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Experiment Components

READY-TO-LOAD™ SAMPLES FOR ELECTROPHORESIS

Components (in QuickStrip™ format) Check (/)
Store QuickStrip™ samples in the refrigerator upon receipt. Experiment #125 is
designed for 10 groups.
A DNA Standard Marker a
B Flower 1 a
C Flower?2 a Store QuickStrip™ samples
D Flower3 (| in the refrigerator immedi-
E  Flower4 Q ately upon receipt. All other
components can be stored at
F Flower 5 D room temperature.
REAGENTS & SUPPLIES ,
Store the following at room temperature. ATTENTION:
+  UltraSpec-Agarose™ a If you ordered one of
«  Electrophoresis Buffer (50x) a our "C" Series kits, bulk
+  Practice Gel Loading Solution Q samples for 24 gels,
*  FlashBlue™ DNA Stain a simply load 35 pL of
sample per well and
follow the staining
procedures as indicated
. in this protocol.
Requirements J

« Horizontal gel electrophoresis apparatus
« D.C. power supply
+  Automatic micropipettes 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

+  OPTIONAL: SYBR® Safe

+  OPTIONAL: Blue light visualization system (Edvotek Cat. #555 or #557 recommended)

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.
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Background Information

Walking through a garden, you have probably seen flowers in a )
rainbow of colors from red to blue, pink, purple, or even black. . .

. . Figure 1A: Molecular
But in that riot of color, have you ever seen a true blue flower? structure of the flavone
Chances are you haven't. This is because most flowers that backbone (2-phenyl-1,4-
florists call “blue” are either a naturally-occurring shade of purple benzopyrone)'
that is close to blue, or they are actually dyed blue. Less than
10% of flowers are considered to be truly blue by the horticultural
societies that specialize in flower cultivation and garden manage- OH
ment. But why is blue such a difficult color to produce in nature?
It's a great question and the answer relies on an interesting

OH
oo . [
combination of genetics and chemistry. HO EN OH
(I

Anthocyanins are water-soluble pigments that are responsible Figure 1B: Molecular OH
for creating a broad range of colors in plant leaves, flowers, structure of delphinidin® &,
and fruits. They belong to a family of plant chemicals called \

flavoniods. Plants make flavonoids using the phenylpropanoid
pathway, which is a set of chemical reactions where enzymes turn amino acids like phe-
nylalanine and tyrosine into colorful pigments. Most flavonoids exhibit the same basic

chemical backbone - fifteen carbons linked into three rings with several oxygen mole- Oxidative damage is any

damage to a cell that results

cules embedded (Figure 1A). Plant enzymes are then able to modify this basic backbone when the free radicals (highly
to create a rainbow of different pigments that are found in leaves, flowers, and fruits. reactive molecules) created
Beyond their role in coloration, anthocyanins are potent antioxidants, protecting plants by normal metabolism or

Sy : . pollution cannot be neutral-
from oxidative damage caused by sunlight and environmental stress. ized by antioxidants found in

the organism.
In flowering plants, the vibrant colors and patterns produced by anthocyanins and other
pigments create specific visually appealing patterns to attract pollinators like bees, but-
terflies, and birds. Blue color is primarily produced by a specific anthocyanin - delphini-
din (Figure 1B). However, the enzymes needed to create delphinidin are not present in every plant,
and the presence of this pigment alone doesn't
guarantee a blue color. For some flowers, metal )
ions like iron, magnesium, or copper will form
a complex with the pigments to affect its color,
which influences the petal's colors. Pigments are
also affected by the pH of the water or soil in the
area, which is why flowers from the same spe-
cies can display a wide range of vibrant hues. For
example, hydrangea are flowering plants that can
range in color depending on the pH of the soil -
acidic conditions generally make anthocyanins
appear blue, while basic soils shift the pigments to
red (Figure 2). In neutral soil, you may see purple
blooms, or even a variety of shades on one plant! L Figure 2: Plant pigments can be affected by soil pH34
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USING GENETIC ENGINEERING TO CREATE BLUE FLOWERS

Because of their vivid color and their reactions to environmental conditions, ~
anthocyanins are widely studied in plant genetics, horticulture, and biotechnol-
ogy, including in efforts to engineer novel colored flowers. Chrysanthemums (or
mums) are popular ornamental flowers that come in a wide variety of colors,
including red, pink, purple, yellow, orange, and white (Figure 3). These colors
come from the presence of different combinations of anthocyanins and other
pigments in the flower. However, they do not have the genes necessary to
modify the basic anthocyanin molecule into blue pigments like delphinidin. For
many years, agricultural scientists tried to create a true-breeding blue chrysan-
themum using conventional techniques like cross-breeding different varieties or
inducing genetic changes through chemical mutagenesis. However, due to the \.
complex chemistry within the flower, these techniques were not able to create

mums that produced a true blue color in all conditions.

