003)

DNA Analysis

Once allthe evidencdas been collected, stored, amht to a lab for analysithe real
research can begin. As discussed in chapt&NA analysis can include: restriction fragment
length polymorphism (RFLP) analysis, polymerase chain reaction (PCR) analysis, short tandem
repeat (STR) analysis, mitochondrial DNA analysis, archtbmosome analysis (DNA
Forensics, 2002). Most DNA results today are stored on a DNA database, which makes it easier
to mani pul ate and | ocate matches. The worl dos
called CODIS (Combined DNA Index System), whis a system of connected local, state, and
federal databases that help solve crimes by containing the DNA profiles of convicted criminals
and crime scene evidence. This topic will be discussed in more detail in Chapter

DNA analysis takes a lot ofrie. Shown infable 4is the average analysis time and
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output for local and state laboratories in U.Bhe average analysis time is about 6 mofdhs

regular norpriority samples

Ave. Analysis Time | Avg. Annual Output
Laboratory Type (Weeks) Capacity
Local Laboratories 30.0 771.4
State Laboratories 23.9 1,284.5

Table 4: Average Analysis Time and Output Capacity for State and Local Crime
Laboratories. Note: Average analysis time is based on amoority, none rape sampléverage
annual capacity immeasured in samples per ygdiovrich et al.,2003)

Basic Consideratiors

There is a lot of equipment brought to a crime scene. Each tool pestbessapabilities
needed to help the investigator remain organized and in cohtaving control and
organization over a crime scene is necessary. All professionals are responsible for making sure to
use all tools properly, change gloves frequently, and to not reaisartie equipment multiple
times Some of the most commaievices used atbe ones usedf packaging, barrier tape,
tweezers, scalpels, swabs, tagredothers The crime scene barrier tape is used to make sure all
civilians stay away from the crime scewnehelp @sure that the evidence is not tampered with.
This is one of théirst measuresaken to prevent contamination. To safely package the evidence
the investigators make sure not to physically touch the seigineut gloves onThis preverd
contamination of the evidence theinvestigator. It is very important to prevent the
contamindéon or alteration of the evidence becaiisgeakens a caselo avoid such
predicaments the professionals use tweezers, swabs, scalpels, ajiavasything to help
extract the evidence without leaving behind their own DNXDce they havedid of the

material they soughthey place it into bags, containers, and tubes.
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A proper chain of custody must be followed to avoid latergations of misconduct. A
chain of custody refers #chronological documentation showing the seizure, custody, control,
transfer, analysis, and disposition of evidence, physical or elect@otamentation is of great
importance and a requirement. All discoveries have to be documented, if anyone came into
contact with the object it has to be nqtadd this helps the invegationprogressasier. Having
notes on all actions and procedures is important because it can help déar up
misunderstandings with cross contaminatmmhelp an investigator remembehatthey had
seen and experiencet.t 6 s al s o heedvipwing & cade o knowa averyvhing that had

happenedt acrime sceneluring collection

DNA Analysis in Crime Solving

The first application of DNA testing to a crime case came one year after RFLP analysis
was invented.In 1986 Dr. Alec Jeffreyof Leicester University in Englang@Figure-3) was
asked by police tperform his new DNA analysis onsaspecto tworapemurders in the
England midlandsA local kitchen porter became the first person in the world to have his
innocence proven by DNA tesgon November 21, 1986shis DNA profile did not match
DNA from thecrime scenevidence.Police started collecting blood samples from other men in
the location, but they too tested negative. The police had no further leads until a woman in a bar
repoted she overheard a man bragging he gave blood for Colin Pitchfork. When the police
tested Pitchforkdés DNA, a match occurred to

person convicted of a crime on the basis of DNA evidence (Pitchfork, 2007).
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Figure 3: Photograph of Sir Alec Jeffreys
University of Huddersfield wel come
of DNA fingerprinting to give public lectuje

