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ABSTRACT 

 
  

 The purpose of this IQP was to inform the reader about the growing technology of DNA 

profiling, and to discuss how this powerful technology affects todayôs society and our justice 

system.  As background, this IQP described each step of creating DNA fingerprints.  Also, 

procedures on how to find, collect, and store DNA evidence were described.  DNA court cases 

that laid the foundation for the inclusion of complex technology in the justice system were 

explained, as were a few sensational cases which has made the process of DNA fingerprinting 

famous.  Last, this IQP discusses the controversies caused by DNA databases and the ethics of 

DNA fingerprinting. 
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 PROJECT OBJECTIVE  

 

 This projectôs goal was to extensively research DNA fingerprinting, the technology 

behind it, and the future of this revolutionary forensic tool, to help determine its impact on 

society.  The usefulness of DNA fingerprinting in forensic science is endless.  With this 

technique, crime in todayôs world could be investigated more fully, with higher rates of 

conviction of the guilty, and exoneration of the innocent.  To achieve this goal, DNA collection 

procedures, DNA testing practices, and court protocols were studied.  The legal and ethical 

aspects of privacy rights in DNA fingerprinting were also broadly researched. 
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Chapter-1: DNA Fingerprinting, Description and Types 

 

 DNA fingerprinting is used in forensic investigations as a means to identify persons by 

comparing DNA evidence found at the crime scene to that of a suspect.  Although two humans 

do have much of their DNA in common (which makes us human), there are certain variable 

sections of DNA that two unrelated people are not likely to share.  DNA profiling exploits these 

varying DNA segments in distinguishing between persons, to provide a tool that has been termed 

the greatest tool in the history of forensic science. 

 

Cells 

Letôs begin by studying where DNA originates.  The smallest living unit of an organism 

is called a cell.  A human cell contains many individual parts, each with its own function.  The 

cell membrane is a semi-permeable substance that can protect the cell by allowing, partially 

allowing, or not allowing, certain substances to enter or exit the cell.  The cytoskeleton (Figure 

1.1, item 7) gives the cell its shape and keeps each of the organelles in place.  Ribosomes (Figure 

1.1, item 3) build proteins for the cell.  Cytoplasm (Figure 1.1, item 11) is a gelatinous substance 

that holds necessary materials and the other organelles.  Mitochondria (Figure 1.1, item 9) 

provide energy to the cell by means of a chemical reaction known as respiration.  The 

endoplasmic reticulum (Figure 1.1, item 5 [rough] and item 8 [smooth]) is used to transport 

specific substances where they need to go in the cell.  The Golgi apparatus (Figure 1.1, item 6) is 

used to process large molecules (macromolecules), such as proteins, to transform them to 

something useful to the cell. Lysosomes (Figure 1.1, item 12) are like the stomach of the cell, in 

their function of digesting food particles, but it also digests extra organelles along with viruses 
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and bacteria.  Vacuoles (Figure 1.1, item 10) are storage space for food and waste within the cell.  

Vesicles (Figure 1.1, item 4) are small sacs that store substances to be processed elsewhere in the 

cell.  The centrosome (Figure 1.1, item 13), composed of two centrioles, organizes the 

cytoskeleton and dictates how substances pass through the endoplasmic reticulum and the Golgi 

apparatus.  With respect to this IQP, the nucleus (Figure 1.1, item 2) contains the genetic 

material that we are interested in for DNA fingerprinting. 

 

 

 

  

 

Nuclei 

 The nucleus of a cell (Figure 1.2) is protected from the rest of the organelles by the 

nuclear envelope, which consists of an inner and outer membrane that stops macromolecules 

from transferring between the cytoplasm outside of the nucleus and the nucleoplasm inside.  

