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DNA typing has become a predominant tool in the field of forensic science as

well as in our criminal justice system. DNA typing is used to create a DNA profile of an

individual which, when compared to a crime scene DNA sample, can include or exclude

that person as a possible suspect.

The two most common typing techniques used are Restriction Fragment Length

Polymorphism (RFLP) and Polymerase Chain Reaction (PCR). These techniques identify

polymorphic regions of DNA which vary from person to person, except in identical

twins. If enough loci are tested, it is believed that a person can be uniquely identified by

their DNA profile.

The most controversial aspect of DNA typing involves the determination of how

likely it is that two people share the same DNA profile. This involves the use of

population genetics and databases of allelic frequencies as well as some assumptions

about population structuring.
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CHAPTER 1

INTRODUCTION

Background

Forensic science, in a broad sense, is defined as the application of science.to legal

law. It uses the knowledge and technology of science for the definition and enforcement

of the laws. Sir Arthur Conan Doyle described scientific crime-detection methods in his

books, about a fictional character called Sherlock Holmes, in the late 1800s. Many

believe his influence on crime-detection to have been considerable since it was Holmes

who first applied newly developed principles of serology, fingerprinting, firearm

identification, and questioned-document examination long before real-life criminal

investigators accepted these principles [1].

One of the most valuable tools used in forensic science today is DNA typing.

Typing, or characterization, of bloodsemen, and other body fluids has been used in

forensic applications for over fifty years. Initially, blood groups, such as those of the

ABO system, were used and could only detect ABO blood group substances and ABO

isoantibodies. Later tests were extended to include serum proteins and red-cell enzymes

as well as human leukocyte antigens (HLA), which are associated with tissue types [2].

With the exception of HLA testing, the chance that a randomly chosen person would be

excluded by these tests was approximately 98% [2]. Therefore, there was a 2% chance

that the test would include an innocent person.
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Only in the past 12 years have methods become available that type DNA thereby

showing the differences in the genetic material itself. It was in the 1970s that advances in

DNA technology afforded the detection of variation (polymorphism) in specific DNA

sequences thus shifting the study of human variation away from protein products of

DNA, to the DNA itself. DNA typing is much more discriminating than the typings of the

past and if a sufficient number of regions along the sequence are analyzed, DNA typing

can not only exclude or include an individual but can be means of absolute identification.

Another advantage of DNA over proteins is that it can withstand environmental

conditions that destroy proteins, thereby allowing degraded samples of body fluids to

provide abundant information for creating a DNA profile. For personal identification

purposes it is common to use at least four single-locus, multiallelic systems in order to be

quite discriminative. The DNA molecule is also more stable than polymorphic proteins,

thereby reducing the chance of inconclusive results due to deterioration [3].

Basis of Typing

DNA typing is a term used to describe procedures using a single locus system

(targets a single location) that characterize properties of DNA for purposes of

identification. DNA, an abbreviation for "deoxyribonucleic acid", is the genetic

information found in every cell of the human body which contains a nucleus. It is located

in chromosomes and is composed of long, tightly coiled strands containing

approximately 3.3 billion base pairs in a single molecule. A chromosome is a very thin

thread of DNA surrounded by other materials, mainly proteins. Chromosomes are

arranged as coils within coils and can be packed into a cell only a thousandth of an inch
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in diameter. The average chromosome, if straightened out, would be an inch or more

long.

There are only four bases, or building blocks, comprising the structure of DNA:

adenine, cytosine, guanine, and thymine which are often abbreviated "A", "C", "G",

and "T", respectively. Each base is a nitrogen containing molecule, and A can base pair

only to T with two hydrogen bonds while C can base pair only to G with three hydrogen

bonds in DNA. This arrangement is called complementary base pairing (Figure 1.1).

Each base is linked to a ribose or deoxyribose (sugars) to form a nucleoside. The

addition of three phosphates to this structure produces an energy rich nucleotide and it is

these structures minus two phosphates which are linked to form a stretch of single

stranded DNA. During the formation of the links, two phosphates are lost leaving the

DNA with one, which is negatively charged, thereby making DNA negatively charged.

This single strand then base pairs, as described above;to form double stranded DNA

(Figure 1.2). A DNA strand has a chemical directionality which is defined by the

antisymmetry of the chemical connections between the sugars and phosphates in the two

strands, making the two strands run in opposite directions. The double stranded DNA

coils and folds into the nucleus and all DNA present in the nucleus is referred to as

genomic. The DNA sequence of bases compromises a genetic code, and one of twenty

possible amino acids is encoded for by a triplet of consecutive bases. A chain of amino

acids results in the formation of proteins.
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For the reader to have a better understanding of these concepts I feel that it is

necessary to provide some brief information concerning genetics. Humans have 46

chromosomes in 23 pairs (called 2N or the diploid number). The two members of a pair

are homologous. An individual gets a copy of one chromosome of each pair from their

mother (the egg) and one from their father (the sperm).

The fundamental property of living organisms is the ability of one cell to become

two. This is accomplished through cell division and this process constitutes the cell

cycle. There are four phases in the cell cycle of eukaryotes: G1(gap 1), S (DNA

synthesis), G2 (gap 2), and M (mitosis). Two other events are also involved in the cell

cycle. One is cytokinesis, the final separation of the two daughter cells, and commitment,

or Start, an event committing the cell to a full round of division.

G1 is called gap I because no special cell cycle events have been observed; it is a

gap in the action. During the S phase, the cell's chromosomal DNA replicates resulting in

new strands being formed which are complementary to those in the template DNA. The

two DNA strands of the template DNA separate in a short stretch, and each single strand

copies its opposite according to the base pairing rules. The process proceeds, like a

zipper, along the chromosome until there are two double strands where there was

originally one. In higher organisms, the entire chromosome is not actually copied

sequentially from one end to the other; there are multiple starting points along the

chromosome. Each portion of the chromosomal DNA is copied exactly once, no more

and no less. G2 represents the second gap in the action of the cell cycle. These first three

stages of the cell cycle are interphase stages, i.e., they occur between cell divisions.
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Mitosis is the actual process of cell division and consists of several stages; prophase,

metaphase, anaphase, and telophase. When the cell divides, the two identical

chromosomes (each half new and half old) go into separate daughter cells and at the time

of cell division, the two daughter cells and the parent all are identical in chromosomal

content and, under normal circumstances, all the cells in the body should have

chromosomes identical with those of the fertilized egg.

During the formation of sperm and eggs, the process of reduction division

(meiosis) - a chromosomal duplication followed by two cell divisions - halves the

number of chromosomes from 46 to 23 (called N or the haploid number). Therefore,

sperm and eggs have only one member of each chromosome pair. The diploid number,

46, is restored by fertilization. Which chromosome of a given parental pair they inherit is

independent of which chromosome of another pair is given. This allows for the different

combinations of chromosomes that one parent can give to a child to be 223 and the

number of different combinations of paired chromosomes a child can receive from both

parents to be24 [2].

Approximately 99.9% of the 3.3 billion bases compromising DNA are the same

for all humans and performs the same function. This is why people generally have the

same body structure and function, i.e. two arms, two eyes, digestive fluids, etc. Every cell

in an individual's body which contains a nucleus has the same sequence of base pairs

except for the reproductive cells which only have one-half of that person's DNA. This

99.9% of like sequences among individuals encodes the 50,000 to 100,000 genes in the

human genome. Genes are the fundamental units of heredity and each gene instructs the
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body cells to make a protein that is responsible for a specific biological characteristic.

The remainder of the sequence of DNA is non-coding and varies among individuals.

There are noncoding regions intronss) within genes as well, and it is these nonfunctional

regions of chromosomal segments most often analyzed in forensic analysis.

An allele is a form of a given gene and each person can have no more than two

alleles since one comes from the mother and one comes from the father. If the two alleles

are identical the person is said to be homozygous for that allele and if the person has two

different alleles the individual is said to be heterozygous for that allele. A locus

represents a specific site which may contain a gene, structural information for the DNA

molecule, or may have no known function or information contained in it [5]. Every locus

may have different possible variations at that location (alleles). The number and kind of

alleles vary according to the locus. If the locus has more than two allele types, it is said to

be polymorphic, and these are the loci that are desirable for forensic typing. The

genotype of a person is the genetic makeup of that individual and the genotype for a

group of analyzed loci constitutes the DNA profile for that person.

Corresponding sequences from the same genes in two people differ by an average

of less than one nucleotide in 10001[6]. Considering that the total number of nucleotides

in a haploid genome is about 3 billion, the result is that any two people differ, on

average, in several million nucleotides. Even though most differences are outside the

coding regions (the genes) there is still sufficient variability in the functional regions to

account for genetic diversity in the human population. It is these differences that account

for the individuality among people such as body shape, hair color, and facial appearance.
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Actually, identical twins are the only example of any two people having the exact same

sequence of DNA.

Genes on the same chromosome are linked and tend to be inherited together.

During formation of a sperm or egg, the two members of a chromosomal pair line up side

by side and can randomly exchange parts (crossing over or recombination). This can

result in genes once on the same chromosome ending up on their partner chromosome.

Genes on non-homologous chromosomes, and genes far apart on the same chromosome,

are inherited independently. Eventually, the allelic combinations become randomized

and this occurs more quickly if loci are on non-homologous chromosomes or are far apart

on the same chromosome. This occurs more slowly if loci are closer together.

DNA replication is not perfect and a gene can change to another form. This

process, called mutation, can be caused by internal or external factors such as radiation

or some chemicals. A mutation can result in the change or loss of function of the gene,

and the mutated gene will be copied as faithfully as the original gene. The probability of

a typical gene mutating is 1/100,000 or less per generation [7].

Cells containing DNA are found throughout the body. Blood, sperm, bone, hair

roots, teeth, muscle, organs, and other tissue all contain DNA which can be tested by

forensic scientists. Examples of the DNA content of some biological samples are given in

Table 1.1. Additionally, body fluids in liquid or dried form, such as vaginal secretions

and saliva, can be tested because these fluids generally leave epithelial cells which house

DNA. Therefore many items at a crime scene can be tested for the presence of DNA.

Examples include blood and semen stains on clothing, weapons, and other surfaces,
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swabs taken from victims in sexual assault cases, and hairs with roots attached. Other

less common sources of DNA evidence include partially decomposed bone and tissue,

teeth, envelopes and postage stamps moistened with saliva, cigarettes and beverage cans

with traces of saliva.

Table 1.1 DNA Content of Biological Samples

Type of sample
Blood

stain 1 cm2 in area
stain 1 mm2 in area

Semen
postcoital/vaginal swab

Hair
plucked
shed

Saliva
Urine

From NRC I. (1992, p. 28).

Amount of DNA
20,000-40,000 ng/ml

ca. 200 ng
ca. 2 ng

150,000-300,000 ng/ml
0-3000 ng

1-750 ng/hair
1-12 ng/hair
1000-10,000 ng/ml
1-20 ng/ml

--- ----- -- --- --



CHAPTER 2

STRATEGIES FOR DETECTING DNA POLYMORPHISMS

DNA probes are short pieces of single-stranded DNA (often several hundred to

several thousand bases long) that, when confronted with unknown DNA, search for the

sequence they match, or are complementary to, and base pair to it. For example:

Probe: AGCATGGCC

Sequence in DNA it will bind to: TCGTACCGG

Probes play an essential role in the DNA typing procedures commonly used in forensic

science. I will now discuss several of these methods.

RFLP Analysis (Restriction Fragment Length Polymorphisms)

The DNA profiling process used in RFLP analysis consists of the following steps:

1. Extract and isolate the DNA from its source

2. Cut the DNA with a restriction enzyme

3. Separate the fragments by electrophoresis

4. Transfer the DNA to a membrane

5. Add labeled probe

6. Wash the membrane(s)

7. Develop the X-ray film

8. Analyze the results

11
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This procedure detects polymorphisms by subjecting DNA to restriction

enzymes, which cut double stranded DNA at sequence specific locations, resulting in

fragmentation of the DNA. See Table 2.1 for a list of some restriction enzymes and their

cutting sites. The result is the long DNA molecules being reduced to a set of hundreds of

thousands of short pieces called restriction fragments, which are usually several

hundred to several thousand base pairs long. Different restriction enzymes recognize and

make cuts at different DNA sequences.

These fragments can then be separated, based on size, by a process called

electrophoresis. Electrophoresis is based on the principle that DNA is negatively

charged and will migrate toward a positive source. The DNA sample is loaded into a

polyacrylamide or agarose gel immersed in a buffer tray and exposed to a current. The

DNA fragments move toward the positive end of the tray with the smaller fragments

moving the farthest and the larger fragments moving the least. Thus, it is possible to

determine approximately how long each restriction fragment is by determining how far it

moved through the gel.

When human DNA is cut and the fragments are run on a gel, the result appears as

a smear due to the presence of a very large number of fragments ranging in size from a

few hundred to several thousand base pairs. The fragments are then denatured (strands

separated to create single-stranded DNA), neutralized, and transferred from the gel to a

nylon membrane to which they are fixed. In order to visualize specific fragments of

DNA, a probe is used. Hybridization between a labeled probe (i.e. radioactive or marked

in some way for identification) and the membrane is then initiated to detect a particular
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complementary DNA sequence between the probe and the DNA fragment. Any

nonspecific probe is washed off and the membrane is visualized with autoradiography (a

photographic recording of the position on an X-ray film where radioactive decay of

isotopes has occurred)[7]. This overall process from digestion to hybridization was

developed by Edward Southern in 1975 and is referred to as Southern Blotting (Figure

2.1).

TABLE 2.1 Restriction Enzymes and Their Cleavage Sequences
5'-+3'

Microor sAbbreviation 3'-+5'
Bacillus amyloliguefaciens H BamHi GGATCC

CCTAGtG
Brevibacterium albidum BalI TGGCCA

ACCtGGT
Escherichia coli RY13 EcoRI GAATTC

CTTAAtG
Haemophilus aegyptius HaeII PuGCGCdPy

PytCGCGPu
Haemophilus aegyptius HaeIII GG CC

CCtGG
Haemophilus baemolvticus Hbal GCGC

CtGCG
Haemophilus influenzae Rd Hn dII GTPy PuAC

CAPutPyTG
Haemophilus influenzae Rd Hin dIII A AGCTT

TTCGAtA
Haemophilus parainfluenzae pIGTTAAC

CAAtTTG
Haemophilus parainfluenzae HPII CCGG

GGCtC
Providencia stuartii 164 PstI CTGCAG

GtACGTC
Streptomyces albus G SalI G"TCGAC

CAGCTtG
Xantbomonas oryzae XorlI CGATCAG

From Beroldingen and Sensabaugh. (1987, p. 30).
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In forensic applications, the DNA sample of the suspect(s) and the DNA of the

evidence sample are run in different lanes, preferably on the same gel, with other lanes

serving as controls and ladders (a sample producing bands of known sizes). The bands

can then be compared to determine if they match (i.e., are determined to be relatively the

same size). In most laboratories today, a computer is used to determine the sizes of the

fragments and to do the necessary calculations. See figure 2.2 for an example of an

autoradiograph from an actual criminal case.
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There are several factors that need to be considered when using a DNA sample

for RFLP analysis [8]. First, the crime sample needs to contain a sufficient amount of

high molecular weight DNA for the results to be interpretable. Second, it should be

determined if the crime sample is of sufficient quality to permit an accurate analysis.

Factors such as heat, moisture, and ultraviolet radiation can cause the sample to degrade.

Contamination can also occur from samples being exposed to chemical or bacterial

agents which can alter the DNA or interfere with the enzymes used in the testing

procedure. Third, the number of sources of DNA thought to be represented in the

evidentiary sample should be considered. Mixed samples can be difficult to interpret as

will be discussed later.

It is the variation in the lengths of the restriction fragments that distinguishes one

person from another. RFLPs can be generated in two ways. First, the base sequence at a

restriction cleavage site could have been mutated at a particular locus resulting in the loss

or generation of a cleavage site. Second, the insertion or deletion of even a single

nucleotide between two cleavage sites can cause a change in the restriction fragment

length (Figures 2.3 and 2.4).

