WET LAB

"[3] DNA Barcoding:
masd From Samples to Sequences

Introduction

In this lesson, students perform the wet lab experiments necessary for DNA
barcoding. Beginning with a small tissue sample, students purify the DNA,
perform the polymerase chain reaction (PCR) using CO/-specific primer pools,
and analyze their PCR products by agarose gel electrophoresis. PCR reactions

Class Time

6 class periods of 50 minutes each:

that result in products of the correct size are purified and submitted for DNA
sequencing. This DNA sequence data can be used in Lesson Nine, or as part of
an independent project.

Learning Objectives

At the end of this lesson, students will know that:

* DNA barcoding involves multiple laboratory experiments before
bioinformatics analyses are performed: DNA purification, polymerase
chain reaction (PCR), agarose gel electrophoresis, PCR purification, and
submission of the sample(s) for DNA sequencing.

* DNA must be purified from a tissue sample before DNA barcoding through
a process involving cell lysis and separation of the DNA from the rest of the
cell debris.

e Polymerase chain reaction (PCR) is used to amplify (make many copies of)
a gene or region of DNA that can be used in subsequent analyses.

e Agarose gel electrophoresis is performed to confirm whether a PCR reaction
was successful, resulting in a band of the appropriate size.

¢ The copied DNA (or PCR product) is “purified” before DNA sequencing to
remove PCR reagents from the solution containing the copied DNA.

At the end of this lesson, students will be able to:
e Purify DNA from a small tissue sample.
e Perform PCR on the purified DNA sample.
e Use agarose gel electrophoresis to determine whether their PCR was successful.
e Prepare their PCR product for DNA sequencing (“PCR purification™).

¢ Develop a conceptual map that charts out the basic steps involved in many kinds
of genetic research, from DNA purification to DNA sequencing and analysis.
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e DNA Purification: 2 class periods

e PCR: 1 class period, plus overnight
e Agarose Gel Electrophoresis: 2 class
periods

Preparation of Samples for
Sequencing: 1 class period

Prior Knowledge Needed

o Basic cell biology (DNA is found in the

DNA is the blueprint of life.

nucleus, mitochondria contain DNA
and produce ATP).

Exposure to the Bio-ITEST Advanced
curriculum, Using Bioinformatics:
Genetic Research, is highly
recommended. This lab is intended
to be done between Lesson Eight:
Exploring Bioinformatics Careers
and Lesson Nine: Analyzing DNA
Sequences and DNA Barcoding. See
the Unit Overview for additional
explanations and other options for
differentiation.

Lab skills:
- Micropipetting (required).

- Balancing samples in a centrifuge.

- Experience using DNA gels (helpful).
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Key Concepts
e DNA barcoding involves experiments in the laboratory and on the computer.

¢ In the laboratory, genetic researchers must purify their DNA from a tissue
sample, copy the gene or region of interest using PCR, and assess whether
their PCR was successful using agarose gel electrophoresis.

e Scientific experiments build on what is already known about a given subject
or field, using this information and observations as background when asking
scientific questions. In the case of DNA barcoding, scientists use information
about the expected size of the barcoding gene, and sequence information
from previous experiments to design PCR primers.

* The DNA sequence data that results from the laboratory experiments can be
used in bioinformatics analyses.

Materials
General Equipment Quantity
Micropipettes and tips (P20, P200, and P1000) 1 each per group
[Note: Laboratory protocols have been designed for use with traditional (up to 1 per student)

scientific micropipettes, or classroom micropipettes that are only adjustable
in 5 pl increments.]

Microcentrifuge tube racks 1 per group

(up to 1 per student)
Waste buckets 1 per group
Test tube labeling pens (such as Sharpies®) 1 per group

(up to 1 per student)

-20 °C Freezer to store samples 1
[Note: Not necessary if experiments will be performed back-to-back. Purified
DNA (Lab 1) and PCR products (Lab 2) are stable in the refrigerator (4°C) for up

to 72 hours.]

High speed microcentrifuge (with a speed up to 10,000 rpm), needed for Lab 1 1

and Lab 4 (up to 1 per group)
[Note: A low speed microcentrifuge can be used for Lab 2 and Lab 3.]

Gloves, various sizes 1 pair per student per day
Teacher Resource—Aliquoting DNA Barcoding Reagents for Labs 1-4 1
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Lab 1: DNA Purification for DNA Barcoding

DNA purification reagents or kit
Recommended: ZR Genomic DNA™-Tissue MiniPrep. Available from Zymo Research.
Item #D3050 (50 reactions) or D3051 (200 reactions) http://www.zymoresearch.com/

WET LAB

Quantity
1 reaction per student

Samples (such as fish, meat, insects, etc.)
[Note: See Obtaining Samples for DNA Barcoding below for more information.]

1 per student

Nuclease-free, ultra-pure (i.e., nano-pure) or distilled water
Recommended: Nuclease-Free Water. Available from QIAGEN. ltem #129115 (1000 ml)
www.giagen.com/

Approximately 100 pl
per student

Class set of Student Handout—DNA Furification for DNA Barcoding

1 per student (class set)

Razor blades (or alternative means to shred tissue, such as plastic butter knives) and
plastic dishes or small plates

1 per student

Vortexers [Note: Not necessary, but highly recommended.]

