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Forensic Science

Forensic science involves both science and Fawensic methods to identify someone

havee vol ved from analyzing a pedheaohesansl actual f
whorls in the skirof the fingertips) to analyzingenetic fingerprints. DNA fingerprinting

also is cded DNA profiling or DNA typing Although human DNA is 99% to 99.9%

identical from one individual to the next, DNidentification methods use thmique

DNA to generate a uniqymatternfor everyindividual.

Every cell in the body, whether collected from a cheek cell, blood cell, skin cell or other
tissue, shares the same DNA. This DNA is unique for each indiiexegpt for

identical twins who share the same DNA pattem) thus allows for identificatiom two
samples are compare(But did you know that even identical twins have different
fingerprints? |Itds truel!)

First, DNA must be obtained. DNA can be isolated from cells in blood stains, in hairs
found on a brush, skin scratched during a struggleveardy other source€.ollecting the
sample is very important so as not to contaminate the evidence. Precauttmieébing
and storingspecific types of evidence can be found at the FBI website.

After a sample for a source of DNA is collected, DNAx&&cted from the sample. The
DNA is thenpurified by either chemically washing away the unwanted cellular material
or mechanically using pressure to force the DNA out of theNe#kt, strands of DNA

are cut into fragments and the pieces are separatel@diyophoresis. The DNA is
incubated with a radioactive probe, processed some more and then transferred to a film
which produces an image similar to a bar cddes fingerprint is compared with others
stored in computer data basesil a difference irpattern is noticed. If no difference
between the sample and an identified persdaund after a statistically acceptable

amount of testing, the probability of a match is high.

DNA fingerprinting is used in

criminal investigation$
genealogyandpatenity case$
archaeologynd paleontology
taxonomyof plantsandanimalg
medical diagnostic¢s

* described in this chapter
** discussed in other chapters
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Criminal Investigations

This unit in the Biotech Clubs is one of the more popular. The students have become
familiar with forensic investigationby watching prime time television of simulations of
crime cases dmy watching theactual filming done in the courtroom.

Forensidnvestigation ighe application of the tools of science, as well as specific
scientific facts, to help solve legal probler®t all branches of forensic investigation
include biotechnology. For instanthe study of fingerprinting or firearms evidence does
not include biotech. Howevesxamination of evidence frolsiood and bodily fluid
doesrely onbiotechnology. Law enforcement can solve cases by examining tissues,
blood or any biological evidence the scene of a crime.

Several different types of investigatorg arised in these analyses. Crime scene
investigatorsontrol access to the scene to avoid any outside contamination. They will

then collect evidence for laboratory evaluation. The sanmplest be clected in a way

to avoid crossontamination with other evidence on the scene. The custody of this

evidence must be closely evaluated for any sighs of contamination, poor storage or
tampering. The evidence is then carefully evaluated in adstrgr These laboratory

crime scene investigators evaluate tissues, type blood evidence and do many other tests to
examine the samples collected at the sc&ng.of these investigators may be called in to

court to testify about their work.

Computer Activities:

Catch a Criminal: This project simulates the process by which DNA evidence is used to
identify suspected criminals usiGldkfoFBl 6s DNA

web snapshotfpagelO
http://w ww.koshlandscience.org/exhibitdna/index.jsp

Create a DNA Fingerprint: A simulation involving creating a DNA fingerprint and
comparing this fingerprint to those of the suspd@gck for web snapshoffage 1
http://www.pbs.org/wgbh/nova/sheppard/analyze.html

Far mer Browndos Wi f e F dastmglfor Bleod: ddoing eimuked ny ar d:
immunoassay to distinguish human blood from other stains. Did the farmer kill his wife

or are those stains on his jeans really animal blood as he cl@ig@for web snapshot)