Figure 3: Variation in
chrysanthemum coloration®

Plant biologists at Japan's National Agriculture and Food Research Organization decided to tackle this challenge using genet-
ic engineering techniques. They started by identifying the chemical features of anthocyanins needed to create the blue color
in flowers, like adding sugars or other functional groups to the pigment's carbon backbone. Then, using public databases of
plant enzyme sequences, the researchers identified three plant genes that could potentially create those chemical modifica-
tions when transformed into a wild-type red-purple chrysanthemum.

The next step was to introduce those genes into the h

plants using A. tumefaciens, a natural plant parasite that
transfers DNA into plant cells through its Ti-plasmid.
Genetic engineers use recombinant DNA technology

to replace one of the bacteria’s genes with the desired
DNA sequence. When the bacteria infect the host, they
transfer the new DNA to the plant, creating a transgenic
plant.

The first gene they transformed into the mums was
identified in a purple variety of the Canterbury bell
flower (Figure 4A). This gene was responsible for an
enzyme that helps plants produce delphinidin-based
anthocyanins, and so it modified the mum'’s reddish
anthocyanin to be more blue. However, the mums were  \
still purple. Next, they introduced a gene from the but-

terfly pea flower, whose blooms are a vivid deep blue

with a yellow center (Figure 4B). This gene codes for an enzyme that attaches sugar molecules to specific locations on the
anthocyanin pigment backbone. Together, these two genes were enough to create a true blue flower, without even needing
the third gene the researchers had identified.

Figure 4A: Canterbury bell Figure 4B: Butterfly pea
flower® flower’

TRUE BLUE OR DYE JOB? USING BIOTECHNOLOGY TO IDENTIFY THE TRUE BLUE MUMS

Flowers grown on a farm are treated much like a food crop. Depending on the local climate, they can be grown outdoors
or in greenhouses. The seeds are planted, the ground fertilized and irrigated, and the flowers are monitored for pests and
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diseases. Many flowers are harvested early in the morning when they are freshest, and then cooled, sorted, and packaged

for sale at markets or to wholesalers.

You entered a farmer's greenhouse, looking to pur-
chase some true blue chrysanthemums for an event.
However, the farmer's assistant accidentally knocked
over the buckets and the flowers were mixed, meaning
that some of the flowers are the genetically modi-

fied ones, and some are dyed. Luckily, as a molecular
biologist, you know how to help with this problem by
performing a quick genotyping assay! You label the
flowers one through five and take a clipping from each
(Figure 5).

Once back in the lab, you extract DNA from the flower
samples to use as a template for the polymerase chain
reaction, or PCR. This powerful biotechnology tech-
nique quickly and accurately creates large amounts

of a specific DNA sequence in vitro (Figure 6). Using a
PCR-based genotyping assay, we can target and am-
plify three specific DNA sequences to determine which

L

Figure 5:
There's been a mix-up at the greenhouse.

~

plants are the true blue chrysanthemums, and which are dyed. Because PCR is extremely sensitive, it can detect even the

smallest amounts of the target DNA.

Target Sequence

¢ _ Separation of
two DNA strands

Primer 1

1= Primer2

Denature
94°C

5' v — WA 3 —l

Anneal
. 2 primers
5 40°C - 65°C

5' v m— M 3

a5’

< Extension
72°C

Figure 6: The Polymerase Chain Reaction
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The plant DNA is our starting template, which is then mixed with primers, Taqg poly-
merase and nucleotides. Once the sample is in the thermal cycler, we heat up the

The Great Mum Mix Up: Using Biotechnology to Identify Genetically Engineered Flowers

( )
What do | need to perform PCR?

DNA to separate its two strands, like unzipping a zipper. Then, we cool it down so the
primers can stick to the DNA, marking the sequence we want to copy. Finally, the Taq
polymerase uses the nucleotide building blocks to synthesize new DNA strands. This
cycle - denature, anneal, extend - forms the core of PCR and allows us to quickly cre-
ate billions of copies of our target sequence.