Nuclear pores are made of proteins, together called nucleoporins, and they allow for small 

Figure 1.1 ï Diagram of an Animal Cell 

(Biological Cell, 2006) 

 

http://en.wikipedia.org/wiki/Image:Biological_cell.svg
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molecules to pass freely in and out of the nucleus.  Larger molecules that need to pass through 

the nuclear membrane require the use of special proteins called karyopherins, which act as 

transport proteins.  During cellular interphase, the part of the cell cycle when the cell is not 

dividing, genetic material is found in the chromatin, with the chromatin separated into the 

heterochromatin and the euchromatin.  Euchromatin contains chromosomes that are transcribed 

more often than those found in the heterochromatin. The process of transcription copies DNA to 

create RNA that is used in the production of proteins.  During mitosis when the cell is dividing, 

the DNA is found in chromosomes. 

 

 

 

 

Chromosomes 

 Within the nucleus, a singular chromosome is a singular piece of DNA, which contains 

the cellôs genetic material along with DNA-related proteins used in genetic functions.  During 

cell division, the chromatin becomes denser, and the four arm structure commonly associated 

with chromosomes arises, as shown in Figure 1.3 below: 

Figure 1.2 ï Diagram of a Cell Nucleus 

(Cell Nucleus, 2007) 

http://en.wikipedia.org/wiki/Image:Diagram_human_cell_nucleus.svg
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During cell division, the process of transcription stops, and the strands of DNA condense as 

shown above.  In the four arm structure, the point where the strands cross is called the 

centromere. Around the centromere are the repetitive sequences that are important to DNA 

fingerprinting.  The human species has forty six chromosomes, as shown in this karyogram 

below (Figure 1.4):  

  

 

 

DNA 

DNA is an acronym for deoxyribonucleic acid, a macromolecule whose primary function 

is to store genetic information.  One could say that DNA is the blueprint of life, since oneôs 

genes carry the instructions to build proteins, RNA, and other necessities of the cell.  DNA is 

made of repeating nucleotides, each consisting of a phosphate and a sugar as a backbone, and a 

Figure 1.3 ï Chromosome Composition 

(Chromatin Structures, 2008) 

Figure 1.4 ï Karyogram of a Male Human 

(Genome.gov, 2008) 

http://en.wikipedia.org/wiki/Image:Chromatin_Structures.png
http://en.wikipedia.org/wiki/Image:NHGRI_human_male_karyotype.png
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base (Figure 1.5).  The bonds in the backbone of the polymer are asymmetric, which causes each 

strand to have a direction.  In DNA, the two backbones run in opposite directions of each other, 

and thus the strands are said to be antiparallel.  Four bases make up the section of DNA unique to 

every creature: adenine (A), cytosine (C), guanine (G), and thymine (T).  Chemically, adenine 

and guanine are fused five- and six-membered rings known as purines.  Cytosine and thymine 

are classified as pyrimidines, six-membered rings with two nitrogen atoms at the one and three 

positions (separated by 2 bonds). 

 

 

  

The two strands of DNA are not actually covalently bonded together.  There is only an 

intermolecular attraction between the bases called a hydrogen bond.  Hydrogen bonds form 

between molecules when one molecule has an exposed hydrogen atom and the other has an 

exposed electronegative atom (for the case of DNA, the electronegative atoms are oxygen and 

nitrogen).  The electron rich oxygen or nitrogen attracts the electron poor hydrogen, and thus the 

molecules are weak (compared to covalent bonds within a molecule) attracted to each other.  Due 

Figure 1.5 ï Molecular Structure of DNA  

(DNA Chemical, 2007) 

http://en.wikipedia.org/wiki/Image:DNA_chemical_structure.svg
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to their respective chemical geometries, adenine can only hydrogen bond with thymine, and 

guanine can only hydrogen bond with cytosine, as shown below (Figure 1.6).  Each corner in the 

figure is a carbon atom unless labeled as hydrogen, nitrogen, or oxygen.  Solid lines represent 

covalent bonds between atoms of a molecule. Two solid lines represent a double covalent bond. 

Curved lines are the bonds between the base and the phosphate-sugar backbone, and dashed lines 

represent the hydrogen bonds between the bases. 

