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Why Teach
DN
Fingerprinting?

* Real-world connections

e Tangible results

e Link to careers and industry
e Laboratory extensions

e Standards-based
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Scientific Inquiry

Use of restriction enzymes and
glectrophoresis to fingerprint
DM A

Use of experimental controls
Interpretation of experirmental
results

Use of DNA evidence in court
Creation and use of standard
CUrYes

Genetics

Restriction fragrment length
polyrmorphisms (RFLP analysis)
Senetic engineering techniques
Mendelian inheritance

Plasmid mapping

Cell and Molecular Biology

Zell structure and organization
Tissue types for biological
sampling

Plasrid mapping

Chemistry of Life

OMA structure, function, and
chermistry

Chemistry of DMNA
electrophoresis

® Biochermistry of restriction

ENZYMES
Evolution

® Genetic variations in the human
genanme

o Genotype vs, phenotype

o Biodiversity

o Bacterial defense mechanisms

Environmental and Health Science

Epidemiology and disease
Genetic testing

Role, place, limits, and
possibilities of science and
technology

Privacy of information issue
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e Standards Based
Aligns with AP Biology Lab 6

e Use of real restriction enzymes and
electrophoresis of real DNA fragments

“ | e Lab can completed in two 45 minute
ol L sessions

eSufficient materials for 8 student
workstations



The Forensic
II=)_NA -
ingerprintin
Kithan Helpg
You Teach:

DNA structure

DNA restriction analysis (RFLP)
Agarose gel electrophoresis
Molecular weight determination
Simulation of DNA Fingerprinting

Plasmid mapping



DNA
Fingerprinting
Real World

Applications

Crime scene

Human relatedness
Paternity

Animal relatedness
Anthropology studies
Disease-causing organisms
Food identification

Human remains

Monitoring transplants



Workshop
Time Line

Restriction digest of DNA samples

Introduction to DNA Fingerprinting and
RFLP analysis

Electrophoresis on Agarose gels

Analysis and interpretation of results
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Procedure
Overview

Robrydrate DNA samplos and restriction enzymes
Crme Spech ONA stre
were Moy

' 2 ] 4 s
.l -
» <
'{ "1 Ottain samgies
of DNA from

crime scone

and § suspects,

and inchade DNA
sire standard

Digest DNA

*aF ™ : . samgies with
‘1 EcoRPsn
restricton

enNTyme mix

Incubate at 37°C for 45 minutes or overnight ot room tomperature

Add loading dye 10 all digested DNA samples

| Load dgestod DNA
| sdenphes it ONA

| ONiO agarone gols

Doctrophorese ONA
samples at 100V
for 30 minutes

Moo migration
of loading dyes

Stain gels wen -
Fast Blast™
ONA stain

Match crime scene DNA with suspect’s DNA. Who done it?

Construct o standard curve using DNA sire standards.
Determine sire of unknown fragments in DNA samplos

Plaamid mapping using restriction enrymes
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Laboratory
Quick Guide

Quick Guide for DHA Fingerprinting Kit
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DNA
Fingerprinting

Rehydrate DNA samples and restriction enzymes

Cnme Suspects
4

ﬁ T“T

DNA size
5 standard

Obtain samples
of DNA from
crime scene

and 5 suspects,

and include DNA
size standard

Digest DNA
samples with
EcoRI/Pstl
restriction
enzyme mix

Incubate at 37°C for 45 minutes or overnight at room temperature
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DNA

Fingerprinting [ Add loading dye to all digested DNA samples
Load digested DNA
samples and DNA
size standard
onto agarose gels
‘,Electmphome DNA
samples at 100V
for 30 minutes

— .

-

Monitor migration
of loading dyes

Fast Blast™
DNA stain

Stain gels with =
|
|
|
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DNA
Fingerprinting

Match crime scene DNA with suspect’s DNA. Who done it?

