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EXPERIMENT OBJECTIVE:

The objective of this experiment module is to develop an
understanding of principles involved in estimating the size of
unknown DNA fragments by agarose gel electrophoresis.
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Size Determination of DNA Restriction Fragments

Experiment

Experiment Components

DNA samples are stable at DNA SAMPLES FOR ELECTROPHORESIS

room temperature. However,
if the experiment will not be
conducted within one month of
receipt, it is recommended that

The DNA samples for electrophoresis in experiment 104 are packaged in
one of the following ways:

e  Pre-aliquoted Quickstrip™ connected tubes, which contain:

the DNA samples be stored in AandD  Standard DNA Fragments
the refrigerator. BandE Unknown DNA 1

CandF Unknown DNA 2
DNA samples do not require GandH blank
heating prior to gel loading.

OR
I e Individual 1.5 ml (or 0.5 ml) microcentrifuge tubes, which contain:

A Standard DNA Fragments
Note: If you ordered B Unknown DNA 1
Experiment #104-Q, the C Unknown DNA 2
experiment components
include InstaStain® Ethid- REAGENTS & SUPPLIES

ium bromide instead of
FlashBlue™ and InstaStain®

Blue DNA stains. e UltraSpec-Agarose™ powder

e Concentrated electrophoresis buffer
e  FlashBlue™ DNA Stain

e InstaStain® Blue cards

e Practice Gel Loading Solution

e 1 mlpipet

e Microtipped Transfer Pipets

e Horizontal gel electrophoresis apparatus

e D.C. power supply

e Automatic micropipets with tips

e Balance

e Microwave, hot plate or burner

e Pipet pump

e 250 ml flasks or beakers

e Hot gloves

e Safety goggles and disposable laboratory gloves
e Small plastic trays or large weigh boats (for gel destaining)
e DNA visualization system (white light)

e Distilled or deionized water

EDVOTEK - The Biotechnology Education Company®
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ﬂ I Experiment

Size Determination of DNA Restriction Fragments

Background Information

Size determination of DNA fragments is essential to DNA mapping and analyz-
ing restriction enzyme cleavage patterns. Restriction enzymes are endonucleases
that cleave both strands of DNA at very specific sequences within DNA. Loca-
tions of their cleavage sites are important for DNA fingerprinting, determination
of genetic diseases and for DNA analysis.

Agarose gel electrophoresis is a convenient analytical method for determining
the size of DNA molecules in the range of 500 to 30,000 base pairs. Samples of
DNA are delivered in wells made in an agarose gel, which is placed in an elec-
trophoresis chamber containing a buffer solution and electrodes. Direct cur-
rent (D.C.) is applied from a power source. Since DNA is negatively charged

at neutral pH, it will migrate through the gel towards the positive electrode.
The agarose gel consists of microscopic pores that act as a molecular sieve that
separates DNA molecules according to their size and shape. The migration rate
of DNA molecules of the same shape is inversely proportional to their size. This
results in smaller DNA molecules to migrate faster through the gel. The charge
to mass ratio is the same for different sized DNA molecules.

Nucleotides in DNA are linked together by negatively charged phosphodiester bonds. For
every base pair (average molecular weight of approximately 660) there are two charged
phosphodiester linkages. Therefore, negative charges in DNA is accompanied by ap-
proximately the same mass. The absolute amount of charge in DNA is not a critical factor
in the separation process. Separation occurs because smaller molecules pass through the
gel pores more easily than larger ones (i.e., the gel is sensitive to the physical size of the
molecule). DNA fragment migration rate is inversely proportional to the log10 of its size
in base pairs.

Quick Reference:

Standard DNA fragments, which
were generated by restriction
enzymes are provided in this ex-
periment. A standard curve will be
plotted on semi-log graph paper.
The following Standard DNA frag-
ment sizes are expressed in base
pairs.

23130 9416 6557
4361 3000 2322
2027 725 570

In this experiment, DNA fragments of unknown size and Standard
DNA fragments are submitted to electrophoretic separation. The
unknown DNA fragments will migrate through the gel accord-
ing to their respective sizes and relative to the Standard DNA
fragments. After electrophoresis, the gel is stained and the DNA
bands are visualized. The migration distances of the known and
unknown fragments are measured and plotted on semi-log graph
paper according to their size on the y-axis versus the migration
distance on the x-axis. The size of the fragments on the y-axis

are expressed as the log of the number of base pairs. This allows
the data to be plotted as a straight line. The DNA fragments of
known size (Standard DNA fragments) are used to plot a standard
curve. The migration distance of the unknown DNA fragments are
estimated by extrapolation from the standard curve.

E DVOT E K® Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only.
This document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
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Size Determination of DNA Restriction Fragments

Background Information

The standard fragments are used to make a standard curve by plotting their size on the
y-axis versus the migration distance on the x-axis. The size of the fragments on the y-axis
are expressed as the log of the number of base pairs they contain or the log of their mo-
lecular weight. Most of the plotted data obtained from the markers will yield a straight
line. The migration distance of the unknown DNA fragment(s) are found on the X-axis
and their size is estimated from the standard curve.

After determining the size of the DNA fragments generated by single and combinations
of restriction enzymes, a DNA map is constructed as previously described.

In this experiment, you will determine the relative locations of three restriction enzyme
cleavage sites on a circular plasmid DNA. The plasmid has been cleaved with two restric-
tion enzymes. Enzyme 1 cleaves the plasmid once. Assume that the Enzyme 1 site is at
position 0. Enzyme 2 cuts the plasmid twice. The objective is to calculate the distances in
base pairs between the points of cleavage and to determine whether the Enzyme 1 site is
in between the Enzyme 2 sites.
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Experiment Procedure

EDVOTEK.

ﬂ Size Determination of DNA Restriction Fragments
Experiment

Experiment Overview and General Instructions

EXPERIMENT OBJECTIVE:

The objective of this experiment module is to develop an understanding of principles in-
volved in estimating the size of unknown DNA fragments by agarose gel electrophoresis.

LABORATORY SAFETY

1. Gloves and goggles should be worn routinely as good
laboratory practice. /

2. Exercise extreme caution when working with equipment

that is used in conjunction with the heating and/or melting of reagents.

3. DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS.

4. Exercise caution when using any electrical equipment in
the laboratory.

5. Always wash hands thoroughly with soap and water
after handling reagents or biological materials in the
laboratory.

LABORATORY NOTEBOOK RECORDINGS:

Address and record the following in your laboratory notebook or on
a separate worksheet.

Before starting the Experiment:

e Write a hypothesis that reflects the experiment.
e Predict experimental outcomes.

During the Experiment:
e Record (draw) your observations, or photograph the results.
Following the Experiment:

e Formulate an explanation from the results.

e Determine what could be changed in the experiment if the experiment

were repeated.
e Write a hypothesis that would reflect this change.

The Biotechnology Education Company® e 1-800-EDVOTEK e www.edvotek.com
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Size Determination of DNA Restriction Fragments ﬂ
Experiment

Experiment Overview: Flow Chart

@ Prepare

agarose gel in
casting tray
Remove end
blocks & comb,
then submerge
gel under buffer in
electrophoresis

Load each
sample in
consecutive wells

Aftach safety I!‘b-.‘:m
cover,connect
leads to power

source and conduct
electrophoresis

After electrophoresis,
transfer gel for staining

FlashBlue™
DNA stain

Analysis /
on white
light
source

(+)

Gel pattern will vary
depending upon experiment.
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Experiment Procedure

EDVOTEK.

ﬂ I Experiment

Size Determination of DNA Restriction Fragments

Agarose Gel Electrophoresis

For gels to be stained with
FlashBlue™ or InstaStain®
Blue, prepare gels accord-
ing to Appendix A.

For gels to be stained
with InstaStain® Ethidium
bromide, prepare gels ac-
cording to Appendix B.

Step-by-step guidelines

for agarose gel prepara-
tion are summarized in

Appendix D.

Reminders:

During electrophoresis,

the DNA samples migrate
through the agarose gel to-
wards the positive electrode.
Before loading the samples,
make sure the gel is properly
oriented in the apparatus
chamber.

- +
Black Red

Sample wells /\‘_l
R == S|

U, U

Prepare the Gel <

1.

Wear
Prepare an agarose gel with specifications Gloves & goggles
summarized below. Your instructor will

specify which DNA stain you will be using.

0.8%

7 x7 cmor 7 x 14 cm (two gels)

e Agarose gel concentration required:
e Recommended gel size:
e Number of sample wells required: 3

first set of notches (7 x 7 cm)
first & third set of notches
(7 x 14 cm)

e Placement of well-former template:

Load the Samples

2. Load the DNA samples in tubes A - C (or D - F) into the wells in consecutive

order.
*  For gels to be stained with FlashBlue™ or InstaStain® Blue, load wells
with 35 - 38 pl.
e For gels to be stained with InstaStain® Ethidium Bromide, load wells
with 18 - 20 pl.
Lane  Tube
1 AorD Standard DNA Fragments
2 BorE Unknown 1
3 CorF Unknown2

Run the Gel

3. After DNA samples are loaded, connect the apparatus to the D.C. power
source and set the power source at the required voltage.

4. Check that current is flowing properly - you should see bubbles forming
on the two platinum electrodes. Conduct electrophoresis for the length of
time specified by your instructor.

5. After electrophoresis is completed, proceed to DNA staining and visualiza-
tion. Refer to Appendix E, F, G, or H for the appropriate staining instruc-
tions.