Thanks to DNA forensics, crimes are being solved more easily and at a faster rate.
Crimes can even be solvedhen no other evidence exists except DNAatiStics show that for
every 4438rofilesuploaded into the CODIS DNA database there are 846 col{Qutd Hit
Statistic$2009) In 1996,DNA was used in more than 17,000 court casBst even though
DNA analysis has solved lots of casieerearestill lots of cases to be solved. As of January 1,
2002 therewereatleast49,000 unsolved murder casaad 470,000 unsolved rape cases in the
U.S. (ovrich et al.,2003. And crime labs camot keep up witkall the incoming DNA evidence,
so there is a sample backlog. The federal government needs to approve the creation of more
testing labs, and provide money to train professionals to test the evidence to allow more crimes

to be solved.
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Chapter-3: Landmark DNA Court Cases

Jerome Kirkland

Whet her it is to prove an individual 6s gui
increasingly important and power f ul role in t
(Biancamano, 1996). Ever sintteefirst onset of DNA evidenci the courtroomthis powerful
technologyhas gone through trials and tribulations of becoming the cornerstone for physical
evidence. DNA profiling wamiitially s een as dAan infallible tool foc
bars as it could pinpoint and narrow down matching a suspect to a crime at an extremely high
probabilityo HoweVee thdtechmologyiritiall$ was not standardized or
properly controlledand the probabilities of a random match were not acglyriebown. So the
path for DNA becoming the gold standard of physical evidence was not straightforward, and a
discussion of its landmark court cases teaches important points about the acceptance of complex
technological information into the court$his chapter aims to examine the standards brought
about bykey cases involving the admittance of DNA evidence and techniques. Not all of the
cases mentioned in this chapter involve DNt theydid set precedence and institute new
and/or amended guidelinesr fhow technical DNA evidence will be utilized in determining the

outcome of a case.

Frye v. United States, 1923
In 192Q it was alleged that James Alphonzo Frye had murdered a wealthy physician,
named Dr. Robert Brown, in his office. Although Frye hadrbgenshooting Brown by

another physician, the police had no idea who the killer was because the witnestkdmn

34



Frye. Sven months later, Frye committed an armed robaedyvas arrested. Upon
guestioning by the police of the robbery, Frye ceséeto both the robbery and the murder of
Doctor Brown (Fisher, 2008)After receivingcounsehg from his court appointed attorney,
Frye later retraetd his earlier confessigrandcreated an alibi that he had been visiting his
girlfriend at the time.

The murder trial began in 1922 in Washington DRZior to the trialthe inventor ok
then newdeception test (today more commonly known as a polygraph or lie detector test)
William Marston, of Harvard University was called by the defense to admirtisteéest to Frye.

At the time this was a primitive method that involved nothing more

than a standard medical blood pressure cuff and a physician's

stethoscope. After each question put to Frye, Marston simply took

his blood pressure. Compared to othettass at t he t i me, Mar st o
test was crude and unreliab(Eisher, 2008).

Following his test®n Frye,Marston concluded that Frye was innocent and that his
confession to the murder was a lie from the sttt the court refused to let Frye enter the
evidence of the polygraph testrguing the test was ngenerally accepteth the scientific
community so the courdid not allow him to introduce an expert witness to testify about the test.
Without this evidence Frye did not have much of a deferstwtihin hours of deliberation the
jury found him guilty. James Frye was not found guilty for murder in the first degree which
would have condemned him to deabiat wasound guilty for murder in the second degree
which was punishable by a life sentencehilmdsight it is believed that since the argument over
the admissibility of the deception test was i

influenced by the knowledge that Fryebds test

(Marston, 198).
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In 1923, James Frye and his attorney appealed his conviction for second degree murder
on the grounds that he was not granted permission to admit the lie detector evidence. Frye
argued that

Systolic blood pressure rose in a predictable curve whaibgect

was being deceptive and afraid that the falsehood could be

detected. The curve, maintained Frye, corresponded "exactly to

the struggle going on in the subject's mind, between fear and

attempted control of that fear, as the examination touchegttie

points in respect of which he is attempting to deceive the examiner

(Law Library, 2009.
However the court asserted that, fAblood press
witness and that the systolic blood pressure rises are brdamlttlay nervous impulses sent to
the sympathetic branch of the autonomic nervous systesw’ Library, 2009)jmplying that a
personb6bs own emotions could control his own b
Frye insisted that the deceptionttesuld be explained by a withess who was an expert in the
field, but the court rejected this with these ARfamous words:

