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Experiment Objective:

In this lab, students will use electrophoresis to analyze the DNA samples
of two lions in order to return them to wildlife sanctuaries close to their
ancestral home.

See page 3 for storage instructions.
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Experiment Components

READY-TO-LOAD™ SAMPLES FOR ELECTROPHORESIS
Store QuickStrip™ samples in the refrigerator immediately upon receipt.
All other components can be stored at room temperature.

Components (in QuickStrip™ format)		
A
B
C
D
E

Standard DNA Marker		
Lion A’s mtDNA cut with Enzyme 1		
Lion A’s mtDNA cut with Enzyme 2		
Lion B’s mtDNA cut with Enzyme 1		
Lion B’s mtDNA cut with Enzyme 2		

Check (√)

q
q
q
q
q

REAGENTS & SUPPLIES
•
•
•
•

UltraSpec-Agarose™		
Electrophoresis Buffer (50x)		
Practice Gel Loading Solution		
FlashBlue™ DNA Stain		

q
q
q
q

Requirements
•
•
•
•
•
•
•
•
•
•
•
•

Experiment #920 is
designed for 8 gels if
stained with FlashBlue™
(included) or 16 gels if
stained with SYBR® Safe
(not included).
Store QuickStrip™ samples
in the refrigerator immediately upon receipt. All other
components can be stored at
room temperature.

All experiment components
are intended for educational
research only. They are not
to be used for diagnostic or
drug purposes, nor administered to or consumed by
humans or animals.

Horizontal gel electrophoresis apparatus
D.C. power supply
Automatic micropipets with tips
Balance
Microwave, hot plate or burner
Pipet pump
250 mL flasks or beakers
Hot gloves
Safety goggles and disposable laboratory gloves
Small plastic trays or large weigh boats (for gel destaining)
DNA visualization system (white light)
Distilled or deionized water
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Background Information

A cell’s DNA contains a wealth of valuable information. This molecule is made
of long chains of four nucleotides (Figure 1) and is often called life’s “instruction
manual” because it allows organisms to create the proteins needed to grow and
live. DNA’s structure also allows this essential information to be passed down from
mother to daughter cells and from parents to offspring. Locked within these sequences of nucleotides is also the story of how DNA itself has changed over multiple generations.
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Evolutionary biologists and molecular ecologists study these patterns of change
to reconstruct the past. For example, by analyzing DNA changes scientists have
been able to reconstruct how life evolved on Earth and the evolutionary relationships between different species. Phylogeographers, scientists who specialize in the
intersection of evolution, ecology, and biogeography, have similarly analyzed DNA
changes to discover the migration routes of our own ancestors and how ancient
communities responded to past ice ages (Figure 2). How do phylogeographers make
the leap from DNA sequences to a species history? How do species histories help us
solve current-day problems? And what does this all have to do with two orphaned
lion cubs? Read on to discover.
PHYLOGEOGRAPHY – WHEN MAPS AND TREES COMBINE
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In phylogeography, information about differences in the DNA of individuals (i.e. a
Figure 1: Nucleotides (G,C,A,T) are
species’ genetic variation), the geographic distribution of this variation, and the
the basic building blocks of DNA.
evolutionary relationships between different DNA sequences are analyzed together
in order to detect genetic signals of past events. Phylogeography studies are diverse
– some involve tens of thousands of sampled individuals and look at DNA changes
at every nucleotide within a genome, while others are based on much smaller data sets. Moreover, the exact mathematical
methods used to analyze the data differ and in some cases, are even kept as tightly guarded company secrets. However,
the broad process is consistent and outlined in Figure 3.
Scientists begin by collecting DNA samples from many
individuals throughout the species' current range - and
sometimes from fossils or museum samples. Using
biotechnologies like sequencing or restriction enzyme
analysis, they then identify regions of DNA that are
variable and that are likely inherited from a single parent (Box 1). These regions are combined, scored, and
then categorized as different haplotypes often using
letters. Next, each sampled individual is assigned to
a haplotype based on his or her genetic profile. This
haplotype is then linked back to a location based on
where the sample was collected or where the individual was born. Researchers then group samples that
are geographically close to each other into populations.
Finally, these results are analyzed using a combination
of population genetic and phylogenetics.