The primers have been designed to amplify three unique targets:

If the target genes are present, DNA will be amplified and detectable using
agarose gel electrophoresis (Figure 7), a biotechnology technique that separates
biomolecules by size using an electric field and a porous agarose matrix. The
mixture of DNA molecules is added into depressions (or “wells") within a gel,
and then an electrical current is passed through the gel. Because the sugar-
phosphate backbone of DNA has a strong negative charge, the current drives
the DNA through the gel towards the positive electrode (Figure 7A).

At first glance, an agarose gel appears to be solid at room temperature. On the
molecular level, the gel contains small channels through which the DNA can .

A control chloroplast gene (4282 bp), which will be present in both the true blue
mums and the dyed mums. The presence of this band confirms that the DNA was
extracted properly and the PCR experiment worked.

The Canterbury bell flower gene (2872 bp), which will only be present in true blue
mums and signals genetic engineering.

The butterfly pea gene (1282 bp), which will only be present in true blue mums
and signals genetic engineering.

+ Template - the purified, double-
stranded piece of DNA we want to

copy.

* Primers - short synthetic DNA
molecules that target a specific DNA
sequence for amplification.

+ Taq DNA Polymerase - thermo-
stable enzyme used to copy DNA.

* Free nucleotides - the building
blocks of DNA.

(-) B (-)

s Y s s s e e s e s s s o

<€
Hi

(+) (+)
Figure 7:

Overview of Agarose Gel Electrophoresis

pass. Small DNA fragments move through these holes easily, but large DNA
fragments have a more difficult time squeezing through the tunnels. Because molecules with dissimilar sizes travel at dif-
ferent speeds, they become separated and form discrete “bands” within the gel. After the current is stopped, the bands can
be visualized using a stain that sticks to DNA (Figure 7B). Once you analyze the results, you can let the farmer know which
plants are the true blue mums, and which are dyed.

FOR FURTHER READING:
https.//floristsreview.com/suntory-flowers-launches-bluocean-chrysanthemum-in-north-america/

https://www.science.org/doi/10.1126/sciadv. 1602785

https://www.science.org/content/article/scientists-genetically-engineer-world-s-first-blue-chrysanthemum

https://botanicalgarden.berkeley.edu/learn/garden-stories/blue-natures-rarest-flower-color/

https://www.axios.com/2017/12/15/scientists-finally-made-the-worlds-first-blue-chrysanthemum-1513304458

https://www.treehugger.com/the-science-of-blue-flowers-4864085
https://gizmodo.com/is-it-possible-to-engineer-a-truly-blue-flower-1797268541

ATTRIBUTION:
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2. Yikrazuul, Public domain, via Wikimedia Commons

3. Cinderkinder, CC BY-SA 4.0 <https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons

4. Gretafrost, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons

5. Jebulon, CCO, via Wikimedia Commons

6. Hectonichus, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commons

7. Dr. Raju Kasambe, CC BY-SA 4.0 <https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons
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Experiment Overview

EXPERIMENT OBJECTIVE

Genetic engineering can be used to modify food and flower crops to introduce favorable traits. In this experiment, stu-
dents will use agarose gel electrophoresis to differentiate between genetically engineered “true blue” chrysanthemums
vs. artificially-dyed flowers. By comparing the DNA patterns, students will discover how molecular biology can be used to
distinguish between the genetically modified mums and the dyed ones.

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
DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS. and safety goggles
Exercise caution when using any electrical equipment in the laboratory.

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

vk w

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.
* Record any challenges faced while performing the experiment.

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.
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Experiment Overview

. Prepare
MODULE I: Agaros'e Gel < 1 agarosegelin
Electrophoresis casting tray.

Time required: See Table C

W

—
— 2
QUICK REFERENCE TABLE: Remove end caps &
comb, then submerge
Size of gel Groups Placement of Wells required gel under bUffel_' in
casting tray per gel comb per group electrophoresis
chamber.
7x7cm 1 1st set of notches 6
10x7cm 1 1st set of notches 6
14x7 cm 2 1st and 3rd sets of notches 6
—
NOTE: This experiment requires 0.8% agarose gels. This kit provides
enough reagents to cast ten 7 x 7 cm gels, eight 10 x 7 cm gells, or five

14 x 7 cm gels. Use the six place well-forming comb.

] Load each

3 sample in

consecutive wells
- +
MODULE II: Staining Agarose 4 Auachsafety
TM cover & connect
Gels USlng FlashBlue leads to power source
Time required: 30 min.

to conduct electrophoresis.