When a single locus probe (anneals to only one specific site) is used in RFLP

analysis, the result is a simple pattern of one or two bands depending on whether the

person is homozygous or heterozygous, respectively. The range of variation in patterns



17

among different individuals depends on how many different alleles exist at a particular

locus (how many different sequences are in the population as a whole).
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RFLPs resulting from the deletion or insertion of DNA often have multiple alleles

and are therefore more useful for identification purposes. One such group of RFLPs is

due to the presence of repeated sequence elements called tandem repeats in which the

number of repeats is variable. These regions called variable number tandem repeats

(VNTRs) or minisatellites, are usually 50 to 10,000 base pairs long and consist of

tandemly repeated units which are approximately 15-35 base pairs in length [7]. The

number of repeats, and hence the VNTR region lengths, varies from one allele to another

allowing different alleles to be identified by their lengths. Probes that detect these

sequences are called VNTR probes.

It is these noncoding VNTR regions of DNA that are most often used in forensic

analysis. VNTR regions are not genes and do not produce a product, and those used in

forensic analysis have no known effect on the person. This is advantageous because it

means that the VNTRs are less likely to be affected by natural selection, which can lead

to different frequencies in different populations. VNTR regions are referred to as

markers, and at a given marker locus, sequences with different numbers of repeated

units are called alleles, even though this term originally applied to functional genes. The

VNTR loci selected for analysis have a very large number of alleles (often 100 or more),

and are on different chromosomes, or are far apart on the same chromosome, so that they

are independently inherited. The more polymorphic a locus is, the better it is for DNA

analysis since it is less likely that two individuals have the same profile if more alleles

exist.
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VNTRs have a high mutation rate which leads to their great variability. They

mutate as much as 1% /generation [10]. This is due to the presence of the repeated units

which predispose the chromosomes to mistakes in the process of replication and crossing

over which results in an increase or decrease in the length of the fragments [11]. When a

VNTR loci is said to have a large number of alleles, the result is the number of possible

genotypes being enormous. For example, consider a locus with 20 alleles. It has 20

homozygous genotypes in addition to (20 x 19)/2= 190 heterozygous genotypes for a

total of 210. If four loci are analyzed the number of genotypes is 210k or approximately

two billion. If five loci are analyzed the number becomes more than 400 billion [7].

It is standard practice to test at least 4 or 5 different VNTR loci when compiling a

DNA profile. This is accomplished by carrying out the DNA profiling process described

previously, and producing the autoradiograph with the first radioactive probe. The probe

is then washed off and the procedure is repeated with the second probe targeting another

VNTR locus. This is then repeated with the additional probes. It takes several weeks for

the entire procedure of analyzing 4 or 5 probes due to the time required for sufficient

radioactivity to be emitted to produce a visible band on the film.

A bin is a term used to describe a set of VNTR alleles of similar size. Alleles

within a bin are treated as though they are a single allele. Thus homozygous and

heterozygous are terms applying to persons whose DNA falls into the same or different

bins, respectably.

New developments continue to be made to better increase the efficiency and

reliability of RFLP analysis. One such development is described in Chemiluminescent
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Detection of RFLP Patterns in Forensic DNA Analysis [12]. RFLP is a highly

informative method, yet, it is rather time consuming and involves working with

radioactive phosphorus to label the probes for autoradiography. The process of creating a

film image using autoradiography is slow and it can take several days to obtain an

acceptable image for each probe.

These drawbacks have led researchers to search for non-isotopic means of

detection while maintaining good resolution. One promising method involves the use of

direct alkaline phosphatase (AP) conjugated probes and improved chemiluminescent

substrates. Tests have shown that this method can equal or surpass the quality of 32 P

detection systems while improving analysis time and eliminating safety concerns caused

by the use of radioactive isotopes. The images created with this procedure can be

generated in a matter of hours, not days. This particular study compared blood samples

prepared using the AP/chemiluminescent method versus the traditional 32P method to

assess the performance of the system for forensic casework.

The DNA from 80 individuals was analyzed to examine a range of band sizes at

each locus (5 loci were studied for a potential 800 bands). Two gels were prepared; one

was processed using the chemiluminescent detection method while the other was

processed using 32P. The images generated by both methods were evaluated for band

appearance and were sized. In 15 of the samples only one band was detected by either

method and these were determined to be single band patterns. Therefore, the total

number of bands available for detection became 785.
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The isotopic method was able to detect 783 bands (99.7%) while the

chemiluminescent method detected 780 bands (99.4%). Of the five bands not detected by

chemiluminescence all were near or below I kb which prompted additional investigation

of the transfer method. The band size comparisons showed variation that is normally

expected for an inter-gel comparison. Overall, this report showed that the

chemiluminescent detection system is a safer and equally or more reliable method of

detection than those using radioactive isotopes (Figure 2.5).
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contain 400 ng DNA from 10 individuals + K562 (second sample lane).
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The study Restriction Fragment Length Polymorphism (RFLP) Analysis on

DNA from Human Compact Bone [13] describes an investigation to determine if

human bone subjected to common forensic field conditions is a viable sample source for

RFLP analysis. Within forensic anthropology, human bone is the most biologically stable

evidence and is often the only evidence remaining after prolonged time periods. Studies

using this relatively new concept of human bone as a source of DNA include DNA

extraction from Civil War bones, the analysis of ancient human remains, and

identification of a murder victim [14-16]. The major problem in this type of recovery is

the degradation of DNA. It is known that exposure to environmental conditions results in

the degradation of DNA in postmortem tissues [17] but a strict correlation between the

degree of DNA degradation and the time since death has not been determined [18]. A

study on recovery of DNA from postmortem blood, heart muscle, chest muscle, liver,

spleen, hair and bone tissues, showed that liver DNA tends to be-the most quickly

degraded, while heart muscle, spleen, bone and hair DNA tend to be more stable [19].

In this study, genomic DNA was extracted from human bone that had been

exposed to surface deposit, shallow burial, and fresh water immersion. To do this, one

midshaft femoral section was removed fresh at autopsy from three individual cadavers.

One section of each was immediately frozen to serve as a control, while the rest was

exposed to varying conditions. One was subjected to surface deposit by being fully

exposed on the Sonoran desert floor. Another was buried 0.5 meters below the surface

while the third was immersed in a pond. All three were protected from scavengers by
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being enclosed in a wire mesh cage which was bottomless in the first two cases. Bone

samples were collected from each at 2,4,8, and 12 weeks at which time a 3 gram section

of bone was removed and immediately stored at -80*C prior to extraction of the DNA.

DNA was also extracted and typed from the fresh cadavers (the controls) for comparison

to the test samples.

The DNA was then isolated, quantitated, and subjected to RFLP analysis. The

DNA extracts were analyzed by RFLP using two human-specific probes: V1 and

CMM11(locus D14S13). The results indicated several findings. First, two grams of

femoral cortical bone was a sufficient amount needed to extract quality, typable genomic

DNA from relatively fresh cadavers. Second, the severity of degradation was in the order

of fresh water immersion being the greatest, with shallow burial next, and surface deposit

showing the least amount of degradation. Third, in the case of surface deposit, DNA

bands were detectable at up to 4 weeks of exposure based on the use of 5 pg of DNA and

a 6 day exposure for autoradiography. The surface and water exposed samples gave the

highest quality DNA yield with those of the shallow burial samples diminishing after two

weeks.

Figures 2.6 through 2.8 show the restriction patterns of the samples at the various

time intervals as well as the controls. All three time zero controls show a clear restriction

pattern with both probes. With the use of image scanning analysis band signals could be

detected for samples up to 4 weeks of surface exposure but no bands could be detected

uider these conditions for anything longer. The quantitative scanning analysis of the
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intensities of the bands at time zero, week 2 and week 4 show that the quantity of these

fragments diminished precipitously (Figure 2.9). By week 2, the level was 18.9

5.91% of the control and at week 4, 0.66+0.096% of the control. For the shallow burial

and fresh water immersion situations, no signal could be detected by the probes for any

time period beyond the time zero control.

Table 2.2 Spectrophotometric Determination of DNA Recovered From
Control and Treated Human Compact Bone.

Exposure Time 260am/280nm DNA(pg)g tissue
Surface Deposit Control 1.79 63

2 week 1.86 96
1lmonth 1.90 78
2 month 1.93 90
3 month 1.84 101

Shallow Burial Control 1.85 82
2 week 1.85 160
month 1.45 35
2 month 1.33 23
3 month 1.54 20

Water Immersion Control 1.81 73
2 week 1.69 46
month 1.59 38
2 month 1.67 54
3 month 1.75 51

The extracts from surface deposit and shallow burial samples were re-analyzed to

test for possible contamination by bacterial DNA. Two probes from the 16S rRNA of

eubacteria were used and significant amounts of both high and low molecular weight

nucleic acids were detected upon autoradiography in all lanes except those of the human
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DNA standards and the time zero controls. This supports the theory that the

spectrophotometric analysis contained interference by non-human DNA and RNA which

was at least partially bacterial in origin. Additionally, the shallow burial bone extracts

contained a substantially greater quantity of bacterial DNA than the surface exposed

bones. This correlates with the results observed in the RFLP analysis, in that the rapid

loss of RFLP signal from the shallow burial exposed samples could be due to the increase

in microbial contamination.
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Figure 2.9 Quantitative analysis of the intensities of
the RFLP fragments from surface deposits.

DNA Fingerprinting

DNA fingerprinting is a term used to describe the technology pioneered-by Dr.

Alec Jeffreys. His method uses hypervariable minisatellite probes which are multi-locus

probes (several loci are visible at one time). They are based on a family of tandem

repeats that are present in several hundred copies throughout the human genome. The

sequences in this minisatellite family are usually 16-64 base pairs long and share a 16

base pair core sequence [9]. The remainder of the DNA sequence in the repeat unit is

variable.



30

The minisatellite probes hybridize to a complex profile of restriction fragments

which produces a pattern that is specific for an individual (or for identical siblings) and

thus represents a "DNA fingerprint" [20]. Within the 4-20 kb range, 15 fragments can

usually be resolved. See Figure 2.10 for an example of a DNA fingerprint.
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Figure 2.10 DNA fingerprint. From Beroldingen and Sensabaugh. (1987, P. 35).

According to Jeffreys et al. [21], the probability that a given fragment will be

present in the DNA fingerprint of two individuals who are not related is approximately

0.2. The probability that they share all 15 fragments is (0.2)' 3= 3 x 10~". If two of these

- -

-r
-

...-...
rmm

-

-

mm

mm mm
m m - m .

- -r
- mm ...

- mm

mnmj - 6 a -



31

probes are used then the probability that two unrelated individuals have the same DNA

fingerprint becomes about 5 x 109

DNA fingerprinting can be a tremendous tool but it does have some drawbacks. It

is a time-consuming process and can be difficult to execute. This simultaneous

visualization of multiple loci can make the interpretation of these DNA fingerprints quite

difficult [1]. In these multilocus complexes it is hard to determine which alleles represent

a single locus. True DNA fingerprints (containing about 15 distinct bands) are often rare

due to the variable amount and state of the DNA. This technique cannot be used when

the DNA is degraded or exists in very small amounts [3].

Polymerase Chain Reaction Amplified DNA

One drawback of RFLP analysis is that at least 1 pg of DNA is required for a

single analysis and commonly 5-10 pg are used for a gel loading. This in turn requires the

presence of bloodstains larger than 50 l, semen stains containing more than 10 pl, and

bunches of 15+ hairs, for RFLP to be used [9].

These limits have led to the development of an invaluable process in DNA typing

called Polymerase Chain Reaction (PCR). It has the ability to amplify DNA allowing a

million or more copies of a short specified region of DNA to be made. In DNA typing, a

100 to 2000 base pair long sequence containing genetically informative information is

amplified to detect the genotype of the product. One of the greatest advantages of PCR is

that a very small sample of tissue or body fluid, theoretically even a single nucleated cell,

can be used to study the DNA.
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The PCR process is based on the same process cells use to replicate their own

DNA. Two primers of short complementary oligonucleotides are hybridized to the target

DNA at locations flanking the target area to be amplified. They are positioned with their

three prime ends facing toward each other since DNA synthesis proceeds from the 3' to

the 5' end (3' and 5' refer to positions on the pentose rings of the nucleotides where one

is connected to the other with each end of the DNA strand free). There are three steps in

each cycle of the PCR process. First, the double stranded template DNA is denatured into

two single strands by exposure to high temperatures (approximately 940 C). Second, the

temperature is lowered allowing the primers to bind to their complementary sequences in

the target area of the DNA. Finally, a DNA polymerase extends the primers, using free

nucleotides of each of the four bases, from the binding sites across the area between

them, using the target sequence as a template (Figure 2.11). In each cycle, the target

sequence is theoretically doubled, however, the amplification efficiency is not 100% and

the average yield is generally 106 to 10' copies of the target DNA [2].

Another considerable advantage of PCR is that the amplification and genetic

typing can be completed within a day. PCR amplification permits an exact identification

of each allele. No measurement uncertainties and no calculations and statistical analysis

associated with matching and binning are required, as with VNTRs, unless a mutation

occurs that alters individual repeats.

PCR is a technique that is now being used in many different aspects. Its

sensitivity allows DNA profiling to be performed on many different substances that

previously would not have been typable. I will discuss several of these uses for PCR.
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1. ABO Blood Grouping

ABO blood grouping is often the first useful type of analysis performed in a

forensic investigation to quickly include or exclude an individual, and PCR can be used

to accomplish this. The gene encoding the ABO blood group glycosyltransferase, which

catalyzes the transfer of N-acetylgalactosamine (group A) or galactose (group B) residues

to the H-antigen, has been cloned and sequenced [22]. The A and B alleles differ by

several base substitutions (positions 523, 700, 793, 800) while the 0 allele contains a

single base deletion at position 258 which causes a frameshift that leads to an inactive

gene product which is unable to modify the H-antigen [22]. This knowledge of the DNA

sequence differences between the alleles of the A, B, and 0 alleles has made genotyping

possible, but the procedures have been time consuming and not very sensitive and

dependent on 50 to 100 ng template DNA [23]. This has led researchers to investigate

new protocols to increase sensitivity, decrease analysis time, and-rely on smaller amounts

of DNA.

One such study is entitled Efficient and Reliable PCR-Based Detection of the

ABO Blood Group Alleles: Genotyping on Stamps and Other Biological Evidence

Samples [23]. They used DNA from 30 blood samples obtained from random

individuals, 20 blood stains, 12 sexual assault samples, 15 cigarette butts, 6 hair roots,

and 12 stamps affixed to postcards 1 month to 10 years ago by 12 known persons. The

ABO phenotypes of the individuals contributing these samples were determined

previously by classical serology.
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The DNA was isolated from the samples and 1-10 ng of genomic DNA was

subjected to PCR amplification using the two pairs of primers below which are specific

for two DNA fragments of the ABO locus.

Primer 1 (forward): 5'- CACCGTGGAAGGATGTCCTC - 3'

Primer 2 (reverse): 5' - AATGTCCACAGTCACTCGCC -3'

Primer 3 (forward): 5' - TGGAGATCCTGACTCCGCTG -3'

Primer 4 (reverse): 5' - GTAGAAATCGCCCTCGTCCTT -3'

The amplification products were then separated on polyacrylamide gels and visualized by

silver staining.

In order to detect all possible genotypes (00, AO, AA, AB, BO, BB) the

amplification of two DNA fragments is necessary. Primer 1 +2 amplify a 200 bp

fragment containing nucleotide 258 while deletion of the 258th nucleotide results in a 0
allele specific 199 bp DNA fragment as well as the creation of a KM I cleavage site.