Page 2

http://www.okccc.edu/bbdiscovery/documents/Forensics%?20activities.htm

CLUE gamei who killed Miss Scarlet in the library? Apply the prior information about
electrophoresis and restriction enzymes with a Desktop activity where students each get a
di fferent fipiece of DNAO from the crime scen
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fragments and match to gel photo of crime scene and suspect DNAs. Class assembles all
the data to discover who killed Miss Scarlet. Credits: Sandra Porter, $CI2 for

web snapshotfpage B
http://www.okccc.edu/bbdiscovery/documents/Modules/CLUE.htm

Secrets of the DeadPBS Specials with videos, interactiy@ssorplans, etc. Several
very current and interesting cases to choose from.
http://www.pbs.org/wnet/secrets/archive.html

Seafood ForensicstUses gel electrophoresis with grocery store food to make extracts
and distinguish ogel. (Click for web snapshoffage %
http://www.okccc.edu/bbdiscovery/documents/Modules/Seafood_Forensics.htm

CourtTV Forensics in the Classroom Six complete units, each centered on a unique,
realisticmystery. The lessons and activities are flexible and modifiable, so you can tailor
each unit to fit your classroom schedule and st@éck for web snapshofage 5
http://www.courttv.com/forensics_curriculum/

Crack the DNA Code Simulation that directs students to examine products that are
claimed to be from endangered animé&Rick for web snapshofage &
www.ology.amnh.org/genetics/dnadetective/pages/DNA_play.html

Using DNA to Solve Cold CasesSpecial Report
http://www.ncjrs.gov/App/Search/SearchResults.aspx?txtKeywordSearch=cold%20cases
&fromSearch=1

Computer simulation

Bacterial Identification Lab: This lab will familiarize students with the techniques used
to identify different types of bacteria based on DNA sequences. Steps include sample
prep, PCR amplification, PCR purification, sequencing preparation, DNA sequencing,
and sequence analysis. Thlisa very engaging and colorful simulation.
http://www.hhmi.org/biointeractive/

Experiment

The Case of the Crown Jewelsin this exploration, students will learn about DNA
restriction analysis, mormmonly known as DNA fingerprinting. They will apply this
technique to solve a forensic or medical mystArpowerpoint presentation, training
manual and TEKS links are included in the documentation.
http://www.panam.edu/dept/biotech/modules.html
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The Mystery of Lyle and Louise A forensic science curriculum designed for high

school and introductory undergraduate education. Comprised of independerbthands
laboratory modules, Lyle and Louise introduces students to a broad range of techniques
in forensic analysis, including DNA Ty, Questioned Document Examination,

Forensic Entomology, Bite Mark Analysis, Blood Spatter Analysis, Hair and Fiber
Analysis, and more

http://www.vandaliascied.com/lyleandlouise/

Local Contact:

Montgomery County Sheriff's Office
ID/Crime Lab Section

#1 Criminal Justice Drive

Conroe, TX77301

Phone: (936) 768878
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Genealogyand Paternity Testing

Testscreated in recent yeansive turned DNA into a popular tool for determining
ancestry. ADNA is passed down from one generation to the nexteguarts remain
almost unchanged his creates an unbreakable link between generations and it can be of
great help in reconstructing our family histories.
While it can't provide you with your entirerfaly tree or tell you who your ancestors are,
DNA testing can:

e Determine if two people are related
Determine if two people descend from the same ancestor
Find out if you are related to others with the same surname
Prove or disprove your family tree ezsch
Provide clues about your ethnic origin

DNA tests have been around for many years, but it is only recently that the cost of
genetic testing has finally come down into the realm of possibility for the average
individual interested in tracing their roots. Home DNA test kits can be ordered through
the mail or over the Internet at a cost of less than $300 per test and usually come with a
swab or mouthwash to easily collect a sample of cells from the inside of your mouth. You
send back the sample through the mail and within a month or two you rdeenesults

- a series of numbers that represent key chemical "markers" within your DNA. These
numbers can then be compared to results from other individuals to help you determine
your ancestry.

DNA paternity testing determines whether a man could bbithegical father of a child.