 

 

 

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

force or even a high temperature can easily unzip the DNA molecule.  This fact, along with that 

only one base can bond with one other base, is crucial to DNA replication, and thus also cell 

replication.  This complementary mode of replication, and strand denaturation at elevated 

temperatures by breaking weak hydrogen bonds, will also be discussed in the section on PCR for 

forensics. Notice that guanine and cytosine have three hydrogen bonds, while adenine and 

thymine have only two hydrogen bonds.  Thus, DNA chains that have many AT pairs are easily 

unzipped, while chains that have more GC pairs are harder to separate.  In most standard forensic 

situations, it turns out that DNA strands that need to be opened frequently are rich with adenine 

and thymine. 

Figure 1.6 ï Hydrogen Bonding Between the Base Pairs of DNA (left: AT pair, right: GC pair) 

(AT DNA, 2007 and GC DNA, 2007) (Wikipedia, 2007) 

http://en.wikipedia.org/wiki/Image:AT_DNA_base_pair.svg
http://en.wikipedia.org/wiki/Image:GC_DNA_base_pair.svg
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DNA Loci  

A locus, is a genetic term that denotes a specific location in the DNA strand.  An example 

of a locus is 22q12.2 (Figure 1.7).  Twenty two represents chromosome number 22, q represents 

the long arm (p for the short arm), 12 means band number 12, and .2 is a sub-band. Thus, 

22q12.2 means the second sub-band in the twelfth band from the centromere of the long arm of 

chromosome number twenty two.  The ends of the chromosome are called telomeres, and they 

are represented in the locus as ñqtelò or ñptel,ò such that 22qtel would be the telomere of the long 

arm of chromosome 22. 

 

 

In the United States, 13 core loci are analyzed during genetic profiling and entered into 

the CODIS (Combined DNA Index System) database (Figure 1.8).  As discussed in more detail 

in chapter-5, these core loci have been chosen for standard forensic analysis due to their very 

high levels of uniqueness in human populations, and their ease of testing.  Table 1.1 outlines 

their placement on human chromosomes and the general nucleotide repeating pattern that is 

observed (Repeats will be discussed later in this chapter). 

 

Figure 1.7 ï Arms of a Chromosome 

(Oak Ridge, 2003) 
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Table 1.1 ï Summary of the 13 Core Loci (Butler, 2008) 

Locus Name Locus Position Expected Repeat 

CSF1PO 5q33.1 [AGAT]  

FGA 4q28 [TTTC]3TTTTTTCT[CTTT]nCTCC[TTCC]2 

TH01 11p15.5 [AATG], [TCAT]  

TPOX 2p25.3 [AATG]  

VWA 12p13.31 [AGAT], [TCTA] with [TCTG] and [TCCA] inserts 

D3S1358 3p21.31 [AGAT], [TCTA]  

D5S818 5q23.2 [AGAT]  

D7S820 7q21.11 [GATA]  

D8S1179 8q24.13 [TATC] 

D13S317 13q31.1 [GATA], [TATC]  

D16S539 16q24.1 [GATA]  

D18S51 18q21.33 [GAAA]  

D21S11 21q21.1 [TCTA], [TCTG] 

 

  

Figure 1.8 ï The Now Standard Thirteen Core Loci 

for the CODIS Database (Butler, 2008) 
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RFLP DNA Analysis 

The two main ways for analyzing a DNA fingerprint are amplifying (PCR) versus non-

amplifying (RFLP), for viewing short tandem repeats (STR) or longer tandem repeats (VNTR).  

The non-amplifying techniques are older, and take larger amounts of DNA from a crime scene 

sample to be successful, but are still in use today for analyzing DNA that might have small 

amounts of contamination since they are more immune to contamination.  An example of a non-

amplifying technique is Restriction Fragment Length Polymorphism (RFLP).  In RFLP analysis, 

a restriction enzyme is used to cut the DNA in specific locations where a unique sequence is 

found (Figure 1.9).  Then, agarose gel electrophoresis is used to separate the cut DNA segments 

by length.  In electrophoresis, the DNA sample is placed in a gel, and an electric current passes 

through, pulling the DNA through the gel in a fashion that allows the smaller segments to move 

farther through the gel than larger ones.  After electrophoresis, a Southern blot procedure (named 

after Edward Southern) labels specific sequences in the DNA.  In a Southern blot, the separated-

by-length DNA is transferred to a membrane, and a hybridization probe (labeled either with a 

dye or radioactivity) is applied.  The hybridization probe attaches itself to a pre-determined 

complementary sequence in the DNA, and that strand of DNA will now be noticeable under a 

microscope (or X-ray film, depending on the labeling method).   