Digestion with Kn I produces two fragments (171 and 28 bp) in the case of 00

homozygosity. The presence of a 200, 171, and 28 bp fragment demonstrates

heterozygosity for the 0 allele and represents the AO and BO genotypes. If the 200 bp

fragments are undigested this indicates the 0 allele is missing and the presence of

genotype AA, AB, or BB. The amplification product of primer 3 + 4 is a 128 bp fragment

containing nucleotide 700 of the ABO locus, and the base substitution G-*A at position

700 is B allele specific and creates an Alu I restriction site. The result of digestion by

Alu I is a 88 bp fragment and a 40 bp fragment Thus, genotype BB is defined by the

presence of 88 and 40 bp fragments; genotypes BO and AB by the presence of 128, 88,
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and 40 bp fragments, and genotypes 00, AO, and AA by the presence of a 128 bp

fragment only.

The ABO genotyping was successful in all 30 control DNA samples and matched

the results of the known blood groups of the donors. The results from the other samples

also proved successful and are outlined in Tables 2.3 and 2.4.

This method allows ABO typing on forensic samples in a rapid, specific, and

sensitive way and only requires 1-2 ng of template DNA. Even from the stamps, enough

DNA was extracted (2-8 ng) for more than one analysis to be performed.

100 bp
ladder 00 AB AO AA BO

Figure 2.12 Simultaneous RFLP pattern of ABO genotypes from blood samples. A-
Digested patterns of 199 bp or 200 bp fragments. B-Digested patterns of 128 bp
fragments.
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Table 2_.3 ABO Analysis of Postage Stamps

Canceled

February 1984
October 1983
August 1986

February 1983
September 1984
February 1986

September 1986
December 1984
October 1983

April 1993
April 1993

October 1991
* PCR-based ABO genotyping

** Serological blood group analysis

Geno *

BO
00
AA
00
AO
AO
AO
BO
00
00
AO
AO

Blood **

Group
B
0
A
0
A
A
A
B
0
0
A
A

Table 2.4 ABO Analysis of Forensic Casework Samples and Control Persons

Case 1: Raid

Case 2: Murder

Case 3: Burglary

Case 4: Burgl ry

Case 5: Murder

Case 6: Murder

Case 7: Rape

Case 8: Rape

Ql-Q5
Victim
Q1-Q3
Q4,Q5
Victim
Q 1,Q2
Suspect
QI-Q3
Suspect
Q 1,Q2
Q3
Q4
Q5
Q6
Victim
Q1-Q3
Victim
QI,Q2
Q6-Q8

Victim
Suspect
Q1-Q3

04-Q7

Material(1-5 ag of DNA)
Bloodstains from knife
EDTA-blood
Bloodstains from clothes

Bloodans from shoes
EDTA-blood
Bloodstains from glass
EDTA-blood
Bloodstains from paper
EDTA-blood
Bloodstains feom gloves
Hair
Hair
Hair
Cigarette butt
EDTA-blood
Bloodstains from towels and carpet
EDTA-blood
Semen stains from linen
Vaginal swabs Female fraction

Male fraction
EDTA-blood
EDTA-blood
Vaginal swabs Female fraction

Male fraction
Cigarette butts

Stamp #

1
2
3
4
5
6
7
8
9

10
11
12

AO
AO
00
00
00
AO
AO
BO
BO
AO
AO
00
BO
00
AO
AO
AO
AO
00
AO
00
AO
AB
AO
AO

A

B

A

A

0
A

Blood **Gp

' C ' va wa err v++
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Table 2.4 Cont.
Victim EDTA-blood AB AB
Suspect 1 EDTA-blood AO A
Suspect 2 EDTA-blood 00 0

Case 9: Rape Q1, Q2 Semen stains from clothes AO
Q3, Q4 Semen stains from towels AO
Suspect EDTA-blood AO

Case 10: Raid QI-Q4 Cigarette butts BO
Q5-Q8 Cigrette butts AO
Suspect 1 EDTA-blood AO A
Suspect 2 EDTA-blood 00 0
Suspect 3 EDTA-blood 00 0
Suspect 4 EDTA-blood BO B

Case 11: Burglary Q1-Q3 Cigarettebutts AO
Suspect EDTA-blood AO A

Control person I Hair AO A
Cigarette butt AO

Control person 2 Hair 00 0
Cigarette butt 00

Control person 3 Hair BO B
Cigaett butt BO

* PCR-based ABO genotyping
** Serological blood group analysis

2. HLA DQa

The first commercial PCR based genetic marker system available for forensic

science applications was the HLA DQa system [1]. The DQa gene (a histocompatibility

gene located on chromosome 6) contains a significant number of variants whose

identification has proven valuable in the areas of tissue typing. There are six different

alleles of the DQa gene which exist in the population and they are designated as 1.1, 1.2,

1.3, 2, 3 and 4 (7]. Since each individual has two alleles of this gene, and every other

gene, there are 21 possible combinations in the human population. The current PCR

typing system for DQa which can distinguish these 21 DQa types results in a range in

frequency of occurrence for the United States Caucasian population from approximately

1% to 11% [1]. The procedure for this system is as follows:



39

1. Extract the DNA from the sample

2. Add the primers, DNA polymerase, and free nucleotides

3. Run this solution through the thermal cycler

4. Add the DNA sample to a nylon strip that has been commercially prepared and

affixed with a series of probes (ASO probes) complimentary to the DQa

variants.

The DQ alpha genes hybridize to their complementary probes embedded in the

strip and are visualized as a blue dot on the strip. The DQ type is read by reading the

pattern of the blue dots [1]. The power of exclusion is determined by comparing the

frequencies obtained with those that occur in the general population.

This technique is not as discriminating as the RFLP technique and the frequency

of occurrence of a DQa type in a population is far greater than the frequency usually

observed with RFLP. On average, a DQa genotype of a given person is identical with that

of about 7% of the population at large [7]. Therefore, an innocent person can be cleared

quickly 93% of the time, thereby making this a quick and reliable procedure that is a

good preliminary test.

There is a new commercial PCR typing kit available called Polymarker. It allows

for the typing of five additional genetic markers and when used in combination with the

DQa technique can result is frequencies of occurrence of less than 1/1000 [1].
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The study HLA DQa1 and Polymarker Validations for Forensic Casework:

Standard Specimens, Reproducibility, and Mixed Specimens [24] describes the

validation studies done by two laboratories to compare matches obtained using the single

system HLA DQaI typing method with matches obtained by the multiple loci

Polymarker (PM) system. The two laboratories performing the testing were the

Minnesota Forensic Science Laboratory (MFSL) and the Roche Biomedical Laboratory

(RBL), and they analyzed samples to evaluate the following criteria: (1) Comparison of

typings obtained from semen, vaginal epithelial cells, saliva, and urine to the typings of

the corresponding, known blood samples. (2) Comparison of results between the two

laboratories. (3) Evaluation of extraction methods used in mixed stain samples. (4)

Comparison of data obtained using the DQal and PM kits to corresponding RFLP

results.

The MFSL prepared four duplicate sets of nine simulated sexual assault cases,

and three sets were analyzed by the MFSL and the other set by RBL. The DNA was

extracted by four different methods (Method I - MFSL Organic Extraction, Method II -

MFSL Chelex 100 Extraction, Method III - MFSL Modified Organic Extraction, and

Method IV - RBL Organic Extraction), and the DNA was then quantitated. Three of the

sets were evaluated using DQal typing, while two sets were evaluated using PM typing.

The results are as follows:
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Bloodstains: Extracts from three sets of 21 bloodstains were typed using DQa1 and

extracts from two sets of21 bloodstains were typed using PM, with the results for all

corresponding samples being the same.

Semen: Extracts from three sets of five semen containing swabs were typed using DQa1

while extracts from two sets of five semen containing swabs were typed using PM. These

results were compared to their corresponding known bloodstains. No discrepancies were

observed between the DQac and PM typings and the blood samples. The sperm and

nonsperm cell fractions were both tested, and 13 of the 15 DQa1 typings showed DNA in

both fractions, while PM types were detected in both fractions of all of the swabs.

Seminal fluid from vasectomized males was also typed. Sufficient DNA for amplification

was obtained from the nonsperm cell fraction for seven of nine swabs for DQa1 and for

five of six swabs for PM. Once again, there were no discrepancies between those typed.

Vaginal: Extracts from three sets of six vaginal swabs were typed using DQa1 and two

sets of six vaginal swabs were typed using PM and these results were also compared to

the known blood samples. The results showed no discrepancies.

Mixed Stains: Extracts from twelve mixed stains were typed by DQal and PM and were

compared to known bloodstains. The mixtures contained combinations of vaginal

secretions, semen, blood, and saliva and the results are contained in Table 2.5. "Clean"

indicates there was no carry over of sperm cell or nonsperm cell to their respective

fractions, and "not determinable" indicates the allele combination of the components of

the mixture did not give rise to being able to detect mixtures.



42

Table 2.5 The Comparison of Three Different Differential Extraction Methods to
Resolve Mixtures When Using DQaI Typing and the Comparison of Two Different
Differential Extraction Methods to Resolve Mixtures When Using PM Typing.

MethodI Method II MethodIV Method III MethodIV
Mixture innonpcmnfractieo 7/12 5/12 3/12 11/12 5/12
"can"onmspnizmfnim 0/12 2/12 4/12 0/12 6/12
Not Detninabie 5/12 5/12 5/12 1/12 1/12
Mixt inSpamfraction 9/12 0/12 3/12 0/12 2/12
"Clcan"spcrmfraction 1/12 11/12 9/12 12/12 9/12
No rIts 2/12 1/12 0/12 0/12 1/12

RFLP Comparison: Twelve semen/vaginal mixtures were analyzed for RFLP, DQa1,

and PM and all twelve sperm cell fractions were declared matches for all three systems.

These results demonstrate that the Amplitype DQaI system and the PM PCR

Amplification and Typing kit are reliable methods for typing DNA. There was also inter-

and intra-laboratory consistency in the typing results. All the extraction methods obtained

a sufficient amount of DNA from the blood, semen, and vaginal secretion samples, but

Method III, which incorporates washing of the sperm pellet,.was more effective with the

mixed samples.

3. PCR and RFLP Used Together

Two other techniques which apply both the amplification benefit of PCR and the

fragment length resolution of RFLP, are referred to as amplified fragment length

polymorphism (AMPFLP) and short tandem repeat (STR) typing. Both are used to

type DNA samples at multiple genetic markers in order to obtain greater discrimination
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power [25]. Short tandem repeats are genetic loci that contain repeats of 3-7 base pairs.

They are well-distributed in the human genome and are abundant, thus they are a good

polymorphic source for identification. Loci comprising tetranucleotide repeats are

especially suited for forensic analysis because amplified fragments that contain these

repeats are easily resolved by electrophoresis [26]. This typing procedure can be

accomplished by amplification of genomic DNA by PCR and locus-specific primers,

separation of amplified alleles by gel electrophoresis, and visualization using silver

staining or fluorescent detection. Nine STR loci along with allelic ladders (size

standards consisting of all known amplified alleles for the locus) have been developed

for separation in the same matrix. Primers for six of these nine loci have been formulated

into two amplification systems with each being capable of simultaneous amplification of

three individual loci [26].

The research paper Validation of Multiplex Polymorphic STR Amplification

Sets Developed for Personal Identification Applications [26] discusses the evaluation

of these six monoplex amplification systems to the two corresponding triplex systems.

The monoplex systems include the loci CSF1PO, TPOX, THOl, HPRTB, FESFPS, and

vWF. The first three constitute the triplex system CTT while the latter three make up the

second triplex system Hfv. One advantage of the triplex systems is that multiple loci can

be typed rapidly using less DNA than would be required if each locus were analyzed

separately.
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To begin the study, genomic DNA was isolated and quantitated and then

subjected to PCR with locus-specific primers. The amplified alleles were then separated

by gel electrophoresis and visualized with silver staining or fluorescent detection.

One goal of the study was to test the amplification sensitivity of both triplex

systems as compared to the monoplex systems. The CTT multiplex showed good

sensitivity, even with DNA quantities as low as 0.1 ng, while the Hfv triplex was able to

produce results with as little as 0.25 ng template DNA. All amplified alleles of the triplex

systems matched those of their component monoplex systems.

Another area of study involved varying annealing temperatures. The protocol for

the CTT system recommends an annealing temperature of 64*C and the results using this

standard were compared to tests using 62*C and 66*C. The alleles of all three tests

matched those produced in the separate individual amplifications. Similar results were

obtained with the Hfv triplex except the recommended temperature in this protocol is

60*C and the tests were at 58C and 62*C.

The researchers also wanted to determine the reliability of amplification and

consistency of the systems. To do this, they distributed 21 DNA samples with various

protocols to five laboratories and compared results. The CTT triplex was 100%

successful in amplifications among the laboratories with all results matching. The Hfv

multiplex and its related monoplexes was 99.5% successful with one protocol and 95.2%

with another.

Overall, the results outlined in this study show that the use of multiplex systems

in analyzing genomic DNA in no way compromise the results as compared to the results
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of the individual monoplex systems. Their findings also indicate that that the triplex STR

amplification systems fulfill many of the requirements required for testing to be used in

forensic analysis as outlined by The Technical Working Group on DNA Analysis

Methods (TWGDAM) in their report Guidelines for a Quality Assurance Program for

DNA Analysis.

There are disadvantages, however, to the PCR process. First, contamination can

lead to replication of the wrong DNA since PCR is so sensitive and can replicate a very

minute amount of DNA. The contamination can often be detected after replication due to

the presence of a weak pattern of contaminating DNA along with the predominant

pattern. Undetected contamination can lead to a false-negative or false-positive result.

Second, most markers used in PCR based typing have fewer alleles and more loci would

be required to produce the same results obtained with RFLP. Also, some loci are genes,

not just markers. They are more likely to be subject tonatural selection and therefore,

might not conform strictly to some of the population-genetics assumptions used in

evaluating the significance of a match. One such example of a gene used in PCR

amplification is the DQa gene which encodes for the protein DQa.

4. Allele-Specific Oligonucleotides

Another method which can be coupled with PCR amplification for the detection of

genetic variation in amplified DNA involves the use of allele-specific oligonucleotide

(ASO) probes which are generally 15-30 nucleotides long with a sequence exactly

matching the sequence of the target allele. The ASO probe is combined with denatured

strands of PCR reaction product under conditions which allow the ASO and PCR product
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strands to hybridize only if there is an exact sequence complementary to it. The usual

format when working with ASO probes is to spot the dissociated PCR product strands

onto a membrane (nitrocellulose or nylon) and probe the membrane with labeled ASO; a

process analogous to Southern Blotting. This method is often referred to as "dot

blotting" since the samples are spotted as a dot on the membrane (Figure 2.13). Another

method uses various ASO probes immobilized on a test strip which is immersed in a

solution of labeled PCR product. The product will only hybridize to its complementary

probe. This process is called "reverse dot blotting" or."blot dotting". The PCR/ASO

hybridization method can be used when only minimal quantities of biological samples

are available and this method is also quite quick; the analysis can be completed within

two days.

5. PCR in Case Studies

A. Gender Determination

For each biological sample submitted for forensic analysis, the job of the

criminalist is to compile a genetic profile for the donor(s) of the sample. One of the most

basic things that can be determined is the gender of the donor. One method of

accomplishing this is described in Gender Determination of Forensic Samples Using

PCR Amplification of ZFX/ZFY Gene Sequences [27]. These researchers used a PCR-

based assay which involves PCR amplification of a polymorphic region of a homologous

zinc finger protein locus (ZFX/ZFY) using a single pair of primers. This locus is present

on both the X and Y chromosome, however, there are numerous sequence differences

between the two sex chromosomes in the amplified region. For example, there is a
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HaeI restriction enzyme site on both the X and Y chromosomes in a specific 209 bp

region, as well as a polymorphic HaeIII site present only on the Y chromosome. This

allows the PCR amplification products from this region to be analyzed by HaeIII

digestion resulting in two fragments (172 bp and 37 bp) from the X chromosome and

three fragments ( 88 bp, 84 bp, and 37 bp) from the Y chromosome. Since females have

only X chromosomes, only the two lengths of restriction fragments exist, while in males

there are four lengths due to the presence of a X and a Y chromosome (Figure 2.14).
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Figure 2.13 Dot-blot procedure. From NRC I. (1992, p. 43).