Figure 2: Ancient migration routes of
early humans.
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BOX 1: Haplotypes, Just Like Your Mother/Father
Haplotypes are unique combinations of DNA polymorphisms that are inherited together and are usually named using
letters. While most of an individual’s genome is created by recombination genetic reshuffling activities like meiosis and
chromosomal crossover that create a unique genetic mixture of both parent’s DNA - there are DNA regions that are inherited together from a single parent. DNA that meets this criterion includes that found in mitochondria plasmids, plant
chloroplasts plasmids, and (in humans) the Y chromosome. In some cases, genomic DNA – genetic material that occurs
in paired chromosomes and undergoes recombination - can still be used like a haplotype provided that it is subdivided
into subunits of very closely spaced or “linked” regions. Because they are inherited relatively unchanged from parent to
child haplotypes are much easier to trace back in time! In many cases, phylogeographers will construct several histories
based on different haplotype-types (i.e. a mtDNA haplotype and a Y chromosome haplotype) as each tells a slightly
different history that both complements and double-checks the other histories.

1. COLLECT DNA SAMPLES

Figure 3:
Key steps in a
phylogeography study.

1. COLLECT DNA SAMPLES

2. READ THE DNA

A A G T C A G T GC
A A G T C A G T GC
A A G T C A G T GC
A A G T C A G T GC

AAATGAGTCC

AAGTAAGTCC

AAATGAGTCC
AAATGAGTCC

AAGTAAGTCC
AAGTAAGTCC

AAATGAGTCC

AAGTAAGTCC

2. READ THE DNA
3. IDENTIFY REGIONS THAT VARY
3. IDENTIFY REGIONS THAT VARY
4. COMBINE REGIONS INTO HAPLOTYPES

G+C+G=Haplotype A, A+G+C=Haplotype B, G+A+C=Haplotype C
4. COMBINE REGIONS INTO HAPLOTYPES
5. GIVE INDIVIDUALS A HAPLOTYPE
G+C+G=Haplotype A, A+G+C=Haplotype B, G+A+C=Haplotype C
Haplotype A
Haplotype B
Haplotype C
5. GIVE INDIVIDUALS A HAPLOTYPE
6. LINK TO A LOCATION AND GROUP INTO POPULATIONS
Haplotype A
Haplotype B
Haplotype C
6. LINK TO A LOCATION AND GROUP INTO POPULATIONS

7. MAKE A GENETIC MAP
8. MAKE A GENETIC TREE
See
Figure 4 on page 6.
7. MAKE A GENETIC MAP
8. MAKE A GENETIC TREE

See Figure 5 on page 6.

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2020 EDVOTEK, Inc., all rights reserved.
920.200807

5

EDVO-Kit #920

SAFARI FAMILY REUNION

Population genetics is a subfield of genetics that deals with genetic differences within and between populations. In phylogeography, scientists pay particular attention to which haplotypes are unique to a single population and which are shared
by many populations as well as the number of haplotypes observed in each population. This information is described using
mathematically based measures like effective population size, expected heterozygosity and F-statics. It is also visually summarized by pie graphs of each population’s haplotypes added to a map of each population’s location (Figure 4). Together,
population genetic statistics and haplotype maps describe the genetic patterns of a species or the “geography” part of its
phylogeography.

MITOCHONDRIAL DNA HAPLOTYPES

Figure 4: An example genetic map - human mtDNA haplotypes.

In order to predict what events created the observed genetic
patterns, scientists next reconstruct the evolutionary history of all
the different haplotypes using phylogenies – the “phylo” part of
phylogeography. Phylogenies describe patterns of ancestry. Often
phylogenies are displayed as trees or networks where whatever
is being compared – family members, species, or in this case
unique haplotypes – are on the tips of each branch (Figure 5).
Common ancestors are represented by the intersection between
two branches, which are known as a node. Haplotypes that are
several nodes away from one another are more distantly related
than those that are only separated by a single node. Similarly,
haplotypes that are connected by short branches are more closely
related than those connected by longer branches. The tip of each
branch is labeled with the haplotype’s name and in some cases an
additional pie chart showing all the populations where the haplotype can be found.
By combining data from phylogenies and population genetics scientists can reveal key events in the history of a species. More specifically phylogeographical studies can help scientists determine
when/where members colonized new areas (expansion events),

6

Figure 5: An example genetic tree human mtDNA haplotypes.
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when/ where populations went through a sudden decline in
size (bottleneck events), when/where populations divided
and became isolated from each other (vicariance events),
and when/where members from two different populations
met (admixture events). In addition, once a species' phylogeography has been created, the genetic information can be
organized and shared in a database called a GRDB (Genotype Reference Database) that can be used to predict the
geographic origins of an individual (Box 2).
APPLICATIONS - PAST HISTORIES, FUTURE
CHALLENGES, CURRENT DECISIONS

Box 2: People Learning About People
The most intensely studied species in phylogeography is us! This
began in the 1970s when scientists used mitochondrial DNA and
molecular clock methods to determine early human migration
routes out of Africa. Today, large companies help their customers
find out about their ancestry. While humans have migrated and
mixed a lot, particularly in the last 100 years, much of our history
is still preserved in our DNA. These companies have identified
thousands of informative DNA mutations that can be linked to
distinct geographic locations and use these to assign individuals
to different haplogroups. As of 2020 around 30 million people and
counting have used these services.