1-2 per class (up to 1 per group)

55°C Water bath or incubator

1

1.7 ml microfuge tubes

2 per student

Lab 2: Copying the DNA Barcoding Gene

Using Polymerase Chain Reaction (PCR)

PCR reagents or kit

Recommended: GE Healthcare* illustra* PuRe Taq Ready-To-Go* PCR Beads 0.2 ml
tube w/hinged cap. Available from Fisher Scientific. Item #46-001-014
http://www.fishersci.com/

Quantity

1 per student

Nuclease-free, ultra-pure (i.e., nano-pure) or distilled water
Recommended: Nuclease-Free Water. Available from QIAGEN. Item #129115 (1000 ml)
www.giagen.com/

Approximately 50 pl per student

PCR barcoding primer poolss

Available from NWABR —OR- Primers may be ordered from a commercial producer,
such as Eurofins MWG Operon. http://www.operon.com

Primer sequences are available in Ivanova et al., 2007 (see Resources).

5.0 pl per student

Class set of Student Handout—Copying the DNA Barcoding Gene Using Polymerase
Chain Reaction (PCR)

1 per student (class set)

Thermocycler for PCR

1

Racks to hold 0.2 ml PCR tubes (such as empty P200 or P1000 tip box bases)

1 per student —OR- 1 per group

Ice buckets with ice

1 per group

1.7 ml microfuge tubes

1 per student
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Lab 3: Analyzing PCR Results with Agarose Gel Electrophoresis Quantity
Agarose Approximately 500 mg
Recommended: Agarose, LE Molecular Biology Grade. Available from Hardy per 2 students
Diagnostics. Item #C8740 (100 gm) or #C8741 (500 gm) (i.e., 2 students per gel)
http:/Avww.hardydiagnostics.com
6X DNA loading dye 2.5 pl per student

Recommended: 6X DNA Loading Dye, 5 x 1 ml. Available from Fisher Scientific.

ltem # FERRO611, http:/Avww.fishersci.com/

[Note: Some molecular weight standards include free 6X loading dye (see below). In
addition, Lab 3 has been designed for use with classroom micropipettes that adjust in
5 mlincrements, requiring 6X loading dye to be diluted to 3X, as described in Teacher
Resource—Aliquoting DNA Barcoding Reagents for Labs 1-4.]

DNA molecular weight standard 15 pl per 2 students

Recommended: GeneRuler 1 kb Plus DNA Ladder, ready-to-use. Available from (i.e., 15 pl per gel)

Fisher Scientific. Item #FERSM 1334, http://www.fishersci.com/

1X Tris Acetate EDTA (TAE) Buffer (“DNA Gel Buffer”) Approximately 50-100 ml

Recommended: 50X TAE Buffer, 1 L. Available from Fisher Scientific. tem #FERB49 per 2 students

http://www.fishersci.com/ (i.e., 50-100 ml per gel)

[Note: Dilute 50X TEA buffer to 1X with deionized or distilled water before use.]

Nontoxic DNA gel stain Approximately 50-100 ml

Recommended.: Fast Blast™ DNA Stain, 100 ml. Available from Bio-Rad. per 2 students

ltem #166-0402EDU, http://www.bio-rad.com/ (i.e., 50— 100 ml per gel)

[Note: Fast Blast™ DNA Stain should be prepared with deionized or distilled water.]

Class set of Student Handout—Analyzing PCR Results with Agarose Gel Electrophoresis 1 per student (class set)

55°C Water bath or incubator 1

[Note: Not necessary, but helpful to cool agarose to pouring temperature if desired.]

DNA gel boxes with casting stands and combs 1 per group

Power supplies 1 per 2 groups

[Note: Most power supplies can power up to two DNA gel boxes.]

Erlenmeyer flasks or glass bottles for melting agarose 1 per 2 students
(i.e., 1 per gel)

Microwave for melting agarose 1

Hot pads for handling hot agarose 1 per group

1.7 ml microfuge tubes 1 per student

Light Box 1

[Note: Not necessary, but highly recommended for visualizing DNA gels stained with
Fast Blast™ DNA Stain or other non-toxic stain.]
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Lab 4: Preparation of PCR Samples for DNA Sequencing Quantity

PCR purification reagents or kit 1 reaction per student
Recommended: DNA Clean & Concentrator™-5 (capped columns). Available from
Zymo Research. Iltem #D4013 (50 reactions) or D4014 (200 reactions)
http://Awww.zymoresearch.com/

Nuclease-free, ultra-pure (i.e., nano-pure) or distilled water Approximately 30 pl
Recommended: Nuclease-Free Water. Available from QIAGEN. Item #129115 (1000 ml) per student
www.giagen.com/

Class set of Student Handout—Preparation of PCR Samples for DNA Sequencing 1 per student (class set)
Spectrophotometer and cuvettes to measure DNA concentration (optional) 1 spectrophotometer;

1 cuvette per sample

Computer Equipment, Files, Software, and Media

Computer and projector to display PowerPoint slides.
Alternative: Print PowerPoint slides onto transparencies and display with overhead projector.