Another procedure which is also PCR- based uses a single pair of primers to

amplify a portion of the amelogenein gene. This procedure distinguishes the X and Y

Genome
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chromosomes due to a 6 base pair difference in length such that a female's DNA will

yield a single 106 bp PCR product and a male's DNA will yield a 106 bp product and a

112 bp PCR product.

(A)

H
37 1 172

H H3784 I88

x

Y
(B)

U M F M F F F M M L

172 bp

88/84 bp

37 bp

Figure 2.14 (A) Indicates the location of the HaeIIsites on the 209 bp PCR product
generated from the X and Y chromosomes
(B) _HaeIII digestion patterns from females and males. "U" lanes contain undigested PCR
product (209 bp) while "L" lanes contain a ladder. "M" lanes contain male samples and
"F" lanes contain female samples with the sizes of the HaeIII fragments to the right.
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B. DNA Typing of Urine Samples

The study Restriction Fragment Length Polymorphism and Polymerase Chain

Reaction-HLA DQa Analysis of Casework Urine Specimens [28] investigated the

feasibility of conducting DNA typing on urine specimens. Urine usually contains

erythocytes, leukocytes, and epithelial cells as well as other forensically significant

components [29]. Proteins such as myoglobin, mucoproteins, proteases, fibrin, and

albumin can be found in some urine samples [30] as well as spermatozoa from males and

post-coital urine from females [31]. Soluble glyoprotein A, B, and H blood group

antigens can usually be found in the urine of secretors while Lewis blood group

substances can be detected in secretors as well as nonsecretors [32]. The concentration of

these substances varies in urine according to the person's health, diet, and physical

activity thereby making their use limited in forensic analysis.

The researchers in this study performed RFLP analysis on DNA isolated from

casework urine samples originally submitted for toxicology analysis as well as PCR from

genomic DNA, to compare the results of DNA patterns from blood and urine specimens

from the same donor.

The urine sample quantities varied from 15 to 50 ml and were refrigerated for no

more than 5 days prior to analysis. Two groups of urine samples (15 ml each) were

subjected to RFLP analysis. The first group consisted of 20 urine samples (samples 125-

144) while the second group consisted of 12 urine samples (samples 145-156). Prior to

restriction digestion the amount of DNA present was determined. Another series of non-

casework samples from volunteers were analyzed to determine DNA stability in urine
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samples. The first of two groups of samples, consisted of specimens of 15ml each and

were less than 1 day old (samples ONI-ON10). The second group consisted of specimens

of 50 ml each and were five days old (stored at 4*C, samples N1-N10).

Additionally, several types of urine samples were subjected to HLA DQa analysis

of PCR amplified DNA. Ten fresh casework samples (5 of 15 ml and 5 of 50 ml) and ten

casework samples that had been frozen for 6 months were analyzed (volume ranged from

20 to 50 ml). Seven fresh non-casework samples of 50 ml each were also analyzed.

The results showed 84% of samples 125-156 yielding high molecular weight

(11MW) DNA. Of those yielding HMW DNA, 20 were selected to undergo complete

RFLP analysis using chemiluminescence detection. Approximately 1.5 g of DNA from

each sample was subjected to analysis. When compared to their corresponding blood

sample, 25% (5) had banding patterns indistinguishable from those of the blood with four

of the urine patterns lighter than the blood and one darker. Five other urine samples

produced inconclusive results. The remaining 10 urine samples produced no banding

pattern at all.

Of the non-casework samples, 80% (8) of the 10 fresh samples revealed HMW

DNA while only 30% (3) of the 10 refrigerated for 5 days samples yielded HMW DNA.

Of the 10 fresh casework samples typed by PCR-HLA DQa, the five samples with

starting volumes of 50 mL were typed successfully. Three of the five samples with

starting volumes of 15 mL were also successfully typed. 5 of the 10 samples subjected to

freezing produced positive results while 6 of the 7 non-casework samples with volumes

of 50 mL yielded positive typings. In a separate attempt to determine the minimal
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quantities needed for DNA typing of urine, 1, 5, and 10 mL starting volumes were typed

and all produced positive results matching those of the corresponding blood samples.

The results of the study show that amplification of the DNA by PCR was

conducive to producing results. The researchers concluded that PCR-initiated analysis is

more suitable than RFLP analysis for typing of urine samples. High quality DNA can be

successfully isolated from fresh urine samples but cellular degeneration in urine begins

almost immediately following micturition. Freezing and thawing can affect the

conditions of the cells and may compound the natural degradation process. Overall,

typing of urine can be difficult since, in this study, there was only a 25% success rate

when fresh samples were used and less with older samples tested with RFLP analysis.

The PCR HLA DQa analysis, however, yielded a 65% success rate overall for frozen and

fresh samples and is thus the recommended method for DNA typing of urine samples,

especially in cases where only a small amount of DNA is present-or the DNA is

degraded.

Sequence Analysis

The most definitive information about an individual's genetic identity can come

from direct sequence analysis of polymorphic regions of the person's DNA, however, this

is presently very labor intensive. The DNA to be sequenced must be isolated from the

genome, cloned using recombinant DNA techniques, and subjected to four individual

sequencing reactions, one for each of the four bases in DNA.
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Overview of Genetic Markers Used in Forensic Identification

The following table (Table 2.6) lists some common genetic markers, their method

of detection, and their number of alleles. The diversity is used to represent heterozygosity

in a randomly mating population.

Table 2.6 Genetic Markers Used in Forensic Identification
Nature of variation at Locus
Locus Example Method of Detection Number
Variable Number Tandem Repeat (VNTR)
D2S44 (core Intact DNA digested with At least 7

repeat 31 bp) restriction enzyme, producing range 70
fragments that are separated by allele siz
gel electrophoresis; alleles distributi(
detected by Southern blotting continuo
followed by probing with locus-
specific radioactive or
chemiluminescent probe

D1S80 (core Amplification of allelic
repeat 16 bp) sequences by PCR; discrete

allelic products separated by
electrophoresis and visualized

So Tane directly
Short Tandem Repeat (STR)

of Alleles

75 (size
0-8500 bp);

on
)US

ca. 30 (size
range 350-1000

bp); alleles can be
discretely
distinguished

Diversity*

ca. 95%
in
populations

studied

80-90 %,
depending on
population

HUMTHO Amplification of allelic 8 (size range 70-85%,
(tetranucleotide sequences by PCR; discrete 179-203 bp); depending
on
repeat) allelic products separated by alleles can be population

electrophoresis on sequencing discretely
Is and visualized directly distinguished

Simple uence Variation
DQa Amplification of allelic
(an expressed sequences by PCR; discrete
on
gene in the alleles detected by sequence-
histocompatibi- specific probes
lity complex)

8 (6 used in
DQa kit)

85-95%,
85-95%,

depending

population

. .

M

__ww
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Table 2.6 Co
Polymarker
(a set of 5
loci)

nt.
Amplification of allelic
sequences by PCR; discrete
alleles detected by sequence-
specific probes

Loci are bi- 37-65%,
or tri- depending on

allelic; 972 locus and
genotypic population

Mitochondrial Amplification of control-region
DNA Control sequence and sequence
Region (1)-loop) determination

combinations
Hundreds of
sequence variants
known

Greater than
95%

* In a randomly mating population, diversity is the same as heterozygosity. From NRC H.
(1996, p. 74).

----mi - 198 -- 5 - p -



CHAPTER 3

ESTABLISHING AND MAINTAINING STANDARDS AND QUALITY

From the onset of the acceptance of DNA typing as evidence there has been

controversy concerning the reliability, validity, and confidentiality of DNA typing. This

led to the formation of the Committee on DNA Technology in Forensic Science in 1989

by the National Research Council of the National Academy of Science. Their purpose

was to address applicability and appropriateness of the use of DNA technology in

forensic science, the development of standards for data collection and analysis,

management of DNA typing data, aspects of the technology, and societal and ethical

issues surrounding DNA typing [2]. Their report was released in 1992. The report

resolved many questions and concerns dealing with DNA profiling and many of these

recommendations have been widely accepted.

The committee devised some requirements for the use of DNA analysis in

forensic science and they are as follows [2]:

" Each DNA typing procedure must be completely described in a detailed, written

laboratory protocol.

" Each DNA typing procedure requires objective and quantitative rules for identifying

the pattern of a sample.

" Each DNA typing procedure requires a precise and objective matching rule in order

to declare whether two samples are a match.

54
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" Potential artifacts should be identified by empirical testing and scientific controls

should be designed to serve as internal checks in order to test for the occurrence of

artifacts.

" The limits of each DNA typing procedure need to be understood, especially when the

DNA sample is small, is a mixture of DNA from multiple sources, or is contaminated

with other substances.

" Empirical characterization of a DNA typing procedure must be published in

appropriate scientific journals.

" Before a new DNA typing procedure can be used, it must have not only a solid

scientific foundation , but also a solid base of experience.

Other recommendations require that in order for biological evidence to be admissible in

court, the forensic investigators must be well trained in the collection and handling of

samples for DNA analysis to minimize the risk of contamination and that the samples

should be properly preserved and identified. This would require that constitutional and

statutory requirements that regulate the collection and handling of samples be followed

[2].

Maintaining high laboratory standards requires sound quality control and quality

assurance [7]. Quality control (QC) refers to maintaining DNA typing and interpretation

to verify the procedures meet specific standards. Quality assurance (QA) refers to steps

taken by the laboratories to monitor, verify, and document their performance. A

competent QA program requires proficiency testing and auditing of laboratory
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procedures on a regular basis. The following are features of a desirable QC and QA

program as suggested by the National Research Council.

" Education, training, and certification of personnel

1. "Individual analysts have education, training, and experience commensurate

with the analysis performed and testimony provided.

2. "Analysts have a thorough understanding of the principles, use, and limitations

of methods and procedures applied to the tests performed.

* Specification and calibration of reagents and equipment

1. "Reagents and equipment are properly maintained and monitored.

" Documentation and validation of analytic methods

1. "Procedures used are generally accepted in the field and supported by

published, reviewed data that were gathered and recorded in a scientific manner.

2. "New technical procedures are thoroughly tested to demonstrate their

efficiency and reliability for examining evidence material before being

implemented in casework.

" Use of appropriate standards and controls

1. "Appropriate controls are specified in procedures and are used.

" Sample handling procedures

1. "Clearly written and well-understood procedures exist for handling and

preserving the integrity of evidence, for laboratory safety, and for laboratory

security.
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" Proficiency testing

1. "Analysts successfully complete periodic proficiency tests and their equipment

and procedures meet specified criteria.

2. "Each laboratory participates in a program of external proficiency testing that

periodically measures the capability of its analysts and the reliability of its

analytical results.

" Data interpretation and reporting

1. "Case records-such as notes, worksheets, autoradiographs, and population data

banks, and other data or records that support examiner's conclusions are

prepared, retained by the laboratory, and made available for inspection on court

order after review of the reasonableness of a request."

" Internal and external audits of above

" Corrective actions to address deficiencies and weigh their importance for laboratory

competence

One such example of a quality assurance program meeting these QA and QC

guidelines is Guidelines for a Quality Assurance Program for DNA RFLP Analysis

developed by the Technical Working Group on DNA Analysis Methods (TWGDAM).

Refer to appendix 1 for further guidelines. This group compromises over thirty scientists

who work in DNA typing in state, local, and federal forensic laboratories in the United

States and Canada [7]. These individuals meet to discuss the current methods being used,
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compare work and results, and share protocols. The FBI plays an active role in the

dealings of this group.

The crime laboratory accreditation program sponsored by the Laboratory

Accreditation Board of the American Association of Crime Laboratory Directors

(ASCLD-LAB) requires extensive documentation of all aspects of laboratory operations

[7]. The TWGDAM QC and QA guidelines are endorsed by ASCLD-LAB as part of the

foundation for accreditation, and laboratories seeking accreditation must submit all their

documents to an accreditation review board, and must undergo a week-long site

inspection. Accredited laboratories must be recertified.annually by ASCLD-LAB by

submitting proficiency test results for review. The ASCLD-LAB accreditation program

began in 1981 and by the end of 1994, 128 US forensic laboratories, 1 Canadian

laboratory, and two Australian laboratories had been accredited.

The DNA Identification Act (1994) established a federal framework in setting

standards on quality assurance and proficiency testing [7]. It calls for an Advisory Board

to formulate mechanisms for accreditation and quality control and is presently working

on these issues. The members were appointed by the FBI from a list of nominees made

by the National Academy of Sciences and professional societies representing the forensic

community.

The NRC committee also recommends that, when feasible, forensic samples

should be divided into at least two parts at the earliest possible stage and the unused parts

retained for additional tests. These portions should be stored, handled, and documented
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separately. Any additional tests should be executed independently of the first by

personnel not involved in the first test and preferably in a different laboratory.



CHAPTER 4

POPULATION GENETICS

In court there is little merit in saying a defendant's DNA sample matches an

evidentiary sample if no statistics are given showing the probability of a random person

also matching that particular evidentiary sample. This is why the determination of

probability based on population data is crucial to assess the possibility of a coincidental

match. Since it is impractical to test the entire population for the frequency of each

profile, samples from the population are summarized and stored in a database. The exact

profiles are rarely found in a database since the probability of a specific profile is quite

small. Therefore, the analyst must estimate the frequency of a profile from information

about the component allele frequencies and this requires that some assumptions be made

concerning the relationship between allele frequencies and profile frequencies. The ideal

data source would be one chosen so that each possible sample has an equal chance of

being selected. In reality, the system is less than ideal. There is a lack of agreement over

what the ideal population actually is, and the reliance on convenience samples (samples

from blood banks, hospital employees, etc.) as opposed to actual random testing is of

concern. However, it appears that these convenience samples are effectively

representative. The American Indians do present added difficulty because they have more

population subdivision than the population of whites, blacks, or Hispanics [7].

60
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It is common practice in genetics to designate each marker locus or gene with a

letter and each allele at that locus with a subscript number. For example, B5 designates

the fifth allele at locus B. When a statement is made in regards to any of the alleles of a

particular locus, a literal subscript, such as i or j is used. The frequency (proportion) of

alleles is designated with the letter p and a corresponding subscript. Thus, the frequency

of allele A3 is p3 and of allele Ai is pi. The sum of all the pi values is I since it includes

all possibilities [33].

One locus commonly used in forensic analysis is the DQa locus and six alleles of

this locus are typically used (Table 4.1). The first six geneotypes include the 1.1 allele

and if their frequencies are added, 0.036+ (0.076 + 0.009 + 0.036 + 0.027 + 0.080)/2, the

yield is 0.150 or 15%. It is necessary to divide by 2 since in heterozygotes only half the

alleles are DI.1.

In a very simple population structure, mates are chosen at random. However, the

United States population does not mate at random since two people from the same state

are more likely to mate than two people from opposite sides of the country. "Random

mating" refers to the choice of people to mate independently of genotype at the relevant

loci and independently of ancestry [33]. The proportion of matings between two

individuals with two marker genotypes is determined by their frequencies in the mating

population. For example, if the allele frequencies of two states where an individual from

each has mated, is the same as those of the nation as a whole, then the proportions of

genotypes in the two states will be the same as those for the US even though the

population of the entire country does not mate at random.
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Table 4.1 Observed and Expected Frequencies of DQa Genotypes Based on 224
Blacks and 413 Whites

ALLELES GENOTYPES
Allele Frue % Observed (Expected) Frequency %

Allele Black
1.1
1.2
1.3
2
3
4

15.0
26.3
4.5
12.1
11.8
30.3

From NRC II. (1996, p. 91).

