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DNA & Typing 

(Unit 11) 
 

 
 DNA, a long, narrow string-like material, determines an individual’s eye color, hair 
color, stature, bone density and many other traits.  Recent advancements in DNA technology are 
enabling the criminologist to solve crimes previously thought to be impossible to solve. This 
seemingly invisible evidence may be used in any type of case.  Similar to fingerprints, DNA is 
routinely used to link cases within a district, across the state, or even world wide.  A perpetrator 
may put gloves on his hands to prevent leaving behind a fingerprint.  It is much more difficult, 
however, to not leave behind some DNA; it may be found in saliva on a stamp, skin cells shed by 
a bump or scrape, perspiration on a discarded piece of clothing, a single hair from virtually any 
part of the body, and in biological fluids such as blood or semen.  Forensic advancements have 
made it possible to use DNA in ways which were depicted only on television a few years ago. 
 

DNA evidence can be collected from virtually anywhere.  Murders may be solved, for 
instance, when a suspect's DNA is taken from saliva in a dental impression and matched to the 
DNA swabbed from a bite mark on a victim.  A masked assailant may be convicted of forced 
oral copulation when his victim's DNA is matched to DNA swabbed from the suspect's genitalia 
hours after the crime occurs.  DNA is now commonly used to analyze saliva on cigarette butts, 
postage stamps, bubble gum, and even the area around the mouth of ski masks.  In the past a root 
was required, but now DNA analysis of a single hair may provide evidence sufficient for a 
positive match.  DNA may even be found on evidence that is decades old, but only under certain 
circumstances.  Heat, sunlight, moisture, bacteria, and mold can easily render a sample useless.   
 
What Is DNA?  

Deoxyribonucleic acid, is the fundamental building block for our entire genetic makeup.  
It is present in nearly every cell in the human body. There are a few exceptions. For example, our 
red blood cells do not contain DNA, but blood can be typed because of the DNA present in our 
white blood cells.  DNA is identical in each and every cell.  That is, the DNA in an individual’s 
white blood cell contain the same characteristics as DNA in the skin, semen, saliva, hair, and 
every other part of the anatomy.  Since each person’s DNA is unique (except identical twins), 
DNA is arguably the single most important tool of investigation.  The one exception is identical 
twins.  DNA is passed down at conception.  Because DNA is passed down from two parents, it is 
relatively simple to link family members.  This type of evidence can prove invaluable in missing 
person cases, paternity questions, or catastrophic events such as plane crashes were DNA may be 
the only evidence recoverable at a scene. 
  
 Not only humans rely on DNA for life; plants, animals and bacteria are coded by DNA.  
A strand of DNA is made up of only four basic building blocks. There are only four different 
basic building blocks.  They are commonly referred to by using the first letters of their chemical 
names:  A, T, G, and C. The letters stand for adenine, thymine, guanine, and cytosine.            
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These four are called the bases. 
 

 Bases linked in a chain compose a strand of DNA.  For example, to refer to a particular 
piece of DNA, we may write: 
 

AATTGCCTTTTAAAAA 
 
This is a perfectly acceptable way of describing a piece of DNA.  Keep in mind that this is only 
one small piece of DNA.  An average human chromosome contains millions of base pairs, thus 
the one set of chromosomes from an individual would comprise billions of base pairs.  Anyone 
familiar with the field of genetics would instantly recognize the meaning of a line containing 
AATTGCCTTTTAAAAA alone.  The sequence of bases (nucleotides) code properties of the 
body's cells. Some DNA sequences encode important information for the cell.  Such DNA is 
called coding DNA.  According to scientists, our cells also contain quit a bit of DNA that doesn't 
encode anything.  This type of DNA is called non-coding DNA or “junk” DNA.  The DNA code, 
or genetic code as it is called, is passed through the sperm and egg to the offspring. A single 
sperm cell contains about billions of bases consisting of A, T, G and C that follow each other in a 
well-defined sequence along the entire strand of DNA. 
 
Base Pairs 
 Most anyone can recognize a picture of DNA 
when he sees it: a double helix.  DNA is two stands of 
bases linked together in a kind of twisted ladder.  
However, if you can identify one side of the latter, it 
is rather simple to identify the characteristics of the 
other.  Each base from one side of the latter will only 
bond with a specific base on the other side.  That is, C 
will bond only with G, and T bonds only with A.  
There is no exception.  Therefore if we wanted to 
identify the rest of the DNA molecule mentioned 
previously we simple match up the appropriate bases 
to form base pairs. 
 