After electrophoresis,

Related EDVOTEK?® Instructional Videos
transfer gel for

staining.

Analysis on
white light
source.

www.youtube.com/edvotekinc
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Module I: Agarose Gel Electrophoresis

1. 2. ( \ 3, 1:00 4,
Concentrated Distilled Agarose
buffer water
Flask @ ]
é § Caution! Flask will be HOT!
S. 7.

CASTING THE AGAROSE GEL

1. DILUTE concentrated 50X Electrophoresis buffer with distilled water (refer to Table A for
correct volumes depending on the size of your gel casting tray).
2. MiIX agarose powder with buffer solution in a 250 mL flask (refer to Table A). Wear gloves

3. DISSOLVE agarose powder by boiling the solution. MICROWAVE the solution on high for and safety goggles
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 dis- REMINDER:
solved (the solution should be clear like water). This experimént
4. COOL agarose to 60°C with careful swirling to promote even dissipation of heat. requires 0.8%
5. While agarose is cooling, SEAL the ends of the gel-casting tray with the rubber end caps. aga(?rf%gelsllcast
PLACE the well template (comb) in the appropriate notch. WIER & WETS.
6. POUR the cooled agarose solution into the prepared
gel-casting tray. The gel should thoroughly solidify Table
- ™
within 20 minutes. The gel will stiffen and become A Individual 0.8% UltraSpec-Agarose™ Gels
less transparent s it solidifies. Size of Gel | Concentrated  Distiled  Amtof _  TOTAL
7. REMOVE end caps and comb. Take particular care Casting tray | Buffer (S0x) + Water * Agarose = Volome
when removing the comb to prevent damage to the 7% 7 cm 0.6 mL 204mL  024g 30 mL
wells.
10x 7 cm* 0.9 mL 441mL 0368 45 mL
14x7 cm 1.2mL 588mL 048¢g 60 mL

*Recommended gel volume for the EDGE™ Integrated
Electrophoresis System. (Cat. #500).
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Module I: Agarose Gel Electrophoresis

8. 9, —

POUR
1X Diluted
Buffer.

12.

RUNNING THE GEL

8. PLACE the gel (still on the tray*) into the electrophoresis chamber. COVER the gel with 1X

Electrophoresis Buffer (See Table B for recommended volumes). The gel should be com-

pletely submerged.

9. PUNCTURE the foil overlay of the QuickStrip™ with a pipet tip. LOAD the entire sample

(35 pL) into the well in the order indicated by Table 1, at right.

10. PLACE safety cover on the unit. CHECK that the gel is properly 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.

PROCEED to Module Il: Staining Agarose Gels Using FlashBlue™.

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

chamber.
TABLE 1: GEL LOADING
Lane 1 Tube A DNA Standard Marker
2| TubeB Flower 1
3| TubeC Flower 2
4 | TubeD Flower 3
51| TubeE Flower 4
6 | TubeF Flower 5

Taxle Tale Time and Voltage Guidelines
B 1x Electrophoresis Buffer (Chamber Buffer) C (0.8% Agarase Gel)
Dilution Electrophoresis AModel
EDVOTEK eizal Yelome 50x Conc. Distilled EDGE™ M12 & M36
Model 4 Required Buffer Water
Volts Min/Max (minutes) Min/Max (minutes)
EDGE™ 150 mL 3mL 147 mL
150 10/20 20/35
M12 400 mL 8SmL 392 mL 125 N/A 30/45
M36 1000 mL 20 mL 980 mL 100 15/25 40/60

*Gels that have previously been removed from their trays should be “anchored” back to the tray with a few drops of molten agarose before placing into the

electrophoresis chamber. This will prevent the gels from sliding around in the trays and the chambers.
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Module Il: Staining Agarose Gels Using FlashBlue™

DILUTE

l 2 3 1X FlashBlue™
. . . Stain Solution
10 mL
10X FlashBlue™
Stain

90 mL

Distilled

m ? ; water

warm warm 6
POUR water water .

/

_—

STAIN

\

RINSE DESTAIN VISUALIZE

1. DILUTE 10 mL of 10X concentrated FlashBlue™ with 90 mL of distilled water in a flask. MIX well.

2. REMOVE the agarose gel and casting tray from the electrophoresis chamber. SLIDE the gel off
the casting tray into a small, clean gel-staining tray.