White_ Genoype
13.7 1.1/1.1

19.7 1.1/1.2
8.5 1.1/1.3

10.9 1.1/2
20.1 1.1/3
27.1 1.1/4

1.2/1.2
1.2/1.3
1.2/2
1.2/3
1.2/4
1.3/1.3
1.3/2
1.3/3
1.3/4
2/2
2/3
2/4
3/3
3/4
4/4

Homozygotes
Heterozygotes

Hardy-Weinberg Proportions

Hardy-Weinberg (HW) proportions, formulated in 1908 by GH Hardy and

Wilhelm Weinberg, describes the expected proportions of random mating which relies on

the fact that random mating of individuals has the same genetic consequences as random

combination of sperm and eggs [5]. It states that if a population is mating at random and

Black
3.6 (2.3)
7.6 (7.9)
0.9 (1.4)
3.6 (3.6)
2.7 (3.5)
8.0 (9.1)
8.5 (6.9)
2.2 (2.4)
4.0 (6.4)
7.1 (6.2)

14.7 (16.0)
0.0 (0.2)
2.2 (1.1)
1.3 (1.1)
2.2 (2.7)
2.2 (1.5)
1.3 (2.9)
8.5 (7.4)
0.9 (1.4)
9.4 (7:2)
8.9 (9.2)

24.1 (21.5)
75.7 (78.9)_

White

2.2 (1.9)
3.6 (5.4)
2.9 (2.3)
1.9 (3.0)
5.3 (5.5)
9.2 (7.4)
4.6 (3.9)
3.4(3.4)
4.6 (4.3)
8.2 (7.9)

10.4 (10.7)
1.2 (0.7)
1.5(1.9)
1.7(3.4)
5.1 (4.6)
2.2 (1.2)
4.8 (4.4)
4.6 (5.9)
4.4 (4.0)

11.4 (10.9)
6.8 (7.3)

21.4 (19.0)
78.6 (81.0)

................______ ___

--- -- -------
lim
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that no selection, migration or mutations exist, the genotypic frequency will be a product

of the allelic frequencies [5]. For example, if the proportions of alleles A1 , A2, and A3 are

pi, p2, and p3 then the genotypes and their frequencies would be as in table 4.2. This

would result in the frequency of A1A1 homozygotes being p12, and the frequency of A2A3

heterozygotes being p2 p3 +p3p2 =2p2 p3 [33].

Table 4.2 HW Proportions for a Locus with Three Alleles
Alleles
(and Frequencies)
in EggsAlleles and Freuencies in Sperm

A1(pi) _A(!2) .,A (p13)

A1 (pi) A1A1 (pipi) A2A1 (p2 p1 ) A1A3 (pip3 )
A2 (p2) A2A1 (p2 p1 ) A2 A2 (p2p2 ) A2A3 (P2P3)
A3 (p)AAi(pp1)A3A2(P3P) A3A3 (3P3)

From NRC II. (1996, p. 92).

In Hardy-Weinberg terms, we will let pi and pj be the population proportion of

two alleles, A; and A1. With capital letters designating the genotypic proportions, the HW

expectations are:

Homozygotes: A;A1: P = p 2  (4.1)

Heterozygotes: AjA: P = 2pipj, i # j. (4.2)

Simply stated, the proportion of persons with two copies of the same allele is the

square of that allele's frequency, and the proportion of persons with two different alleles

is twice the product of the two frequencies [33].

If a population does not exhibit HW proportions, a single generation of random

mating is used to produce HW proportions. This would be necessary in cases where
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random mating did not occur in the previous generation(s). This is validated in Table 4.2

which shows that the proportion of gametes uniting to produce individuals in the next

generation depend only on the allele frequencies, not the parental genotypes of the

current generation.

Since populations tend not to mate randomly, it is of interest to determine how

well the actual populations agree with HW proportions. Table 4.3 is one example. M and

N are alleles at a blood group locus and were examined in six studies of the white

population of New York City, a fairly genetically heterogeneous population. The data

came from blood donors, patients, hospital staffs, and persons involved in paternity cases.

The data for the studies was accumulated over a forty year time period and involved

6,001 donors, or 12,002 genes. Surprisingly, the overall frequency of heterozygotes from

this study is within 1% of the HW expectations.

Another comparison of departures from HW expectations can be seen in the data

from Table 4.1. The observed frequencies are quite similar to HW expectations, but some

discrepancy does exist. The deficiency in black heterozygous populations is about 4%

and in whites, it is about 3%. The databases used to obtain this information for the table

contained 224 and 413 persons. It is expected that with larger samples the agreement

would be even closer.

There are three reasons why departures from HW proportions in populations

occur. First, the parents might be related (inbreeding) and this decreases the proportion of

heteozygotes but causes an increase in homozygotes. Second, the population is often

subdivided by the presence of major racial groups. The allele frequencies among
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different racial groups are often significantly different and this is why separate databases

for different racial groups is recommended. Additionally, there is often subdivision

within a race. For example, members of the white population may have common

European roots which can lead to the same results as inbreeding. Third, selection occurs.

This means that individuals with different genotypes might survive and reproduce at

different rates. However, this is thought to be of little importance since the loci used in

forensic testing are thought to be selectively neutral. The first two above reasons will be

discussed in more detail.

Table 4.3 M-N Blood Group Genotypes in New York Ci Whites
Sample Total MM MN NN Relative Error

1 236 71 116 49 0.5466 0.4534 0.0083
2 461 132 232 97 0.5380 0.4620 -0.0123
3 582 166 289 127 0.5335 0.4665 0.0024
4 3268 1037 1623 608 0.5656 0.4344 -0.0107
5 954 287 481 186 0.5529 -0.4471 -0.0198
6 500 158 249 93 0.5650 0.4350 -0.0131

Total 6001 1851 2990 1160 0.5576 0.4424 -0.0099
From NRC II. (1996, p. 94).

Inbreeding

When any two people mate who are more closely related than if chosen at

random, this is considered inbreeding. Sewell Wright worked out the theory of

inbreeding and defined the inbreeding coefficient, F [7]. F is also used to represent the

kinship coefficient which is the same as the inbreeding coefficient of a child. The result

of inbreeding is that the expected proportion of heterozygotes is reduced by a fraction F
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and that of homozygotes increased by a fraction of F. For a parent or child, F = 1/4; for

siblings, 1/4; for half siblings, 1/8; for uncle, aunt, nephew, or niece, 1/8; for first cousins

1/16; and for second cousins, 1/64. The adjusted HW equations where inbreeding is a

factor are [7]:

AiAi: Pi= p2= pi (1-p) F, (4.3)

AiAj: Pi, = 2pspj (1-F). (4.4)

Subpopulations

Extensive studies using a variety of databases have shown that there are

substantial frequency differences among the major racial.groups and within these groups,

there is often a statistically significant departure from random proportion. The black and

Hispanic populations of the United States have multiple origins as does the white

population which mostly has European roots. It is very common for matings to occur

between individuals with a common ancestry thereby making them somewhat related.

This tends to make homozygotes more common and heterozygotes less common than if

mating were random. This results in a problem in forensic science since the profile

frequencies are computed (under the assumption of HW proportions) from the

population-average allele frequencies. However, research has shown that these departures

are usually small allowing formulae based on random mating to be quite accurate.

Linkage Equilibrium

Linkage equilibrium (LE) is a term that describes a state in which the frequency

of a multilocus genotype is the product of the genotype frequencies at the separate loci
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resulting from random mating and absence of selection [7]. LE is eventually reached

through continued random mating since the alleles at different loci, even if initially

linked on the same chromosome, become separated through crossing over.

There is a distinct difference between linkage equilibrium and Hardy-Weinberg

Proportions [7]. HW proportions are attained in a single generation of random mating

where LE is attained gradually. The rate of approach to LE depends on how close

together the loci are on a chromosome. Loci on non-homologous chromosomes approach

LE quickly with the departure from LE being halved each generation for these pairs of

unlinked loci. This results in the departure of LE being reduced to 1/2, 1/4, 1/8... of its

original value in successive generations [35]. It can therefore be assumed with sufficient

accuracy that after six generations LE has been reached. Another difference from HW

proportions is that whereas a population divided into subgroups has a bias in favor of

homozygosity, LE departures increase some associations and decrease others almost

equally [7].

The predominant cause of linkage disequilibrium for forensic markers is

incomplete mixing of different ancestral populations [7]. An example showing the

attainment of LE is contained in Table 4.4. VNTR data from Switzerland and Spain was

used from a pair of alleles, one at each of two loci. Let p16 stand for the frequency of bin

16 at locus D10S28, q13 for that of bin 13 at locus D2S44, and P for that of the 16-13

gamete. In each population under the assumption of LE, the proportion of gametes with

alleles 16 and 13 is p16q13. Under the assumption of an equal number of migrants from

each parent population, the first generation mixed population will result in the values of



68

P16, q13 , and P being the average of the corresponding parental values, P16, q1 3, and P.

The difference between P and P16 q13 , the linkage disequilibrium, is halved each

generation until P = p16 q13. Since the allele frequencies remain constant, p16 q13

does not change each generation while P does [7].

The general conclusion is that LE departures are not likely to be large and thus

the concern in using population averages as a substitute for local data is mainly due to

allele frequency differences between subpopulations, and not departures from HW and

LE [7].

Table 4.4 The A hto LE in a Mixed Population__

P16 13 P16913 P Difference
Swiss 0.030 0.073 0.00219 0.00219 0
Spanish 0.051 0.098 0.00500 0.00500 0

Generation P16 q1 3-p q13 P Difference
1 0.0405 0.0855 0.00346 0.00360 0.000140
2 . . . . 0.000070

3 . . . . 0.000035

4 . . . . 0.000018.
5 . . . . 0.000009

Equilibrium 0.0405 0.0855 0.00346 0.00346 0
The population starts with an equal mixture of persons from Spain and

Switzerland and mates at random thereafter. The difference = P - p16 q13. From NRC II.
(1996, p. 108).

Adjustments to Account for Population Structure

If the race of the person who left the evidentiary DNA sample is known, the

database for the person's race should be used. If the race of the person is not known,

calculations from all racial groups to which possible suspects belong should be made.
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Under HW and LE assumptions, the expected proportion of a particular genetic profile

can be computed by calculating the genotype frequencies at each locus and multiplying

them together. This is called the product rule or multiplication rule. The product rule

method is a very straightforward means of computing the probability of a random

occurrence of a specific pattern of alleles in a profile [8]. This technique assumes that the

individual alleles identified by genetic probes are independent of each other (i.e., certain

alleles are not likely to occur together in a person). If the individual alleles are not

independent the result of using the multiplication rule may overestimate or underestimate

the actual probability of matching alleles in the chosen population. This could in turn

misstate the value of the evidence.

Some new recommendations in using the product rule have been made since the

release of the 1992 NRC report, by a second NRC committee, and they are as follows [7].

The first is concerned with the fact that a single band in a VNTR analysis does not

always indicate the individual is homozygous. It is possible that the two bands are too

close together to distinguish or for some reason, one of the alleles is not detectable. Thus,

it is suggested in these cases to replace p2 , the homozygote frequency, by 2p (p is the bin

frequency). This substitution conservatively corrects the bias for homozygotes. Overall, it

has been recommended that the product rule be used for VNTRs and that p2 be replaced

by 2p for all single bands. This is called the 2p rule [7].

When there is no problem distinguishing homozygotes from heterozygotes, as

with most PCR based systems, another rule is used. p2 is replaced by p2 + p(1-p) 6,

where 6 is an empirically determined measure of population subdivision. This value is



70

usually less than 0.01 for forensic markers in the United States so it is suggested 0.01 be

used as a conservative value, except for very small, isolated populations of interrelated

people, where 0.03 might be more suitable [7].

The bottom line is that when the frequency of a genotype is computed from the

population-average allele frequencies, rather than from the average of the actual

subpopulation genotype frequencies, the frequency of homozygotes will be

underestimated and the frequency of heterozygotes will be overestimated [33].

The study The Effect of Ethnic and Racial Population Substructuring on the

Estimation of Multi-Locus Fixed-Bin VNTR RFLP Genotype Probabilities [36]

examined whether substructuring of races by major ethnic groups leads to large errors in

determining probabilities. They wanted to determine the degree of error generated by

substituting a racial database for that of one, or a combination of, its constituent ethnic

subpopulations. They also determined the error rate incurred when a population database

is used when subpopulations exist. In the study the researchers directly compared the

genotype probability estimates derived from ethnic and racial subpopulations with those

obtained from population estimates.

The samples used were obtained from volunteers of four Southern California

racial groups: Afro-American (black), European Caucasian (white), Southwestern

Hispanic (Hispanic), and East Asian which was subdivided into Chinese, Japanese,

Korean, and Vietnamese. Table 4.5 shows the distribution of fragments used in the study,

and Table 4.6 shows the population distribution.
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The samples were subjected to RFLP analysis and the raw band sizes in base pairs

were distributed into 31 bins. Rebinning was then performed to eliminate classes having

fewer than five observations. They then used three methods to estimate population

genotype probability estimates. The first method used the cognate ethnic or racial

frequencies pertaining to each subpopulation. The second method, referred to as

stratified, uses the first method to obtain the probabilities for each subpopulation and

then after weighting them by their normalized census proportions, they are summed to

obtain the overall probability. This method takes substructuring into account. The third

method ignored substructuring by using pooled (average) bin frequencies.

TABLE 4.5 Number of Fragments
Race or Ethnic Locus

Group DlS7 D2S44 D4S139 D10S28
Chinese 218 216 206 240
Japanese 274 252 250' - 274
Korean 200 198 186 200
Vietnamese 426 426 430 386
Black 404 426 420 444
White 424 430 434 430
SWHispanic 514 496 486 512

* Single-band patterns counted as two fragments
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TABLE 4.6 Normalized East Asian and Racial Population
Percentages Southern California

Black 8%
Hispanic 33%
White 53%
East Asian 6%

Chinese 37%
Japanese 21%
Korean 23%
Vie tmese 19%

The results showed that when using East Asians as a model for extreme

substructuring of American races by major ethnic groups, the impact of such

substructuring on racial genotype probability estimates is negligible. The study shows

that for East Asians, within-race genotype probability variation of fragment sizes was not

greater than between-race variation. The researchers believe that their results show that

within-race genotype probability variance could be conservatively estimated using

between-race variance, and that the effect of ignoring ethnic substructuring by

substituting pooled fixed-bin frequencies for stratified subpopulation frequencies at both

racial and total population levels is small.



CHAPTER 5

STATISTICAL ISSUES

After the release of the NRC report in 1992, there was some controversy and

criticism over certain issues, mainly the "interim ceiling principle". This is a procedure

used to estimate profile frequency in a highly conservative (i.e., favorable to the

defendant) manner and be independent of racial origins of the DNA. This controversy

prompted Judge William Sessions in April 1993, then the Director of the FBI, to request

that the NRC do a follow-up study to better address this issue as well as other areas of

concern [7]. In June 1993 the NRC decided to form a new committee to address these

concerns. The committee members were named in August 1994 and the first meeting was

in September 1994. The finalized report was released in 1996 and the committee

addressed three major issues [7]. The first was to examine the accuracy of lab

determinations which includes answering the following questions; How reliable is

genetic typing?, What are sources of error and how can they be detected and corrected?,

Should calculation of the probability that an innocent person has the same profile as the

evidentiary sample include an estimate of the laboratory error rate? The second issue

concerns the accuracy of calculations based on population genetics theory and the

availability of databases. The third area discussed involves statistical assessments of

similarities in DNA profiles. What quantities should be used to assess the forensic

72
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significance of a profile match between two samples, and how are the calculations best

presented?

The 1992 report [2] recommended the use of the "ceiling principle" which

requires the calculation of an upper bound on the frequencies that would be found in any

real population and it places a lower limit on the size of the profile frequency by giving

thresholds for the allele-frequency values used in the calculation. The population

frequency data was to be collected on homogeneous populations and 100 individuals

from each of 15-20 racial and ethnic groups were to be tested. The higher of either the

highest frequency of a marker in any population or 5% was to be used for the

calculation. To determine the profile frequency, the product rule would then be applied

to those values.

An "interim ceiling principle" was to be used until the highest frequencies were

available for implementation of the ceiling principle. This rule stated that "In applying

the multiplication rule, the 95% upper confidence limit of the frequency of each allele

should be calculated for separate US racial groups and the highest of these values or

10%, which ever is larger, should be used. Data on at least three major races (e.g., whites,

blacks, Hispanics, east Asians, and American Indians) should be analyzed." This resulted

in a composite profile frequency that did not depend on a specific racial or ethnic

database and practically always exceeded the frequency calculated from the database of

the reference populations. The 1992 report also stated that the multiplication rule (the

product rule) I should only be used when there is no significant departure from HW and
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LE, even though the ceiling principle was originally designed to accommodate such

deviations.