Phylogeographers have traveled the globe measuring
diverse species from large tropical trees to bumblebees to
threatened mountain mice. This information proves especially useful as we anticipate how species and ecosystems will respond to climate change. These studies have shown that species survived past periods of global temperature changes both
by shifting where they lived and by persisting in small isolated “refuge” populations in their original ranges. Such information is helping scientists to predict how different ecosystems will change as current temperatures increase and to identify
potential refuge areas to protect.
The species histories told by phylogeographers are also helping bridge the gap between microevolutionary processes like
mutations, selection, gene flow and genetic drift, and macroevolutionary processes like speciation, species selection, and
punctuated equilibrium. This is helping scientists understand how global biodiversity was created and sustained.
Finally, phylogeography studies are helping
conservation biologists preserve current diversity. By knowing the geography of a species'
genetics, scientists can identify hot spots (areas
of high or unique genetic diversity) that should
be protected. Scientists tasked with helping
threatened species also use these studies to
subdivide these species into biologically based
management units (mu) or evolutionarily
significant units (esu). Finally, phylogeography
is being used to decide where best to reintroduce individuals that were removed from their
habitat, either because of illegal wildlife selling
or habitat destruction (Box 3).

Box 3: You Want Me To Live Where?
Introducing animals back to their native habitats has clear advantages – it’s an
enriching environment for the animal, helps maintain the diversity of the species,
and minimizes animal care costs. However, it’s also very difficult especially for more
complex animals (primates, large cats, elephants, dolphins, etc.). These animals
don’t have necessary survival skills, are too trusting of humans, and are susceptible
to local disease. To overcome these challenges, reintroduction is now being carried
out in two stages. First, captured animals are introduced to a semi-wild preserve
where they are encouraged to relearn key skills. Then, offspring from these ‘rehabilitated’ animals are released as a group back into the wild where they help each
other adapt to the harder conditions. In addition, scientists identify the likely geographic origin of captured animals and release them nearby to maximize the chance
that the reintroduced animals will be genetically adapted to the environment.

RESTRICTION FRAGMENT LENGTH
POLYMORPHISMS
Several methods exist that allow scientists to read DNA and visually see areas that are variable within a population or a
species. One popular method is restriction fragment length polymorphisms (RFLP) analysis. This technique allows scientists
to visualize small nucleotide changes in the DNA of different samples as difference in the number and lengths of bands produced when extracted DNA samples are digested by restriction enzymes and then separated by agarose gel electrophoresis.
Restriction enzymes are proteins that cut DNA molecules at very specific nucleotide sequences known as recognition sites.
For example, the popular restriction enzyme EcoRI cuts DNA whenever the sequence of nucleotides is GAATTC. A sample
digested with EcoRI will produce several fragments of DNA of different sizes depending on how many times this recognition site is present in the DNA and where these recognition sites are located (Figure 6). Because the presence or absence of
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a fragment is directly related to a change in the nucleotide sequence,
RFLP patterns contain both diversity and evolutionary information.
After a sample has been digested by a restriction enzyme the number
of fragments produced by this digestion and the size of these fragments can be determined using agarose gel electrophoresis. First
samples of DNA are loaded into wells within an agarose gel. The gel is
then placed in an electrophoresis chamber containing a buffer solution
and electrodes. Next a direct current is applied from a power source.
Since DNA is negatively charged in the neutral buffer it migrates
through the gel towards the positive electrode. During this process, the
agarose gel - which consists of microscopic pores - acts as a molecular
sieve and separates the different DNA fragments according to their
size. Shorter fragments migrate quickly through the gel and will travel
farther down the gel during the experiment than longer fragments that
move more slowly through the gel.
Following electrophoresis the RFLPs are “scored” by recording all the
fragment lengths generated by all the samples in a study and then by
identifying whether each individual has (0) or lacks (1) that particular
fragment. This creates long sequences of 0s and 1s which are then
used to determine the number of unique haplotypes and the haplotype of each individual. In phylogeography, multiple enzymes are often
used to increase the number of data points in a study. This is important
as larger datasets create more reliable and more descriptive phylogenies and haplotype maps as well as more precise predictions about
ancestry and historical events.

AATTC
G
G
CTTAA

PLASMID
A

PLASMID
B

Plasmid
A

Plasmid
B

Figure 6: Restriction Enzyme Digests
to Band Pattern.