6. Document the results of the gel by photodocumentation.

Alternatively, place transparency film on the gel and trace it with a permanent
marking pen. Remember to include the outline of the gel and the sample
wells in addition to the migration pattern of the DNA bands.

The Biotechnology Education Company® e 1-800-EDVOTEK e www.edvotek.com
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Size Determination of DNA Restriction Fragments ﬂ
Experiment

Size Determination of DNA Restriction Fragments

This exercise focuses on the first step for mapping DNA restric-
tion sites, which is to determine the size of "unknown" DNA

fragments generated after electrophoresis. The assignment 100,000 Figure 1 -
of sizes for DNA fragments separated by agarose gel electro- H M e
phoresis can have + 10% margin of error. The sizes of the ! Example showing the i
"unknowns" will be extrapolated by their migration distances 5 plots of marker fragment ]
relative to the Standard DNA Fragments (Sample A or D), for 4 migration distances on the []]
which the fragment sizes are known. 3 non-logarithmic x-axis
versus its size, in base pairs, 1
1. Measure and record the distance traveled in the agarose 2 Ho‘"‘ the logarithmic y-axis |
gel by each Standard DNA fragment (except the largest 10,000 base pailr;H
23,130 bp fragment, which will not fit in a straight line in EREmaE=
step 4). 10,000 9_:@'
7
In each case, measure from the lower edge of the sample £z : u
well to the lower end of each band. Record the distance 8L .
traveled in centimeters (to the nearest millimeter). % E ,
=
0 E
2. Label the semi-log graph paper: 2 % 2
- = 1
A. Label the non-logarithmic horizontal x-axis "Migration > \a
Distance" in centimeters at equal intervals. 1000 -
B. Label the logarithmic vertical y-axis "Log base pairs". *—F+ 1,000 base pairs
Choose your scales so that the data points are well spread 6 5
out. Assume the first cycle on the y-axis represents 100- 5
1,000 base pairs and the second cycle represents 1,000- ¢
10,000 base pairs. 3
3. For each Standard DNA fragment, plot the measured mi- :
gration distance on the x-axis versus its size in base pairs,
on the y-axis. 100
1cm 2cm 3cm 4cm 5cm
4. Draw the best average straight line through all the points. Migration Distance
The line should have approximately equal numbers of (non-logarithmic x-axis)
points scattered on each side of the line. Some points may
be right on the line (see Figure 1 for an example).
5. Measure the migration distance of each of the "unknown" .
fragments from samples B and C (or E and F). Quick Reference:
. Standard DNA fragment
6. Using the graph of the Standard DNA fragments, deter- sizes - length is
mine the sizes in base pairs of each "unknown" fragment. expressed in base pairs.
e  Find the migration distance of the unknown fragment 23130 9416 6557
on the x-axis. Draw a vertical line from that point until 4361 3000 2322
the standard graph line is intersected. 2027 725 570
e From the point of intersection, draw a second line hor-
izontally to the y-axis and determine the approximate
size of the fragment in base pairs (refer to Figure 1 for
an example).
Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. E DVOT E K®
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Size Determination of DNA Restriction Fragments ﬂ
Experiment

Study Questions

1. How should the x and y axes of the semi-log graph paper used in this experiment,
be labeled?

2. Determine unknown 1 and unknown 2 DNA fragment sizes in base pairs according
to your standard curve, then determine your percentage error.

3. Use the example of the standard curve to determine:
a. The base pair size if the migration distance is 2.8 centimeters.

b. The migration distance if the fragment contains 5,500 base pairs.

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. E DVOT E K®
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Size Determination of DNA Restriction Fragments

Experiment

Instructor’s

GUIde Notes to the Instructor & Pre-Lab Preparations

Class size, length of laboratory sessions, and availability of equipment are

factors which must be considered in planning and implementing this experi-

ment with your students. These guidelines can be adapted to fit your spe-

cific set of circumstances. If you do not find the answers to your questions

in this section, a variety of resources are continuously being added to the

EDVOTEK web site. Technical Service is available from 9:00 am to 6:00 pm,
Order Eastern time zone. Call for help from our knowledgeable technical staff at
Online XVWW-edVO*ek~°°m 1-800-EDVOTEK (1-800-338-6835).

EDUCATIONAL RESOURCES, NATIONAL CONTENT AND SKILL
STANDARDS

Visit our web site for information
about EDVOTEK's complete line

of experiments for biotechnology By performing this experiment, students will learn to load samples and run

and biology education. agarose gel electrophoresis. Experiment analysis will provide students the
means to transform an abstract concept into a concrete explanation.

EDVOTEK Ready-to-Load Electrophoresis Ex-

T . . periments are easy to perform and are designed
echnical Service . . .
Department for maximum success in the cla_ssroom setting.
0_1(—.(-“ SERVicg However, even the most experienced students
Qp* Mon - Fri and teachers occasionally encounter experimen-
9:00 am to 6:00 pm ET tal problems or difficulties. EDVOTEK web site
1-800-EDVOTEK resources provide suggestions and valuable hints
(1-800-338-6835) FAX: 202.370.1501 for conducting electrophoresis, as well as answers
Web: www.edvotek.com to frequently asked electrophoresis questions.
& email: info@edvotek.com
4 bQ‘o Laboratory Extensions and Supplemental
°n - Fri 9 2™ Please have the following Activities
information ready: Laboratory extensions are easy to perform using
« Experiment number and title EDVOTEK experiment kits. For example, a DNA
+ Kit lot number on box or tube sizing determination activity can be performed
* Literature version number on any electrophoresis gel result if DNA markers
(in lower right corner) are run in parallel with other DNA samples. For
* Approximate purchase date DNA Sizing instructions, and other laboratory ex-
tension suggestions, please refer to the EDVOTEK
website.
Visit the EDVOTEK web site often for
continuously updated information.
EDVOTEK - The Biotechnology Education Company®
9y pany EDVOTEKo-

1.800.EDVOTEK ¢ www.edvotek.com
FAX: 202.370.1501 ¢ email: info@edvotek.com
EVT 2011_11_I16AM
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Instructor’s Guide

ﬂ Instructor’s Guide Size Determination of DNA Restriction Fragments

Experiment

Notes to the Instructor & Pre-Lab Preparations

APPROXIMATE TIME REQUIREMENTS

1. Gel preparation:
Whether you choose to prepare the gel(s) in advance or have the students prepare
their own, allow approximately 30 minutes for this procedure. Generally, 20 minutes
of this time is required for gel solidification.

2. Micropipeting and Gel Loading:
If your students are unfamiliar with using micropipets and sample loading tech-
niques, a micropipeting or practice gel loading activity is suggested prior to conduct-
ing the experiment. Two suggested activities are:

e EDVOTEK Expt. # S-44, Micropipetting Basics, focuses exclusively on using micro-
pipets. Students learn pipeting techniques by preparing and delivering various
dye mixtures to a special Pipet Card™.

®  Practice Gel Loading: EDVOTEK Series 100 electrophoresis experiments contain a
tube of practice gel loading solution for this purpose. It is highly recommended
that a separate agarose gel be cast for practice sample delivery. This activity can
require anywhere from 10 minutes to an entire laboratory session, depending
upon the skill level of your students.

Table Time and Voltage . .
C Recommendations 3. Conducting Electrophoresis:
The approximate time for electrophoresis will vary from
EDVOTEK Electrophoresis Model approximately 15 minutes to 2 hours. Different models of
Volts M6+ MI2 & M36 electrophoresis units will separate DNA at different rates
Mimiar 7 Mo | M M depending upon its design configuration. Generally, the
higher the voltage applied the faster the samples migrate.
150 15/ 20 min 25/ 35 min However, maximum voltage should not exceed the indicated
125 20 / 30 min 35 / 45 min recommendations. The Table C example at left shows Time
- and Voltage recommendations. Refer to Table C in Appendi-
70 35 /45 min 60 /90 min ces A or B for specific experiment guidelines.
50 50 / 80 min 95/ 130 min

PREPARING AGAROSE GELS FOR ELECTROPHORESIS

There are several options for preparing agarose gels for the electrophoresis experiments:

1. Individual Gel Casting: Each student lab group can be responsible for casting their
own individual gel prior to conducting the experiment.

2. Batch Gel Preparation: A batch of agarose gel can be prepared for sharing by the
class. To save time, a larger quantity of UltraSpec-Agarose can be prepared for shar-
ing by the class. See instructions for "Batch Gel Preparation”.

3. Preparing Gels in Advance: Gels may be prepared ahead and stored for later use.
Solidified gels can be stored under buffer in the refrigerator for up to 2 weeks.

Do not store gels at -20°C. Freezing will destroy the gels.