Following the 1992 report there was considerable debate over its validity by some

statisticians, population geneticists, and forensic scientists. One example comes from the

report Comments on the Statistical Aspects of the NRC's Report on DNA Typing

[33]. The authors had three major disagreements with the committee's findings. First,

they question the recommendation of how probabilities should be calculated; i.e., the

ceiling principle. The ceiling principle was based on the belief that subpopulations of an

ethnic group vary more from each other than do the major ethnic groups. The researchers

believe this is not representative of the true US population and that the expectation for

general US populations, based on standard genetic markers, is generally homogeneous

populations with greater differences among the major ethnic groups. (However, the

second NRC committee also stands by the principle that there is more subdivision within

races than among races). Some recent evidence also suggests this is true for the VNTR

data used in forensic profiling. Overall, the outcome of using the ceiling principle is that

the population genetic results will be extremely conservative.

Second, they find fault with the design of the population genetic study that is the

basis for the ceiling principle calculations. They believe the NRC's recommendation to -

use 100 individuals from each population in assessing population heterogenity and

determining ceiling frequencies to be too small of a sample size. They also believe the

proposed plan samples too many ethnic groups at the expense of subpopulations, and it



76

will sample too few individuals within subpopulations, thereby resulting in large

sampling errors.

Finally, they would like more clarification on the way the evidence is interpreted

in court. They found the report's discussion of handling errors (either chain of custody or

laboratory error) misleading and believe that a priori estimate of handling error is not

sufficient to evaluate the probability of a handling error in an individual case. They also

do not agree with the panels position that the presentation of the genotype probability

without an estimate of the probability of a handling error to be scientifically invalid.

The majority of courts ruling on the ceiling principle's acceptance determined it

could be used as a conservative estimate and conservative estimates tend to undervalue

the weight of the evidence against a defendant. However, estimates that are accurate

statistically tend to over value the weight of evidence against a defendant since they are

based on some uncertain assumptions, but they generally produce values closer to the

actual frequency than conservative estimates.

The second NRC committee also agreed with some of the criticisms and concerns

circulating about the ceiling principle. They now believe that enough data has been

accumulated to abolish both the ceiling principle and the interim ceiling principle. They

are aware, however, that some have been using the ceiling principle and probably will -

continue to do so, thus they have made some new recommendations to better adapt this

procedure.

These first adjustments were initially recommended by TWGDAM and are now

recommended by the NRC committee as well. They are:
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" When the measurement error spans a fixed-bin border, the frequency of the most

frequent of the bins should be used instead of summing the overlapped bins.

" Native-American databases are not to be used to generate values for the ceiling.

Whites, blacks, Hispanics, and east Asians are to be used.

" The multiple of the standard deviation for an upper 95% confidence limit should be

1.64, not 1.96 (The 1992 committee suggested the upper 95% confidence limit to be

given by the formula p + 1.961-)/N, where p is the observed frequency and N is

the number of chromosomes studied.)

Additionally, they add the following interpretations which they consider

consistent with the 1992 report:

" The ceiling principles are intended to be used in criminal cases and not civil cases or

paternity cases.

" The ceiling principles were intended for VNTRs with many alleles but not for those

with high frequencies. They are not to be used with PCR-based systems since they

generally have few alleles.

" The 1992 report recommended only using the loci not differing significantly from

HW and LE. However, populations with the least reliable numbers (i.e., the smallest

databases) are the ones more likely to depart from HW and LE. Since the ceiling

principle is designed to allow for differences in allele frequencies in different

subgroups, for which HW and LE are insensitive measures, they believe all loci in the

selected databases should be used in the calculation.
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Match Criteria

DNA typing includes various methods for studying genetic variations. There are

three steps to each typing method. First, laboratory analysis of the samples is performed

to determine the genetic marker types at multiple sites of potential variation. Second,

comparison of the samples and the genetic marker types is done to see if the types match

in order to determine if they could have come from the same source. Third, if there is a

match, it is necessary to do a statistical analysis of the population frequency of the types

to understand if the match is likely to have been by chance.

In order to evaluate a potential match between an individual's DNA sample and

an evidentiary DNA sample, it is necessary for laboratories to have an established match

criteria which reflects the resolution of the profiling system. An examiner performing

forensic DNA typing compares the two DNA patterns and declares a match, a non-match,

or an inconclusive result. There is a two step approach used in determining a match

between two samples. First, the examiner does a visual examination of the autoradiogram

to subjectively compare the two individual DNA patterns and declare a match or

nonmatch. The visual test is used as a preliminary screen to save time and effort of

further study in the case of obvious mismatches. Those that are considered a match are

then further evaluated by computer assisted image analysis. The results are then

subjected to the laboratory's match criteria in order to apply an objective evaluation of

the match [37]. The match criteria is based on factors within each laboratory, such as

electrophoretic resolution, protocol, and the type of equipment used. All these factors can

affect the extent of RFLP band measurement imprecision. Measurement imprecision
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varies from laboratory to laboratory and this is why each lab needs to establish its own

match criteria for the confirmation of a visual match. It is the size of the fragment

producing the band that is examined in this step, as determined by the size standards of

the standard ladders on the same autorad.

Two DNA samples from a common source will tend to show a smaller range of

size variation when analyzed on the same gel (intragel) than when analyzed on separate

gels (intergel) [37]. Therefore, two sets of match criteria need to be established: intragel

and intergel. The match criteria are derived from repetitive measurements and

comparisons of RFLP band sizes generated from bloodstain controls and forensic type

samples of common origin. The intragel match criteria are used to verify a visual match

by computer assisted image analysis when the two samples are analyzed on the same gel.

The intergel match criteria serve three purposes [37]. First, they constitute the numerical

matching rules used to confirm a visual match by computer assisted image analysis when

the two samples in question are run on separate gels. Second, they are used to establish

the appropriate window for searching a population database so that the proportion of the

population that could be potential contributors of the evidentiary sample can be

determined. Third, they are used to establish the appropriate window for searching

criminal databases for possible matches.

Once the two bands have been determined to match, they are binned. This is a

process where the band is assigned to a size class, known as a bin. The two analytical

procedures used in binning are the fixed-bin and floating-bin methods. The floating-bin
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method requires access to a computer data base and is thus statistically preferred but the

fixed-bin method is easier and is more widely used.

The floating bin method is accurate and unambiguous and was described by

Balazs et al. in 1989 [38]. Let e be the measurements of the evidentiary sample's DNA

bands and s be the measurements of the suspect's bands. As Figure 5. la and b shows, for

a match to be declared, the upper end of each uncertainty window must be above the

lower end of the other. Thus, all bands from the DNA of the suspect that satisfy the

inequalities (1+a)e >(1 -a)s and (l+ a)s -(1 - a)e would be declared a match. The

result is all bands within the interval (the match window)

(1-a)e s5s (1+a)e (5.1a)

(1+ a) (1-(a)

[39] are declared a match, so the analysts must use the frequency of all such bands in the

pertinent database 15]. For a < <1, Equation 5. la is very close to

(1 -2a) e _ s:5 (1+2a)e (5.1b)

For a = 0.025, Equation 5. lb would be sufficiently accurate.

Equation 5. lb determines the approximate floating bin e 2ae, or e 0.05e when

a = 0.025 (Figure 5. Ic). The frequency of that bin is the total proportion of alleles in the

database which lie within the limits Equation 5.1b sets forth. Using this approach will

insure the floating bin is always the same as the match window [7].

In the fixed-bin procedure, alleles of similar size are placed into fixed bins which

are determined by comparison of the positions of the evidence bands with those in a

control lane. The probability of a band of specific length occurring by chance is
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determined by dividing the number of bands in an assigned bin by the total number of

alleles observed in the sample of persons tested for that particular probe [8]. Tables have

been and continue to be developed using different probes in different populations. The

size of a matching band is cross-referenced in thetable of frequencies that is generated

by examining the appropriate comparison sample. As a general rule, a value of 2.5% is

used to prevent possible error of classifying samples from the same individual as being

different. Thus, the measurement plus and minus 2.5% of its value yields an uncertainty

window. When two bands, one from a suspect and one from an evidentiary sample, have

overlapping uncertainty windows then they are declared to match. For example, the

following diagram shows a match, a nonmatch, and the match window of a fragment

along with the fixed bin.

The match window is the evidence measurement with 5% of its value subtracted

and added. This is compared with the database bins (Table 5.1, for example) and if the

upper and lower values lie within a bin, the frequency of that bin is used to calculate the

probability of a random match [7]. If the match window overlaps two bins, then the NRC

recommends that the bin with the highest frequency be used.

Very rare alleles have a larger relative uncertainty than do those of more common

alleles due to the fact that the relative uncertainty is mainly determined by the absolute

number of alleles in the database. Rebinning is usually executed in order to reduce this

uncertainty. This process involves merging all bins with an absolute number less than

five genes into adjacent bins, resulting in no bin having fewer than five members.
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Figure 5.1 The Matching Procedure and the Bin Assignment with Floating and Fixed
Bins

S
a. Nonmatch1------..-|

E 2.5% 2.5%

2.5% 2.5%

S
b. Match... .- ......-....

2.5% 2.5%
E

2.5% 2.5%

c. Fixed Bin E

5% 5%

Fixed Bin

From NRC II. (1996, p. 141).

In discussing bin frequencies, a few things should be noted. Each bin is assigned a

number with 1 designating the smallest fragments. The first number in the locus, as in 2

of D2S44, indicates which chromosome the locus lies on. The second number is an

arbitrary number which designates the site of the locus on the chromosome (D2S44 is at

site 44 on chromosome 2).

Figure 5.2 shows the frequencies of each bin in three populations for D2S44. The

distributions for the white populations in two different states are very similar while the

distribution for the black population is quite different from those of the white
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populations. This indicates the importance in using separate databases for different racial

groups.

Table 5.1 Bin (Allele) Frequencies at Two VNTR Loci (D2S44 and D17S79) in
the US White Population

D2$44 D17S
Bin SizeRng N Prop. Bin Size Range N Prop.

3 0-871 8 0.005 1 0-639 16 0.010
4 872-963 5 0.003 2 640-772 5 0.003
5 964-1,077 24 0.015 3 773-871 11 0.007
6 1,078-1,196 38 0.024 4 872-1,077 6 0.004
7 1,197-1,352 73 0.046 6 1,078-1,196 23 0.015
8 1,353-1,507 55 0.035 7 1,197-1,352 348 0.224
9 1,508-1,637 197 0.124 8 1,353-1,507 307 0.198
10 1,638-1,788 170 0.107 9 1,508-1,637 408 0.263
11 1,789-1,924 131 0.083 10 1,638-1,788 309 0.199
12 1,925-2,088 79 0.050 11 1,789-1,924 44 0.028
13 2,089-2,351 131 0.083 12 1,925-2,088 50 0.032
14 2,352-2,522 60 0.038 13 2,089-2,351 16 0.010
15 2,523-2,692 65 0.041 14 2,352- 9 0.006
16 2,693-2,862 63 0.040 1,552 0.999
17 2,863-3,033 136 0.086
18 3,034-3,329 141 0.089
19 3,330-3,674 119 0.075
20 3,675-3,979 36 0.023 -
21 3,980-4,323 27 0.017
22 4,324-5,685 13 0.008
25 5,686- 13 0.008

1,584 1.000
From NRC H. (1996, p. 97).
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Likelihood Ratio

In calculating the frequency of the profile, the most relevant population or

populations should be used, and the forensic calculations are generally presented in two

ways. The first is the match probability method which is calculated from the frequencies

of DNA markers in the database. The second is called the likelihood ratio (LR). The

likelihood ratio describes the ratio of the probabilities of a match if the DNA evidentiary

sample came from the suspect to the probability of a match if they came from different

individuals [40]. The basic formula is:

LR = Probability of the evidence/Guilt (5.2)
Probability of the evidence/Innocence

This can be further evaluated by considering two hypotheses: (1) the source of the

evidence and the suspect are the same person, (2) the source of the evidence is a person

randomly selected and unrelated to the suspect. If the profile of the person contributing

the evidence DNA (E) and that of the suspect (S) are both x, and Pr1 and Pr2 indicate

probabilities calculated under hypotheses 1 and 2, then

LR=Pr1(E=x&S=x) (5.3)
Pr2(E=x&S=x)

If conditioning (statements left of the vertical line are conditional on statements right of

the line) is incorporated, then

LR= Pr(E = x S=x) (5.4a)
Pr2(E=x IS=x),

LR = Pr1(S= x E=x) (5.4b)
Pr2(S=x E=x).
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The numerator in equations 5.4a and 5.4b will always equal one if the profiles

match. If the population frequency of x= P(x) and it is assumed that the persons

contributing E and S, if different, are unrelated making E and S statistically independent,

then the denominator would be P(x), so

LR = 1/P(x) (5.5)

The likelihood ratio is the reciprocal of the match probability since the

probability of a match when the samples came from the same person is 1 (unless a

mistake was made). The major issue is the determination of the probability that the

defendant will match the evidentiary sample given that he is innocent and not the source

of the crime-scene sample. The greater the likelihood ratio, the stronger is the evidence

in favor of the source of the evidence DNA sample and that of the suspect being from the

same person, i.e., the stronger is the evidence in favor of the hypothesis corresponding to

the numerator.

For example, if the likelihood ratio is 1000, the implication is that the profile

match is 1000 times as likely if the DNA came from the same person as it would be if

they came from two randomly chosen individuals. It is important to understand that this

does not mean that if the DNA samples match then they are 1000 times as likely to have

come from the same person as opposed to from different people.

Mixed Samples

A special problem arises when the evidentiary sample contains a mixture of DNA

[7]. In some cases it is possible to distinguish the genetic profiles of the contributors to a
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mixture from differences in intensities of bands in a RFLP pattern or dots in a dot-blot

typing. The analysis in these instances would be similar to that in a non-mixture case.

When the contributors are not known or cannot be distinguished, a likelihood

ratio approach is suitable. If a VNTR analysis for a particular locus shows 4 bands and

two match a suspect while the origin of the other two bands is unknown, the

recommended procedure to use in these cases was devised by Evett et.al. [41]. If we

assume the suspect's genotype is A1 A2 , the hypothesis we want to test is that the samples

came from the suspect and one other person. The probability of finding the profile shown

by the evidence sample is 2p3p4 because under this hypothesis it is certain that two of the

bands are A1A2. If the samples came from two randomly selected persons, the probability

of any particular pair of profiles, such as A1A3 and A2A4 is (2 pXp3)2p2p4) = 4p1p2p3p4 .

Since there are six possible pairs of two-band profiles corresponding to the four bands,

the total probability is 24pIp2psp4. The likelihood ratio would then be:

LR = 2 p3p/ 24 P1P2P3P4= 1/ 12pip2 (5.6)
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Table 5.2 Likelihood Ratios for Mixed Stains
Crime scene Suspect

A1A2 A3A4 A1A2

A1A2A3

A1A2A3

A1A2

A1A2

A2A3

Rule

2p

p2

2pAl

AIA2

Al

Likelihood Ratio
I

1 2 p1p2

1+p2+p3

4p2p3(3+Pi+P2+P3)
pi+2p2+2p3

12p2p3(pI+p2+p3)
1

4Pi(3+Pi+P2+P3)
p2 _.._ _ _
p2

6p1(p1+p2+p3)

2pIp2(2+2p+2+pp2)
p2 (p+p)

2p1 p2(3p1p2+2p1
2+2p2

2 )
2p ... 1+12,

2p1(2+2p1+2p2+p1p2)
p2 2 +2

21(3129+2 +20

From NRC II. (1996, p. 163).



CHAPTER 6

DNA TYPING AND THE LEGAL SYSTEM

History

The majority of DNA profiling cases involve some sort of sexual assault, usually

rape, since in these cases the perpetrator is more likely to deposit significant biological

evidence. The presence of DNA evidence from a crime scene which matches a suspect's

DNA often results in the underlying question, in many of these cases, being whether the

activity was consentual or not. It is also common for the defense to question the

reliability of the DNA evidence the prosecution has against their client in an attempt to

devalue the evidence.