In this experiment, you are a conservation biologist who is working with two adolescent lion cubs the were rescued from
a private house. Based on their age, you’ve decided to reintroduce them into the wild (or wildlife sanctuary) rather than
to a zoo. Using their genetic profiles and information about lion phylogeography, you will identify the best sanctuary for
them. In Modules I and II you will run gel electrophoresis to determine the lions’ restriction fragment length polymorphisms
(RFLP), and in Module III you will determine the haplotype of each lion. Using this information, you’ll determine where to
reintroduce each animal so that they’re optimally matched to their environment.

IMAGE CREDITS:
-Figure 2 from https://commons.wikimedia.org/wiki/File:World_map_of_prehistoric_human_migrations.jpg used under CC BY 2.5/ Text added from original.
-Figure 4 adapted from image by Lavanya Rishishwar and I. King Jordan / CC BY (https://creativecommons.org/licenses/by/4.0) Implications of human evolution and admixture for
mitochondrial replacement therapy. BMC Genomics. 2017.
-Figure 5 adapted from image by Lavanya Rishishwar and I. King Jordan / CC BY (https://creativecommons.org/licenses/by/4.0)
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Experiment Overview

EXPERIMENT OBJECTIVE:
In this lab, students will use electrophoresis to analyze the DNA samples of two lions in order to return them to wildlife
sanctuaries close to their ancestral home.

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.

Wear gloves
and safety goggles

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 NOTEBOOKS:
Scientists document everything that happens during an experiment, including experimental conditions, thoughts and
observations while conducting the experiment, and, of course, any data collected. Today, you’ll be documenting your
experiment in a laboratory notebook or on a separate worksheet.
Before starting the Experiment:
•
•

Carefully read the introduction and the protocol. Use this information to form a hypothesis for this experiment.
Predict the results of your experiment.

During the Experiment:
•

Record your observations.

After the Experiment:
•
•

Interpret the results – does your data support or contradict your hypothesis?
If you repeated this experiment, what would you change? Revise your hypothesis to reflect this change.

1.800.EDVOTEK • Fax 202.370.1501 • info@edvotek.com • www.edvotek.com
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Experiment Overview

1
2

Prepare
agarose gel in
casting tray

Remove end
blocks & comb,
then submerge
gel under buffer in
electrophoresis
chamber

3

4

Load each
sample in
consecutive wells

Attach safety
cover,connect
leads to power
source and conduct
electrophoresis

5

After electrophoresis,
transfer gel for staining

FlashBlue™
DNA stain
Analysis on
white light
source.

Gel pattern will vary
depending upon experiment.

10
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Module I: Agarose Gel Electrophoresis

IMPORTANT:
If you are unfamiliar with
agarose gel prep and
electrophoresis, detailed
instructions and helpful
resources are available at
www.edvotek.com

Wear gloves
and safety goggles

CASTING THE AGAROSE GEL
1.
2.
3.

4.
5.

6.

7.

DILUTE concentrated 50X Electrophoresis buffer with distilled water (refer to Table A for correct volumes depending on
the size of your gel casting tray).
MIX agarose powder with buffer solution in a 250 mL flask (refer to Table A).
DISSOLVE agarose powder by boiling the solution. MICROWAVE the solution on high for 1 minute. Carefully REMOVE
the flask from the microwave and MIX by swirling the flask. Continue to HEAT the solution in 15-second bursts until
the agarose is completely dissolved (the solution should be clear like water).
COOL agarose to 60° C with careful swirling to promote even dissipation of heat.
While agarose is cooling, SEAL the ends of the gel-casting
tray with the rubber end caps. PLACE the well template
Table
(comb) in the appropriate notch.
Individual 0.8% UltraSpec-Agarose™ Gel
A
POUR the cooled agarose solution into the prepared gelSize of Gel
Concentrated
Distilled
TOTAL
Amt of
casting tray. The gel should thoroughly solidify within 20
Casting tray Buffer (50x) + Water + Agarose =
Volume
minutes. The gel will stiffen and become less transparent as
7 x 7 cm
0.6 ml
29.4 ml
0.23 g
30 ml
it solidifies.
REMOVE end caps and comb. Take particular care when
7 x 10 cm
1.0 ml
49.0 ml
0.39 g
50 ml
removing the comb to prevent damage to the wells.
7 x 14 cm

1.2 ml

58.8 ml

0.46 g

60 ml

1.800.EDVOTEK • Fax 202.370.1501 • info@edvotek.com • www.edvotek.com
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Module I: Agarose Gel Electrophoresis

Wear gloves
and safety goggles

REMINDER:
Before loading the
samples, make sure
the gel is properly
oriented in the apparatus chamber.