3. COVER the gel with the 1X FlashBlue™ stain solution. STAIN the gel for 2-3 minutes. For best
results, use an orbital shaker to gently agitate the gel while staining. STAINING THE GEL FOR
LONGER THAN 3 MINUTES WILL REQUIRE EXTRA DESTAINING TIME.

4. POUR the 1X FlashBlue™ back into the flask (the stain can be reused). COVER the gel with warm
water (40-45°C). Gently RINSE the gel for 20-30 seconds. POUR off the water.

5. COVER the gel with clean, warm water (40-45°C). DESTAIN for 5-15 minutes with gentle shaking (longer periods will
yield better results). DNA bands will start to appear after 5 minutes of destaining. Changing the water frequently will
accelerate destaining.

6. 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.

Wear gloves
and safety goggles

ALTERNATIVE FLASHBLUE™ STAINING PROTOCOL:

1. DILUTE 1 mL of 10X FlashBlue™ stain with 149 mL distilled water.
2. COVER the gel with diluted FlashBlue™ stain.
3. SOAK the gel in the staining liquid for at least three hours. For best results, stain gels overnight.
4. Carefully REMOVE the gel from the staining liquid. VISUALIZE results using a white light visualization system. DNA will
appear as dark blue bands on a light blue background.
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Study Questions

MULTIPLE CHOICE:

1. Why are true blue flowers rare in nature?
a. Blue pigments are affected by the pH of soil.
b. Metal ions are required to create colors.
c. Delphininis not present in every plant.
d. All of the above.

2. Why include a control gene in every reaction?
a. To prove that the starting material comes from plants.
b. To make the gel look more balanced.
¢. To confirm that both the DNA extraction and the PCR amplification worked.
d. Toreduce the amount of pipetting needed.

SHORT ANSWER QUESTIONS:

3. What would you tell the farmer about each of the plants? Which samples tested positive for the transgenes? Which
tested negative?

4. Describe why two specific genes were necessary for achieving "true blue" in chrysanthemums.

THOUGHT QUESTION:

5. The genetic engineering of plants to change their color is largely ornamental. In today's biotechnology labs, research-
ers are often looking to improve agriculture in other ways, including increased food production or resilience to climate
change. What are some ways you imagine that genetic engineering could be useful to improve crops, and why are
these changes valuable?
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Instructor's Guide

ADVANCE PREPARATION:

PREPARATION FOR: WHAT TO DO: WHEN? TIME REQUIRED:

Prepare QuickStrips™.

Module I: Prepare diluted Up to one day ,
Agarose Gel electrophoresis buffer. before performing 45 min.
Electrophoresis the experiment.

Prepare molten agarose
and pour gels.

Module II: Prepare staining The class period
Staln.mg Agarose G:Is components. or overnight gfter 10 min.
Using FlashBlue the class period.
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 electro-
phoresis.

If students are unfamiliar with using micropipettes, we recommended performing Cat. #S-44, Micropipetting Basics
or Cat. #5-43, DNA DuraGel™ prior to conducting this experiment.
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Pre-Lab Preparations: Module |

FOR MODULE |
AGAROSE GEL ELECTROPHORESIS Each group will need:
This experiment requires 0.8% agarose gels. This kit provides enough reagents to . 50x concentrated buffer
castten 7 x 7 cm gels, eight 10 x 7 cm gels, or five 14 x 7 cm gels. Use the six place + Distilled Water
well-forming comb. You can choose whether to prepare the gels in advance or have - UltraSpec-Agarose™
students prepare their own. Allow approximately 30 minutes for this procedure. * Quickstrip™ Samples

Individual Gel Preparation:
Each student group can be responsible for casting their own individual gel prior to conducting the experiment. See Module
l'in the Student's Experimental Procedure. Students will need 50x concentrated buffer, distilled water and agarose powder.

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:
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 freeze gels at -20°C as freezing will destroy the gels.

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.

SAMPLES FORMAT: PREPARING THE QUICKSTRIPS™

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

Using sharp scissors, carefully divide the block of tubes into individual strips by cut- 4 R |l R | R | A | R
ting between the rows (see diagram at right). Take care not to damage the foil overlay | | | | |
while separating the samples. B!l !g!'Be!p
I I I I I
Each lab group will receive one set of tubes. Before loading the gel, remind students 2 ¢ : C : C : C : C : C
to tap the tubes to collect the sample at the bottom of the tube. Puncture the foil @ | | | | |
overlay of the QuickStrip™ with a pipet tip to aspirate the sample. Do not remove the 2D ,D D .D.D w D
foil as samples can spill. g £ £ 2 f 2
- E SESESESESE
S o0
'é F IFIF IFIFF
2 I I I I I
Gl GIGIGIGIG
I I I I I
HIHIHIHIHIH
NG R N R S
Carefully cut between
each set of tubes
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Pre-Lab Preparations: Module I

STAINING AGAROSE GELS USING FLASHBLUE™

FlashBlue™ stain is optimized to shorten the time required for both staining and de-
staining 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 refrigera-
tion, 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.