Forensic DNA typing was first used in case work in 1985 in the United Kingdom

after Professor Alec Jeifries, a British scientist at the University of Leicester, discovered

a unique class of DNA probes that detect "repetitive DNA" while working on a case

involving two rapes in the English Midlands. His tests excluded the original suspect as

the perpetrator of these crimes. This led police to collect blood samples from several

thousand local men in the area and a new suspect was identified. In 1987, in another case

in England, Robert Melias became the first person to be convicted of a crime based on

DNA evidence.

Ro
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DNA Typing was first used in the United States by commercial laboratories in

late 1986, and was incorporated in to the FBI's laboratory in 1988 [2]. One of the first

cases in the United States incorporating DNA evidence led to the conviction of Tommy

Lee Andrews for rape in 1987 in Orange County, Florida. Two other early important

United States cases involving DNA testing are State v. Woodall and Spencer v.

Commonwealth [3]. In Woodall, the West Virginia Supreme Court was the first state

high court to rule on the admissibility of DNA evidence. DNA testing by the defense was

accepted by the court but the test results were inconclusive and they were unable to

exclude Mr. Woodall. He was convicted of rape, kidnapping, and robbery, however,

subsequent DNA testing determined that Woodall was innocent and he was released from

prison in 1991 on bond and later was exonerated. In the State of Virginia another

precedent was set when Timothy Wilson Spencer was convicted in multiple murder trials

and sentenced to death in cases incorporating DNA evidence [3]. Since these early trials,

DNA typing has become very commonplace in the criminal justice system and, as of

1994, 46 of the 50 states had accepted DNA evidence as admissible in criminal trials

(Table 6.1).

The FBI began collecting data on DNA testing in 1989 and continue to do so on

FBI cases. Out of the approximately 10,000 sexual assault cases since 1989, about 2000

have resulted in inconclusive test results, usually due to lack of high molecular weight

DNA. Another 2000 tests have excluded the primary suspect (about 25%), while 6000

have "matched" or included the primary suspect [3]. The National Institute of Justice's
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informal survey to private labs indicates a very similar pattern with a 26% exclusion rate

[3]. However, exclusion does not always indicate innocence. For Example, the DNA

profiled may actually be that of a consentual partner while no biological evidence was

left by the perpetrator.

Table 6.1 DNA Evidence Admission in Criminal Trials b State

State DNA Admitted State DNA Admitted
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas

Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri

Yes
Yes
Yes
Yes
Yes*
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes*
Yes
Yes
Yes
Yes
Yes
No
Yes*
Yes
Yes
Yes
Yes
Yes

Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon -
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

* Decision by Intermediate Court of Appeals
From Lundregan, Miller and McEwen. (1996, p.9).

Yes
Yes
Statute
Yes
Yes*
Yes
Yes
Yes
No
Yes
Statute
Yes
Yes
No
Yes-
Yes
Statute
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
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In Convicted by Juries, Exonerated by Science: Case Studies in the Use of

DNA Evidence to Establish Innocence After Trial [3], twenty-eight cases were

examined that had been tried in 14 states and the District of Columbia. In all cases the

suspects had been convicted and sentenced to prison with most being tried in the mid to

late 1980s. While these individuals were incarcerated, each of them obtained, through an

attorney, case evidence for DNA testing and allowed it to be compared to his own

sample. In each case, the samples did not match and the defendants were ultimately sent

free.

All 28 cases had some common characteristics. They all involved some form of

sexual assault with six of them involving murder as well. All of the alleged assailants

were male and all of the victims were female. The 28 defendants served a combined total

of 197 years in prison before being released. The evidence presented at trial in all cases,

excluding the homicides, involved victim identification prior to, and at trial. The majority

of the cases did involve some form of non-DNA tested forensic evidence which narrowed

the field to include these defendants. Eight cases were believed to involve allegations of

government misconduct, including perjured testimony, police and prosecutors who

intentionally withheld exculpatory evidence from the defense, and intentional erroneous

laboratory tests and expert testimony at trial. See Tables 6.2.and 6.3 for an overview of

these cases and some of the evidence presented at the trials.
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Table 6.2 OverviewofDNA Study Cases

Case name/Location
Alejandro, Gilbert

Uvalde, TX
Bloodsworth, Kirk

Baltimore, MD
Bravo, Mark Diaz

Los Angeles, CA
Brison, Dale

Chester County, PA
Bullock, Ronnie

Chicago, Il
Callace, Leonard

White Plains, NY
Chalmers, Terry Leon

White Plains, NY
Cotton, Ronald

Burlington, NC

Cruz, Rolando
Chicago,IL

Dabbs, Charles
Westchester, Co., NY

Davis, Gerald Wayne
Kanawha Co.,WV

Daye, Frederick Rene
San Diego, CA

Dotson, Gary
Chicago, IL

Green, Edward
Washington, DC

Hammond, Ricky
Hartford, CT

Harris, William O'Dell
Charleston, WV

Herandez, Alejandro
Chicago, IL

Honaker, Edward
Nelson County, VA

Primary Charges Date Convicted Sentence/Served
Sexual assault

Murder, rape

Rape

Rape, kidnapping

Aggravated sexual
assault
Sodomy, sexual
abuse
Rape, sodomy

Rape (2 counts)

Murder,
kidnapping, rape
Rape

Kidnapping,
sexual assault (2
counts)
Rape (2 counts),
kidnapping
Rape, aggrevated
kidnapping
Rape

Sexual assault,
kidnapping
Sexual assault

Murder,
kidnapping, rape
Rape, sexual
assault, sodomy

October 1990

March 1985

December 1990

June 1991

May 1984

March 1987

June 1987

January 1985
November 1987
(second trial)
March 1985

April 1984

May 1986

August 1984

July 1979

July 1989

March 1990

October 1987

March 1985

June 1985

12 yrs/4 yrs

Death, later reduced
to life/Almost 9 yrs
8 yrs/3 yrs

18-42 yrs/3'/ 2 yrs

60 yrs/l0'/2 yrs

25-50 yrs/Almost
6 yrs
12-24 yrs/8 yrs

Life + 54 yrs/101/2
yrs

Death/11 yrs

121/2 yrs-20 yrs/7

yrs
14-35 yrs/8 yrs

Life/10 yrs-

25-50 yrs/8 yrs

Never sentenced/9
months
25 yrs + 3 yrs
probation/2 yrs
10-20 yrs/7 yrs, then
1 yr home
confinement
Death/11 yrs

3 life terms + 34
yrs/10 yrs
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Table 6.2 cont.__.Overview of DNA Study Cases

Rape, aggravated
kidnapping
Rape (2 counts)

Murder, rape

Murder, rape

Case Name/Location
Jones, Joe C.

Topeka, KS
Kotler, Kerry

Suffolk County, NY
Linscott, Steven

Cook County, IL

Nelson, Bruce
Allegheny, Co., PA

Piszczek, Brian
Cuyahoga Co., OH

Scruggs, Dwayne
Indianapolis, IN

Shephard, David
Union County, NJ

Snyder, Walter (Tony)
Alexandria, VA

Vasquez, David
Arlington Co., VA

Woodall, Glen
Huntington, WV

Date Convicted
imTayCharges

From Lundregan, Miller and McEwen. (1996, p.14).
-- --------

Rape

Rape

Rape

Rape, sodomy

Murder, rape

Sexual assault,
kidnapping

Date Convicted
February 1986

February 1982

November 1982

September 1982

June 1991

May 1986

September 1984

June 1986

February 1985

July 1987

Sentence/Served
Life + 10-25yrs/61 2
yrs
25-50 yrs/1I yrs

40 yrs/3 yrs in
prison + 7 yrs out
on bond
Life/9 yrs

15-25 yrs/4+ yrs

40 yrs/7'/ 2+ yrs

30 yrs/Almost 10
yrs
45 yrs/Almost 7 yrs

35 yrs/5 yrs

2 life terms + 203-
335 yrs/4 yrs, then 1
yr under electronic
home confinement- -- ----------------
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Table 6.3 Overview of Selected Evidence and DNA Testing

Defendant
Alejandro, Gilbert

Bloodsworth, Kirk

Bravo, Mark Diaz

Briso, Dale

Bullock, Ronnie

Callace, Leonard

Chalmers, Terry Leon

Con, Ronald

Cruz, Rolando

Dabbs, Chaves

Davis, Gerald Wayne

Daye, Frederick Rene

Dots, Gary

Green, Edward

Hammond, Ricky

Harris, William
O'Dell
Hernandez, Alejandro

Honaker, Edward

Jones, Joe C.

Kotler, Kerry

Linscott, Steven

Nelson, Bruce

oilsSelected Evidence
DNA evidence testimony; victim ID_

Five witness Ids; self-incriminating

Vitim ID; blood analysis; misrepresentations

Victim ID; hair analysis; weak alibi

Two victim Ids; police ID; proximity of
residence

Victim 1D blood analysis; weak alibi

Victim ID, weak alibi

Victim ID; similarity f shoes and flashlight

Alleged "dream visions" of the murder

Victim ID; blood analysis

Victim ID; semen analysis

Victim ID; witness ID; blood analysis;
aurprsdaton

Victim ID; semen analysis; hair analysis

Victim ID; blood analysis

Victim ID; victim ID of car; hair analysis;
weak alibi
Victim ID; semen analysis

Self-incrminating and inculpatory statements;
inculpatory witness statements
Victim ID; witness ID; hair analysis;
similarity of clothing
Victim ID; proximity to crime scene;
similarity of pants; 2 witness IDs
Victim ID; non-DNA genetic analysis

Blood analysis; hair analysis; "dream
confession"
Testimony of codefendant; self-incriminating
statement

DNA Testing_

RFLP tests of semen stain on victim's
nightgown excluded Alejandro
PCR test of panties excluded Bloodsworth

RFLP test of blanket, sheet, and victim's
panties excluded Bravo
RFLP test of semen-stained panties excluded
Brison
PCR test of semen-star panties excluded
Bullock. DNA tests on vaginal and anal swabs
were inconclusive
RFLP test of semen-stained jeans excluded
Callace
PCR test of two vaginal swabs excluded
Chalmers
PCR test of vaginal swab and underwear
excluded Cot on
PCR test of se-stained underwear
excluded Cruz and included Brian Dugan
RFLP test ofsemen-stained panties excluded
Dabbs
PCR test of victim's underwear excluded
Davis. No DNA found matching the victim
from DNA tests done on Davis' bedsheets and
underwear
PCR test ofsemen-stained jeans excluded
Daye
RFLP test of panties was inconclusive. PCR
test of panties excluded Dotson and included
victim's boyfriend
RFLP test of victim's clothing excluded
Green
RFLP and blood tests excluded Hammond

PCR test of evidencce slide excluded Harris

PCR test of semen-stained underwear
excluded hernandez and included Brian Dugan
PCR test of vaginal swab excluded Honaker
and both of victim's boyfriends
PCR test of partial vaginal swab excluded
Jones
PCR test of panties exclude Kotler and
victim's husband
Pretrial DNA tests were inconclusive. PCR
test excluded Linscott
RFLP test excluded Nelson

vaavaay-------------
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Table 6.3 Cont.

Piszczek, Brian Victim ID; weak alibi PCR test of vaginal and anal swabs and
nightgown excluded Piszczek

Scruggs, Dwayne Victim ID; similarity of boots PCR test of vaginal swab and bloodstain
excluded Scruggs

Shepherd, David Victim ID; blood analysis; weak alibi DNA test of panty liner excluded Shephard
Snyder, Walter (Tony) Victim ID; similrity of clothing PCR test of vaginal swab excluded Snyder
Vasquez, David Witness ID; no alibi; confession; hair analysis PCR test of evidence matched Timothy

Spencer. Attempts to compare hair with blood
samples were inconclusive

Woodall, Glen Blood analysis; hair analysis; victim ID; PCR and RFLP tests of vaginal swabs and
similrity ofclothip clothing excluded Woodall

From Lundregan, Miller and McEwen. (1996, p.19).

The overwhelming number of convicted felons requesting their cases to be

reopened now that DNA testing is admissible in court, has led Illinois state Rep. Peter

Roskam to introduce a bill concerning this matter [42]. It establishes a process by which

inmates could petition a court to have evidence remaining from their trial analyzed to

determine the DNA profile of it. The proposed bill narrows the conditions that must be

met for the inmate's request to be granted. One such stipulation would be that the

identity of the defendant had to be in question at the original trial, and it would be

required that the evidence has been subjected to a chain of custody to be able to prove it

has not been tampered with. In order to decrease the number of false lawsuits from

inmates seeking DNA testing, the bill would impose penalties, time added to their prison

sentence and loss of privileges at the prison commissary, for those filing such lawsuits.

The bill was passed 107-11 in the Illinois House on April 15, 1997 and still must

be passed in the Illinois Senate. If it is approved, it will be the first legal procedure

defining the DNA testing of evidence from old criminal cases.
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Standards of Admissibility

As stated, 46 of the 50 states have determined that DNA evidence is admissible in

criminal trials. The decisions to allow this were based on standards previously accepted

in prior cases. The general acceptance standard of Frye v. United States governs the

admissibility of scientific evidence. It says that " while courts will go a long way in

admitting expert testimony deduced from a well-organized scientific principle or

discovery, the thing from which the deduction is made must be sufficiently established to

have gained general acceptance in a particular field in which it belongs" [3]. In 1993, the

United States Supreme Court abandoned Frye and adopted Daubert v. Merrell Dow

Pharmaceuticals, Inc. which is a more flexible standard. This standard was accepted on

statutory grounds rather than constitutional grounds, thereby allowing each state to

fashion its own standard for admissibility of scientific evidence. As of 1995, a majority

of states were still committed to the Frye standard [3]

Another guideline called the "helpfullness standard"is found in the Federal Rules

of Evidence. It is a more flexible approach than the Frye standard. Rule 702 states that "

if scientific, technical, or other specialized knowledge will assist the trier of fact to

understand the evidence or to determine a fact in issue, or education, may testify thereto

in the form of an opinion or otherwise" [2]. This should be used in conjunction with Rule

403 which requires the court to determine admissibility of evidence by balancing its

probative force against its potential for misapplication by the jury [2].
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RFLP Admissibility Experience

Published appellate court opinions concerning DNA RFLP typing (1989-1991)

concluded that this type of testing was generally admissible in court [251. In several cases

the courts determined that RFLP typing was based on sound and established scientific

principles. The allegations that RFLP typing was subject to reliability concerns based on

contaminated samples, chain of custody problems, and band shifting, was addressed in

several other court cases. The determination was that these problems were not

admissibility issues but weight issues.