Just when a scientific principle or discovery crosses the line

between the experimental and demonstrable stages is difficult to

define. Somewhere in this twilight zone the evidential force of the

principle must be recognized, and while courts will go a long way

in admitting expert testimony deduced from a aetiognized

scientific principle or discovery, the thing from which the

dedution is made must be sufficiently established to have gained

general acceptanci the particular field in which it belongs

(Frye v. United States, 1923).

The impact of this case was monumental in thagtmeral acceptanceriterion was
used for decadeby other court cases to follow as guidelines. What would eventually become
known asheFrye Standardr Frye Ruleset the bar to determine whether evidence had a valid
scientific basisand whether the relevant community which surrounds the scigrtfinique

generally accepts the techniqudowever, the Frye standard was not perfect, it was difficult to
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achieve it with real court caseB.Wh et her t he practice or procedu
the scientific community would eventually become dif@icult for the courts to manage as the
scientific ¢ o mnmuawlibraty, 2008, thys a mareslehiént ftandard surfaced in

1975.

Federal Rules of Evidence 702 (Rule 702), 1975
In 1975, Congress approved a proposal drafted by the SuprenteaCimecade prior.

The rules of evidence for federal coystgviouslycreated by an advisory committee would later
officially become thd-ederal Rules of Evidena@® Rule 702 Before these rules were in place
federal courts had relied on common lawgpiges and precedence set by preceding cdses.
accordance with testimony by an expert withn&ade 702nandates that:

If scientific, technical, or other specialized knowledge will assist

the trier of fact to understand the evidence or to determinetarfa

issue, a witness qualified as an expert by knowledge, skill,

experience, training, or education, may testify thereto in the form

of an opinion or otherwise, if (1) the testimony is based upon

sufficient facts or data, (2) the testimony is the prodéiotliable

principles and methods, and (3) the witness has applied the

principles and methods reliably to the facts of the cRsge( 702,

2000.
Thisnewrule helped lighten the more strict and difficult to abide by Frye Standard. Under Rule
702, evenf the evidence is not generally accepted by the sciestiicmunity in which it
belongs the judge may stithdmit evidence iit is found to beeliable and usefuby the jury in
determining the outcome of the case. With Rule 7@Hfect courtroomswillingly adopted its

more lenient and forgiving standayds opposed to the stringent requirements of the Frye

Standard.
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It laterturnedout thatthe 1975Rule 702playeda key role in the evolution of DNA
fingerprinting techniquemit h e 1 9 8 @rivtsheen foRubke d02then theFrye Standard
and its general acceptance approach woatdhave allowed DNA to enter the courtroom. The
relativeswift acceptancef DNA evidenceas we know it today can be heavily attributedRtde

702

Colin Pitchfork, 1986
The technique for creat byfbg Al&eNeffreysofof i | es wa
Leicester University in Englanas a logical application of the previously invented molecular
biology Southern blot assayDr. Jeffreysandtwo other fellow doctorpublished the first paper
on DNA profilingin forensic science. Equally important, they were the first to demonstrate that
DNA could be obtained from crime scestains (Forensic Science Service, 2007).
Coincidentally, the first DNA profiling convictiom historytook place in the small town
of Narborough in Leicester, Englandh e r e sclfioblgiris were murdered in 1983 and 1986.
This murder sparked a hunt that was only to be resolved by an intelliigehsereen, eventually
leading to the convictionfalocalmanCol i n Pitchforko (Forensic Sc
In 1983, Lynda Mann, a fifteen year old girl was found raped and murdered. A semen sample
was taken from her body and it was determined that it belonged to a person with type A blood
group, andanenzyme profile, which matched ten percent of the adult male popul&toensic
Science Service, 2007 TheManncase would eventually turn colals there were no other leads
at the time.
Unfortunately, three years later another body of g5 old girl, named Dawn
Ashworth, was found strangled and sexually assaulted in the same3eawan samples

recovered from Dawn toodlypediyd emzygreharactergstics as tha of s a me
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Lynda (Forensic Science Service, 2007). Thergbotiee were convinced the same person had
committed both murders.