Construct a standard curve using DNA size standards.
Determine size of unknown fragments in DNA samples

xtension: Plasmid mapping using restriction enzymes
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Which Reside
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CAPTIVATING

DNA is = ays
- Wyt _oe%
Comprised of S\ ‘
Four Base Pairs NGO g A
- ~ et s
‘
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DNA

-0

Phosphate

OH



Biotechnology

e Evolved by bacteria
to protect against
viral DNA infection

 Endonucleases =
cleave within DNA
strands

e Over 3,000 known
enzymes

E. coli outer membrane

Virus DNA ——
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Enzyme

\ro

GTAGAATTCATTCACGCA
e Each enzyme digests
(Cuts) DNA BT CATCTTAAGTAAGTGCGT

specific sequence =
restriction site

4- or 6- base pair,
palindromic

seguences
(60 GAATTC) GTAG AATTCATTCACGCA
CATCTTAA GTAAGTGCGT

 Enzymes recognize (\'O
7’
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5 vs 3 Prime

— 4o
GAATTC
. g\?gr%raart]gs 5 prime C T T A A G
G AATTC

CTTAA G
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Common

§
GAATTC
CTTAAG

;\'O
CTGCAG

GACGTC

— Escherichacoli
— 5 prime overhang

— Providencia stuartii
— 3 prime overhang
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The DNA

Restriction Buffer provides optimal conditions

 NaCl provides the correct ionic strength
* Tris-HCI provides the proper pH

 Mg2*is an enzyme co-factor
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DNA Digestion

Why incubate at 37°C?

 Body temperature is optimal for these and
most other enzymes
What happens if the temperature is too hot
or cool?

e Too hot =enzyme may be denatured (killed)

 Too cool = enzyme activity lowered, requiring
longer digestion time
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R t - t_ Pstl EcoRl
estriction o

Fragment Allele 1 %ﬁm %%\?

Il;e?gth " 1 2 3
olymorphism

RFIYP P Allole » __CGGGCAG BATTC

&9 —

Different / Fragment 1+2 3

Base Pairs
No restriction site

M A1 A-2
| I |
|
|
Electrophoresis of — —
restriction fragments —
| —/
M: Marker —
A-1: Allele 1 Fragments -—
A-2: Allele 2 Fragments
| —/ ||
|
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Agarose

* Electrical current
carries negatively-
charged DNA through
gel towards positive
(red) electrode

Power Supply
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Agarose

 Agarose gel sieves
DNA fragments
according to size
— Small fragments
move farther than
large fragments

Power Supply



Analysis of
Stained Gel

Determine
restriction fragment
sizes

* Create standard curve
using DNA marker

* Measure distance
traveled by restriction
fragments

e Determine size of DNA
fragments

Identify the related
samples
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Fingerprinting Standard Curve: Semi-log

100,000
Size (bp) Distance (mm) 10,000

23,000 11.0 5

9,400  13.0 n ____________.Ef;
6,500  15.0 " o | N
4,400  18.0 :

2300  23.0 i

2000  24.0 T s 10 15 o Am

Distance, mm
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DNA
Fingerprinting

* Independent studies

 Plasmid DNA isolation (mini-preps)

 Plasmid mapping using restriction enzymes

 Southern blot analysis

e Introductory labs to electrophoresis:
Kool-Aid/FastBlast

pH indicator in buffer



Pwull - 55

EeaBl - 235
BamHI - 276

/!
///f Psil - 298
ﬁ’;_ﬁ_, FeolY = 403

‘N%B

La b ora to I'y Seal - 2813 S __ Seal - 1539
Extensions
947bp
— Hindlll - 2065
Pral - 4908 .
H.-r.-d}&ifi ?-?;L.I-.I;;;{
722bp 162
R T GW

Hinddll - 4|;w:"r 6504bp

BamHI: 1 linear fragment; 7367bp

EcoRl: 2 fragments; 863bp / 6504bp
Hindlll: 3 fragments; 721bp/2027bp/3469bp

EcoRI+Hind lII: 5 fragments;
721bp/863bp/947bp/1659bp/2027bp
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Bio-Rad’s —
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»

PowerPac™ Mini PowerPac™ Basic

e Electrophoresis Cells
 Power Supplies

* Precast Agarose Gels

Mini-Sub® Cell GT Wide Mini-Sub Cell GT