AATTGCCTTTTAAAAA 
|   |  |   |  |   |  |  |  |  |  |  |   |  |   |   | 
TTAACGGAAAATTTTT 

 
 Similar information may be communicated through the use of color.  If we designate 
bases G, C, A, and T as the colors red, blue, green, and yellow, respectively, then the above 
structure would appear as: 
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VNTR 
 Portions of the DNA contain sequences of bases that are repeated numerous times.  For 
example, a base sequence such as ATCT may be repeated with in a stand of DNA such as: 
  

CACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATTGC 
 

 
or 
 

CACATCTATCTATCTATCTATCTATCTATCTATCTATCTATTGC 
 

 
 

The origins of these tandem repeats are unknown.  Strands of DNA may be composed of 
hundred of nucleotides which can be repeated hundreds of times.  They do, however, occur in 
varied numbers from one individual to the next. Considering the base pairs, it is obvious that a 
pattern will be repeated the same number of times on the corresponding side of the DNA 
molecule that is in tandem. Thus, as a group they are called Variable Number Tandem Repeaters 
(VNTR).    
 

Forensic DNA Testing  
Only one-tenth of a percent of DNA differs from one human to the next, but that still 

leaves millions of bases to analyze for differences.  Currently, there are four main types of 
forensic DNA testing:  RFLP (Restriction Fragment Length Polymorphism), PCR 
(Polymorphism Chain Reaction), STR (Short Tandem Repeat), and mtDNA (Mitochondrial 
DNA Analysis).  Generally, RFLP analysis requires large amounts of DNA and the DNA must 
be un-degraded.  PCR testing often requires less DNA than RFLP testing and the DNA may be 
partially degraded. However, PCR still has sample size and degradation limitations. PCR tests 
are extremely sensitive to contamination at the crime scene and within the laboratory.  STR is 
one of the newer and more flexible DNA techniques.  It has the advantage of being able to 
analyze degraded and broken pieces of DNA.  The fourth test type, mtDNA, is used to examine 
samples which can not be analyzed by other methods by looking at the DNA in a cell's 
mitochondrion (as opposed the DNA in the cell nucleus). 
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RFLP (Restriction Fragment Length Polymorphism) 

RFLP is one of the original forensic applications of DNA analysis. With the development 
of more advanced techniques, RFLP is not often used in current crime scene analysis.  It requires 
relatively large amounts of sample.  Additionally, a sample that is old or degraded by 
environmental factors does not work well with this process.  A good part of crime-scene 
evidence is unsuitable for RFLP testing.  
 

RFLP as a technique analyzes 
variable lengths of DNA fragments that 
result from digesting a DNA sample with 
specific enzymes.  This enzyme, 
restriction endonuclease, breaks DNA at a 
specific sequence pattern known as a 
restriction endonuclease recognition site.  
The result is usually a set of VNTR's.  The 
presence or absence of certain recognition 
sites in a DNA sample generates different 
lengths of DNA fragments, which may be 
separated by gel electrophoresis. They are 
then hybridized with DNA probes that 
bind to complementary DNA sequences in 
the sample.  For RFLP analysis to be 
reliable, all steps of the analysis must be 
carefully controlled. In addition, databases 
must be sufficiently large and 
representative of the relevant population.   

 
RFLP-At a Glance 
 RFLP uses chemicals to break 
apart a long strand of DNA.  Each 
individual’s, DNA will break apart into 
different lengths, because DNA patterns 
repeat differently.  We can then look at the 
number and length of some of these stands 
after they break up.  It is extremely 
unlikely that two different individual’s 
DNA would fragment in the same way.  
However, in certain populations, it is 
possible to have the same RFLP pattern as 
another individual.  Additionally, with this 
test there are a lot of things that can go 
wrong.  For useful data, one must have a 
large, clean, fresh, sample and many other 
samples which to compare. 
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PCR (Polymorphism Chain Reaction) 
PCR is an acronym for "polymerase chain reaction." This term applies to a wide variety 

of different DNA tests that differ in reliability and effectiveness. The results of each kind of PCR 
test needs independent verification. PCR itself doesn't accomplish DNA typing-it only increases 
the amount of DNA available for typing.  It is used to make millions of exact copies of DNA 
from a biological sample.  Amazingly, DNA amplification with PCR allows analysis on samples 
as small as a few skin cells or a single sperm cell.  The ability of PCR to amplify such tiny 
quantities also makes it possible to analyze degraded samples. Great care, however, must be 
taken to prevent contamination with other biological materials.  During PCR, contaminants may 
be amplified up to a billion times their original concentration. Contamination can influence PCR 
results, particularly in the absence of proper handling techniques and proper controls. 