A prime suspect]john Buckland, was apprehended by the police. Upon questioning,
Buckl and revealed details about Dawn Ashworth
Further qustioning would lead to a confession by BuckldodD a wn 6 s mur der ; howe\
denied any participation in the death of Lynda Mann. Using¢weDNA techniques provided
by Jeffreys and his partners, they compared semen samples from both murders bgsdst a
sample from Buckl and. The testing concluded
samples and the samples recovered from the bodies of the two girls, and therefore the charges
against him were dropped.hus, n hindsight, the first court g@fication of DNA profiling was
to grant a mandés innocence rather than to pro

I n an effort to capture the real mur derer ,
DNA intelligenceled screenin which they had five thousand men volwertand provide blood
or saliva samples (Forensic Science Service, 2007). DNA profiling was perfdratéuitially
there was no match. However, a male was overheardbarclaiming that he had taken the
blood test for his friend, Colin Pitchfork, im affort to conceal his identityPitchfork would
later be arreste@nd his DNAmatchedooth murders. With the evidence stacked against him,
Pitchfork confessed to the murdese the case never actually made it to trial. He was sentenced
to life in prison forhis heinous actsThe Pitchforkcase was so influential because it was the
first time in history in which a conviction was made base®NA evidence andthe first time a

manwasexonerated of a crime due to DNA evidence.
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Andrews v. Florida, 1988

After hitting groundbreaking strides in the legal systerngland it was now time for
DNA evidence to impact the legal systemthe US. In 1988 this ocawdin Orlando, Florida
following a string of rape incidents in which a man named Tommy lrelelvs was raested
charged convicted, and sentenced to 22 years for one of the rapes. Investigators wondered if
therewasa connection between all of the rapasdlooked to utilize DNA evidenc®
determine if the same perpetrator committed each rBxA profiling was performedn crime
scene sampleand it was shown that the women in each rape were a victim of the saine ma
Once this was determinesimple of DNA from the victimswere compared tDNA taken from
Andrews and they matchedp Andews was charged for aif the rapes

In order for the charges to uphold in coard because the DNA methods used were a
fairly new technique, a pretrial hearing was called to determine if the evidence was valid and
reliable enough to be admitted intoetftourtroom.Using theRule 702standard foreliability,
and a Downing case foelevancy(not discussed here)itar a long and arduous pretrtzaring,
the judge ruled that the DNA evidence was admissible, settinge precedender admitting
DNA evidencein the US. court system. Andrews was convicted on all couartd instead of
facing what was initially a 22 year sentence, he woold be in prison for 115 year©NA

evidence acceptance was off to a fast start in the U.S., but this wouldgirdye year.

People v. Castro, 1989

Although theAndrews v. Floridacase of 1988 proved to be a success for the admittance
of DNA in theU.S.legal system, DNAechnologywas still in its infancy. Just one year later in
1989 the People v. Castreasewould putDNA evidenceto an ultimate test. Joseph Castro, a

thirty-eight year old Hispanic, was accused of murdering his pregnant neighbor -jwantld
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Vilma Ponce, and her twgear old daughteiPReople v. Castro1989). A bloodstain discovered
onCastrod6s watch was concluded to match the DN
Overlooking the ruling of the Andrews case a year pvitiich was based on tliule
702reliability standarcandthe Downing relevancy standard, the New York Supreme Court
decided to further imestigate the admissibility of DNA testing in the Castro case. During a
pretrial hearing that lasted 12 wegindcontainedexpert testimonyhatwas exhaustively
considered, the presiding judgeentuallyestablished a three prong approach test to euttha
procedures necessary for the acceptable admittance of DNA evidence. The test said that DNA
evidence would be admissibleth affirmative answers tthe following:
1. Isthere a generally accepted scientific theory stating that
DNA testing can be relidd?
2. Do technigues exist that can produce reliable DNA results?
3. Did the testing lab perform these accepted DNA tests in this
trial?
In August of 1989the court ruled that in the caseR#ople v. Castronly the first two
criteria were met. The third ¢eria failed to be met because Lifeco@esporationdid not use
generally accepted scientific techniques for obtaining their refdtsp(e v. Castrol989). If it
had not been for Castrods confession, sthe DNA
way into the courtroom.
The three prong test resualg from the Castro case would serve as a standard for other
cases using DNA evidence. It called for the need for more thorough, accurate, and careful DNA
testing. Shortly aftethe casetheU.S. Fedeal Bureau of Investigation (FBI) created the