Wet Lab PowerPoint Slides—DNA Barcoding: From Samples to Sequences. Available for download from the “Lessons”
tab at: http://www.nwabr.org/curriculum/advanced-bioinformatics-genetic-research.

“DNA Barcoding” animation. This two-part animation introduces students to the concept of DNA barcoding (Part /,
run time 1 minutes 35 seconds), and the laboratory and bioinformatics tools needed to obtain and analyze DNA data
(Part Il, run time 4 minutes 10 seconds). Available from the “Resources” tab at:
http://www.nwabr.org/curriculum/advanced-bioinformatics-genetic-research.

Optional for Lab 2: "Polymerase Chain Reaction” video freely available from Howard Hughes Medical Institute (HHMI).
Video is 1 minute 27 seconds long and requires an internet connection and speakers. Available at: http://www.hhmi.org/
biointeractive/media/DNAI_PCR-lg.wmv.

Optional for Lab 2: "Polymerase Chain Reaction (PCR)” interactive tutorial. DNAi.org contains a number of great
online resources and tutorials, including one about Polymerase Chain Reaction (PCR).

1. Visit: http://www.dnai.org/b/index.html.
2. Select "Techniques” from the bottom menu bar.
3. Select “Amplifying” from the top menu bar.

4. From the side menu bar select “Making many copies of DNA" for a click-through 2D animation of polymerase
chain reaction.

Optional for Lab 3: "How to Make and Run an Agarose Gel (DNA Electrophoresis)” video freely available on YouTube
by Labtricks. Video is 2 minutes 54 seconds long. Available at: http://www.youtube.com/watch?v=2UQloYhOowM.

Optional for Lab 3: “"DNA Electrophoresis Sample Loading” video freely available on YouTube from Greg Peterson,
Coordinator of Biotechnology, Kirkwood Community College, Math/Science Department. Video is 3 minutes 30
seconds long. Available at: http://www.youtube.com/watch?v=tTj8p05jAFM&feature=related.

Optional for Lab 3: "Loading a Gel for Electrophoresis” video freely available on YouTube from Carolina Biologicals.
Video is 5 minutes 46 seconds long. Available at: http://www.youtube.com/watch?v=h06rz8rcZpw&feature=related.

Optional for Lab 4: “Sanger Method of DNA Sequencing” video freely available from the Howard Hughes Medical
Institute (HHMI). Video is 51 seconds long and requires internet connections and speakers. Available at:
http://www.hhmi.org/biointeractive/dna/DNAI_sanger_sequencing.html.

Optional for Lab 4: "The Sanger Method of DNA Sequencing” by the Wellcome Trust. This animation is text based,
which is useful when classroom computers are not equipped with speakers, and is freely available at:
http://www.wellcome.ac.uk/Education-resources/Teaching-and-education/Animations/DNA/WTDV026689.htm.

Wet Lab — DNA Barcoding: From Samples to Sequences
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DNA purification: Extracting the DNA
from a cell, and purifying it away from
the remaining cellular components.

Obtaining Samples for DNA Barcoding

Any tissue sample that contains DNA can be used for DNA barcoding. However,
certain types of samples are easier for students to work with than others.
Suggested samples include:

e Small pieces of fish or shellfish from a local grocery store, market, or
restaurant.

e Small pieces of meat (beef, pork, or poultry) from a local grocery store,
market, or restaurant.

e Insects, reptiles, amphibians, or fish (including immature life stages such as
eggs, larva, or tadpoles), collected from local ecosystems, such as parks, lakes,
or oceans.

e Canned dog or cat food.

e Samples obtained from zoos, aquariums, or wildlife parks. These are often
called “convenience samples,” which are left over after being collected for
routine veterinary exams.

DNA can be purified from very small samples. The experiments below involve
samples less than 25 milligrams (mg) in size — about half the size of a pencil
eraser. While DNA is often purified from “raw” samples, DNA can be purified
from cooked samples, such as canned meats, dog or cat food, or leftover meat
from a meal at a restaurant.

DNA barcoding has been used by students in New York City to determine
whether seafood available at markets and restaurants is correctly labeled. Other
projects include identification of wildlife in local parks or streams, and the meat
components of canned pet food.

Samples can be stored in the refrigerator (short-term, 1-3 days) or frozen
until needed.

LAB 1: DNA Purification for DNA Barcoding

Teacher Preparation

¢ In advance of the laboratory experiments, have students obtain samples for
DNA purification (see Obtaining Samples for DNA Barcoding above).

¢ Pre-heat the water bath or incubator to 55 °C. Depending upon the size of
your water bath, this may take an hour or two, or even overnight.

e L oad the classroom computer with the Wet Lab PowerPoint slides.

e Make copies of the Student Handout—DNA Purification for DNA Barcoding,
one per student. These handouts are designed to be reused as a “class set.”
Students should write their answers to questions and take notes on a separate
sheet of paper or in their lab notebook, not directly on the handout.
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e Teachers may wish to have their students write out the lab procedures before
the activity in their lab notebooks or on a separate piece of paper as a “pre-
lab” exercise, which can be used as an “entry ticket” to class. During the
lab, students may check off steps as they complete them and/or describe and
draw pictures of their observations during the laboratory activities.