E DVOT E K® Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only.
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Size Determination of DNA Restriction Fragments [nstructor’s Guide ﬂ

Experiment
Notes to the Instructor & Pre-Lab Preparations
USING AGAROSE GELS THAT HAVE BEEN PREPARED IN ADVANCE
If gels have been removed from their trays for storage, they should be "anchored" back
to the tray with a few drops of hot, molten agarose before placing the gels into the
apparatus for electrophoresis. This will prevent the gel from sliding around in the tray
and/or floating around in the electrophoresis chamber.
AGAROSE GEL CONCENTRATION AND VOLUME
Gel concentration is one of many factors which affect the mobility of molecules during
electrophoresis. Higher percentage gels are sturdier and easier to handle. However, the
mobility of molecules and staining will take longer because of the tighter matrix of the _
gel. Gel volume varies depending on the size of the casting tray, as well as the type of s
stain to be used for DNA staining after electrophoresis. Gels which will be stained with 4}
InstaStain® Ethidium Bromide require less sample amount (volume) than gels that will be E
stained with FlashBlue™ or InstaStain® Blue. A
~+
This experiment requires a 0.8% gel. It is a common agarose gel concentration for sepa- -o-:_
rating dyes or DNA fragments in EDVOTEK experiments. “n
(n)]
e Specifications for preparing a 0.8% gel to be stained with FlashBlue™ or In- c
staStain® Blue can be found in Appendix A. o
e Specifications for preparing a 0.8% gel to be stained with InstaStain® Ethidium ®
bromide can be found in Appendix B.
Tables A-1 and A-2 below are examples of tables from Appendix A. The first (left) table
shows reagent volumes using concentrated (50x) buffer. The second (right) table shows
reagent volumes using diluted (1x) buffer.
@ If preparing a 0.8% gel with If preparing a 0.8% gel with
concentrated (50x) buffer, use Table A.1 diluted (1x) buffer, use Table A.2
Table Table . S
Individual 0.8%* UltraSpec-Agarose™ Gel Individual 0.8%*
A. I o ) _ A2 UltraSpec-Agarose™ Gel
DNA Staining with FlashBlue™ or InstaStain® Blue DNA Staining with FlashBlue™
Amt of Concentrated Distilled Total or InstaStain® Blue
Size of Gel Agarose + Buffer (50x) + Water = Volume ] Amt of Diluted
(cm) ® (ml) (ml) (ml) SreotCel | Agarose *+ Buffer (1)
(8) (ml)
7x7 0.23 0.6 29.4 30 7 %7 023 30
7x 10 0.39 1.0 49.0 50 7% 10 0.39 50
7x 14 0.46 1.2 58.8 60 7x 14 0.46 60

*0.77 UltraSpec-Agarose™ gel percentage rounded up to 0.8%

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only.
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ﬂ Instructor’s Guide Size Determination of DNA Restriction Fragments

Notes to the Instructor & Pre-Lab Preparations

GEL STAINING AND DESTAINING AFTER ELECTROPHORESIS

DNA stains FlashBlue™ and InstaStain® Blue are included in EDVOTEK standard
Series 100 experiments. For Series 100-Q experiments, InstaStain® Ethidium Bromide
(InstaStain® EtBr) is included. InstaStain® is a proprietary staining method which
saves time and reduces liquid waste. EDVOTEK also offers Protein InstaStain® for
staining Protein polyacrylamide gels, which can be purchased separately.

Instructions for DNA staining options are provided in the Appendices section.

Option 1: FlashBlue™ liquid - Appendix E.

This simple and rapid liquid staining and destaining procedure yields excellent visibil-
ity of DNA bands in less than 25 minutes (5 minutes staining, 20 minutes destaining).

Option 2: InstaStain® Blue cards, One-step Staining and Destaining- Appendix F.

Agarose gels can be stained and destained in one easy step.

Option 3: InstaStain® Blue cards - Appendix G.

Using InstaStain® Blue cards, staining is completed in approximately 5-10 minutes.
DNA bands will become visible after destaining for approximately 20 minutes.
Results will become sharper with additional destaining. For the best photographic
results, allow the gel to destain for several hours to overnight. This will allow the
stained gel to "equilibrate" in the destaining solution, resulting in dark blue DNA
bands contrasting against a uniformly light blue background.

Option 4: InstaStain® Ethidium Bromide - Appendix H

Staining with ethidium bromide is very sensitive and can detect as little as 5 to 10
nanograms of DNA with the use of a U.V. transilluminator. Ethidium Bromide is a
dye that is commonly used by scientific researchers. It is a listed mutagen and forms a
tight complex with DNA by intercalating between the bases within the double helix.
The complex strongly fluoresces when exposed to ultraviolet light.

CAUTION: Ethidium Bromide is a listed mutagen. Disposal of the InstaStain® EtBr
cards, which contain microgram amounts of ethidium bromide, is minimal compared
to the large volume of liquid waste generated by traditional ethidium bromide stain-
ing procedures. Disposal of InstaStain® cards and gels should follow institutional
guidelines for chemical waste.
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Notes to the Instructor & Pre-Lab Preparations

READY-TO-LOAD DNA SAMPLES FOR ELECTROPHORESIS

No heating required before gel loading.

EDVOTEK offers the widest selection of electrophoresis experiments which minimize
expensive equipment requirements and save valuable time for integrating important
biotechnology concepts in the teaching laboratory. Series 100 experiments feature
DNA samples which are predigested with restriction enzymes and are stable at room
temperature. DNA samples are ready for immediate delivery onto agarose gels for

electrophoretic separation and do not require pre-heating in a waterbath.

Electrophoresis samples and reagents in EDVOTEK experiments are packaged in various
formats. The samples in Series 100 and S-series electrophoresis experiments will be

packaged in one of the following ways:

1) Pre-aliquoted Quickstrip™ connected tubes
OR
2) Individual 1.5 ml (or 0.5 ml) microtest tubes

SAMPLES FORMAT: PRE-ALIQUOTED QUICKSTRIP™
CONNECTED TUBES

Convenient QuickStrip™ connected tubes contain pre-aliquoted
ready-to-load samples. The samples are packaged in a microti-
ter block of tubes covered with a protective overlay. Follow the
instructions below for preparation of QuickStrip™.

1. Use sharp scissors to separate the block of samples into indi-
vidual strips as shown in the diagram at right.

The number of samples per set will vary depending
on the experiment. Some tubes may be empty.

2. Cut carefully between the rows of samples. Do
not cut or puncture the protective overlay directly
covering the sample tubes.

3. Next, cut each individual strip between samples C
& D.

A & D contain Standard Fragments
B & E contain Unknown DNA 1
C & F contain Unknown DNA 2
G & H are intentionally left blank.

4. Each gel will require one strip of samples, either A-CorD -F.

-
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Carefully cut between
each set of tubes

5.  Remind students to tap the tubes before gel loading to ensure that all of the

sample is at the bottom of the tube.
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Experiment

Notes to the Instructor & Pre-Lab Preparations

Instructor’s Guide
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SAMPLES FORMAT: INDIVIDUAL 1.5 ML MICROTEST TUBES

It is recommended that samples packaged in 1.5 ml individual microtest tubes be aliquot-
ed for each gel. DNA Samples packaged in this format are available in three standard
quantities:

Standard experiment kit 240 pl Custom bulk quantities are
Bulk B-Series 480 pl also available by request.
Bulk C Series 960 pl

Check all sample volumes for possible evaporation. Samples will become more con-
centrated if evaporation has occurred.

If needed, tap or centrifuge the sample tubes. Then add distilled water to slightly
above the following level:

1.3 cm level for Standard experiment kit
1.9 cm level for the B-Series
2.8 cm level for the C-Series

3.  Mix well by inverting and tapping the
tubes several times.

1.5 cm tube
Approximate
Volume 4. After determining that the samples are
Measurements at their proper total volumes, aliquot
_____________ _ each sample into appropriately labeled
g 0.5 ml or 1.5 ml microtest tubes.
vl e
< g e  For gels to be stained with Flash-
_— £ © Blue™ or InstaStain® Blue:
£ o o
ol @ 35-38 pl of each sample
C‘? ™
- : — e For gels to be stained with In-
' 2 2 . - .
@ & staStain® Ethidium bromide:
R N N
Lt Ft s
KLV QW oo 18-20 pl of each sample

If students have difficulty retrieving the entire aliquoted volume of sample because
some of it clings to the side walls of the tubes, remind students to make sure all of
the sample is at the bottom of the tube before gel loading. They should centrifuge
the samples tubes, or tap the tubes on the tabletop.
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Experiment Results and Analysis

(+)

In the idealized schematic, the
relative positions of DNA frag-
ments are shown but are not
depicted to scale.

Lane Tube

1 A or D Standard DNA Fragments
(expressed in approximate base pairs)

23130 9416 6557 4361 3000
2322 2027 725 570

The 3000 bp and 725 bp fragments have
been added to the Hind Ill fragments to
facilitate measurements.

2 BorE Unknown DNA 1 4,200 bp + 650

3 CorF UnknownDNA2 3,000 bp + 450
1,200 bp + 180

apIno s,103on43suj
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Experiment

Study Questions and Answers

1. How should the x and y axes of the semi-log graph paper used in this ex-
periment, be labeled?

The x-axis should be labeled "migration distance" in centimeters; the y-axis
should be labeled "base pairs" (1-10,000)

2. Determine unknown 1 and unknown 2 DNA fragment sizes in base pairs
according to your standard curve, then determine your percentage error.

Answers will vary. Compare and average values derived by various students
in the class.

3. Use the example of the standard curve to determine:

a. The base pair size if the migration distance is 2.8 centimeters.

If the migration distance is 2.8 cm, then the base pair size is 2500 base
pairs.

b. The migration distance if the fragment contains 5,500 base pairs.

If the fragment contains 5,500 base pairs, then the migration distance
is 1.7 cm.