Everyone inherits DNA from hikérbiological parents. A DNA paternity test compares a

chil dés DNA pattern with that of the all eged
inheritancé the most definitive proof of a biologicallaionship. The result of a DNA

paternity test is either an exclusion (the alleged father is not the biological father with

100% accuracy), or an inclusion (the alleged father is considered the biological father

with accuracy of 99.9%). In a standard DNa&tgrnity test, the tested parties include a

child, the alleged father, and the mother (
paternity test helps to exclude half of the
compari son wi t s DNAhHowevdr, la patemity test aan begerformed
without the motherds participation

c

Web Resources:

Genetic Genealogy from MSMBC many links for current reports on genetic genealogy
and links for interactive background information
http://www.msnbc.msn.com/id/3038411/

Very good information opaternity testing:
http://www.americanpregnancy.org/prentgsting/paternitytesting.html
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Activity:

Students take on the role of scientists by analyzing DNA fimgegto solve a paternity
case (Click for web snapshoffage ¥
http://www.pbs.org/wgbh/aso/resources/quide/earthact3index.html

Local Contact:

Houston Medical Testing Services
Compliance Testing Solutions
3115 College Park Drive

Suite 106

The Woodlands, TX 77384

Tel. 936.321.9360

Fax. 936.271.9428

IDENTIGENE providespaternity testing and forensic DNA testing services.
5615 Kirby, Suite 800
Houston, TX 77005
Paternity Testing
1-800-362-8973
7137989510
Forensic Testing
1-800-824-1545
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Archaeologyand Paleontology

Molecular archaeology is an emergent field in archaeology that has been brought about
by the advancements of the recognition and understanding of DNA. This new developing
branch of archaeology focuses on the acquisdifagither DNA or mtDNA

(mitochondrial DNA) and being able to determine species of natural archaeological finds
as well as determine blood lines and/or sex of animal or human remains. These DNA
"residues can be used to reconstruct subsistence and reititedl @activities with an

accuracy not possible using standard archaeological methods" (Loy). As our technology
advances as well as our knowledge of the DNA itself our understanding of ancient
peoples, plants, and animals, will allow us a biological windudo their lives.

http://www.mnsu.edu/emuseum/archaeology/archaeology/moleculararchaeology.html

Computer Background:

Paleontology and ArchaeologyFAQ. (Click for web snapshofage20
www.ucmp.berkeley.edu/FAQ/fag.html

Archeology meets DNA Graduate students use test tubes, gels to probe North American
prehistory
http://www.dateline.ucdavis.edu/072001/DL_dnarevise.html

Beyond Jurassic Park: Real Scienceith Ancient DNA
http://www.apsnet.org/education/feature/ancientdna/

The Science of "Jurassic Park Frequently Asked Questions
http://www.sdnhm.org/research/paleontology/jp_ganda.html

The Jurassic Parkinterdisciplinary Activities Page. (Click for web snapshofage 8
http://www.cyberlearningvorld.com/nhhs/html/jurassic.htm

Computer Activity:

Mystery of the Stolen Artifacts: role playing activity of a fictional trial of a Mr. Pete
Anderson who was accused of illegally taking archeological artifacts from public land.
During a "sting" operation that had been organized to catch and prosecute "pot hunters"
he tried to sell ancient pottery to a state investigator. One piece of evidence used in the
trial is genetic information from modern plant remains that were found inside one of the
pots. This activity includes a transdrgf the trial and the evidencéClick for web

snapshotpPage 9
http://gslc.genetics.utah.edu/teachers/tindex/overview.cfm?id=99

Forensic Biotech Page8


http://www.mnsu.edu/emuseum/archaeology/archaeology/moleculararchaeology.html
http://www.ucmp.berkeley.edu/FAQ/faq.html
http://www.dateline.ucdavis.edu/072001/DL_dnarevise.html
http://www.apsnet.org/education/feature/ancientdna/
http://www.sdnhm.org/research/paleontology/jp_qanda.html
http://www.cyberlearning-world.com/nhhs/html/jurassic.htm
http://gslc.genetics.utah.edu/teachers/tindex/overview.cfm?id=99

Taxonomy of Plants and Animals

Taxonomy is thescience of naming and classifying all living organisiideast 1.7
million species have been discovered, and the list grows longer every year (especially of
insects in the tropical rain fores@lassifying these organisms is an enormiass.