* Review micropipetting and the use of a microcentrifuge with students, if needed.

e Set up student work stations by distributing supplies and reagents needed Reagents: Ingredients or components
for each group, as described above under Materials. It is suggested that used in an experiment.
reagents from the stock bottles contained in the ZR Genomic DNAT-
Tissue MiniPrep kit be aliquoted for student groups and labeled as
described in Student Handout—DNA Purification for DNA Barcoding. This
information is found in Teacher Resource—Aliquoting DNA Barcoding
Reagents for Labs 1-4.

Procedure
Day One

1. Explain to students the aim of this lesson. Some teachers may find it useful
to write the aim on the board.

Lesson Aim: Obtain DNA sequence data from the barcoding COI gene for COI gene: Cytochrome c oxidase
the sample(s) students have chosen. subunit 1 gene.

Teachers may also wish to discuss the Learning Objectives of the lesson, which
are listed at the beginning of this lesson plan.

2. Show Slide #1, "How DNA Sequence Data is Obtained for Genetic
Research.” Remind students that genetic research involves obtaining samples
from the species they will be studying, extracting and sequencing the DNA,
and then comparing the CO/I gene sequences from their species to other
species in databases like those at the National Center for Biotechnology
Information (NCBI) and the Barcode of Life Database (BOLD).

Wet Lab: Slide #1
How DNA Sequence Data is Obtained
for Genetic Research

Obtain Samples: Blood , Saliva,
Hair Follicles, Feathers, Scales Genetic Data

Compare
DNA
Sequences to
One Another
Mt
IV | TTCAAEAACAGGCCCAC
Seaccacwecicacs, TTCACEAACAGGCCCAC
TTCATEAACAGGCCCAC

+ Identify the organism from which the DNA was obtained.
* Compare DNA sequences to each other.

Image Source: Wikimdia Commans

Wet Lab — DNA Barcoding: From Samples to Sequences
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Wet Lab: Slide #2

Polymerase chain reaction (PCR):

A scientific technique in molecular
biology used to amplify (i.e., copy) a
single or a few copies of a piece of DNA
across several orders of magnitude,
generating thousands to millions of
copies of a particular DNA sequence.

Agarose gel electrophoresis:
Electrophoresis refers to the process of
using an electric field to move molecules
through a gel matrix. In the case of DNA,
agarose is used to form the gel matrix,
and the electrical current separates DNA
fragments based on size, with smaller
(or lower molecular weight) fragments
moving to the positive electrode more
quickly than larger fragments.

PCR purification: Extracting or purifying
the PCR product (DNA fragment) away
from the remaining PCR components.

DNA sequencing: The process of
determining the identity and order of
bases in a molecule of DNA.

Detergents: Substances (for example,
soap), that contain both hydrophobic and
hydrophilic regions, used to dissolve lipids
(i.e., cell membranes).

Cell membrane: Phospholipid bilayer
surrounding the cell.

Spin columns: A small column that fits
inside of a microfuge tube and contains a
material (such as silica) that binds to nucleic
acids such as DNA. The spin column is

used in conjunction with centrifugation (or
vacuum pressure) to purify DNA.

Centrifugal force: The apparent force
that seems to pull an object outward when
the object is spun around in a circle.

Elute: To extract or remove one material
from another, often by adding a solvent
such as a buffer.

bio-itest

From Samples to Sequences

+ Obtain samples * Aquarium, zoo, grocery
* Purify the DNA * Lab 1: DNA Purification
* Copy your gene * Lab 2: Polymerase Chain

Reaction

* Lab 3: Agarose Gel
Electrophoresis

* Make sure you copied
your gene
* Obtain DNA sequence
data * Lab 4: PCR Purification and
DNA Sequencing

. Show Slide #2, "From Samples to Sequences.” Tell students that they

will be performing a series of laboratory experiments. These are the same
experiments that genetic researchers perform every day.

a. Obtain samples from the species they will be studying.

b. Perform DNA purification, which is Lab 7, and is the focus of this first
two-day experiment.

c. Copy the DNA barcoding gene, COI/, using the polymerase chain
reaction (PCR), which is Lab 2.

d. Confirm PCR results using agarose gel electrophoresis (Lab 3).

e. Prepare samples for DNA sequencing by performing a PCR purification
experiment (Lab 4) and submit the samples to a DNA sequencing facility.