Instructor’s Guide
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Appendices
A 0.8 % Agarose Gel Electrophoresis Reference Tables
For DNA Staining with FlashBlue™ or InstaStain® Blue
B 0.8% Agarose Gel Electrophoresis Reference Tables
For DNA Staining with InstaStain® Ethidium Bromide
C Quantity Preparations for Agarose Gel Electrophoresis
D Agarose Gel Preparation Step by Step Guidelines
E Staining and Visualization of DNA
FlashBlue™ liquid
F Staining and Visualization of DNA
InstaStain® Blue One-step Staining and destaining
G Staining and Visualization of DNA
InstaStain® Blue Cards
H Staining and Visualization of DNA
InstaStain® Ethidium Bromide Cards
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Appendix

A

&

Size Determination of DNA Restriction Fragments

0.8% Agarose Gel Electrophoresis Reference Tables
(DNA Staining with FlashBlue™ or InstaStain® Blue)

If preparing a 0.8% gel with
concentrated (50x) buffer, use Table A.1

If preparing a 0.8% gel with
diluted (1x) buffer, use Table A.2

Table

A.l

Individual 0.8%* UltraSpec-Agarose™ Gel
DNA Staining with FlashBlue™ or InstaStain® Blue

Table

A2

Individual 0.8%%*
UltraSpec-Agarose™ Gel

DNA Staining with FlashBlue™
or InstaStain® Blue

Amt of Concentrated Distilled Total

Size of Gel Agarose + Buffer (50x) + Water = Volume
(cm) () (ml) (ml) (ml)
7 x7 0.23 0.6 29.4 30
7x 10 0.39 1.0 49.0 50
7 x 14 0.46 1.2 58.8 60

] Amt of Diluted

Slzezcc;:)Gel Agarose T+ Buffer (1x)
® (m)

7x7 0.23 30

7x 10 0.39 50

7 x 14 0.46 60

*0.77 UltraSpec-Agarose™ gel percentage rounded up to 0.8%

Table
B Electrophoresis (Chamber) Buffer
Dilution
At Tocal Volume 50x Conc. Distilled
Model # Required (ml) Buffer (ml) T Water (ml)
M6+ 300 6 294
MI2 400 8 392
M36 1000 20 980

For DNA analysis, the recommended
electrophoresis buffer is Tris-acetate-
EDTA, pH 7.8. The formula for
diluting EDVOTEK (50x) concentrated
buffer is one volume of buffer concen-
trate to every 49 volumes of distilled
or deionized water. Prepare buffer as
required for your electrophoresis unit.

Time and Voltage recommendations for EDVOTEK
equipment are outlined in Table C.1 for 0.8%
agarose gels. The time for electrophoresis will
vary from approximately 15 minutes to 2 hours
depending upon various factors. Conduct the
electrophoresis for the length of time determined

by your instructor.

Table Time and Voltage Guidelines
C.I (0.8% Gel)
EDVOTEK Electrophoresis Model
M6+ MI2 & M36
Volts Minimum / Maximum Minimum / Maximum
150 15/ 20 min 25/ 35 min
125 20 / 30 min 35/ 45 min
70 35/ 45 min 60 / 90 min
50 50/ 80 min 95/ 130 min

EDVOTEK.
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Experimentﬂ

0.8% Agarose Gel Electrophoresis Reference Tables
(DNA Staining with InstaStain® Ethidium Bromide)

If preparing a 0.8% gel with
concentrated (50x) buffer, use Table A.3

b

Table

A3

Individual 0.8%* UltraSpec-Agarose™ Gel
DNA Staining with InstaStain® Ethidium Bromide

Amt of Concentrated Distilled Total

Size of Gel Agarose + Buffer (50x) + Water = Volume
(em) ® (mb) (mh) (mb)
7 x7 0.15 0.4 19.6 20
7x 10 0.23 0.6 29.4 30
7 x 14 0.31 0.8 39.2 40

Appendix

If preparing a 0.8% gel with
diluted (1x) buffer, use Table A.4

Table

A4

Individual 0.8%%*
UltraSpec-Agarose™ Gel
DNA Staining with InstaStain®

Ethidium Bromide
Size of Gel Amt of Diluted
(cm) Agarose + Buffer (I1x)
(g (ml)
7x7 0.15 20
7x 10 0.23 30
7 x 14 0.31 40

*0.77 UltraSpec-Agarose™ gel percentage rounded up to 0.8%

For DNA analysis, the recommended
electrophoresis buffer is Tris-acetate-
EDTA, pH 7.8. The formula for
diluting EDVOTEK (50x) concentrated
buffer is one volume of buffer concen-
trate to every 49 volumes of distilled
or deionized water. Prepare buffer as
required for your electrophoresis unit.

Table

B

Electrophoresis (Chamber) Buffer

Dilution
EDVOTEK Total Volume 50x Conc. Distilled
Model # Required (ml) Buffer (ml) Water (ml)
M6+ 300 6 294
MIl2 400 8 392
M36 1000 20 980

Table Time and Voltage Guidelines
C.I (0.8% Gel)
EDVOTEK Electrophoresis Model
Mé6+ MI2 & M36
Volts Minimum / Maximum Minimum / Maximum
150 15/ 20 min 25/ 35 min
125 20 / 30 min 35/ 45 min
70 35/ 45 min 60 / 90 min
50 50 / 80 min 95/ 130 min

Time

and Voltage recommendations for EDVOTEK

equipment are outlined in Table C.1 for 0.8%
agarose gels. The time for electrophoresis will
vary from approximately 15 minutes to 2 hours
depending upon various factors. Conduct the
electrophoresis for the length of time determined
by your instructor.
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Appendix

C

Quantity Preparations
for Agarose Gel Electrophoresis

To save time, the electrophoresis buffer and agarose gel solution can be prepared in
larger quantities for sharing by the class. Unused diluted buffer can be used at a later
time and solidified agarose gel solution can be remelted.

Bulk Electrophoresis Buffer

Quantity (bulk) preparation for 3 liters of 1x electro-

phoresis buffer is outlined in Table D.

Batch Agarose Gels (0.8%)

For quantity (batch) preparation of 0.8% agarose gels,

see Table E.1.

1. Use a 500 ml flask to prepare the diluted gel buf-
fer

2. Pour 3.0 grams of UltraSpec-Agarose™ into the

prepared buffer. Swirl to disperse clumps.

3.  With a marking pen, indicate the level of solution

Table
D Bulk Preparation of
Electrophoresis Buffer
Concentrated Distilled Total
Buffer (50x) + Water = Volume
(ml) (ml) (ml)
60 2,940 3000 (3 L)
Table
E.| Batch Preparation of
0.8% UltraSpec-Agarose™
Amt of Concentrated Distilled Total
Agarose + Buffer (50X) + Water = Volume
(® (ml) (ml) (ml)
3.0 7.5 382.5 390

volume on the outside of the flask.

4. Heat the agarose solution as outlined previously

Note: The UltraSpec-Agarose™ kit component is
often labeled with the amount it contains. In many

cases, the entire contents of the bottle is 3.0 grams.

Please read the label carefully. If the amount of
agarose is not specified or if the bottle's plastic seal
has been broken, weigh the agarose to ensure you
are using the correct amount.

for individual gel preparation. The heating time
will require adjustment due to the larger total
volume of gel buffer solution.

5. Cool the agarose solution to 60°C
with swirling to promote even dis-
sipation of heat. If evaporation 60°C
has occurred, add distilled water to
bring the solution up to the original o]
volume as marked on the flask in
step 3.

6. Dispense the required volume of cooled agarose solution for casting each gel. The
volume required is dependent upon the size of the gel bed and DNA staining method
which will be used. Refer to Appendix A or B for guidelines.

7. Allow the gel to completely solidify. It will become firm and cool to the touch after
approximately 20 minutes. Then proceed with preparing the gel for electrophoresis.
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Agarose Gel Preparation - Step by Step Guidelines

Preparing the Gel bed

1. Close off the open ends of a clean and dry gel bed (casting tray)

by using rubber dams or tape.

2. Place a well-former template (comb) in the first set of
notches at the end of the bed. Make sure the comb sits
firmly and evenly across the bed.

Casting Agarose Gels

If gel trays and rubber end

caps are new, they may be initially 3.

somewhat difficult to

assemble. Here is a helpful hint: 4.

Place one of the black end caps
with the wide “u” shaped slot fac-
ing up on the lab bench.

Push one of the corners of the gel
tray into one of the ends of the
black cap. Press down on the tray
at an angle, working from one end
to the other until the end of the
tray completely fits into the black
cap. Repeat the process with the
other end of the gel tray and the
other black end cap.

Appendix

D

EDVOTEK electrophoresis units include
7 x7 cm or 7 x 14 cm gel casting trays.

A. Using Rubber dams:

e Place a rubber dam on each end of the bed. Make sure the rubber dam fits
firmly in contact with the sides and bottom of the bed.

B. Taping with labeling or masking tape:

e Extend 3/4 inch wide tape over the sides and bottom edge of the bed.
e Fold the extended tape edges back onto the sides and bottom. Press contact
points firmly to form a good seal.

Use a 250 ml flask or beaker to prepare the gel solution.

Refer to the appropriate Reference Table (i.e. 0.8%, 1.0% or 2.0%)
for agarose gel preparation. Add the specified amount of agarose
powder and buffer. Swirl the mixture to disperse clumps of agarose
powder.

With a lab marking pen, indicate the level of the solution volume on
the outside of the flask.

Heat the mixture to dissolve the agarose powder.
At high altitudes, use

a microwave oven

e Cover the flask with plastic wrap to to reach boiling
minimize evaporation. temperatures.

e Heat the mixture on High for 1 minute.

e Swirl the mixture and heat on High in bursts of 25 seconds
until all the agarose is completely dissolved.

A. Microwave method:

B. Hot plate method:

e Cover the flask with aluminum foil to minimize evaporation.
e Heat the mixture to boiling over a burner with occasional
swirling. Boil until all the agarose is completely dissolved.