ATechnical Working Group on [hNhgedAvithgpiepasngs Met h

guidelines that were more defined and universally received (Miller, 1991).
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Two Bulls v. US, 1990

Following the1989Castro caseit still remained that DNA profiling was fairly new and
wasa subject of controversy for both the scientific field and legal system. The caa®dulls
v. The United Statasould soon aid in the matter. In 1990, Matthew Sylvester Two Bulls was
charged with aggravated sexual abuse and sexual abuse of a minor, arising out of the rape of a
fourteenyearold girl on the Pine Ridge Indian Reservation in South Dakota. The police seized
the underwear worn by the victim before and after the incisdnth wasturned over to the FBI
laboratory for DNA analysis. Upon isolating the stain on the underwear and conifsabNA
to the DNA of Two Bull®blood sample, it was concluded that there was a very high probability
that the semen on the underwear camm ffovo Bulls. Before the trialfwo Bulls challenged
the admissibility of the evidence against him. However, after hearing the testimony of the
government 6s first witness, the district judg
DNA evidene was generally accepted by the scientific community so that the evidence could be
presented to the juryrvo Bulls v. United State$990).

After the hearing, Two Bulls would enter a conditional guilty péead was sentendéo
108 months in prisoriollowed by two years of supervised release. The sentence was delayed
and he was released on bond pending his appea Bulls v. United State$990)

During the appeatwo Bulls argud that an error was made on his behalf by the trial
court because it gfied theliberal Federal Rule of Evidence 702 determining the admissibility
of the DNA evidence against hjmather than using thmore stringenErye Tesbr Castro three
prong test Two Bulls asseedthat afive step test should be used to detemrtime admissibility
of DNA evidencesimilar to thethree stepiest used in the case Béople v. Castroln preparing

the five prong test, the court merged Erge StandardRule 702 Standardand the Castro Three
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Prong Standard inta hybrid standardumdled into one package. This would create what is
known as thé-ive-Prong Testo be performed at a ptaal hearing:

Is DNA testing generally accepted?

Is the testing procedure used here generally accepted?
Was the test performed correctly here?

Is theevidence more prejudicial than probatiaed if so,
disallow it.

Is the statistics of the DNA match more prejudicial than
probative?If so disallow it.

PwpbdPR

o

The first prong originated from thi&ye Testand its purpose centered on identifying whethre

not DNA profiling hasgainedgeneral acceptance by the scientific community in which it

belongs. Both the second and third prongs came about from the Castro case but are less rigorous
in this instance and only aim to prove that the acceptance of test resed the DNA

evidence in question are both technically and scientifically accurate and applicable for the case at
hand. The fourth and fifth prongs stem fr&ule 702and were set in place emsureghe DNA

evidence being tested has not been prejaliijanfluenced but instead are probative.

Miles v. lllinois, 1991

The 1991 case diles v. lllinoiswould call upon the new TWGADM guidelines that
were established after the Castro case. At the time, the state of lllinois charged Reggie Miles
with rape after finding his DNA implanted on the bed linens at the crime scene. The linens were
examined by Cellmark laboratories, which was an interesting choice seeing that past evidence
examined by Cellmark had been thrown out in previous cases due to ddityirio meet
requirements set in place by TWGADM-owever, his time around, Cellmanerformed the

procedures successfully and the statistics of a match were done accurately. A high probability
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existed in Miles being the culpris there was a ome hundreds of thousands chance it could
have been any other persdétepple v. Miles1991).