. Show Slide #3, “DNA Purification Overview,” and review with students the

steps involved in purifying DNA:
a. First, break open the cells. This is done by chopping the tissues

into tiny pieces and adding detergents (which break down the cell
membranes) and heat.

b. Second, separate the DNA from the rest of the cell debris. Genetic
researchers use something called a spin column, which contains a
membrane made of material (such as silica) that has an affinity for DNA.
The DNA binds to the membrane in the spin column, and the remaining
cell debris washes through the tiny holes in the membrane when the spin
column is subjected to centrifugal force in a microcentrifuge.

c. Finally, elute (remove) the DNA from the column using a buffer. The buffer
changes the pH in the spin column and causes the DNA to no longer bind
to the spin column. This buffer will also keep the DNA stable for future use.
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L. Wet Lab: Slide #3
bio-itest

DNA Purification Overview
= Chop tissues and add

1. Break open the cells. detergents (disrupt cell
membranes), proteinase K,
and heat.
2. Separate the DNA from the Gk ” " .
rest of the cell debris. * Small “Spin Columns” contain Lysis or “to lyse”: To break open.
DNA-binding material with
small holes.
« Columns bind DNA, other . .
3. Rerlnove DNdAfrom ‘Qeﬁp‘" eEilulor Hebri= warshesthrotgh Proteinase K: Type of enzyme that breaks
column and suspend the DNA column. down proteins, including nucleases.

in buffer for future use.

*  “Elute” the DNA, or remove it
from the column. Nuclease: Type of enzyme that breaks

down nucleic acids.

5. Show Slide #4, "DNA Purification Using ‘Spin Columns,’” which reviews the Enzyme: A type of protein that catalyzes

steps in DNA purification once again, with added visuals and more details
about the laboratory protocol. The materials used are called “spin columns”
because scientists use a microfuge to “spin” the DNA-binding columns and

(increases the rate of) chemical reactions.
For example, ATP synthase is an enzyme
that catalyzes or facilitates the creation

of ATP.

speed the DNA purification process. Review these steps with students:

a. Day 1: Lyse your sample (break open the cells). This step involves adding Nuclease-free water: Water that does
to your sample a lysis solution and proteinase K, an enzyme that breaks not contain nucleases. Often this water
down other proteins. This is mixed in nuclease-free water. Nuclease- has been subjected to multiple rounds
free water (such as distilled or nano-pure water) contains no enzymes of purification, including being passed

(nucleases) that would break down DNA. The mixture is then heated through a nano-filter. It is sometimes

to aid the digestion process, as proteinase K activity increases at higher
temperatures.

referred to as “nano-pure” or “ultra-pure”
water, as it should contain only H,0, with

no dissolved salts or other contaminants.
b. Day 2: Add your sample to the spin column to bind the DNA to the membrane.

c. Wash away the cell debris with a wash solution. For this experiment, Buffer: A substance used to stabilize or
students will perform two wash steps — one with a pre-wash solution, maintain the pH of a solution.
and one with a wash solution.

d. Elute your DNA in buffer.

— Wet Lab: Slide #4

bio-itest

tronti for 1. Tissues Chopped and Broken
Open with Detergents

DNA Purification Using
“Spin Columns”

1. Chop up tissues and break open the

cells with detergents. =

Spin Cblumn
2. Separate the DNA from the rest of
the cell debris using spin column
and centrifugation.
3
DNA in Buffer

3. Suspend the DNA in buffer for
future use.

6. Pass out Student Handout—DNA Purification for DNA Barcoding and have
students work through the activity in small groups of up to 4 students each.

Wet Lab — DNA Barcoding: From Samples to Sequences
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Procedure
Day Two

7. As students enter the class, project Slide #5, “DNA Purification Overview, "
to remind students of the purpose of today’s lab. Students lysed their cells
overnight and will complete the purification today.

Wet Lab: Slide #5 o
bio-itest

DNA Purification Overview
* Chop tissues and add

1. Break open the cells. detergents (disrupt cell
membranes), proteinase K,
and heat.

2. Separate the DNA from the : 3

rest of the cell debris. * Small “Spin Columns” contain
DNA-binding material with
small holes.
. * Columns bind DNA, other

3. Remove DNA from the spin cellular debris washes through

column and suspend the DNA column.

in buffer for future use.

*  “Elute” the DNA, or remove it
from the column.

8. When students have completed their DNA purification, collect their samples
and store them in the refrigerator (short term storage, up to 3 days) or in the
freezer (long term storage).

Lab 2: Copying the DNA Barcoding Gene
Using Polymerase Chain Reaction (PCR)

Teacher Preparation
e L oad the classroom computer with the Wet Lab PowerPoint slides.

* Make copies of the Student Handout—Copying the DNA Barcoding Gene
Using Polymerase Chain Reaction (PCR), one per student. These handouts
are designed to be reused as a class set; students should write answers
to questions and take notes on a separate sheet of paper or in their lab
notebook.

Teachers may wish to have their students write out the lab procedures before
the activity in their lab notebooks or on a separate piece of paper as a “pre-
lab"exercise, which can be used as an “entry ticket” to class. During the lab,
students may check off steps as they complete them and/or describe and
draw pictures of their observations.

Set up student work stations by distributing supplies and reagents needed for
each group, as described above under Materials. It is suggested that reagents
be aliquoted for student groups and labeled as described in Student Handout
—Preparation of PCR Samples for DNA Sequencing. This information is found
in Teacher Resource—Aliquoting DNA Barcoding Reagents for Labs 1-4.
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e |f students are not familiar with PCR, queue the classroom computer to the
HHMI video, “Polymerase Chain Reaction,” and/or the DNAI.org interactive
tutorial on PCR. See Computer Equipment, Files, Software, and Media in the
Materials section above for URLs.