 
Contamination 

Extremely small samples of DNA can be used as evidence, but special attention must be 
given to guard against contamination.  DNA evidence becomes contaminated when DNA from a 
second source gets mixed with relevant DNA.  If any type of cell from any other source is 
introduced into the sample, it could render the test useless.  This error can occur if there are other 
forms of evidence in a sample, such as multiple donors or semen in a blood sample.  If a large 
amount of evidence is available, or the samples, such as hair and blood, are easily separable, then 
there is no problem.  However, in situations such as near by sneeze or cough, the sample could 
be irreparable contaminated.  Even touching the DNA sample can negate testing 

 
PCR-At a Glance 
 PCR isn't actually a test.  It must be followed by some other type of DNA testing.  PCR 
simply uses the characteristics of DNA to make copies.  Thus, a few strands of DNA can become 
millions, creating unlimited sample for multiple testing.  Problems occur if unwanted DNA 
contaminates a sample.  Contamination could come from any biological source.  PCR will 
duplicate all DNA, so if a sample is contaminated, PCR will magnify the contaminates along 
with the DNA sample. 
 
STR (Short Tandem Repeat) or SSR (Simple Sequence Repeats) 

Short tandem repeat (STR) technology is used to evaluate specific regions (loci) within 
nuclear DNA.  Variability in STR regions can be used to distinguish one DNA profile from 
another. The Federal Bureau of Investigation (FBI) even uses a standard set of 13 specific STR 
regions for CODIS, a software program that draws from local, state, and national databases of 
DNA profiles of convicted offenders, unsolved crime scene evidence, and missing persons.  

 
Where RFLP looks at long chains of repeated bases, STR examines the same 

phenomenon on a smaller scale.  STR, only recently discovered, examines repeaters of three to 
five units long, repeated approximately sixteen to one hundred times.  They are similar to classic 
VNTRs but on a much smaller scale.  DNA begins to break apart as it degrades.  As it degrades, 
the odds of finding long strands of base pair sequences, and consequently VNTRs diminish.  
STRs, however, are common among samples that have long been devoid of VNTRs.  Scientists 
are able to use different chemicals to tag different loci of them.   
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Since STRs are so small, they must be amplified by PCR.  However, up to nine STRs can 
be amplified in a singe reaction.  The STRs are then separated electrophoretically and stained for 
visualization.  The total loci of STRs are not currently known, but hundreds have been identified.  
CODIS, and FBI database, checks thirteen different STR loci.  The probability of two people 
having the same profile with this database is about 1 to 1,000 trillion.  There are only about one 
billion people alive on the planet.  It suffices to say that if two samples exhibit the STR profile in 
CODIS, they are from the same individual (with the exception of identical twins).  

 
The Y chromosome is passed directly from father to son.  The analysis of genetic markers 

on the Y chromosome is especially useful for tracing relationships among males and for 
analyzing biological evidence involving multiple male contributors. Tests for STRs on the Y-
chromozone are designed for comparing male descendants of a common male ancestor.   
 

STR-At a Glance 
 Within DNA patterns, there exist repeated patterns of bases.  These exist even when the 
DNA has degraded into small fragments.  STR allows us to compare specific repeated units of 
DNA within a sample.  When paired with PCR, this type of testing may be performed on much 
smaller samples.  For all practical purposes, a good STR profile is unique to an individual. 
 

mtDNA (Mitochondrial DNA) 
 Mitochondrial DNA analysis (mtDNA) may be used to examine samples that cannot be 
tested by RFLP or STR.  RFLP, PCR, and STR all involve the use of DNA from the nucleus of a 
cell.  However, mtDNA analysis uses DNA from a cellular organelle called a mitochondrion.  
Many older biological samples, such as hair and bones, lack nucleated cellular material.  
Therefore they cannot be analyzed by other methods.  But, they may be tested for mtDNA.  In 
the investigation of cases that have gone unsolved for many years, mtDNA has proven valuable.  
 

Since the mitochondria of each new embryo come from the mother's egg, all mothers 
have the same mitochondrial DNA as their children. The father's sperm contributes only nuclear 
DNA. Comparing the mtDNA profile of unidentified remains with the profile of a potential 
maternal relative can be an important technique in missing person investigations.  mtDNA 
provides valuable forensic DNA typing in certain circumstances. The high number of nucleotide 
polymorphisms or sequence variants in two portions of the non-coding region allows 
discrimination among individual samples.  
 

The likelihood of recovering mtDNA in small or degraded biological samples is much 
greater compared to nuclear DNA.  Nuclear DNA contains a complement of two copies per cell; 
mitochondria DNA molecules are present in thousands of copies per cell.  Therefore, muscle, 
bone, hair, skin, blood and other body fluids, even if drastically degraded by environment or 
time, may still hold enough material for mtDNA typing.  In addition, mtDNA is inherited from 
the mother only, so that in situations where a sample is not available from an individual, any 
maternal relative may provide a reference sample. 
 