The ruling in this case provided much more trust and acceptability in the precision of the
techniques and procedures of the results attained from the examofdlibiA evidence. The
newpractices and guidelingsovided byTWGADM, as well aghe Two BullsFive-Prong Test
provided the assurance to the legal system that DdNAdnow bea heavily reliable means of

physicalevidence in the courtroom.

Paul Eugene Rbinson, 1994, 20002003

In the state of California, as required by law, a Statute of Limitations is set on sex crimes
that have gone cold or unsolved for six yedks.a sexual assault cagpproachess six year
Statute of Limitations, a general wamtgs issued or t he ar r esuspecdor a fAJohn
whomever the individual is found to be that matches the evidence found at the crime scene. This
is exactly what occurred in the Cal Exaieeaof Californiain 2000for two sexual assault cases
that acurred about six years prior 1994. DNA @idence gathered at the scene of these two
assaultglid notmatch any previoug convicted felons found in the FBIODIS databasge
thereforeinvestigatorsissued war r ant for the fAJghopetdfinde 0 t hey
somedayhose DNA profile would match the DNA profile from the crime scene

As more DNA samples were gathered and stored in the database, in time it would
eventuallylead to match Paul Eugene Robins&ince the warrant was issued priothe
Statute of Limitation expiring, the arrest of Robinson was possible (Associated Press, 2000). In

2003, this positive DNA match would lead to the conviction of Robinson on five counts of
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sexual assault in the Cal Expo area. Robingassentenced tthe maximum of 65 years in
prison for the five counts of sexual assault dating back to August of 1994 (Scully, 2003)

The impact of this case was monumental for DNA forenss#t was the first case ever
to convict a felon entirely based on DNA evidemgth no other supplemental evidence.

The landmark court cases mentioned in this chapter are great examples of the strides that
DNA evidence and forensic technololggvetaken to becomingiorewidely accepted and
utilized in theU.S.legal system. Alog with the technology itself, the standards and procedures
set in place to guide the technology have progressed to a great extent in forming a universal
standardf interpreting DNA evidence and properly examiningo that it is consistent and
accurate.As evidenced by this chapter, lots of revisions, updates, andresddave been made
to previously existingvidence standards increase the confidence of utilizing DNA evidence
in both the scientific community and legal system. It is safe to sapMatprofiling is atype

of physicalevidence that is here stay br years to come.
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CHAPTER-4: SENSATIONAL DNA COURT CASES

Archana Reddy

The impact of DNA fingerprinting technology on forensics has been astousshngtal
tool for identifyingindividuals basedn their genetic makap. By comparing a sample of DNA
takenfromacr i me scene to a suspectds DNA, investig
high level ofcertainty DNA fingerprinting has entered the courtroom in a big Wee
previous chaptenvestigated landmark DNAoeirt cases that affected thecaptance of DNA
evidence in U.S. courts. In this chapter we will present several sensational cases, that although
did not set any legal precedentteey likely are famous cases already kndawthereader, which
will remind us of the power &@NA fingerprintingtechnology even when performed years after

the case was closed.

The Murder of Marilyn Sheppard, 1954
This case has been called the cotheatryds mo
elemants of wealth, violence, sex, conflicting stories, and dramatic reversals. It stunned the

nation in the 19506s, in a way no other case

Figure-1: Photo of Dr. Sam Shppard and Wife
Marilyn from Wedding Phot o. (Cleveland Press,
1954)
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On the evening of July 3 1954, Sam and Marilyn Sheppard had dinner with a
neighborhood couple. Their suburban home was located on the shore of Lakadthe
atmosphere was quiet and peaceful, and everything seemed.ndfteratlinner, Marilyn who
was four months pregnant went upstairs to slé€gup, their seven year old son too was asleep
upstairs.Dr. Sam, as he was called, because he was an osteopath, dozeaddivmstairs
couch. At about 5:40AM, Spencer Houk, he mayor of the small commu
neighbor, received a call from Sam and he rep
Houk hurried to the house and found Marilyn Sheppard,dedfdinaked, with wounds on her
head, and blood sprayed| | over the walls of the bedr oom.

soaking wetand he had no shirt on.