Procedure

9. Show Slide #6, "Lab 2: Copying the DNA Barcoding Gene Using Polymerase
Chain Reaction (PCR)" as students enter the room.

- Wet Lab: Slide #6
bio-itest

Lab 2:
Copying the DNA Barcoding
Gene Using Polymerase Chain
Reaction (PCR)

1. Obtain samples.

2. Extract the DNA.

3. Copy your gene.

4. Make sure you copied your gene.
5. Obtain DNA sequence data.

10. Show Slide #7, and remind students that their overall goal is to obtain DNA Amplify: In PCR, to amplify is to increase
sequence data from the species they are studying. In the last experiment, in copy number.
students purified DNA from their samples. Today, they will amplify, or copy,
the DNA barcoding gene using polymerase chain reaction (PCR).

o Wet Lab: Slide #7
bio-itest

From Samples to Sequences

* Obtain samples * Agquarium, zoo, grocery

¢ Purify the DNA * Lab 1: DNA Purification

« Copy your gene * Lab 2: Polymerase Chain
Reaction

* Make sure you copied
your gene * Lab 3: Agarose Gel

* Obtain DNA sequence Electrophoresis

data * Lab 4: PCR Purification and
DNA Sequencing

11. If students are not already familiar with PCR, it is strongly suggested that
you show the online video, “Polymerase Chain Reaction,” freely available
from Howard Hughes Medical Institute (HHMI). The video is 1 minute 27
seconds long and requires an internet connection and speakers. It is available
at: http://www.hhmi.org/biointeractive/media/DNAi_PCR-lg.wmv.

Wet Lab — DNA Barcoding: From Samples to Sequences
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Wet Lab: Slide #8

[Note: During DNA purification and PCR,
special purified water is used, such as
deionized, “ultra-pure” or “nano-pure”
water, which has been subjected to
multiple rounds of purification to remove
all contaminants. If nano-pure or nuclease-
free water is not available, deionized or
distilled water may be used.]

PCR beads: Lyophilized or “freeze-dried”
PCR ingredients.

DNA template: The DNA used as
instructions to make more DNA, such
as in PCR.

DNA polymerase: The enzyme that
assembles new DNA molecules, in the

cell or in vitro in the laboratory, using a
DNA template and deoxyribonucleotide
triphosphates (dNTPs).

Taq DNA polymerase: A type of
heat-stable DNA polymerase, purified
from the thermophilic (“heat-loving”)
bacteria, Thermus aquaticus.

You may also wish to work through the “Polymerase Chain Reaction (PCR)”
interactive tutorial available from DNAI.org:

a. Visit: http://www.dnai.org/b/index.html.

b. Select Techniques from the bottom menu bar.

c. Select Amplifying from the top menu bar.

d. From the side menu bar, select Making many copies of DNA for a click-
through 2D animation of polymerase chain reaction.

12. Show Slide #8, "The Power of PCR,” and emphasize to students that PCR is
a very powerful technique, making it possible to copy a gene of interest many,
many times. Starting with a single copy of a gene, PCR results in over a billion
copies in just 30 PCR cycles, which takes about 2-3 hours. Having so many copies
of a gene is what makes it possible to continue our genetic research analyses.

bio-itest
The Power of PCR
Number of PCR Cycles (n) Copies of DNA (2n)
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1024
20 1,048,576
30 1,072,741,824

13. Show Slide #9, which reviews the ingredients (sometimes called reagents),
necessary for PCR. Tell students that they will be using PCR beads (as seen in
the upper right corner of Slide #9, photographed next to the microfuge tube
for reference), which contain all of the ingredients for PCR except the DNA
template, primers, and nuclease-free water.

a. DNA template: This is your purified DNA sample. It is called a template
because, just like with DNA replication or transcription in a cell, PCR will use
your DNA to make many copies of your gene.

b. Tag DNA polymerase: This is a special DNA polymerase that is used to
copy the DNA and is heat stable, so that the enzyme is not destroyed
during the high temperatures in the PCR.

c. Deoxynucleotide triphosphates (dNTPs): Just like in your cells, these are
the building blocks of the new DNA molecules.

d. Primers: These are small pieces of DNA that are specific for the DNA
barcoding gene. They bind to the 5" and 3’ regions of the gene to be
copied, instructing the Tag DNA polymerase where to start DNA replication.

e. Buffer and Water: As this is a biological reaction, we must add buffers that
mimic the inside of the cell for the Tag DNA polymerase to function properly.
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. Wet Lab: Slide #9
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17ml
Wierofuge
Tube

PCR Ingredients

i BERSIEmplat: e Deoxyribonucleotide triphosphates

2. Tag Polymerase Heat-stable DNA polymerase (dNTPs).: These are the bases are .used
for making DNA. They are abbreviated

. o as dATP (deoxyadenosine triphosphate),
3. Deoxynucleotides (ANTPs)  Building blocks of DNA dCTP (deoxycytosine triphosphate), dGTP

(deoxyguanine triphosphate), and dTTP

4. Primers Small pieces of DNA bind to your gene o ) )
(deoxythymidine triphosphate). A mixture

5. Buffer and water Maintain pH of reaction containing all four deoxyribonucleotide
triphosphates can also be described as a
“set of dNTPs.”