RUNNING THE GEL
Table 1: Gel Loading
PLACE the gel (still on the tray) into the electrophoresis chamber.
Lane
COVER the gel with 1X Electrophoresis Buffer (See Table B for
Tube
Sample
recommended volumes). The gel should be completely sub1
Tube A
Standard DNA Marker
merged.
2
Tube B
Lion A’s mtDNA cut with Enzyme 1
9. PUNCTURE the foil overlay of the QuickStrip™ with a pipet tip.
3
Tube C
Lion A’s mtDNA cut with Enzyme 2
LOAD the entire sample (35 µl) into the well in the order indi4
Tube D
Lion B’s mtDNA cut with Enzyme 1
cated by Table 1, at right.
10. PLACE safety cover on the unit. CHECK that the gel is properly
5
Tube E
Lion B’s mtDNA cut with Enzyme 2
oriented. Remember, the DNA samples will migrate toward the
positive (red) electrode.
11. CONNECT leads to the power source and PERFORM electrophoresis (See Table C for time and voltage guidelines).
Allow the tracking dye to migrate at least 3.5 cm from the wells.
12. After electrophoresis is complete, REMOVE the gel and casting tray from the electrophoresis chamber and proceed
to instructions for STAINING the agarose gel.
8.

Table

B

12

1x Electrophoresis Buffer (Chamber Buffer)
Dilution

EDVOTEK
Model #

Total Volume
Required

M6+ & M12 (new)

300 ml

6 ml

294 ml

M12 (classic)

400 ml

8 ml

392 ml

M36

1000 ml

20 ml

980 ml

50x Conc.
Buffer

+

Distilled
Water

Table

C

Time & Voltage Guidelines (0.8% Agarose Gel)
Electrophoresis Model

M6+

M12 (new)

M12 (classic)
& M36

Volts

Min. / Max.

Min. / Max.

Min. / Max.

150

15/20 min.

20/30 min.

25 / 35 min.

125

20/30 min.

30/35 min.

35 / 45 min.

75

35 / 45 min.

55/70 min.

60 / 90 min.
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Module II: Staining Agarose Gels Using FlashBlue™

1.
2.
3.

4.

5.
6.

7.

DILUTE 10 mL of 10x concentrated FlashBlue™ with 90 mL of water in a flask and MIX well.
REMOVE the agarose gel and casting tray from the electrophoresis chamber. SLIDE the gel off of
the casting tray into a small, clean gel-staining tray.
COVER the gel with the 1x FlashBlue™ stain solution. STAIN the gel for 5 minutes. For best
Wear gloves
results, use an orbital shaker to gently agitate the gel while staining. STAINING THE GEL FOR
and safety goggles
LONGER THAN 5 MINUTES WILL REQUIRE EXTRA DESTAINING TIME.
TRANSFER the gel to a second small tray. COVER the gel with water. DESTAIN for at least 20
minutes with gentle shaking (longer periods will yield better results). Frequent changes of the water will accelerate
destaining.
Carefully REMOVE the gel from the destaining liquid. VISUALIZE results using a white light visualization system. DNA
will appear as dark blue bands on a light blue background.
ESTIMATE the base pair length of each fragment by comparing the distance each fragment traveled from the well to
the bottom of the gel to the distance that each Standard DNA Marker fragment migrated. For a more accurate size
calculation you can use a standard curve (see Appendix C).
Fill out the table below.

Sample
Standard DNA Marker

Number of Fragments

Size of each Fragment

7

6751, 3652, 2827, 1568,
1118, 825, 630

Lion A’s mtDNA cut with Enzyme 1
Lion A’s mtDNA cut with Enzyme 2
Lion B’s mtDNA cut with Enzyme 1
Lion B’s mtDNA cut with Enzyme 2

1.800.EDVOTEK • Fax 202.370.1501 • info@edvotek.com • www.edvotek.com
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Module III: Haplotype Assignment

1.

FAMILIARIZE yourself with Panthera leo’s phylogeography by reviewing its current and historical range, the geographic
distribution of eleven major mtDNA haplotypes, and the phylogeny of these haplotypes.
Current and Historical Range

Historic distribution
(based on fossil record)
Present distribution

The Geographic Distribution of Eleven Major mtDNA Haplotypes

1.800.EDVOTEK • Fax 202.370.1501 • info@edvotek.com • www.edvotek.com
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Module III: Haplotype Assignment, continued
Evolutionary Relationship Between Haplotypes
J
H

K
G

I

D

F
B
E

C

2.

A

10 samples
1 sample

Central
West
North
North-East
South-East
South-West

Based on the three figures above ANSWER the following questions:
a.