Figure-2: The Body of Marilyn Sheppard onHer Bed
' Picture Courtesy (AP)

g

Sam told the police th&ie had been awakened by loud cries for help. Realizing it was his
wife crying for help, he ran upstairs to be <c
knocked him unconscious. Soon he regained conseiand hearing someone moving, he ran
downstais after the man and out of the house to the shore of the lake. He succeeded in catching

him and grappled with the fAibushy haired intru
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once again. After regaining consdieusness, he found himself lying ggrin the water and
pulled himself out and returned to the house. He then called fornnedjsf, 2002).
The investigation was taken up by the county coroner, Dr. Samuel Gerber. Taking stalk of the
situation, Gerber quickly came to the conclusion ttegppard was guilty of murdering his wife.
Cleveland newspapers which were initially of the view that the murder might have been
committed by a thief or a drug addisbonswitchedt o bel i eve Ger berds susp
Dr. Sheppard hired a defensevlyer was seen as evidence of gullhe papers then began to
press the authorities for actioAr t i cl es wi th headlines | i ke ASol
Murder o hel ped fuel p u brheiinquest held in a geteool gygweasiums t t h
wasfilled to capacity by mostly housewives. They disturbed the proceedings by laughing and
hooting, and cheered |l ustily when Gerber got
outbursts noted on recordr. Sam was questioned for five hours by Gesrgigh no legal
counsel present (McGunagg)04).

Dr. Sheppar doés | pamddhe peodieaveravfassinated blyAbfémale o p i ¢
lab technician had confessed to an affair with the handsome doctor, while he foolishly denied it
under oath.Theprosecutors successfully nailed his lie by producing the woman in court.
Coroner Gerber testified that he could make out the impression of a surgical instrument in a
blood stain at the crime scene. While he could not say what instrument would makereur&h a

he noted that Dr. Sheppard would have had access to something of that nature. The whole

process was hardly forensic, and Gerber issue
injuries that caused t hi s Howddbhelcomeéorths i nf |l i ct e
conclusion?The evidence that he put forwardwash e unl i kel i hood of Shep
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failure to cooperate with the police, and the
from the press was high and Dr. Sam Sheppaslarrested.

The trial was covered by reporters, who came in from all over the country. Even before
commencement of the proceedings, the trial judge blurted to Dorothy Kilgallen, a popular
newspaper columnist, fAHe onsabowitd | t B waegalingd ¢ . T
loopholes and oversights in the investigation. The murder scene was trampled over, clues were
overlooked, hardly any fingerprints were takand blood evidence was haphazardly examined.
Prospecti ve |assevandpiturasavere winted s dedvspapers much before they
could be warned to avoid publicity. The whole situation snowballed into unmanageable
proportions.

Dr. Sheppardodéos attorney, Wi lliam Corrigan,
been nflicted by the intruder. There was evidence that the attacker was bitten by Marilyn, but
Sam had no open wounds to explain that evidence. The crime scene was extremely bloody, but
no blood was found on Sam except for a small spbere was also a traof blood drops found
throughout the Sheppard home. Two witnesses t

similar to Dr. Sambés description of the intru

v ‘gt | Figure-3: Pol i ce Sket gh Hafi rtelde |mBusilder o
= Ay (Cleveland Press, 1954)

Another witness also testified that there were cigarette butts floating in the toilet at the

crime scene, and neither of the Sheppards smoked. Thesefactaebi ned wi th the pr
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almost entirely ciramstantial casehe defensealledfor acquittal. But, &ter a 43 day trial and
deliberations lasting 5 days, the jury declared Dr. Sheppard guilty of second degree murder, and
hewas sentenced to | ife in prisoamved#iabdgal | en w
therefore frighteningo.