The RFLP method for analyzing DNA is not as currently well known as the PCR-based 

STR method because the latter is faster and can be done on trace amounts of DNA.  So the STR 

method is often used first on a DNA sample, then if contamination is thought to be a problem, 

and enough DNA has been isolated, the non-amplifying RFLP method is used. 
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With respect to DNA fingerprinting, an RFLP occurs when the hybridized (visualized) 

labeled DNA fragments are different lengths between persons.  An example of an RFLP is 

pictured below (Figure 1.10).  Notice that the one long DNA segment in the right lane for the 

disease sample does not travel as far as the two smaller segments in the normal sample. 

 

 

Figure 1.9 ï Procedure of RFLP Analysis 
(Pawlik, 2008) 

Figure 1.10 ï Example of an RFLP Due to Mutation 
(Schuler Group, 2008) 
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VNTRôs 

 Another way the RFLP technique can distinguish between individuals is by variable 

number of tandem repeats (VNTRôs).  Shown below is an example of a VNTR, with each of the 

individual repeats shown as shaded blocks, and the rest of the DNA chain as lines.  VNTRôs 

occur in some DNA loci frequently enough to be the basis of DNA fingerprinting.  If the 

segment of DNA to be probed for an RFLP was a section that contained a VNTR, two 

individuals could have fragments of different lengths because one could have a different number 

of repeats, thus the labeled strand would travel different distances in the gel.  VNTRôs follow 

two rules: they are inherited, and they vary between unrelated individuals, so it is very useful in 

paternity testing and in criminal forensics.  VNTRôs are divided into two categories, 

microsatellites and minisatellites. No rule is set in stone to differentiate between the two except 

that microsatellites usually contain about five base pairs or less, and minisatellites contain more 

base pairs. 

 

 

 

 

STRôs 

 Short Tandem Repeats (STRôs) fall into the microsatellite category, and, combined with 

the PCR (polymerase chain reaction) technique, can provide a full DNA profile from very small 

samples of DNA.  Short tandem repeats in use today are usually four or five nucleotide repeats 

Figure 1.11 ï Example of a VNTR for Four Different 

Alleles.  Note the different number of shaded blocks (VNTR 

repeats) for each sample, which would create DNA 

fragments of different lengths (VNTR Example, 2008). 

http://en.wikipedia.org/wiki/Image:VNTRDemo.gif
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that provide DNA fragments short enough to amplify by PCR.  Much longer repeats require the 

RFLP method of analysis.  Shorter repeat sequences are susceptible to errors, while longer 

sequences degrade more easily and are not easily amplified by PCR.  STRôs appear in the non-

coding region of DNA, making it junk DNA, or DNA where no function has been assigned to it. 

 

PCR Analysis 

 The polymerase chain reaction (PCR) technique is the more common technique to 

analyze DNA, as it is able to make billions of copies of DNA from a very small sample of 

genetic material.  A DNA polymerase is an enzyme that can piece together the complimentary 

strand of DNA from a single strand of DNA template using deoxynucleoside triphosphates 

(dNTPs) as precursors.  A dNTP can be thought of as a single nucleotide that the DNA 

polymerase uses to put together the new DNA strand.  Also required for PCR to work are two 

primers complimentary and flanking to the DNA region to be analyzed, one for the five prime 

end, and one for the three prime end.  Other reagents include a template that contains the target 

DNA to be copied; buffer solution, which creates a suitable chemical environment for the 

reaction; divalent cations, such as Mg
2+

 which serves as a co-factor for the polymerase; and 

monovalent potassium ions to provide optimal salt concentrations. 