How many haplotypes are present in just one population/location?

b.

How many haplotypes are found in more than one population/location?

c.

What does this suggest about how much contact and genetic exchange exists between different lion populations?

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2020 EDVOTEK, Inc., all rights reserved.
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Module III: Haplotype Assignment, continued

16

d.

Which location/population has the lowest level of diversity?

e.

Which location/population has the highest level of diversity?

f.

Brainstorm a few explanations for these location-based differences?

g.

Use the phylogeny network above to find an example of haplotypes that are only one node away from each other.

h.

Use the phylogeny network above to find an example of haplotypes that are three nodes away from each other.

i.

Use the phylogeny network above to find an example of haplotypes that are six nodes away from each other.

j.

Haplotypes G, C, and A are found in the north east. These haplotypes are 1 and 5 nodes away from each other.
The large gap between G and A/C suggests that some of the diversity in the north east is due to recent admixture
rather than evolution within the population. Do you think a similar thing applies to haplotypes J, K, and I in the
south west? Why or why not?
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920.200807

EDVO-Kit #920

SAFARI FAMILY REUNION

Module III: Haplotype Assignment, continued
3.

Use your results from Module II step 7 and the table (below) to DETERMINE the haplotype of both captive individuals.

Lion A Haplotype: _________

Lion B Haplotype: _________
4.

Based on this information where would you relocate lion cub A so that it was best adapted to the local environment?
What do you know about the population of lions currently living in this location? Where would you relocate lion cub B?
What do you know about the population at this location?
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Study Questions

1.

Define the following five terms:
•

GRDB

•

Bottleneck event

•

Haplotype

•

DNA

•

Restriction Enzyme

2.

How is phytogeography different from population genetics? How is it different from evolutionary biology? How
is it similar to these two fields?

3.

Describe at least two ways that phylogeographers are helping preserve biodiversity.
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INSTRUCTOR'S GUIDE

Instructor's Guide
ADVANCE PREPARATION:
Preparation for:

What to do:

When?

Time Required:

Prepare QuickStrips™
Module I:
Agarose Gel
Electrophoresis

Prepare diluted
electrophoresis buffer

Module II:
Staining Agarose Gels

Prepare staining
components

Up to one day
before performing
the experiment

45 min.

The class period
or overnight after
the class period

10 min.

Prepare molten agarose
and pour gels
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Pre-Lab Preparations: Module I
AGAROSE GEL ELECTROPHORESIS
NOTE:
Accurate pipetting is critical for
maximizing successful experiment results. EDVOTEK Series 100
experiments are designed for
students who have had previous
experience with micropipetting
techniques and agarose gel
electrophoresis.

This experiment requires a 0.8% agarose gel per student group. You can choose whether
to prepare the gels in advance or have the students prepare their own. Allow approximately 30-40 minutes for this procedure.
Individual Gel Preparation:
Each student group can be responsible for casting their own individual gel prior to conducting the experiment. See Module I in the Student’s Experimental Procedure. Students
will need 50x concentrated buffer, distilled water and agarose powder.

If students are unfamiliar with
using micropipets, we recommended performing Cat. #S-44,
Micropipetting Basics or Cat.
#S-43, DNA DuraGel™ prior to
conducting this advanced level
experiment.

Batch Gel Preparation:
To save time, a larger quantity of agarose solution can be prepared for sharing by the
class. Electrophoresis buffer can also be prepared in bulk. See Appendix B.
Preparing Gels in Advance:

FOR MODULE I
Each Student Group
should receive:
• 50x concentrated buffer
• Distilled Water
• UltraSpec-Agarose™
• QuickStrip™ Samples

Each lab group will receive one set of tubes. Before loading the gel, remind students
to tap the tubes to collect the sample at the bottom of the tube.
If using SYBR® Safe for DNA visualization, each QuickStrip™ is shared by two groups.
18 µl of the DNA sample will be loaded into each well. Proceed to visualize the results
as specified by the DNA stain literature.

A

A

A

A

A

B

B

B

B

B

B

C

C

C

C

C

C

D

D

D

D

D

D

E

E

E

E

E

CUT HERE

Using sharp scissors, carefully divide the block of tubes into individual strips by cutting
between the rows (see diagram at right). Take care not to damage the protective
overlay while separating the samples.

A

CUT HERE

QuickStrip™ tubes consist of a microtiter block covered with a protective overlay. Each
well contains pre-aliquoted DNA.

EDVOTEK® • DO NOT BEND

SAMPLES FORMAT: PREPARING THE QUICKSTRIPS™

CUT HERE

Gels that have been removed from their trays for storage should be “anchored” back to
the tray with a few drops of molten agarose before being placed into the tray. This will
prevent the gels from sliding around in the trays and the chambers.