14. Show Slide #10, which is a table from an important paper in the DNA
barcoding scientific community (by Dr. Ilvanova and colleagues). Primers: Small pieces of DNA used to

start or “prime” DNA synthesis, as in

Explain to students that this paper was written by genetic researchers who DNA replication and PCR.

do DNA barcoding. They collected DNA sequence data of the barcoding

gene from many different species, performed multiple sequence alignments Buffer: A substance used to stabilize or

to compare the sequences, and then created the many different PCR primers maintain the pH of a solution.

that correspond to each of these sequences to barcoding new samples or

species. The different PCR primers are mixed together to create primer Primer pools: Collections or mixtures of
pools—collections of PCR primers that can be used with different types of primers, usually used in PCR.

samples for which the exact sequence of the DNA barcoding gene (and thus

the corresponding PCR primers) is not known. Primer Pool COI-2 has been
used successfully for PCR with samples from mammals, fish, and insects. Primer
Pool COI-3 has been used successfully for PCR with samples from amphibians,
reptiles, and mammals. Birds may also be barcoded, but students may wish to
try both primer pools with bird samples. This process is explained further in the
“DNA Barcoding” animation found in the Materials section.

- Wet Lab: Slide #10
bio-itest
Genetic Researchers Developed
Primers for DNA Barcoding

Table 1 PCR primer set
reerence for

s tses t0 amplify cither 165 DNA or COL M13 tails are highlighted when present (*indicates original

Pool COI-2:
mammals,
fish and
insects

Pool COI-3:
amphibians,
reptiles and

MIF 21
mammals MISR (-27)

Credit: Ivanova et al. 2007. Universal primer cockiails for fish barcading. Mol Ecal Nofes.

15. Tell students to note on a sheet of paper or in their lab notebook which
primer pool they will be using in this experiment, based on the type of sample
they are working with.

Wet Lab — DNA Barcoding: From Samples to Sequences
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16. Pass out Student Handout—Copying the DNA Barcoding Gene Using
Polymerase Chain Reaction (PCR). Have students work through the activity
in small groups of up to 4 students each. If students are working with many
different types of samples, have those working with the same primer pools
work together (i.e., all of the students using Primer Pool COI-2 for fish in one
group, and all of the students using Primer Pool COI-3 for reptiles in another
group). Alternatively, if pairs or groups of students are working with the same
sample (i.e., the same organism from which the DNA was purified), one or
more members of the group may try the PCR with one primer pool (Primer
Pool COI-2), while the other member(s) of the group try the PCR with the
other primer pool (Primer Pool COI-3).

[Note: Do not mix primer pool COI-2 and
COI-3 together in a single PCR reaction.]

Thermocycler: Type of machine used to 17. Once students have assembled their PCR, help them place their PCR tubes in
automate polymerase chain reaction that the thermocycler. Teachers are encouraged to create a template or table of
cycles through all of the temperatures their thermocycler for students to record where they placed their tubes, such

required to complete the PCR. as the ones shown in Figure 1. Note that different types of thermocyclers

have capacities for different numbers of PCR tubes (usually 24, 36, or 96).

i 2 3 4 5 & 7 & 9 10 11 12

JT1 | 12 | IO DE1 | DEZ | DKD SA1 | SAZ | SAD
CM1 | CM2 | CM0 GF1 | GF2 | GFD F&l | FAZ | FAD
TY1 | TYZ | TYD

MK MK | KD

IT1 | IT2 | ITO | DK1 | DK2Z | DKD
CM1| CM2 | CMO | GF1 | GF2 | GFD
SA1 | SAZ | SAD [MM1|{MMZ|MMO
FAl| FAZ | FAD| TY1 | TY2 | TYD

LEL | LE2 | LED

-
¥
w
I
Ll
=
IO MmO @B

0N @ &

Figure 1: Examples of Tables or Templates of Student Samples in a 24-tube (left) or 96-tube (right)
Thermocycler. Note that Each Cell Contains the Initials and Sample Number of Different Students.

18. The PCR experiment in the thermocycler will likely run for 2—3 hours. Most
machines have an option to keep samples at 4°C indefinitely at the end
of the PCR reaction run, so that the reaction may be run overnight or over
the weekend. Tubes can be removed from the machine and placed in the
refrigerator (short term, up to 3 days) or freezer (long term, more 3 days).

YoJeasay d112uaD :sd1rewloulolg Buisn
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Lab 3: Analyzing PCR Results
with Agarose Gel Electrophoresis

Teacher Preparation
e | oad the classroom computer with the Wet Lab PowerPoint slides.

e Make copies of the Student Handout—Analyzing PCR Results with Agarose
Gel Electrophoresis, one per student. These handouts are designed to be
reused as a class set; students write answers to questions and take notes on a
separate sheet of paper or in their lab notebook.