Ideally, classification should be based on homology; that is, shared characteristics that
have been inherited from a common ancestor. The more recently two species have shared
a common ancestor, the more homologies they share, and the more similar these
homologiesare.

Until recenty, the study of homologies was limitedgbysical characteristiand
patterrs of embryonic developmentiowever, since the birth of molecular biology,
homologiesarenow beingstudied at the level giroteinsandDNA. Current techniqges
are often labor intensive but technology is rapidly changing this process.

Zoologist Paul Hebert, Ph.D., at tbiaiversity of Guelphproposed that a short DNA

sequence from a gene found in all animals can be used to identify species because in each
species th sequence varies slightly. He uslee term DNA barcode for this idesimilar

to the supermarket barcodes that allow quicktifieation of millions of items.

The technique depends on analyzing a portion of a gene called cytochrome c oxidase |
(COI) that is found in the power sources of cells of all animals. Most DNA is found in the
nucleus of a cell. However, the mitochondtiee organelles within cells that are
responsible for energy production, also contain DNA. Mitochondrial DNA (mtDNA) is
known to accumulate mutations three to five times faster than DNA in the nucleus. As a
result, the mtDNA of closely related specieseatiéf more than the nuclear DNA of those
species and can be used to tell them ap&ith this technique, new spies are being
identified while other organisms are being assigned to different species.

Identifying organisms by their genetic malke has several applications. One area being
studied is that of biodiversity and ecology. DNAesidangeredrganisms is being
preservedigainst the possibility of extinctiohot only is there a need for presdioa of
species but there is also a need to preserve their habitats and food chain. Again, DNA is
being banked for further use.

Internet background

Introduction to taxonomy
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Taxonomy.html

Taxonomy: Renaissance or Tower of Babel?
http://www.ucl.ac.uk/taxome/jim/pap/malletO3tree.pdf
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Barcoding Life lllustrated: A brief brochure on the goals, rationale, and early results of
this new technology for species identification and biodiversity science
http://phe.rockefedir.edu/PDF_FILES/BLIllustrated26jan04print%268df

Biodiversity Hotspots: Interactive map andoenprehensive information on 25 of the
world's biologically richest and mo#itreatened ecosystems.
www.biodiversityhotspots.org/

Tree of Life Web Project The Tree of Life Web Project (ToL) is a collaborative effort
of biologists from around the world. On more than 4000 World Wide Web pages, the
project provides information about the diversity of organismg&arth, their evolutionary
history (phylogeny), and characteristi¢Slick for web snapshoffage 21
http://tolweb.org/tree/

American Museum of Natural History. Biodiversity. A very userfriendly website
emphasizing the el for saving speciefClick for web snapshoffage 22
http://ology.amnh.org/biodiversity/index.html
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Return to text http://w ww.koshlandscience.org/exhibitdna/index.jsp