CUT HERE

Do not freeze gels at -20º C as freezing will destroy the gels.

CUT HERE

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.

F

F

F

F

F

F

G

G

G

G

G

G

H

H

H

H

H

H

Carefully cut between
each set of tubes
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Pre-Lab Preparations: Module II
MODULE II: STAINING WITH FLASHBLUE™
FlashBlue™ stain is optimized to shorten the time required for both staining and destaining steps. Agarose gels can be stained with diluted FlashBlue™ for 5 minutes and destained
for only 20 minutes. For the best results, leave the gel in liquid 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. A white light box (Cat. #552) is recommended for visualizing gels stained with FlashBlue™.
•

Stained gels may be stored in destaining liquid for several weeks with refrigeration,
although the bands may fade with time. If this happens, re-stain the gel.

•

Destained gels can be discarded in solid waste disposal. Destaining solutions can be disposed of down the drain.

MODULE II: PHOTODOCUMENTATION OF DNA (OPTIONAL)
Once gels are stained, you may wish to photograph your results. There are many different
photodocumentation systems available, including digital systems that are interfaced directly
with computers. Specific instructions will vary depending upon the type of photodocumentation system you are using.

Wear gloves
and safety goggles

FOR MODULE II
Each Student Group
should receive:
• 10 mL 10X concentrated
FlashBlue OR 100 mL
1x diluted FlashBlue
• Small plastic tray or
weight boat
• Distilled or deionized
water
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Pre-Lab Preparations: Module III
Module III has no prelab steps. Students can complete this analysis module in 20-30 minutes.
The haplotype network and map in this module were created in PopArt (http://popart.otago.ac.nz/index.shtml) using a
simulated dataset known as a genotype reference database (GRDB). You can access this GRDB on our website as a nexus
file (https://www.edvotek.com/site/nex/920_LIONGRDB.nex). If time permits, students can use this file and free software
to generate their own versions of a genetic map and tree before starting the experiment.
While simulated, the data does reflect current patterns of lion genetic diversity. To discover more about lion phylogeography we highly recommend reading any of the articles below.

22

•

Barnett R, Shapiro B, Barnes I, et al. Phylogeography of lions (Panthera leo ssp.) reveals three distinct taxa and a
late Pleistocene reduction in genetic diversity. Mol Ecol. 2009;18(8):1668-1677. https://doi.org/10.1111/j.1365294X.2009.04134.x

•

Barnett, R., Yamaguchi, N., Shapiro, B. et al. Revealing the maternal demographic history of Panthera leo using ancient
DNA and a spatially explicit genealogical analysis. BMC Evol Biol 14, 70 (2014). https://doi.org/10.1186/1471-214814-70

•

Bertola L., Tensen L., van Hooft P, White PA, Driscoll CA, Henschel P, et al. (2015) Autosomal and mtDNA Markers Affirm
the Distinctiveness of Lions in West and Central Africa. PLoS ONE 10(10): e0137975. https://doi.org/10.1371/journal.
pone.0137975

•

Bertola, L., Jongbloed, H., van der Gaag, K. et al. Phylogeographic Patterns in Africa and High Resolution Delineation of
Genetic Clades in the Lion (Panthera leo). Sci Rep 6, 30807 (2016). https://doi.org/10.1038/srep30807
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Modules I and II: Results and Analysis

Sample

Number of Fragments

Size of each Fragment

Standard DNA Marker

7

6751, 3652, 2827, 1568,
1118, 825, 630

Lion A’s mtDNA cut with Enzyme 1

2

3440, 840

Lion A’s mtDNA cut with Enzyme 2

2

3650, 630

Lion B’s mtDNA cut with Enzyme 1

3

2830, 820, 630

Lion B’s mtDNA cut with Enzyme 2

2

3000, 1280
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Appendices
A

EDVOTEK® Troubleshooting Guide

B

Bulk Preparation of Electrophoresis Buffer and Agarose Gels

C

Data Analysis Using a Standard Curve

Safety Data Sheets can be found on our website: www.edvotek.com/safety-data-sheets
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Appendix A
EDVOTEK® Troubleshooting Guides

PROBLEM:

ANSWER:

CAUSE:
The gel was not prepared properly.

Ensure that the electrophoresis buffer was correctly diluted.

The gel was not stained properly.

Repeat staining.

Malfunctioning electrophoresis unit or
power source.

Contact the manufacturer of the electrophoresis unit
or power source.

The gel was not stained for a sufficient
period of time.

Repeat staining protocol.

The background of gel is too dark.