In contrast to mtDNA, nuclear DNA typing provides vastly superior discriminatory 
power.  Therefore, mtDNA cannot provide the resolution of individuality that nuclear typing 
does. For this reason, it should be used only for cases where nuclear typing is not possible.  
Finally, it must be noted that mtDNA analyses are the most costly and time consuming.  
Laboratories performing these tests do well to conclude one case per month.   
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mtDNA-At a Glance 
 Mitochondrial DNA analysis is conducted in a similar manner as nuclear DNA testing.  
The basic difference is the use of DNA from a different source: mitochondria.  That is, the bases 
are found in a different part of the cell.  In short, this test is not as precise as a standard STR 
profile, but it can be used on samples that are much older and/or degraded. 
 

 DNA Testing-At a Glance 
In its simplest form, DNA testing is basically chromatography on a much larger scale.  

Where thin layer chromatography uses a wicking motion and gravity to move solutes, DNA 
testing uses electric current and the polarity of molecules to move particular segments (VNTRs 
or STRs), of DNA.  Larger molecules move slower than smaller ones. Considering that the 
average human being has approximately 3 billion base pairs, DNA testing is comparable to 
chromatography with a solution that could have billions of solutes.  

 

Where to Look for DNA 
Evidence Location of DNA Source of DNA 

Weapon handle, end sweat, skin, blood, tissue 
Hat or Headdress inside sweat, hair, dandruff 

Face Mask inside  sweat, hair, dandruff, saliva 
Eye/Sunglasses nose, ear pieces, lens sweat, skin 

Dirty Laundry surface area, pockets blood, sweat, semen 
Toothpick tips saliva, blood 

Toothbrush  handle, bristles saliva, blood 
Hairbrush  handle, bristles sweat, hair 

Cigar or Cigarette butt, shaft saliva, sweat 
Stamp or Envelope licked area saliva 

Bottle, Can, or Glass sides, mouthpiece saliva, sweat 
Used Condom inside/outside surface semen, vaginal or rectal fluids 

Bed Linens surface area sweat, hair, semen, urine, saliva 
Fired Bullet outside surface blood, tissue 
Bite Mark person's skin or clothing saliva 
Fingernail scraping blood, sweat, tissue 

 
CODIS 

CODIS, (COmbined DNA Index System), is an electronic database of DNA profiles used 
to identify suspects and victims to link cases.  Although this database is not yet as extensive as 
AFIS (Automated Fingerprint Identification System), it is constantly growing in size.  Cost of 
retrieval and expediency are currently the only advantages fingerprints holds over DNA.  Every 
state is now in the process of collecting and indexing DNA profiles for individuals convicted of 
crimes, such as rape, murder, and child abuse. Upon conviction, a criminal’s DNA profile is 
entered into database.  DNA profiles from a crime scene can be entered into CODIS in search of 
a suspect or link to another crime scene.  CODIS enables law enforcement agencies to identify 
possible suspects when no prior suspect existed.  The odds that two individuals will have the 
same 13-loci DNA profile are about one in one billion. 
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Matching DNA Results 

DNA is similar to fingerprint analysis in how matches are determined. When using DNA 
to identify a suspect, the results must be compared to known samples.  If enough of the 
identifying features are the same, the DNA is determined to be a match. If, however, even one 
feature of the DNA is different, it is determined not be from the same source. 
 
Reading DNA Tests 

Here is a section of a 
DNA test which only shows one 
set of indicators on each sample.  
An observer only need pay 
attention to the vertical position 
of the indicators to see that there 
is a match.  Although this test 
shows a match, it would not be 
enough to convict the suspect.  
However, this test would warrant 
a more detailed test, involving a 
much larger number of 
indicators.   
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Below is a diagram showing how DNA is formed from a mother and father.  Although 
colors are not present on an actual DNA test, they are used below for simplicity.  Clearly, 
daughter (D1) and son (S1) are from the tested parents.  Daughter (D2) has the same mother, but 
has a different father.  Sister 2 belongs to neither parent. 

 
What can be concluded from this next diagram? 

• Sample #1 contains markings 
from Mom and Dad as well 
as a few additional markers.  
Therefore sample #1 is not a 
sibling of mom and dad, but 
is closely related.  It is 
possible that sample #1 is the 
offspring of mom or dad and 
a close relative. 

 
• Sample #2 is a sibling of 

mom and some one else. 
 
• Sample #3 is a sibling of 

mom and dad. 
 
• Sample #4 reveals the same 

results as sample #1, but with 
a different relationship. 
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DNA tests can be as simple as the diagrams just described or extremely complicated.  

The smaller the DNA test, the simpler it is to read.  However, for a test to individualize the 
sample, it must include many indicators.  Markers have to match up exactly for a positive match.  
As the test adds more markers, it becomes more exclusive, but also more expensive and tedious.   

 
 
 
 
 