Putting DNA to Work - DNA and Criminal Justice - How DNA Determines Guilt or Innocence 11/17/04 3:.01 PM
OF THE NATIONAL ACADEMY OF SCIENCES
at 6th & E Streets, NW, Washington, DC
DNA/CRIMINAL JUSTICE
How DNA Determines Guilt Or Innocence
123 45
The science of identifying individuals using DNA sequences is very clear, and the probability of
scientific error is extremely small. As a result, DNA evidence has been used to help identify
perpetrators of crimes and to exonerate innocent people before they become suspects.
The following sections explain the science behind DNA fingerprinting in more detail.
How Can DNA Sequences Identify Individuals?
What Does a Match Mean?
Forensic DNA Evidence
DNA Identifier
[Requires Flash] [Get Flash Plug
h in]
Catch A Criminal
A crime has been committed. Circumstantial evidence
points to three men. Two of the men are brothers; the
other man is unrelated. A trace ot the perpetrator's DNA
has been found at the scene of the crime.
Find out how DNA can be used to catch a criminal.
Go to text only version
12 i3 & B
How Can DNA Sequences Identify Individuals? [ next ]
THE NATIONAL ACADEMIES Copyright 2004 National Academy of Sciences. All rights reserved.http:/
Advisers ko the Motion on Sclseca, Enginsering, ond Medicee /W W . koshland-science-museum.org
http://www.koshland org/exhi ferim01.jsp?PF=1 Page | of |
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Return to text http://www.pbs.org/wgbh/nova/sheppard/analyze.html

NOVA Online | Killer's Trail | Create a DNA Fingerprint 11/18/04 1:42 PM

Create a DNA Fingerprint
by Rick Groleau

DNA. It's what makes you unique. It's the stuff
hat tells each and every one of your body's 10
rillion cells what it's supposed to be and what
it's supposed to do. And although your DNA is
different from that of every other person in the
orld -- unless you have an identical twin - it's
he same in every cell that makes up your body.

hat DNA is unique from person to person but the same from cell to cell in one
person can be a handy thing, especially when it comes to DNA fingerprinting.
DNA fingerprints can be used for anything from determining a biological mother or
ather to identifying the suspect of a crime. And, as may someday prove to be the
case with Sam Sheppard, it can be used to clear someone's name.

Killers Trail Site Map’

KILLER

== | But what exactly is a DNA fingerprint? Well, it certainly isn't an
inky impression of a DNA strand. Compared to unimaginably
small DNA, a fingerprint is HUGE. So what is it that we're
looking at, and how is one of these fingerprints made?

i
¥

Here's your chance to find out. You'll find out by solving a
mystery - a crime of sorts. Solving the mystery involves
creating a DNA fingerprint (we'll supply the lab and all
necessary materials) and comparing this fingerprint to those of
the suspects.

iyl e

'
V

I TR Ril
IR Bl

Are you ready? Then get to work!

o Part 1: It Takes a Lickin'...

o Part 2: DNA Fingerprinting at the NOVA Lab
(Shockwave required, 430 kbytes)

« Part 3: Evaluate the Evidence; Choose the Culprit
(Shockwave required, 186 kbytes)

To learn more about DNA, visit DNA Workshop at the Science Odyssey Web site.

http://www.pbs.org/wgbh/nova/sheppard/analyze html Page 1 of 2
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Farmer Brown's wife found dead in barnyard 6/24/04 4:06 PM
——

.

P g

"Farmer Brown’s Wife Found Dead in
Barnyard!”

Identification through Immunoassay

(Adapted from the Shoestring Biotechnology Project of NABT)

Farmer Brown’s wife found dead in barnyard!

The body of Farmer Brown’s wife was found hidden under a haystack behind the barn at

the couples farm, east of Oklahoma City. Mrs. Farmer Brown was found after an extensive search
of the area. A team of police, highway patrol and volunteers had been searching the area for several
hours when a search and rescue dog nosed in on the haystack. She had been reported missing by
one of the ladies in her sewing circle after she failed to show up with her famous lemon tarts at the
meeting the day before. The sewing circle lady thought something must be afoul and was very
upset that there was no dessert for the sewing circle!

After the haystack was removed, the body of Mrs. Farmer Brown was found with a knife in her
heart! She had been dead since the day before.

Farmer Brown suggested that a passing stranger must have killed his wife while he was out on the tractor plowing a field. He thought

she had gone to the sewing circle and decided to spend the night in town with friends. He also denies that the bloodstains on his jeans

are from Mrs. Farmer Brown and insists they are from normal farm work. He claims that the blood is either from the dog or the cat he
kicked that morning OR from the rooster he killed for last night’s dinner!