Destain the gel for 5-10 minutes in distilled water.

DNA bands were not
resolved.

Tracking dye should migrate at least 3.5 cm
(from the wells to ensure adequate
separation.

Be sure to run the gel at least 3.5 cm before staining
and visualizing the DNA (approximately 30 min. at
125 V).

DNA bands fade when
gels are kept at 4°C.

DNA stained with FlashBlue™ may
fade with time

Re-stain the gel with FlashBlue™

There is no separation
between DNA bands,
even though the tracking
dye ran the appropriate
distance.

The wrong percent gel was used for
electrophoretic separation.

Be sure to prepare the correct percent agarose gel. For
reference, the Ready-to-Load™ DNA samples should be
analyzed using a 0.8% agarose gel.

There’s not enough
sample in my QuickStrip™.

The QuickStrip™ has dried out.

Add 40 µL water, gently pipet up and down to mix before
loading.

Bands are not visible
on the gel.

After staining the gel,
the DNA bands are faint.
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Appendix B
Bulk Preparation of Electrophoresis Buffer and Agarose Gels

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 electrophoresis
buffer is outlined in Table D.

Batch Agarose Gels (0.8%)
For quantity (batch) preparation of 0.8% agarose gels, see Table E.

NOTE:
The UltraSpec-Agarose™ kit component is usually labeled with the amount it contains. 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.

1.

Use a 500 mL flask to prepare the diluted gel buffer.

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 volume on the outside of
the flask.

4.

Heat the agarose solution as outlined previously 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 dissipation of heat. If evaporation has occurred,
add distilled water to bring the solution up to the original volume as marked on the flask in step 3.

6.

Dispense the required volume of cooled agarose solution for casting each gel. Measure 30 mL for a 7 x 7 cm tray, 50 mL for
a 7 x 10 cm tray, and 60 mL for a 7 x 14 cm tray. For this experiment, 7 x 7 cm gels are recommended.

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.

60˚C
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Appendix C
Data Analysis Using a Standard Curve

Agarose gel electrophoresis separates biomolecules into discrete
bands, each comprising molecules of the same size. How can these
results be used to determine the lengths of different fragments?
Remember, as the length of a biomolecule increases, the distance to which the molecule can migrate decreases because large
molecules cannot pass through the channels in the gel with ease.
Therefore, the migration rate is inversely proportional to the length
of the molecules—more specifically, to the log10 of molecule's
length. To illustrate this, we ran a sample that contains bands of
known lengths called a “standard”. We will measure the distance
that each of these bands traveled to create a graph, known as a
“standard curve”, which can then be used to extrapolate the size of
unknown molecule(s).

1

2

3

Figure 5:
Measure distance migrated from the lower edge
of the well to the lower
edge of each band.

1. Measure and Record Migration Distances

Measure the distance traveled by each Standard DNA
Fragment from the lower edge of the sample well to the
lower end of each band. Record the distance in centimeters (to the nearest millimeter) in your notebook. Repeat
this for each DNA fragment in the standard.
Measure and record the migration distances of each of the
fragments in the unknown samples in the same way you
measured the standard bands.
2. Generate a Standard Curve.

Because migration rate is inversely proportional to the
log10 of band length, plotting the data as a semi-log plot
will produce a straight line and allow us to analyze an exponential range of fragment sizes. You will notice that the
vertical axis of the semi-log plot appears atypical at first;
the distance between numbers shrinks as the axis progresses from 1 to 9. This is because the axis represents a
logarithmic scale. The first cycle on the y-axis corresponds
to lengths from 100-1,000 base pairs, the second cycle
measures 1,000-10,000 base pairs, and so on. To create
a standard curve on the semi-log paper, plot the distance
each Standard DNA fragment migrated on the x-axis (in
mm) versus its size on the y-axis (in base pairs). Be sure
to label the axes!

Figure 6:
Semilog graph example
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Appendix C
Data Analysis Using a Standard Curve

After all the points have been plotted, use a ruler or a straight edge to draw the best straight line possible through the
points. The line should have approximately equal numbers of points scattered on each side of the line. It is okay if the
line runs through some points (see Figure 6 for an example).
3. Determine the length of each unknown fragment.

a.

Locate the migration distance of the unknown fragment on the x-axis of your semi-log graph. Draw a vertical
line extending from that point until it intersects the line of your standard curve.

b.

From the point of intersection, draw a second line, this time horizontally, toward the y-axis. The value at which
this line intersects the y-axis represents the approximate size of the fragment in base pairs (refer to Figure 6
for an example). Make note of this in your lab notebook.

c.

Repeat for each fragment in your unknown sample.
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Appendix C
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