Continue heating until the final solution appears clear (like water) with-
out any undissolved particles. Check the solution carefully. If you see
"crystal" particles, the agarose is not completely dissolved.
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Appendix

Agarose Gel Preparation
D Step by Step Guidelines, continued

7. Cool the agarose solution to 60°C with careful swirling to promote

even dissipation of heat. If detectable evaporation has occurred, DO NOT
add distilled water to bring the solution up to the original volume POUR
i BOILING °
marked in step 5. e 60°C
AGAROSE
After the gel is cooled to 60°C: INTOTHE 77§
GEL BED.

¢ If you are using rubber dams, go to step 9.

. . . Hot agarose solution
* If you are using tape, continue with step 8.

may irreversibly warp
the bed.

8. Seal the interface of the gel bed and tape to prevent aga-
rose solution from leaking.

e Use a transfer pipet to deposit a small amount of the @
cooled agarose to both inside ends of the bed.

e Wait approximately 1 minute for the agarose to solidify.

9. Place the bed on a level surface and pour the cooled agarose
solution into the bed.

10. Allow the gel to completely solidify. It will become firm and cool to the touch after approximately
20 minutes.

Preparing the gel for electrophoresis

11. After the gel is completely solidified, carefully and slowly remove the rubber dams or tape from
the gel bed. Be especially careful not to damage or tear the gel wells when removing the rubber
dams. A thin plastic knife, spatula or pipet tip can be inserted between the gel and the dams to
break possible surface tension.

12. Remove the comb by slowly pulling straight up.
_ . Do this carefully and evenly to prevent tearing the
Black Red sample wells.

Sample wells
N \/]‘1 13. Place the gel (on its bed) into the electrophoresis
o @ —~ T u) chamber, properly oriented, centered and level on
" the platform.

14. Fill the electrophoresis apparatus chamber with the appropriate amount
of diluted (1x) electrophoresis buffer (refer to Table B on the Appendix
page provided by your instructor).

During electrophoresis, the
DNA samples migrate through
the agarose gel towards the

positive electrode. 15. Make sure that the gel is completely submerged under buffer before

proceeding to loading the samples and conducting electrophoresis.
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5 minute

Staining Staining and Visualization of DNA Appendix

FIqSh B|Ue FlashBlue™ Liquid Stain E
=

Preparation of FlashBlue™ Stain
from Concentrated Solution

e Dilute 10 ml of 10x FlashBlue™ with 90 ml of distilled or
deionized water in a flask. Mix well.

—

T e Cover the flask and store it at room temperature until ready
Wear Gloves for gel staining.
and Goggles

Do not stain gel(s) in the electrophoresis apparatus.

Staining and Destaining

1. Remove the agarose gel from its bed and and completely submerse the
gel in a small, clean weighboat or lid from pipet tip rack containing
75 ml of 1x FlashBlue™ stain. Add additional stain if needed to com-
pletely submerge the gel.

2. Stain the gel for 5 minutes.

Note: Staining the gel for longer than 5 minutes will necessitate an extended D
destaining time. Frequent changes of distilled water will expedite the process.
3. Transfer the gel to another small tray and fill it with 250 - 300 ml of @
distilled water.
4. Gently agitate the tray every few minutes. Alternatively, place it on a &
shaking platform. \/

5. Destain the gel for 20 minutes.

Dark blue bands will become visible against a light blue background. Additional
destaining may yield optimal results.

6. Carefully remove the gel from the destaining liquid and examine the gel on a
Visible Light Gel Visualization System. To optimize visibility, use the amber filter
provided with EDVOTEK equipment.

Storage and Disposal of FlashBlue™ Stain and Gel
e  Gels stained with FlashBlue™ may be stored in the refrigerator for several weeks. Place the gel
in a sealable plastic bag with destaining liquid.
DO NOT FREEZE AGAROSE GELS.

e Stained gels which are not kept can be discarded in solid waste disposal. FlashBlue™ stain and
destaining solutions can be disposed down the drain.
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Appendix One-Step Staining and Destaining

F with InstaStain® Blue

Agarose gels can be stained and destained in one easy step with
InstaStain® Blue cards. This one-step method can be completed in
approximately 3 hours, or can be left overnight.

Wear Gloves

and Goggles
One Step . . .
Stain and Do not stain gel(s) in the electrophoresis apparatus.
Destain

1. Remove the 7 x 7 cm agarose gel from its bed and com-
pletely submerse the gel in a small, clean tray containing
75 ml of distilled or deionized water, or used electrophore-
sis buffer. The agarose gel should be completely covered
with liquid.

Examples of small trays include large weigh boats, or small
plastic food containers

2. Wearing gloves, gently float a 7 x 7 cm card of InstaStain® Blue with the stain side (blue) facing
the liquid.

Note: If staininga 7 x 14 cm gel, use two InstaStain® Blue cards.

3. Let the gel soak undisturbed in the liquid for approximately 3 hours. The gel can be left in the
liquid overnight (cover with plastic wrap to prevent evaporation).

4. After staining and destaining, the gel is ready for visualization and photography.

Storage and Disposal of InstaStain® Blue Cards and Gels

e Stained gels may be stored in the refrigerator for several weeks. Place the gel in a sealable
plastic bag with destaining liquid.

DO NOT FREEZE AGAROSE GELS!
e Used InstaStain® cards and destained gels can be discarded in solid waste disposal.

e Destaining solutions can be disposed down the drain.
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Staining and Visualization of DNA Appendix

Instastain® Blue Cards G

1. After electrophoresis, place the agarose gel on
a flat surface covered with plastic wrap. 1

2. Wearing gloves, place the blue dye side of the
InstaStain® Blue card(s) on the gel.

Place gel on a flat

. Wear Gloves 3. Firmly run your fingers several times over the
and Goggles entire surface of the InstaStain® card to es- su.rface co'vered
tablish good contact between the InstaStain® with plastic wrap.

card and the gel.

4. To ensure continuous contact between the gel and the InstaStain® card,
place a gel casting tray and weight, such as a small empty beaker, on top
of the InstaStain® card.

Place the InstaStain®
5. Allow the InstaStain® Blue to sit on the gel for 5 to 10 minutes. card on the gel.

6. After staining, remove the InstaStain® card.

If the color of the gel appears very light, wet the gel surface with buffer or
distilled water and place the InstaStain® card on the gel for an additional 5
minutes.

Destaining and Visualization of DNA

7. Transfer the gel to a large weigh boat or small plastic container.

8. Destain with approximately 100 ml of distilled water to cover the gel.

Place a small weight
for approx. 5 minutes.

9. Repeat destaining by changing the distilled water as needed.

Larger DNA bands will initially be visible as dark blue bands against a lighter
blue background. When the gel is completely destained, larger DNA bands 5
will become sharper and smaller bands will be visible. With additional de-

staining, the entire background will become uniformly light blue. Destaining

time may vary between 20 - 90 minutes.
Transfer to a small

10. Carefully remove the gel from the destain solution and examine the gel tray for destaining.

on a Visible Light Gel Visualization System. To optimize visibility, use the D
amber filter provided with EDVOTEK equipment. 6 %

11. If the gel is too light and bands are difficult to see, repeat the staining
and destaining procedures.

Destain with 37°C
distilled water.

InstaStain is a registered trademark of EDVOTEK, Inc. Patents Pending.
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Copyright © 1989,1992,1994,1997,1998, 2000, 2004, 2007, 2009, 201 |, EDVOTEK, Inc., all rights reserved. EVT 2011_11_l6AM

The Biotechnology Education Company® e 1-800-EDVOTEK e www.edvotek.com —



ﬂ Size Determination of DNA Restriction Fragments
Experiment

Appendix

G

Staining and Visualization of DNA

Instastain® Blue Cards
continued

Destaining Notes for InstaStain® Blue

e Use of warmed distilled water at 37°C will accelerate destaining. Destaining will take longer with
room temperature water.

e DO NOT EXCEED 37°C! Warmer temperatures will soften the gel and may cause it to break.

e  The volume of distilled water for destaining depends upon the size of the tray. Use the small-
est tray available that will accommodate the gel. The gel should be completely submerged during
destaining.

¢ Do not exceed 3 changes of water for destaining. Excessive destaining will cause the bands to be
very light.

Storage and Disposal of InstaStain® Blue Cards and Gels

e Stained gels may be stored in the refrigerator for several weeks. Place the gel in a sealable
plastic bag with destaining liquid.

DO NOT FREEZE AGAROSE GELS!

e Used InstaStain® cards and destained gels can be discarded in solid waste disposal.

e Destaining solutions can be disposed down the drain.

EDVOTEK.
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Staining and Visualization of DNA
InstaStain® Ethidium Bromide Cards

Do not stain gel(s) in the electrophoresis apparatus.

1. After electrophoresis, place the gel on a piece
of plastic wrap on a flat surface. Moisten the
gel with a few drops of electrophoresis buffer.

Wear Gloves
and Goggles

Wearing gloves, remove the clear plastic pro-
tective sheet, and place the unprinted side of
the InstaStain® EtBr card(s) on the gel.

Firmly run your fingers over the entire surface of the InstaStain® EtBr.
Do this several times.

Place the gel casting tray and a small empty beaker on top to ensure
that the InstaStain® card maintains direct contact with the gel surface.

Allow the InstaStain® EtBr card to stain the gel for 3-5 minutes.

After 10-15 minutes, remove the InstaStain® EtBr card. Transfer the gel
to a ultraviolet (300 nm) transilluminator for viewing. Be sure to wear
UV protective goggles.