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.

The Great Mum Mix Up: Using Biotechnology to Identify Genetically Engineered Flowers  EDVO-Kit #125

FOR MODULE Il
Each group will need:

+ 10 mL 10X concentrated
FlashBlue™ OR
100 mL 1x diluted FlashBlue™
+ Small plastic tray or weight boat
+ Distilled or deionized water

NOTE:
This kit is compatible with
SYBR® Safe Stain
(Cat #608, not included).
Instructions for preparing gels
and visualizing
results can be found

in Appendix C.
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Experiment Results and Analysis

Lane Sample Molecular weight Meaning

6751, 3652, 2827, 1568, 1118,

1 A - DNA Standard Marker 825, 630

Used to approximate DNA size

The control gene is amplified (4282), letting us know that the
PCR worked. The Canterbury bell flower gene (2872 bp) and
the butterfly pea gene (1282) were also amplified, letting us

know that the flowers are transgenic.

2 B - Flower 1 4282, 2872, 1282

The control gene is amplified (4282), letting us know that the
PCR worked. The Canterbury bell flower gene (2872 bp) and
the butterfly pea gene (1282) were also amplified, letting us

know that the flowers are transgenic.

3 C - Flower 2 4282, 2872,1282

The control gene is amplified (4282), letting us know that the
4 D - Flower 3 4282 PCR worked. Neither transgene was amplified, letting us
know that the flowers are dyed.

The control gene is amplified (4282), letting us know that the
PCR worked. The Canterbury bell flower gene (2872 bp) and
the butterfly pea gene (1282) were also amplified, letting us

know that the flowers are transgenic.

5 E - Flower 4 4282, 2872,1282

The control gene is amplified (4282), letting us know that the
6 F - Flower 5 4282 PCR worked. Neither transgene was amplified, letting us
know that the flowers are dyed.
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Appendices

EDVOTEK® Troubleshooting Guide

Bulk Preparation of Electrophoresis Buffer and Agarose Gels
Using SYBR® Safe Stain (OPTIONAL)

Size Determination of DNA Restriction Fragments

o N @™ >

Safety Data Sheets can be found on our website: www.edvotek.com/safety-data-sheets
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APPENDICES

The Great Mum Mix Up: Using Biotechnology to Identify Genetically Engineered Flowers

EDVO-Kit #125

Appendix A
EDVOTEK® Troubleshooting Guides

s

PROBLEM:

Bands are not visible
on the gel.

After staining the gel,
the DNA bands are faint.

DNA bands were not
resolved.

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

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

There’s not enough

\

sample in my QuickStrip™.

CAUSE:
The gel was not prepared properly.
The gel was not stained properly.

Malfunctioning electrophoresis unit or
power source.

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

The background of gel is too dark.

Tracking dye should migrate at least 3.5 cm
(if using a 7x7 cm tray), and at least 6 cm
(if using a 7x14 cm tray) from the wells to

ensure adequate separation.

DNA stained with FlashBlue™ may
fade with time.

The wrong percent gel was used for
electrophoretic separation.

The QuickStrip™ has dried out.

\

ANSWER:

Ensure that the electrophoresis buffer was correctly diluted.
Repeat staining.

Contact the manufacturer of the electrophoresis unit
or power source.

Repeat staining protocol.

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

Be sure to run the gel at least 3.5 cm before staining and
visualizing the DNA (approximately 45 minutes at 125 V).

Re-stain the gel with FlashBlue™.

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.

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

_J

EDVOTEK,
20

Visit www.edvotek.com for additional troubleshooting suggestions.
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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.