PCR starts with denaturing the DNA template by heating the reaction vessel to 94°C (just 

underneath boiling temperature), which essentially melts the DNA into two separate strands by 

breaking the weak hydrogen bonds between the bases (Step 1, Figure 1.12).  Next, the annealing 

step cools the reaction to about 54°C, which allows the primers to form hydrogen bonds with 

their respective ends of the DNA strands (Step 2, Figure 1.12).  Third, the extension step is 

carried out at 72°C, the optimal temperature of the DNA polymerase, where the enzyme pieces 
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together the DNA strand in the 5ô to 3ô direction of the primer, and doubles the amount of DNA 

that the cycle started with (Step 3, Figure 1.12).  Multiple cycles continue the exponential 

growth, where you get m*2
n
 DNA molecules, where n is the number of cycles, and m is the 

number of starting DNA molecules (Vierstraete, 1999).  To end the cycle, step 3 is held long 

enough to fully extend any unfinished DNA strands, and then the reaction vessel is held at a cold 

temperature for storage. 

 

PCR reactions need to be checked for accuracy after completion.  Using agarose gel 

electrophoresis, the length of the PCR product is checked against a DNA ladder to check if the 

copied DNA is of the predicted size (and of only one size) (Figure 1.13).  The DNA ladder uses 

known sizes of DNA (read in number of base pairs). Although this technique is rapid, and can be 

Figure 1.12 ï Diagram of the Cycles of PCR.  Blue: original 

DNA, Red: primer DNA, Green: DNA built by dNTPs and 

DNA polymerase, Green circle: Taq DNA polymerase) 

(Cycles of PCR, 2008) 

http://en.wikipedia.org/wiki/Image:PCR.svg
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used on trace amounts of DNA, PCR reactions can be easily botched by DNA contamination, 

causing the replication of more than one section of DNA, the wrong section of DNA, or even the 

wrong DNA entirely.  If the DNA is copied successfully, there will be a single band, and the 

number of base pairs within can be determined by comparing to the ladder of known sizes of 

DNA. 

 

 

 

 

PCR vs. Non-PCR Fingerprints 

 There are advantages and disadvantages to using each of the two main (PCR-based and 

non-PCR-based) fingerprinting systems.  The RFLP system of generating a fingerprint is not 

affected much by contamination.  It would take a mutation at a restriction site to cause an error, 

and even so, other sections of DNA could be analyzed to find a match that could be used in 

court.  The disadvantage of the RFLP technique is that a large amount of DNA is required, as the 

DNA is not amplified to start.  Trace amounts of DNA are insufficient for RFLP analysis, and 

thus can only be used by PCR based analysis.  PCR can amplify small amounts of DNA to any 

Figure 1.13 ï Example of a PCR Electrophoresis Result.  

Lanes 1, 2, and 4 show successful products. 

(Vierstraete, 1999) 
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amount required for testing.  The only issue with this is that any contamination or error will also 

be copied, and render the entire fingerprint useless.  PCR-based fingerprinting is now the more 

frequently used procedure, and the RFLP approach is mostly used when contamination is 

suspected.  

 

DNA Fingerprinting Applications  

Paternity Testing 

 DNA profiling can be used in a variety of applications.  In one of its main applications, 

DNA fingerprinting may be used to find the biological parents of a child.  In sexual reproduction, 

the DNA of the two parents comes together in a way that the child has about half of their 

motherôs and half of their fatherôs DNA at random, as shown in Figure 1.14. 

 

Paternal DNA testing of the Y-chromosome has been used in descendants of Thomas 

Jefferson and Sally Hemings to determine the possibility of their having a child.  Thomas 

Jefferson was suspected of fathering multiple children with his slaves; Sally Hemings was one of 

them.  The Y-chromosomes of male-line descendants of Field Jefferson (Thomasô paternal uncle, 

as male-line descendants of Thomas did not exist) were compared to that of male-line 

Figure 1.14 ï Example of a PCR Fingerprint of a Family. 

The left and right lanes are the two parents, and the center lane is 

the child. Note that each band of the child was inherited from one 

of the parents shown as red dotted lines. (PCR Fingerprint, 2005) 
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descendants of Eston Hemings (Sallyôs youngest son), and they matched, proving that someone 

with Jeffersonôs Y-chromosome fathered the child.  Although Jefferson is the most likely 

candidate based on the rumors that he was in Sallyôs vicinity at the time of conception, it remains 

a possibility that someone from the same male-line as Jefferson could have fathered the child 

(Foster et al, 1998). 