¢ Teachers may wish to have their students write out the lab procedures before
the activity in their lab notebooks or on a separate piece of paper as a “pre-
lab” exercise, which can be used as an “entry ticket” to class. During the
lab, students may check off steps as they complete them and/or describe and
draw pictures of their observations.

e |f students are not familiar with agarose gel electrophoresis, queue your
computer to one or more of the following tutorials:

» "How to Make and Run an Agarose Gel (DNA Electrophoresis)” by
labtricks.com (4:54 min) includes how to calculate percent agarose, make
and pour an agarose gel, a close-up of sample loading on the gel, and
running the gel: http://www.youtube.com/watch?v=2UQloYhOowM.

» "Loading a Gel for Electrophoresis” by Carolina Biologicals (5:46 min)
includes different types of pipettes used and a close-up of the proper
techniques to load a pre-poured agarose gel. [Note: The first 2:50 min of
the video covers loading a gel with a micropipette.]: http://www.youtube.
com/watch?v=h06rz8rcZpw&feature=related.

> “"DNA Electrophoresis Sample Loading” from Greg Peterson, Coordinator of
Biotechnology, Kirkwood Community College, Math/Science Department,
includes pouring the agarose gel, preparing the DNA samples for loading
on the gel, and close-ups of the “do’s and don'ts” of loading DNA
samples on gels, including a number of common mistakes. [Note: The
first 1:00 min of the video moves quickly, and the voice-over does not [Note: Students often confuse the tubes
precisely match the video content; however, the sample loading examples, for the loading dye and the molecular
beginning at 1:04 min, are extremely helpful. If this video is not shown Weiqht standard. Both are in small, 1.7
to students, teachers may want to review it to anticipate and evaluate mi microfuge tu,bes' and both are blue.

i Teachers may wish to only set out the

common gel loading problems encountered by students.]: http://www.

5 i ) loading dye, and hand out the molecular
youtube.com/watch?v=tTj8p05]AFM&feature=related. weight standard after all samples have been

e Set up student work stations by distributing supplies and reagents needed prepared. If students have no bands in their
for each group, as described above under Materials. It is suggested that molecular weight standard lane, they may
reagents be aliquoted for student groups and labeled as described in have loaded dye instead of the molecular
Student Handout—Analyzing PCR Results with Agarose Gel Electrophoresis. weight standard. If there are many bands

in their sample wells, they may have mixed
their samples with molecular weight
standard instead of loading dye.]

This information is found in Teacher Resource—Aliquoting DNA Barcoding
Reagents for Labs 1-4.

e Visualizing DNA Gels with Fast Blast™ DNA Stain. DNA gels can be
stained quickly (i.e., in less than 20 minutes) with 100X Fast Blast™ DNA
stain or overnight with 1X Fast Blast™ DNA stain. Students are instructed in [Note: Fast Blast™ DNA Stain can be
Student Handout—Analyzing PCR Results with Agarose Gel Electrophoresis to re-used up to 7 times.]

Wet Lab — DNA Barcoding: From Samples to Sequences
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Wet Lab: Slide #11

load 10 pl of the PCR reaction on their gel, which should contain a sufficient
quantity of DNA to visualize using either staining protocol. Alternative DNA
gel stains (such as Carolina Blue) could also be used. For more details, see the
manufacturer’s instructions.

» Quick Stain with 100X Fast Blast™ DNA stain:
i. Dilute the Fast Blast stock solution 1:5 (final is 100X) with deionized
water, such as 100 ml 500X Fast Blast in 400 ml water.

ii. Stain each gel in a staining tray, Tupperware®, or other similar container
in 40-50 ml of 100X Fast Blast stain (enough to completely cover the
gel) for 2-3 minutes. Do not stain for more than 3 minutes.

iii. Rinse each gel for 10 seconds in 500-700 ml of clean, warm (40-55°C)

tap water in a 1-liter beaker or similar container.

iv. Wash each gel for 5 minutes in 500-700 ml of clean, warm (40-55°C)
tap water in a 1-liter beaker or similar container. Place gel and water
on a rocking platform during the wash, or gently agitate the container
every 30-60 seconds.

v. Repeat the 5 minute wash step with fresh, warm water.

Visualize results by placing gels on a white light box, or in sandwich-

sized zip-top plastic bags and holding them up to a light. Gels in plastic

bags may also be scanned and printed for student records.

» Overnight Stain with 1X Fast Blast™ DNA stain:

i. Dilute the Fast Blast stock solution 1:500 (final is 1X) with deionized
water, such as 1 ml of 500X Fast Blast in 499 ml| water.

VI.

ii. Stain gels overnight in 1X stain in a gel staining tray (i.e., plastic tub or
Tupperware®), rocking or agitating occasionally if possible. You should
begin to see DNA bands after 2 hours, but at least 8 hours of staining is
recommended for complete visualization.

iii. Visualize results as described above under the Quick Stain procedure, Step vi.

Procedure

19. Show Slide #11, “Lab 3: Did Your PCR Work? Analyzing PCR Results with
Agarose Gel Electrophoresis” as students enter the room.

bio-itest
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