Appeals failedand Sheppard remained in the Ohio penitentiary after refusing to confess
in exchange for an early parole (McGunag@Q4).1 n t he e éirel Vi Fu9Qa6 Q4 sv,e 0t b e
one of thanostpopular shws on television while Dr. Sam was behind bars. The sevlash
ran from 1963 to 1967eatured a migvestern doctor who was wrongfully convicted of killing
his wife, escaped from ciesly and hunted the real killef he par al |l el s t o Dr . S
obvious, though the writer denied that he was inspired by the story (Kelly, 2006).

F.Lee Bail ey took o andf8ddapeptianrfal @pgeal.dHawomhis n 19
case in the federal court two years latéfhen the state appealedetmatter rached the US
Supreme courtThe high court in an-& decision ruled for Sheppard and scathingly criticized
the ACarni val At mo s pGhie presécutarsfindittdd @im again. ghen al t r i
second trial lasted only two weeks. Sheppard was acdjuittsovember 16 1966 (Kelly, 2006).

Earlier in 1959 (five years after the original 1954 trial), a man named Richard Eberling
was arrested, and was found in possession of
been a window washer atthe hpear dds home just before the mur
finger and dripped blood down the staivgclish, 2003. However, the police would ignore
Eberlingb6s potential role in the murder, and
againarrested for murdering an elderly woman. From prison he exchanged letters with Sam
Sheppardébés son, Chip, indicatippartdioast dleatkhnew

|l ate 199006s Chip Sheppard appealsed at hetrlbes ®Staa
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wrongf ul i mprisonment . DNA tests conducted pr
from the crime scene, and his seminal fluid w
considered the samples inadmissibige to being taited by age.In 2002, the Supreme Court of

Ohio ruled unanimously that onperson who had been imprisoned could make a wrongful
imprisonment claim, but by then Dr. Sheppard was already, deaafter 48 yearfie¢ Sheppard

case was finally over (McGunigg 2004)

The Case of Grand Duchess Anastasia
On the night of February 17 1920, a woman jumped off a bridge in Berlin, and was
rescued and taken to a hospital. She had no I.D. and when questioned she refused to give her
identity. She was then sent gomental asylum, and while she was there someone recognized her
as Grand Duchess Tatiana. Shenamesandgheaassed a | i s

out all the names except Anastasia, indicating that she was AnastasstaGia, 2003

Figure-4: Picture of Grand Duchess
Anastasi. (Logoi.com 2007
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Grand Duchess Anastasia Nikolaevna was born on Juri®Q@8. Her father was the last
Tsar of RussiaNicholas I, and her mother was Alexandria. She was the last among 4 sisters
whose naras were Olga, Tatiapand Maria. Alexei was her only broth&rho was younger by
three years. Anastasia was the most intellige
She was an excellent mimic, and enjoyed playing praAks.a st a s | ed@laymatéhr i | d h o
Tatiana Botkin descr i blerdousm&enia described henae | v and r
Afrightfully temp e rYaarsdatetTatiana Botkin brdifheesasdeniametg h 0 .
the girl who jumped off the bridge, who now called herselh& Anderson and who claimed to
be the Grand Duchess Anastasia. Both were convinced that Anna Andersdnastesia (\Was
Anastasia Real, 2003).

Anastasia, as a young girl was rather attractive, though she was short and somewhat fat.
She had light browhair and blue eyes. She could speak both English and Russian well (Was
Anastasia Real, 2008Af t er t wenty years of Nicholas 1106s
agitating for the overthrow of the Tsand for the creation of a classless society. Wt |
began in 1914, and by 1917 mutiny spread throughout the milifisgusted by war losses and
food shortages, workers riote@n March 15 1917, Nicholas was forced to abdicatee
imperial family was moved to Siberia, and on July 16 1918 they st@iedead.The assassins
did their best to destroy the family of the last imperial family. They were first thrown down a
mine shaft and grenades were tossed in after them. The bodies were then again removed from the
mine shaft, doused with acid or burn@the remains were thrown into a pit and buried. (Was
Anastasia Real, 2008).

For decades, those who knew the location of the buried site kept quiet for the fear of the

Soviet governmentBut there were several rumors about how one or more children sdrviv
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