 

Molecular Archeology 

 Molecular Archeology is the use of DNA testing to analyze ancient archeological finds.  

For example, it can be used to determine the species of an unidentified animalôs remains.  Finds 

such as the Tyrolean Ice-Man and the mummies of Egypt are preserved enough to extract DNA 

from, as they were found in cold and arid climates, respectively.  Analysis of such DNA 

alongside other archaeological finds can glean information related to how these beingôs lives 

were different than it is today. 

 

Criminal Justice 

 DNA fingerprinting is most closely associated with the criminal justice field.  A suspect 

can be incriminated or proven innocent through comparison of his/her DNA fingerprint to that of 

DNA found at a crime scene.  DNA can be found in many forms at a crime scene, in the form of 

blood, semen, and hair to name a few.  The DNA found at the crime scene is then compared to 

DNA given by the suspect, which is usually acquired by a buccal swab, a painless procedure 

where cheek cells are taken from in the mouth.  If the DNA provided by the suspect matches that 

found at the crime scene, then that places the suspect at the scene of the crime. Likewise, DNA 

that does not match the suspect or the victim can be used as proof of innocence.  The O. J. 
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Simpson case, discussed in Chapter-4, relied on forensic evidence, but the evidence became 

heavily doubted due to collection and handling errors.  The next chapter will discuss what we 

learned from the OJ case regarding the now standard techniques for handling DNA evidence and 

the procedures to insure that the evidence will hold up in a court of law. 
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Chapter 2:  DNA Forensics 

 

 Deoxyribonucleic acid (DNA) forensics has become a very critical piece of evidence 

collection over recent years.  This key evidence, termed by some as the greatest forensic tool in 

the history of forensic science, can be the cause of an accused person being proven innocent or 

guilty in a court of law.  In the past, cases have arisen where an innocent person has been sent to 

prison due to the lack of technology needed to test the DNA at the crime scene and prove their 

innocence.  Only recently have we been able to do these tests on DNA samples collected either 

fresh or in the past, and see whom it matches.  Also, many members of the public remember the 

outcome of the O.J. Simpson trial, in which DNA (blood) samples were potentially mishandled, 

mislabeled, or contaminated.  Since that infamous case, in the last 10 years there have been many 

advances in methods for the collection of DNA evidence to prevent contamination, documenting 

its chain of custody to prevent mishandling, and storing the DNA to prevent degradation.  

Unfortunately, if certain steps are not taken correctly, the DNA findings will  not hold up in a 

court of law.  To help the DNA findings to be accepted in a court, certain restrictions have been 

put in place to assure authenticity of the findings.  This chapter will discuss some of these 

advances, why they are in place, and how they help bring the truth into the courtroom. 

 

Chain of Custody 

 One major advance in DNA forensics is documenting the chain of custody of the 

evidence.  The chain of custody refers to a paper trail of who had access to the evidence.  It is 

necessary that the seizure, custody, control, transfer, analysis, and disposition of the evidence are 

all recorded.  These records can be physical (see Figure-2.1) or electronic, but must include 
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every step of how the evidence was obtained, where it was obtained, and who tested it among 

any other things done with the evidence.  The chain of custody is used to avoid later allegations 

of tampering or misconduct, and it is absolutely needed or it can compromise the case. 

 

 

 

 The chain of custody first starts with the police officer or detective who documents the 

collection.  In the original documentation, information including what the evidence is, how they 

acquired the evidence, and when it was collected are a must.  Then it is also required to keep a 

list of who handles the evidence, why they handled it, and where it has travelled.  This is to 

prove that only authorized people have been in contact with the evidence, and thus it was not 

tampered with.  Then when the evidence is at the lab, the analysts must record who they are and 

what they tested the evidence for.  After the testing, the evidence has to be stored, and that 

information is also included in the chain of custody to insure that they know where the evidence 

can be found and so to prove it was stored correctly. 

Figure 2.1: Example of a Chain of Custody Form 
for DNA Evidence (Murray, 2008). 

 