. Table
Bulk Electrophoresis Buffer D Bulk Preparation of Electrophoresis Buffer
Quanqty (buI.k) preparation for 3 liters of 1x electrophoresis ~ox Conc. N Distilled Total Volume
buffer is outlined in Table D. Buffer Water Required
60 mL 2,940 mL 3000 mL (3 L)
Batch Agarose Gels (0.8%) o~
able
0, o ™
For quantity (batch) preparation of 0.8% agarose gels, see ‘E Batch Prep of 0.8% UltraSpec-Agarose
Table E. Amtof . Concentrated , Distilled Total
Agarose Buffer (50X) Water Volume
1. Use a 500 mL flask to prepare the diluted gel buffer.
30g 7.5mL 367.5 mL 375mL

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 heat-
ing 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.

160‘@

6. Dispense the required volume of cooled agarose solution for casting each gel. Measure
30 mLfora7x7cmtray, 45 mL fora 10 x 7 cm tray, and 60 mL for a 14 x 7 cm tray. For
this experiment, 7 x 7 cm gels are recommended.

NOTE:

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

Please read the label care-
fully. 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.

7. Allow the gel to completely solidify. It will become firm and cool to the touch after approximately 20 minutes. Solidified gels
can be stored under buffer in the refrigerator for up to 2 weeks. Do not freeze gels.

PROCEED to Loading and Running the Gel (page 12).
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Appendix C
Using SYBR® Safe DNA Stain (OPTIONAL)

If desired, the DNA samples in this experiment can be visualized using SYBR® Safe DNA stain (Cat #608).
We recommend adding diluted SYBR® Safe stain to the liquid agarose gels while casting for easy, reproducible results.
A blue light or UV transilluminator is needed for visualizing SYBR® gels. The TruBlu™ 2 (Cat. #557) is highly recommended.

PREPARING SYBR® SAFE STAIN

Instructors:
1. Prepare 1x Electrophoresis Buffer by combining 10 pL of 50X Concentrated Buffer with 490 pL of distilled water.

2. Add 20 pL of the SYBR® Safe to the tube of 1X buffer from Step 1 and mix by tapping the tube several times. The diluted
SYBR® Safe Stain is now ready to be used during agarose gel preparation.

AGAROSE GEL PREPARATION Tabole

) ‘ ) ,E Batch Prep of 0.8% UltraSpec-Agarose™
This experiment requires one 0.8% agarose gel for each stu-
dent group. Instructors can choose whether to prepare the Amtof , Concentrated , Distilled Total
gels in advance (METHOD A) or have the students prepare Agarose Buffer (50X) Water Volume
their own (METHOD B). Allow approximately 30-40 minutes [
for this procedure. 3.0g 7.5mL 367.5mL 375 mL

Instructor Preparation (METHOD A):
For quantity (batch) preparation of agarose gels, see Table E.

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, 60°C
add distilled water to bring the solution up to the original volume as marked on the flask in step 3.

6. Add the entire tube of diluted SYBR® Safe stain to the cooled agarose and mix well.

7. Dispense the required volume of cooled agarose solution for casting each gel. Measure 30 mL for a 7 x 7 cm tray, 45 mL for
a 10 x 7 cmtray, and 60 mL for a 14 x 7 cm tray. For this experiment, 7 x 7 cm gels are recommended.

8. Allow the gel to completely solidify. It will become firm and cool to the touch after approximately 20 minutes. Solidified gels
can be stored in the refrigerator for up to 2 weeks. Place 1-2 mL of electrophoresis buffer in a sealable bag with the gels to
prevent them from drying out. Excessive buffer will cause SYBR® Safe to diffuse out of the gels. Do not freeze gels.

PROCEED to Loading and Running the Gel (Steps 8-12 on page 11), followed by the VISUALIZATION procedures on page 24.
NO ADDITIONAL STAINING IS NECESSARY.
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Appendix C
Using SYBR® Safe DNA Stain (OPTIONAL)

AGAROSE GEL PREPARATION, CONTINUED

Student Preparation (METHOD B): Table
For student preparation of agarose gels, see Table A.2. A.2 | Individual 0.8% UltraSpec-Agarose™ with SYBR® Stain

. L Size of Gel | Concentrated  Distilled mt o TOTAL | Diluted SYBR®
1. DILUTE concentrated (50X) buffer with distilled water Casting tray | Buffer (S0x) + Water + ﬁgfmi = Volume | (Step6)

to create 1X buffer (see Table A.2).

7x7cm 0.6 mL 294mL 0.24g 30mL 30 L
MIX agarose powder with 1X buffer in a 250 mL flask 10x7cm*| 0.9mL  441mL 036g | 45mL | 45pL
(see Table A). 14x7cm | 12mL  588mL 048g | 60mL | 60pL
DISSOLVE agarose powder by boiling the solution. * Recommended gel volume for the EDGE™ Integrated Electrophoresis System.