Caution: Ethidium Bromide is a listed mutagen.

Disposal of InstaStain

Disposal of InstaStain® cards and gels should follow institutional
guidelines for chemical waste.

Additional Notes About Staining

If bands appear faint, or if you are not using EDVOTEK UltraSpec-
Agarose™, gels may take longer to stain with InstaStain® EtBr.
Repeat staining and increase the staining time an additional 10-15
minutes.

DNA markers should be visible after staining even if other DNA
samples are faint or absent. If markers are not visible, troubleshoot
for problems with the electrophoretic separation.

Appendix

H

1

Moisten
the gel.

Place the InstaStain®
card on the gel.

3@

Press firmly.

Place a small weight to
ensure good contact.

View on U.V. (300 nm)
transilluminator

Duplication of this document, in conjunction with use of accompanying reagents, is permitted for classroom/laboratory use only. E DVOT E K®
This document, or any part, may not be reproduced or distributed for any other purpose without the written consent of EDVOTEK, Inc.
Copyright © 1989,1992,1994,1997,1998, 2000, 2004, 2007, 2009, 201 |, EDVOTEK, Inc., all rights reserved. EVT 2011_11_l6AM

The Biotechnology Education Company® e 1-800-EDVOTEK e www.edvotek.com —




Material Safety Data Sheets
Full-size (8.5 x 11") pdf copy of MSDS is available at www. edvotek.com or by request.

1

Experiment

UO|
N sad1191q dIUBIBAHAIOM

duoN 532139814 JIUBIBAH/IOM

12eIU0D Ulys 3udAa1d 03 Bulylo|d snolnsadw] Juswdinb3 1o BUILIO| SARIIOI JBIO

BUON juswdinbg Jo Buiyio|d 3A13301d 49430

12BIU0D UPys pue a3 ploAy

14 21U316AH oM

paiinbai auoN

juawdinb3 Jo Buiyio|d dANILRI0Id 1BYIO

$9|6606 Jooud yselds  yopsazolg ok SPA sanojp samdaI04d 5316606 Ajaye5™ uona3oIg 3K3 _ SOA S3A0|D BA11I2101d
GONE[USA UOHNIIp USD _[&Ueuso | SUON owo] Son_(21UsD) [BIUewo N |
jeads| Jsneyx [exo1 | CIRUAA auoN jeads| SOA ¥sneyq (exo1 | uone|nuan

“ada1dadey [N} yum Jojelidsal aBpLIed [eIWRYD  (adAy Ajdads) uonIaioig Aiojerdsay

(2dAL A41pads) uondajoid Aiojesrdsay
S$3JNSe3\ |043U0) - ||IA UoISS

$215506 Jooud uselds  uomaroi 9 | A sonorm onparora
SUON 1210 | SOA ([e15U35) [e51UeaN |
SUON eads| EN Isneyxq (0207 |

(adAL Ayads) uonda1014 Aiojeldsay

$91NSe3|A |043UO) - |||\ UOI}IDS
auoN
suonnedald Y10
BuoN

6

035 pue BuljpueH Ui uaxe] aq 0} SUCIINeid

|esodsip @)sem pijos [ewioN
pouysa [esodsiq a1sen

|esodsip Joy Jauiejuod ajqedns ul aded pue dn dsamg
pajjids 1o} paseajay si [eLR1e|y 35> Ul udxey aq o} sdals

3s() pue m:__mv:mI 3jes 10} suoinedald - |IA Uoi}das

AjonnJoddns pue Ajjednewoydwis yeasy
s21npa201g Iy 3514 fousbiaw3

SIG8IIBAC B1BP ONy noqxg Aq pajenelbby Afleiaus sUoRIpUOD [€IPAIN

2IGeIIBAR BIBP ON  5)ns50dx3 Jo sworduwiAs pue subis

¢;uone|nbay vHsO

¢sudesBouo Jyv

SuoN suonNe’Id B0

S3INSEI\ |043U0) - |||A UOIBS

"12IU0D UDYs pue a4d ploay

6uLI0}s pue BuljpueH Ui UsdeL 3q 0} SUORNEIALd

auoN
suonnesald Y10

‘suope|nBal [eyuswolIAud

|ed0] pue ‘a1e)s ‘|eapay ajqedijdde ||e yum duepioe ul asodsig PO fesodsi 215em

*12B3UOD DS pue 3K3 pIoAy
Bunioys pue BuljpueH ul uaxe] aq 0} suonnedxd

le1ia1ew aandiosqe ay3 jo asodsip pue [elaiew aARdIOSe Ul 19903 JO I9}eM UM 35ull pue

1ds dn dopy “Buiyropd aAnda10.d 3|qelns Jeapy
pajiids 1oy paseajay

|eLia1e| 3sed Ul uadje] g 0} sdais

‘suolje|nbai [ed0] pue ‘s3eys ‘|esapay ||e dAISG0

poyiapy |esodsi

aasem

USIBM UMM Bsuly "ease

55N puUe bul|pueH 9J€S 10} SUORNEddId - ||\ UO1IS

s dow pue uoida30.d Upjs pue aka Jeapn

pajiids 10} paseajay s [eLBIe 3se> Ul udNeL aq 0} sdals

9S() puUe bul|pueH a}es 10} suoliinedald - |IA Uoi139S

Ja1eM pue deos Yum Ysepn UDIS  JIe Usaly 0} SAOIN (UOIB[RYU] JBIBM UUM Usn|4 isaA3

J1318M JO syunowe a6Je| 3A16 ‘snopsu0d | :uonsabul  saunpadoud piy 1sii4 fusbiaw3

131eM 4O SsUNOWE SN0Id0> UM

9Je padeIuod asuly Ajpantoddns pue AjjesnewoldwAs 1eai)

52INPad0.d PIy 5114 Aousbiaw3

BUON  aunsodxa Aq pajeneibBy Ajjeiauan suoRIpUOD [eIP3IN

Pa1I0dal BUON 5nsodx3 Aq pareneiBBy A||eiauss sUORIPUCD [EJIP3IN

saka ‘upys peJy Aioreaidsal saddn o3 u

BUUL 5 insodx3 4o sworduwiAs pue subls

uoneyll 94s Jo upys asned Aepy

2unsodx3 40 swoydwAs pue subis

[euondo) % _ papuswiicosy
suwi JBYI0

SJSWEN UOWWoS TKIIUSP] [EoruaT)
Sypads] suuodiuo) snopiezer

uoIewWI0u| A313USP|/SIUSIPaIbul SNOpJezZey - || U0l

TeUond0) % POPUSTIGI5Y
suwr J2yo

T3d VHSO FJSWEN UOIWIoS RRuSp] [E1a0)