The Office of Technology Assessment of the United States Congress issued a

report in July, 1990 addressing the RFLP typing issue. It was entitled Genetic Witness:

Forensic Uses of DNA Tests [43] and an exert is as follows: "The Office of Technology

(OTA) finds that forensic uses of DNA tests are both reliable and valid when properly

performed and analyzed by skilled personnel. Molecular genetics techniques can

accurately disclose DNA patterns that reflect DNA differences among humans. Questions

about the validity of DNA typing - either the knowledge base supporting technologies

that detect genetic differences or the underlying principles of applying the techniques per

se - are red herrings that do the courts and the public a disservice" [431. Table 6.4 shows

the admissibility of inclusionary DNA evidence by jurisdiction, as of June 1995.
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Table 6.4 Admissibility of Inclusionary DNA Evidence by Jurisdiction, as of June

1995

III
DNA Test

IV V VI
Method of Opinion as Only Fact

Computation to Source of Match
Admissible Admissible

VII
Product

Admissible

VIII
Ceiling

Admissible

R
F
D
D
D
F
F

R
F

RFLP
RFLP
RFLP
RFLP
RFLP
RFLP
RFLP
RFLP
RAPD
RFLP

RFLP,PCR

DC Cir
2d Cir
6th Cir
8th Cir
9th Cir
10th Cir
Ala
Ariz

Ark
Cal

Colo

Conn
Del
DC

Product
Product
Product
Product
Product

Product
Product

Ceiling
Product
Product
Ceiling
Product
Ceiling
Product
Product
Product
Ceiling
Product
Ceiling

Product
Product
Product

Product
Product
Product
Product
Product
Product

Ceiling
Product
Ceiling
None
Product
Product

Yes
No
Yes'

Yes
Yes
Yes
Yes
Yes

Yes
Yes No

Yes
Yes-No
Yes-No

Yes

Yes
No

Yes

Yes
Yes-No

Yes

Yes

Yes

Yes
Yes
No

Yes

Yes
Yes

I
Jurisdiction

II
Standard of

Admissibility

F,R RFLP

F RFLP
F,S RFLP
F RFLP

F RFLP

F RFLP
R RFLP
F RFLP

F,S RFLP
PCR

R RFLP
F RFLP

DQA
R,S RFLP
S RFLP
D RFLP

F RFLP
F,S RFLP
F RFLP
F RFLP
D RFLP

PCR

Fla

Ga
Haw
Ill
Ind

Iowa
Kan

La
Md
Ma

Mich
Minn
Miss
Mo
Mont

Yes

Yes-No
Yes-No

Yes

Yes

Yes

Yes
Yes

Yes

Yes

-------------------------------------- --- ------------ ------ ---------------
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Table 6.4 Cont.
Neb F RFLP, PCR Product Yes
NH F RFLP Product No Yes

Ceiling
NJ F PCR Product Yes
NM D RFLP Product Yes Yes

Ceiling Yes Yes

NY F RFLP Product Yes
NC R RFLP Product Yes
Ohio R RFLP Product Yes

PCR Yes
Okla D RFLP Product Yes
Ore R RFLP Product Yes

PCR Yes
Pa F RFLP None Yes
SC F,R RFLP Product Yes
SD F RFLP Product Yes
Tenn F,D,R, RFLP Product Yes

S.

Tex R RFLP Product Yes
DQAPCR

Vt D RFLP Product No Yes
Ceiling

Va R,S RFLP Product Yes
DQA Product - Yes

Wash F RFLP Product No No Yes
PCR

Wisc R RFLP Product Yes -Yes
Ceiling

Wyo R RFLP Product Yes
Ceiling

I. Federal or state jurisdiction in which at least one court opinion on the admissibility
of DNA test results that incriminated the defendent was reported.

II. Frye(F), Daubert(D), relevance-helpfullness(R), or special statutory(S)standard
applied. R refers to cases applying a non-Frye standard adopted before Daubert; all
federal courts are now required to apply the Daubert standard.

III. Type of DNA test performed.
IV. Procedure used to compute probability or frequency offered in the case.
V. Is expert-opinion testimony that defendent is the source or that the type is unique

admissible?
VI. Is only the fact of a match admissible?
VII. Is the product-rule estimate admissible?
VIII. Is the interim-ceiling principle estimate admissible?
From NRC II. (1996, p. 210-211).
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Databases

Many states have created DNA data bases on known offenders. These data bases

contain the DNA profile of criminals which can be compared to biological evidence in

unsolved crimes. Many states (over 30 states as of January, 1995) have passed statutes

requiring violent criminals and sex offenders to provide blood samples for DNA analysis

and this information is stored in state databases [37]. The FBI in conjunction with various

states are working to create a national computerized network of typings known as the

Combined DNA Index System (CODIS) which will facilitate the storing and searching of

DNA profiles at the local, state, and national levels. These databases have already proven

to play an important role in crime solving as demonstrated by one particular case where a

series of sixteen sexual assaults were linked to one individual with six of the sixteen

involving a second perpetrator [37].

When a suspect is initially identified through a database search, the calculation of

a match probability or LR should take into account the search process. The reason for

this is due to the fact that a match by chance is more likely to occur the larger the number

of profiles examined. The NRC recommends a means of computing the match

probability when a database is searched [71. Let Mi denote the event that the i-th DNA

profile in the database is the one that matches the evidentiary sample (M is the event of

interest). We will hypothesize that the evidentiary sample was not left by someone whose

DNA profile is in the database and find that under this hypothesis P(M) is small. The

alternative hypothesis would then be that a profile in the database matches that of the

sample in question. Under the first hypothesis that the person leaving the sample is not



102

represented in the database of N persons, a simple upper bound on the probability of M

is given by

P(M) <_ P(Mi)= NP(Mj.(6.1)

This equality will hold if the database is homogeneous, ie. if P(Mi) is the same for all

profiles in the database. For example, if a database search is looking for a match for a

semen sample, and N = 1000 and P(M;) =10, then P(M) 0.001.

Another example of how the database issue should be addressed is described in

Evaluating DNA Profile Evidence When the Suspect Is Identified Through A

Database Search [44]. The authors believe that the strength of the DNA evidence is

slightly stronger in database search cases, under reasonable assumptions. For example,

consider a database containing the profiles of N named individuals. While searching the

database looking for a match to a crime scene sample, one person is found to match that

sample and the assumption is made that no other known individuals also match that

sample.

The next step would be to assess the strength of the evidence against the suspect.

The authors believe the appropriate method to use is the likelihood ratio, and in this

circumstance it would be written as:

LR = P(DNA evidence/suspect is source) (6.2)
P(DNA evidence/suspect is not source)

The likelihood ratio, thus the strength of the evidence against the suspect, does

not depend on the chance that the database search would find a matching profile. In other

words, the evidence is not simply that at least one of the profiles in the database matches
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that of the crime scene sample. The likelihood ratio also accommodates for situations

other than straightforward searches. For example, if a match between an evidentiary

sample and a profile in a database is followed by additional testing at other loci, the LR

can be adjusted to include this.

The OJ Simpson Trial

One of the most publicized trials in US history, the OJ Simpson case, involved

much testimony about DNA evidence. On October 5,1994, the defense sought to bar the

admission of DNA evidence with many of the objections centering around statistical

factors [45]: "The statistical estimates being offered for Cellmark's RFLP, polymarker,

and DQ Alpha tests, DOJ's DIS8O and DQ Alpha tests, and LAPD's DQ Alpha tests

should not be admitted because the statistical methods used by the laboratories are not

generally accepted as reliable.". The motion also made specific mention of:

* "The general acceptance of the methods used to determine the probability of a

coincidental match for each test."

" "The general acceptance of the methods used to determine the false positive error

rates of the laboratories for each test."

" "The general acceptance of the methods used to express the probability of that the

[sic] defendant is the source of DNA evidence: whether it is appropriate to express

the probabilities of a coincidental match and a false positive error as one statistical

estimate, two statistical estimates, or in some fashion."

DNA evidence was allowed in the trial and became a center of controversy. BS

Weir was one of the experts who testified and has written an article entitled Presenting
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DNA Statistics in Court [45] which talks about some of the evidence presented at the

trial. He believes the need for addressing the frequency of profiles in a population will

soon be nonexistent. He states "It is the number itself that becomes meaningless when

the profile consists of genotypes at 14 VNTR loci and 7 PCR loci, as was the case for one

of the stains in the Simpson case. Even for the now-routine application of seven or more

VNTR loci, the chance of unrelated people in the same large population sharing the same

set of 14 alleles is vanishingly small."

The following tables contain information about the evidence presented in the

case. Table 6.5 shows the frequencies at six of the VNTR loci in the profile which were

found to be a match between a bloodstain on a sock found in OJ's bedroom and a blood

sample from Nicole Brown. The frequencies were found by seeking matching one-locus

genotypes in four FBI databases.

Table 6.5 One-locus Frequency Estimates for Nicole Brown Profile
Locus African American Caucasian SE Hisp*c SW Hispanic Total

D1S7 2/359 6/595 3/305 2/288 13/1547
D2S44 2/475 3/792 2/300 0/284 7/1851

D4S139 2/448 12/594 2/311 3/265 19/1618
D5S110 4/353 2/511 4/286 1/165 11/1315
D10S28 3/288 4/429 1/230 6/283 14/1230
D14S13 0/524 0/751 1/306 0/187 1/1768
From Weir. (1996, p. 8).

Table 6.6 demonstrates the similarity between observed genotypic frequencies in

the FBI databases and the frequencies expected under the law of independence. Three of
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the loci were single-banded in this profile and when the 2p rule is applied, the result is an

overestimate of the genotype count.

Table 6.6 Observed and Expected Counts in FBI Caucasian Database for Nicole
Brown Profile

Floating Bins Fixed Bins

Locus n Frag. LViges Obs. Exp. '2p' Obs. Exp. '2p'
D1S7 595 5319 6 3.5 91.0 2 2.1 71.0
D2S44 792 2638,2528 3 4.4 2 2.7
D4S139 594 5606 12 4.5 103.0 8 6.9 128.0
D5S110 511 4341,2353 2 4.0 6 7.9
D10S28 429 3597,1449 4 2.5 4 2.2
D14S13 751 6433 0 0.0 1.0 0 0.0 10.0

n = database of n profiles
From Weir. (1996, p.8).

Table 6.7 shows the likelihood ratios for Nicole Brown's profile using FBI

Caucasian databases. It should be noted that likelihood ratios are based on certain

databases and changing to a new database constructed for the same population would

result in different numerical values. A process called bootstrapping is a numerical

resampling technique used to allow new databases to be formed from the present one. In

any particular case, many bootstrap databases can be created and the value that cuts off

the most extreme 1% of the values is found. A confidence limit of 99% on the likelihood

ratio is equivalent to acknowledging a probability of 1% of underestimating the

frequency.

w

M
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Table 6.7 Likelihood Ratios for Nicole Brown Profile Using FBI Caucasian Database

q Likelihood Ratio 99% Confidence Limit
0.000 1.63x1012 5.19x1011
0.001 1.20x 1012 4.08x 1011
0.010 1.59x1011 6.86x 1010
0.050 1.76 x 109 1.08 x 109

From Weir. (1996, p. 8).

Table 6.8 shows that the number of contributors for some samples was quite

substantial. A stain on the steering wheel of OJ's Bronco had three or four alleles at each

of three loci. The prosecution believed that OJ Simpson (OS) and Ronald Goldman (RG)

were contributors.

Table 6.8 RFLP Profiles for Bronco Center Console

Locus Allele Sample OS RG
D2S44 a 2931 2925 3017

b 1874 1877
c 1684 1689

D4S139 a 8899 8915
b 3281 3301
c 7203 7192
d 5683 5733

D5S110 a 11356 11355
b 4777 4778
c 5717 5772
d 3015 3022

From Weir. (1996, p. 8).
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The following are excerpts from the Technical Working Group on DNA Analysis

Methods & California Association of Criminalists Ad Hoc Comm. on DNA Quality

Assurance, Guidelines for a Quality Assurance Program for DNA Analysis, 18 Crime

Laboratory Dig. 44, 52-56, 60-62 (1991).

3. Documentation

The DNA laboratory must maintain documentation on all significant aspects of the DNA

analysis procedure, as well as any related documents or laboratory records that are

pertinent to the analysis or interpretation of results, so as to create a traceable audit trail.

This documentation will serve as an archive for retrospective scientific inspection,

reevaluation of the data, and reconstruction of the DNA procedure. Documentation must

exist for the following topic areas:

3.1 Tst Methods and Procedures for DNA Typing

This document must describe in detail the protocol currently used for the

analytical testing of DNA. This protocol must identify the standards and controls

required, the date the procedure was adopted and the authorization for its use.

Revisions must be clearly documented and appropriately authorized.

3.2 Population Data Base to include number, source, and ethnic and/or racial

classification of samples.

3.3 Quality control of critical reagents (such as commercial supplies and kits

which have expiration dates) to include lot and batch numbers, manufacturer's

specifications and internal evaluations.
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3.4 Case files/case notes - Must provide foundation for results and conclusions

contained in formal report.

3.5 Data analysis and reporting.

3.6 Evidence handling protocols.

3.7 Equipment calibration and maintenance logs.

3.8 Proficiency testing.

3.9 Personnel training and qualification records.

3.10 Method validation records.

3.11 Quality assurance and audit records.

3.12 Quality assurance manual.

3.13 Equipment inventory.

3.14 Safety manuals.

3.15 Material safety data sheets.

3.16 Historical or archival records.

3.17 Licenses and certificates.

4. Validation

4.1 General Considerations for Developmental Validation of the DNA Analysis

Procedure

4.1.1 Validation is the process used by the scientific community to acquire the

necessary information to assess the ability of a procedure to reliably obtain a

desired result, determine the conditions under which such results can be

obtained and determine the limitations of the procedure. The validation process
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identifies the critical aspects of a procedure which must be carefully controlled

and monitored.

4.1.2 Validation studies must have been conducted by the DNA laboratory or

scientific community prior to the adoption of a procedure by the DNA

laboratory.

4.1.3 Each locus to be used must go through the necessary validation.

4.1.4 The DNA primers, probe(s), or oligonucleotides selected for use in the

forensic DNA analysis must be readily available to the scientific

community.

4.1.5 The validation process should include the following studies (Report of

a Symposium on the Practice of Forensic Serology 1987, and Budowle et

al. 1988):

4. L5.1 Standard Specimens - The typing procedure should have been

evaluated using fresh body tissues, and fluids obtained and stored in a

controlled manner. DNA isolated from different tissues from the same

individual should yield the same type.

4.1.5.2 Consistency - Using specimens obtained from donors of known

type, evaluate the reproducibility of the technique both within the

laboratory and among different laboratories.

4.1.5.3 Population Studies - Establish population distribution data in

different racial and/or ethnic groups.
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4.1.5.4 Reproducibility - Prepare dried stains using body fluids from

donors of known types and analyze to ensure that the strain

specimens exhibit accurate, interpretable and reproducible DNA

types of profiles that match those obtained on liquid specimens.

4.1.5.5 Mixed Specimen Studies - Investigate the ability of the system to

detect the components of mixed specimens and define the limitations of the

system.

4.1.5.6 Environmental Studies - Evaluate the method using known or

previously characterized samples exposed to a variety of environmental

conditions. The samples should be selected to represent the types of

specimens routinely analyzed by the method. They should resemble actual

evidence materials as closely as possible so that the effects of factors such as

matrix, age, and degradative environment (temperature, humidity, UV) of a

sample are considered.

4.1.5.7 Matrix Studies - Examine prepared body fluids mixed with variety

of commonly encountered substances (e.g. leather, denim).

4.1.5.8 Nonprobative Evidence - Examine DNA profiles in nonprobative

evidentiary stain materials. Compare the DNA profiles obtained for the

known liquid blood versus questioned blood deposited on typical crime

scene evidence.
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4.1.5.9 Nonhuman Studies - Determine if DNA typing methods designed

for use with human specimens detect DNA profiles in nonhuman source

stains.

4.1.5.10 Minimum Sample - Establish quantity of DNA needed to obtain

a reliable typing result

4.1.5.11 On-site Evaluation - Set up newly developed typing methods in the

case working laboratory for on-site evaluation of the procedure.

4.1.5.12 It is essential that the results of the developmental validation

studies be shared as soon as possible with the scientific community through

presentations at scientific/professional meetings. It is imperative that details

of these studies be available for peer review through timely publications in

scientific journals.

4.2 Characterization of Loci

During the development of a DNA analysis system, basic characteristics of the

loci must be determined and documented.

4.2.1 Inheritance - DNA loci used in forensic testing shall have been validated

by family studies to demonstrate the mode of inheritance. Those DNA loci used

in parentage testing should have a low frequency of mutation and/or

recombination.

4.2.2 Gene Mapping - The chromosomal location of the polymorphic loci used

for forensic testing shall be submitted to or recorded in the Yale Gene Library

or the International Human Gene Mapping Workshop.
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4.2.3 Detection - The molecular basis for detecting the polymorphic loci shall

be documented in the scientific or technical literature.

4.2.3.1 For RFLP this includes the restriction enzyme and the probes used.

4.2.3.2 For PCR this includes the primers and probes if used.

4.2.4 Polymorphism - The type of polymorphism detected shall be known.
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