Your job, is to test the bloody jeans, to see if the blood is animal or human, using the “immunoassay technique.” If it is animal blood,
no further testing on the bloody jeans needs to be done. HOWEVER! If it is HUMAN Blood, then other tests can be run to determine if
it is the blood of poor Mrs. Farmer Brown!

As a Crime Scene Investigator, you must know the following:

http://www.okcec.edu/BBDiscovery/doc Modules/I .htm Page 1 of 4
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Usipa.Bagker Brother's game CLUE 1o lear about DNA Fingerprinting 6/24/04 4:10 PM

Using Parker Brother’s game CLUE to learn about DNA Fingerprinting

Credits: This exercise was designed by Sandra Porter, Seattle Central Community College and Geospiza, and is reprinted with her permission for
classroom use.

1. Describe a crime scenario to the students involving some of the characters from the Parker Brother’s game CLUE. Miss Scarlet was found
murdered in the library in the middle of the night by Mrs. White (maid). A candlestick lay near the body in a pool of blood. The list of suspects
includes wealthy Mrs. Peacock, Professor Plum and even sweet Mrs. White. Ask the students for help to solve the crime.

2. Cut out the DNA sequences retaining the source label on the strip. Hand out DNA sequences to the students. Give the first 12 students the DNA
sequences that includes samples from the crime scene, Miss Scarlett, Mrs. White, Mrs. Peacock, and Professor Plum. Then hand out the “general
population” sequences to the rest of the students and increase the number if needed so that every student gets a sequence.

3. Briefly describe the structure of DNA and relate to the DNA sample strips: each letter represents a specific chemical structure called a base and
the bases are linked together in two complementary strands with a sugar-phosphate backbone. We use the numbers 5” and 3 to orient
the strands. If you have the sequence of one strand, you automatically know the sequence of the other strand via the base pairing rules, so for
purposes of simplicity, we are using the sequences of one strand only.

4. Have students model the action of a restriction enzyme by having all the students look for the sequence “GAATTC" and cut the DNA sequence
after the “G.” Explain that restriction enzymes do this job in nature.

5. Tell the students that they have created DNA fragments from their original DNA sample. Tell them to 1) count the number of fragments they
have and 2) the size of each fragment (count # letters in each fragment). They can place their values in the table below.

6. Collect the data from the students and fill in the numbers on an overhead sheet. You can make a table similar to the sample below. (At this point,
you might ask students why there are two sets of fragments for each person and remind them that each person has two alleles for every gene
locus.)

7. Then create a diagram of a gel, put each sample of fragments into the gel, and separate the fragments by size according to the diagram (see results
diagram below). Now students can see which fragments found at the crime scene match with victim’s fragments and with a suspect’s fragments.
You eliminate the fragments that match with the victim. Looking at the remaining fragments from crime scene, see if you can match the fragments
to the pattern of one of the suspects. Every fragment remaining in the crime scene sample must be found in the suspect’s sample or you do not
have a match. At this point you should have a suspect that matches the crime scene sample.

8. Now address the question of the probability of the crime scene sample match NOT coming from the suspect. Take data from students holding
p y P! 2 P!
“general population” DNA samples: have them tell you the number of fragments they have and the size of each fragment (count # letters in each
fragment). Put this data into a table.

9. Use the product rule to calculate the probability of another person having the same DNA pattern as the suspect at multiple sites: the probability of
multiple events occurring simultaneously is obtained by multiplying the probabilities for the occurrence of each event.

10. Discuss some drawbacks to this method (chain of custody). In other words, DNA fingerprinting can show that a DNA sample is very likely to
have come from a specifi¢ individual, but it does not show HOW the DNA arrived at the crime scene.

hutp:/fwww.okeee.eduw/BBDiscovery/documents/Modules/CLUE. htm Page 1 of 4
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