5>ads] s usuOdWod snop.ezer

UOReSIUNWIWOo) PIezeH VHSO o4 Aq pa

. . 3|qe|ieA. e1ep ON
TSUIIEp 59> ReW STUnOwWe SBIeT UonRSShU] ; iuone|nbay vHSO ésydeiBouoiy Dy ZdLN_PHIUSPI BUON .15 1uabounie {uone|nbay VHSO ;sydesBouop v {dIN 19l u_a_u_:mao:_zmu
(21U01Y) pue 3INdY) SpIezey yijeay auoN '$91N0J 1310 Joj 3|qe|ieAe e1ep ON
(d1uodyd pue 21ndy) spiezeH yijesH ‘UOI1RYILII BsNed AB| 11DBIUOD 943 33NdY  (21UOIYD pue AINdY) spiezeH YijeaH
S3A ;uonsabu S9A unis A ;uonejeyu) Anug Jo (sjaanoy oA ) SoA o o o
¢uonsabu| Lunis ;uoneleyu| :A13u3 4o (s)a1N0Y ¢uonsabuj Lupis ¢uonejeyu| :A13u3 4o (s)a3N0Y
e)eq pJezeH Yi|eaH - |A UoNIds
300 N0 10 ejeg plezeH yijesH - IA Uondas ejeq pJezey YijesH - IA Uoldas
N X 0 10N uonezuawA|od SUON X270 10N 11 s -
PIOAY 0} SUORIPUOD 20 Aepy| snopiezey - uonezuawAjod auoN 0 1N uonezuawAjod
plony 03 suoRIpUO) 220 Ae snopJezey plony 03 suonipuod 20 ey snopJezey
s1npoidAg 10 uonsoduorq snopiezey . -
IXOIp UOGIED ‘SPIXOUOW UOGIED  s1onpoidA 1o Uonisoduiosaq snopiezel SOPILIOIG PUE ‘SIPIXO ININS o0 kg o uomsoduwoseq snopiezet
d|qejiene eep oN Anpgnedwosuy
syuabe Buizipixo buons vedwosyy auoN fuqnedwonu)
auoN X 31qe): i
ploAy 03 suol ajqeasun| Angers BuoN 1923 SUON X 3|qe3s|
Treq RRRSEo A UoR5| piony 03 suonipuod Siqesun| Aungers proy o1 suoy S1aesun fges
- eleq AJAIDESY - A\ UOIIDS ejeq Aiandeay - A uondas|
31413UdpP!I BUON
SueN P § spaezey uoisojdx3 pue ali [ensnu; umouyun
spaezey uoisojdx3 pue aiiJ [ensnun plezer 193 P ! n spiezeH uoiso|dx3 pue aJi4 [ensnun
‘apouws aunssaud sanisod ul paresado V@IS 83N SIPIWOI] pUE SIPIXO Iny|Nns snopiezey Buiyieaiq
aue|y 10 183y 0 pasodxa UaYM piezey 3l 3|qissod @a1dadey [Ny yum ue Juawdinba aAde101d Jed, y . y N
sounpad01d BURBLY 2114 [eads 1dadey [Iny YuM vEds p ! M sainpadoid Bunybig a4 [eads prone ‘pupmdn daay “auty Bulpunouns Jo adkl 10} AGENNS SIWABR BN 55110350, BursyBLg 114 [eads
il Buipuno.ins oy ajeudoidde eipaw Bulysinbuinxa asn
IR0} PIRPUE]S JO UO|RY ‘DPIXOIP UOGE) ‘[ed1LIdyd A1p Keids J21eM eipopy 6 6 eipaj bul X3 weoy Jo Aeids 1a3em ‘apIxolp uogued ‘[eIWAY KA  ejpapy Buiysinbunxg
— - “aN “aN ejep oN eep pN eyep oN eyep of
ANy [ON o5 BIBPON  (1as poLaaI) JUIOd Yseld 130 11 sywr ajqewwely (P3SN POLIAN) 3uiod Yseld 130 m suwr ajqewwely PN (pasn poura) Juiod useld
elepoN = 'a'N LI912eIRYD [E21WAYD/[B2ISAYd - Al UOIDIDS e1ep ON = 'd'N sansispRIRY) [edIWaY)/[edIsAyd - Al Uoid3S sonsLaeIRY) [BIIWAYD/[EJISAld - Al UOIIRS
J10po ou 1apmod YM 10P0 puB svueIesddy 410po 1ebaulA 1ybIls ‘PINbI| Y€1) 16p5 pue ssueseaddy 10po ou ‘pinbij anjg 10pO pue ssueseaddy
PIOY - 31ANIOSUL 59010 uy Aayjignios (%01 ueyy Joyealb) ‘djqepaiddy  giep uj mupanios 3|9NIoS  serem ui Aupgnios
(1 = 212390y [fang) _ (1 = 210390V [fang) = £ d (1 = 23e322V |fang) -
ejep oN 10y uonelodens elep oN (1 = ¥Iv) fusuag sodep elep oN a)ey uoneiodeny ejep oN (1 = ¥Iv) Aysus@ sodep elep oN 'syew uonsiodens ejep oN (1 = ¥Iv) Ausuaq Jodep
elep oN uiod Bunpin e1ep oN (‘BH wuw) a1nssaig Jodep ejep oN 1utod Bunpn ejep oN ('BH wiw) aunssaiq Jodep eiep oN uiod bunjay e1ep oN (‘BH wuw) aunssaig Jodep
4 4 #61UONN|OS %] Jo4 = IS d = ejep o
ejep of IABID) D117 ejep of 04 bt ejep of = 2l N
P ON (1 = 0 H) Auneso dydads Jutod Buijiog ©1ep ON (=08 Aunero s 1ep ON wiod P ON (1 = 0%) Anesn dyads P Juiog Buijiog
SINSHSIEIEY) [ea1WSUD/[eoIsAYd - Il UOR3S SRSHBPEIRY) [edIWsy)/[edIsAYd - [l UOR>sS SSRsHeIIEIey) [ea1ay/[ed1sAud - 11l UoRdss
99€C100# VO |
“piepuels ‘pJepUE)S UONEIIUNWWOD “piepuels
T PiBZEH YHSO 31 Aq PaUILSP SE S|e1Ia1eW SNOPJEZEY OU SUIEIUO 19npold iYL

euoRdo) %

559 AL HIDOY
SHWI Y0

R)SWeN UOWWoS TRINUSP [S10303
>ads] s3u3uodwio) snopeze

uoljew.oyul A}13Usp|/s3usIpalbul snopiezey - || U0

uopew.oyu| A}Usp/sIusipaibul SNopJeze - || UoRISS

euoi3do) JaJedald o ainjeubis

1000Z D@ uoybuiysepy
WOV posedaig sieg MN 312215 Y35 LZLL

00SL-0LE-20T

(apod diz ‘a1e35 ‘A
onewoju 10 Jaquiny auoydajal

12015 1aqQUINN) SS3IPPY

Ul ‘¥3LoAa3

00S1-0L€-20Z auren s ainpesnuel

Jaquin auoydajal AHuabiawz

1 uondas

18 21e3IpuI 0} PaRIEL 3G
15w adeds ay) ‘ajqejiene s| UoeWIOuI OU 10 ‘ajGedydde
10U 5| way Aue Ji “paniuiad 10u ase sadeds yuelg 10N

asoleby
(IS pue |37 UO pasn sv) ALILNIQI

“iuswainbal dypads
104 PAYINSUO 3 ISNWI PIEPUEBS 00ZL'OL6L ¥4D 67 "PIepuels
UOREUNWILIO PIRZEH $7HSO UM Adwod 03 pasn aq Aein

198ys eleq A1ajes [eualen

“J3LOAA1T

euondo) Jaiedaid jo ainjeubt:

euondo) Jasedaid 30 aimeubis

Loooz >a 1y
LL-9L-LL - MN 18215 Y5 LZLL

00S1-0L€-T0T

UoNeLIOuI 10} JAqUINN BUoYdalaL

00S1-0L€-20Z

Jaquiny auoydajay ousbiaw3

(3p0d diz "a3e3s KD 199115 UAGUINN) SSAIPPY
Ul “H3L0Aa3

aweN sJainpenuepy

LL1-9L-L1L

00SL-0L€-20T

Uonewou; Joy Jaquiny uoydajal

paiedaig oeg

10002 D@ uolbulysem
MN 39315 WG LZLL

(ap0D diz ‘a1e1s Ay 492.15 UBqUINN) SS3IPPY

00SL-0LE-20T

Joquin suoydajay fHousbiaws3

“ul H310Aa3
SweN s, aindejnuepy

| Uo13S | UoI1>3S
181} 21ed1pUl 0} paxew aq J13yyng sisaioydoida|3 X( 1Y) 2)edIpul 0} paxew ag
35nw 2deds 3y} ‘a]qe]IRAR SI UOHLWIOUI OU IO ‘2jqedldde 4N sisa104donddM X0s 1snw adeds au) ‘2[e|fene 5| UoNewLIoJUI 0u Jo ‘djqesydde uonnjos Buipeot |29 adndeid
10U 51 Way AUe 3| -papILIad 10U B.e s3deds Jue|g 30N (3517 pue [9ge Uo pasn sy) ALILNIAI 30U st Wy AUe J| ‘paniwiiad 10U aJe sadeds Juelg 210N (3517 pue [2geT UO Pas sy) ALILNIAI

“yuawanbai dypads
404 Pa}|NsU0? 3 1SN PARPUEIS 00ZL'0L6L ¥4D 67 ‘PiepUElS
UOREIUNWWIO) PIEZEH S,VHSO UMM AIdo 0} pasn aq Aely

123ys e1eq M1a4es eualen

°JldLoAd3

spuawanbal diyads

404 pay|Nsu0d 3q Isnw pJepuels 00ZL'0L6L ¥4D 6Z "Piepuels
UOREIUNWIWIO) PezeH 5,VHSO YIM Adwiod 0} pasn 2 Ael

‘JFLOAQ3I

199ys eleq A1ajes [euaiey

32



Material Safety Data Sheets

Full-size (8.5 x 11") pdf copy of MSDS

lable at www. edvotek.com or by request.

is avai

Experiment

ueab qe| aanday0.d sadoud Yy

POOY BNy [eIWSL Ut 3sn 533117814 21UBIBAHALOM

s9D1RIJ JIUIIBAHIOM

$100G.4399NY  yuawdinb3 Jo BuUIYIO|D 2ADBI0I JBYO

5100q J3qqny  juawdinb3 Jo BuIyIO|) 2ANI0Id JBYIO

5316606 Ayayes "wayd uonaI0ig 343 _ 130gny  sano|D aAA10Ig $9|6606 A1a4es "WAYD  uondajouq 243 _ 439ANY  sap0)p annaI0Ig
SUON 1au10 | ON _([e13u3D) [edIUey>dn | 12510 | paJinbay  (|e12u20) [ed1ueyan |
POOY BWN} "WRYD _jepads] SOA Isneyx3 (201 | uone|uaA ads| 3sneyx3 (o1 | uoneusn

vEds  (edAL Aypads) uomdatold Liorendsay

S$3INSE3N |03U0) - ||IA UOIBS

v8ds ‘panoidde YHSO/HSOIN

(2L Aypads) uossroid Aioreudsay

$2INSe3I |043U0) - [||A UOIISS

uabeinpy

suonnedaid JBYI0

auoN
suonnexald JBYI0

“1eab qe| ani@10.d Jadoid Yyum pooy awiny [ed1WaYd Ul 3sn

6uLios pue Buipue

uxjeL 3q 0} suonnedxdld

@de(d Aip ‘|00 uy 81035 "paso Aj3ybiy deay
Burioys pue Huljpuey ui uaxe] aq 03 sUCIINeIAUd

13qqnuds pue Jauinguaye paddinba

J01eJ2UIUI [EDIWAYD B Ul UING PUE LUSAJOS 3|GIISNGWIOD YLIM [eLIS1eW XI|
2l Iwisy | uINg pue JUIA|0S 3|qlsnq Yam jeuane Euo&ws_ lesodsiq s35eM

*suolie|nbai a1e1s pue [e30] 3P3YD 19QQNIIS pue Jauinguialje yim paddinba Jojesauni
3YD Ul UING PUB JUSA|OS 3|GIISNGWIOD B YLM [BLI31BW XIA