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. 160”0

While agarose is cooling, SEAL the ends of the gel-casting tray with the rubber end caps. PLACE the well template (comb) in
the appropriate notch.

Before casting the gel, ADD diluted SYBR® Safe to the cooled agarose and swirl to mix (see Table A.2).

POUR the cooled agarose solution into the prepared gel-casting tray. The gel should thoroughly solidify within 20 minutes.
The gel will stiffen and become less transparent as it solidifies.

REMOVE end caps and comb. Take particular care when removing the comb to prevent damage to the wells.

PROCEED to Loading and Running the Gel (Steps 8-12 on page 11), followed by the VISUALIZATION procedures on page 24.
NO ADDITIONAL STAINING IS NECESSARY.
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Appendix C
Using SYBR® Safe DNA Stain (OPTIONAL)

VISUALIZING THE SYBR® GEL

EDVO-Kit #125

A blue light or UV transilluminator is needed for visualizing SYBR® gels. The TruBIu™ 2 (Cat. #557) is highly recommended.

g = 8

24

SLIDE gel off the casting tray onto the viewing surface of the transilluminator.

Turn the unit ON. DNA should appear as bright green bands on a dark background.
PHOTOGRAPH results.

Turn the unit OFF. REMOVE and DISPOSE of the gel. CLEAN the transilluminator surfaces with
distilled water.

Be sure to wear UV

goggles if using a
uv transilluminator.)
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Appendix D
Size Determination of DNA Restriction Fragments

Agarose gel electrophoresis separates cut DNA into Figure 8: Semilog graph example
discrete bands, each comprising molecules of the same 100,000
size. How can these results be used to determine the
lengths of fragments in the restriction digests? Remem-
ber, as the length of a DNA molecule increases, the
distance to which the molecule can migrate decreases
because large DNA fragments cannot pass through the 3
channels in the gel with ease. Therefore, the migration

rate is inversely proportional to the length of the DNA 2
fragment—more specifically, to the log,  of fragment

length. To illustrate this, we ran a sample that contains i
DNA strands of known lengths called a “standard”. We 10,000 S
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 un-
known DNA fragments.
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1. Measure and Record Migration Distances
Using Lambda/Hindlll as the Standard

Log base pairs
(logarithmic y-axis)

Measure the distance traveled by each Lambda/Hindlll
digest from the lower edge of the sample well to the
lower end of each band. Record the distance in cen-
timeters (to the nearest millimeter) in your notebook.
Repeat this for each DNA fragment in the standard. Do
not measure the migration of the largest fragment, as
this point will not be used to create the standard curve. 3

-
=3
[=3
=]

A U1 O NV

2. Generate a Standard Curve

Because migration rate is inversely proportional to the
log,, of band length, plotting the data as a semi-log plot 3cm 4cm 5cm
will produce a straight line and allow us to analyze an Migration Distance
exponential range of fragment sizes. You will notice that (non-logarithmic x-axis)

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 repre-

sents a logarithmic scale. The first cycle on the y-axis corresponds to Quick Reference:

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-

100

Lambda DNA cut with Hindlll using a standard curve
will be plotted on semi-log graph paper. The following

log paper, plot the distance each Standard DNA fragment migrated are the sizes - length is expressed in base pairs.
on the x-axis (in mm) versus its size on the y-axis (in base pairs). Be

) ) * NOTE: 23,130 size is not to be used in the creation
After all the points have been plotted, use a ruler or a straight edge of the standard curve.

to draw the best straight line possible through the points. The line
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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 8 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 ex-
tending 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 8 for an example).
Make note of this in your lab notebook.

C. Repeat for each fragment in your unknown sample.

Resources:
4 I 4 I
N\ J g J
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Y-axis: Base Pairs

10,000

1,000

9,000
8,000
7,000

6,000
5,000

4,000

3,000

2,000

900
800
700

600
500

400

300

200

100

90
80

70
60

50

40

30

20

10

1cm 2cm 3cm 4cm 5cm 6cm
X-axis: Migration distance (cm)
1.800.EDVOTEK © Fax 202.370.1501 info@edvotek.com - www.edvotek.com

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2025 EDVOTEK, Inc,, all E DVOT E K@
rights reserved. Version 125.250903

27


https://www.edvotek.com
mailto:info%40edvotek.com?subject=