POYIBIN [esodsiq a3sem

san0|6 1aqQnJ ‘$100q JaqqnJ ‘vgdS Jeap
pa|lids 10} pasealay si [eLia1e|y 5> Ul uddeL aq o3 sdars

35N pUe bul|pueH 9}es 10} SUOIINEdId - [IA UOIdS

ayis |1ds ysem pue ease dje||

UaA

Paj|ids 104 pasea|ay S| [eLd)eN d5ed Ul udxe] 3q 03 sdals

SN pue mC__UCQI 986 JOJ suoliinedald - ||\ UoIl}das

Ajaioddns pue AjjesnewoidwiAs yeal)

521npa20id PIV 1114 Aousbiaw3

Ajjeanewoydwis yeas)

$9INPad0id Py 3514 Aouabiawy

B18P ON  aunsodx3 Aq pareneibby A[eiausD SUORIPUOD [e21PSIN

2|qe|ieAe B1ep ON ainsodxg Aq pareneibby Ajjesauan su

puo) [2d1pa

1esy Aioresidsal saddn pue saueiquiaw SNOdNW 0} UONEYLL| a1ns0dx3 4o swoydwAs pue subIs

3|qe|ieAe elep oN

VHSO Suvi dINPIGeIlene B8P ON . iusbounied

upis ‘saka ey A1ojesidsal saddn ‘saueiquiaw snodnw 0} Builelll [eldley PNy
|e1dew dauab Jayje AN DIUCIYD(31U0IY) PUB 2INdY) SPIeZeH yyeaH

28'0CY0€’L DVIYId 3|NJ SpI0331 [BIIP3W YHSO Pasodol

VHSO 4V (dlL

aunsodx3 0 swoldwAs pue subis

N “Aupiusbounied

sisouek) :uonejeyu|  uonell 33 asned Aey :s9A3  uolIeYILIL IS 3sned Aepy tulS

014D pue 33NY) SpIezeH YyeaH

$npoidAg 1o uopisodworaq snopiezer

"3PIXOIP U0GEY ‘3PIXOUOW UOGILY JO SN JIXOL

SOA SIA - SOA
SPA tuonsabul oA Lupis 2\ ;uonejeyul :K1u3 4o (s)23n0Y Luonsabuy Lupis Uonejeyu) :13u3 40 (s)aIn0Y
ejeq piezeq Y3|eoH - [\ Uoidas ejeq piezeH Yi|eaH - |\ UORD3S
uoneziawiAjod BUON X |20 30N uonezuawAjod
snopiezey plony o) suonipuo) N0 Ao snopiezey
SED 9PlIO|U 'USDOIPAY 'SIPIX0 INJINS 'SIPIXO USDOIU

s1NPoidAg 0 UoRISOdWo>aq snopIezer

\anedwoduy

auoN ECER
PloAy 01 suonIpuoY Siqeisun

SUON

PIOAY 0} SUORIPUOD

ejeq AJIADeaY - A :o_twm_

spaezey uoisojdx3 pue o

Jensnun

SUONIPUO 11} JSPUN SAWINY PIXOY S}

spiezey] uoisojdx3 pue a1 jensnun

5943 1@ DS Y1Mm 1de1U0D 1udARId 01 YgDS pue Buiylop aandaroad Jeapn

sainpa20.d BunyBi4 2114 [epads

s9ha pue upjs yum

eUO0d Juanaid 03 bulyiop aaidal0ad pue snjesedde Bujyiealq pauleiuod 4|as

sainparold bunybiy a1 [eads

weoy JawAjod Jo [oyod|e Japmod [ediwayd Aip ‘apixolp uogied ‘Aeids ia1epn
eipapy Buysinbunx3

weoy sawAjod 1o joyod|e 4apmod [ed1wayd Aip ‘apixolp uogued ‘Aeids ia1epn

e1poiy Buiysinbunxa

‘an ‘anN e1ep oN elep oN ejep oN Ae e1ep ON

RED) hEAl suwir ajqewiwely (P35 POUIRIN) Ju1od Yseld RED) RE suw ajqewiuiely (P3SN POUIRIN) Ju10d yseld
BIep ON = QN SNSHRPEIRYD [E51WaYD/[E15AUd - Al UORI9S SNSUSIEIRUD [EoIWaY/[e515AUd - Al UOR>95
10po ou aded 03 pUNOQ [BJIWAYD 6p0 pue ssueseaddy 40po ou aded 03 pUNog [EJIWAYD opg pue adueseaddy
31ANIoS  ia3ep ur Aupignjos PIO> -3IANIOS  a3ep Ut Awjignjos

(L= o300y [fang) - exep of (L=221V 1n8) | 105 ¢ = yiv) Ausuaq Jode,
eyep on e conorodons | 21eP ON (1 = ¥Iv) Ausuaq Jodep 1ep ON on vonssodony | E3P ON (1 = ylv) Asuaq soden
ejep o uiod Bunpn | ejep oy (‘BH W) aunssaiq Jodep eiep oN julog bunjay | BIBP ON (*BH wiw) ainssaig Jodep
ejep o (1 =0%) furesn oypads | erep on Jui04 Buijiog e1ep oN (1 =0%) Anesp oypads | ©IEP ON Juiog Buijiog
SSNISHRIEIRY) [Bd1WBY)/[EdISAYd - [I] UOII9S S31SI91OBIRUD [EdIWaL)/[edISAYd - [I] UORas

E-EE-6EL #SVD

(3p1woJg wniuipuyueusydiAusyd-6-1A413-0L-oulwelg-£'g)

3|qe|ieAe e3ep ON

L'E

3|qe|ieAe Jou eleq

Popuswwoyy  ATL HI FJSWeN UoWwoy TAyIuspl [erusyy
SIW Y0 S1339ds] susuodwod snopaezer

uoleuioju) AJ13uapi/siuaipaibul snopiezey - || Uoias

[UoRd0) %

ENEENELCERD

[euondo;

% PopUSWIWOIoY T3d VHSO
suwi Jaylo

O T R INEE RIS
S11>ads] susUOdWo) SnopIezer

UOI1eWLIOsU| AH11USP|/SIU:

paJbu| SNopJezeH - || U0I1JdS

euondo) Jasedaid 4o ainjeubt:

LL-9L-L1L

euondo) sasedaid 30 aimeubis

LoL-LL mwkmnwﬁ 21eg

pasedaig o1eg 1000z 5@ uoxbuiy
00S1-0L€-20T MN 333135 Y15 LZLL
UoReWIOJUI 10} JOqUINN BUOYdaIDL >u] "H3LOAQ3

O0SLOLETOL, oot fousbiows sutey s sainpejnueny

0051-0LE-20T (opo>

UolyewI0ul o Jaquiny duoydaleL

00S1-0L€-20T

Jaquiny auoydajay Aousbiawg

1000Z 2@ uoibuiysepn
MN 19205 12§ LZLL

‘23815 KD 19215 UBqUINN) SSIPPY
Ul H3LOAAT

awe s,Jainejnuely

| UoRI3S

IRIEEES

) paiew aq apILWOIg WNIPIY13 @UIeISeISU|

35w 35eds 343 “Iqe|fene §| UONBWLIoLU] Ou IO ‘djqesijdde
J0u si way Aue j| “papiwad Jou aJe sadeds jue|g 0N (3517 pue [2ge uo pasn sy) ALILN3Al

ey} 21ed1pul 0} payiew aq

1snw @2eds au) ‘ajqe|iere S| UONeWLIOLUI OU JO ‘ajqedijdde
10U s| Wy AU Ji “paNILIad 10U 3¢ s3deds uelg 110N

widN|gysel4 ‘an|g @uieiselsu|
pue [3geT UO Pasn sv) ALILN3AI

‘spuawalinbas diyads
104 payNsu0d aq Isnw piepuels 00ZL'0L6l ¥4dD 67 "Piepuels @
P o prpuns oo sz pees Y 31OAQA

199ys ejeq Aiases [eusiey

“iuawanbal dypads

104 P3}|NSUO> 39 ISNW PIEPUEIS 00ZL'0L6L ¥4D 67 “PIepUEls

UONEIUNWIWO PIeZeH 5,VHSO UMM Aldwiod 01 pasn aq Aewy
199ys eyeq A1ajes [epdiey

“JFLOAdAT

33



Size Determination of DNA Restriction Fragments

Cat. #

101

102

103

104

105

109

112

114

115

116

117

118

124

130

EDVOTEK Series 100 Electrophoresis Experiments:

Title
Principles and Practice of Agarose Gel Electrophoresis
Restriction Enzyme Cleavage Patterns of DNA
PCR - Polymerase Chain Reaction
Size Determination of DNA Restriction Fragments
Mapping of Restriction Sites on Plasmid DNA

DNA Fingerprinting - Identification of DNA by Restriction
Fragmentation Patterns

Analysis of Eco RI Cleavage Patterns of Lambda DNA
DNA Paternity Testing Simulation

Cancer Gene Detection

Sickle Cell Gene Detection (DNA-based)

Detection of Mad Cow Disease

Cholesterol Diagnostiics

DNA-based Screening for Smallpox

DNA Fingerprinting - Amplification of DNA for Fingerprinting

Visit our web site for information about the
above experiments and other products

in EDVOTEK’s comprehensive offerings for
biotechnology and biology education.

www.edvotekicom
A

Order Online

EDVOTEK.

The Biotechnology Education Company® e 1-800-EDVOTEK e www.edvotek.com
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