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Emerging Pathogens and Biotechnology
Pre-Test
1. Emerging Pathogens are

a) a disease-causing microorganism that is newly recognized b) a disease-causing microorganism that
is increasing in frequency ¢) a disease-causing microorganism found in human, animal, or plant
populations d) aandb e) a,bandc

2. Pathogens emerge or re-emerge when

a) environmental change occurs b) genetic modifications permit crossing of species barriers ¢} rural
urbanization allows infectious to arise in isolated rural areas and spread d) aandb e) a,bandc

3. The global reservoir for Influenza A (Swine Flu)

a) humans b) pigs c¢) domesticated poultry d) aquatic birds e) sea mammals
4. Influenza A (Swine Flu)

a) isan RNAvirus b} is a DNA virus

5. E.coli can be |

a) a foodborne iliness b} may contaminate the surface of meat during slaughter c) is avirus d) aand
b e)abandc

6. Plant disease(s) that are caused by fungi

a) rusts b) blights ¢) wilts d) aandb e) a,bandc

7. Tomato Spotted Wilt Virus is vectored by

a) mosquitos b) birds c) thrips d} aandb e} ab,andc
8. Microarrays

a) can be used to diagnose which genes are active in a disease b} can be used to determine if an
antigen to a specific antibody is present in a sample c) can be printed with DNA or protein d) aand b
e) a,bandc
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Emerging Pathogens and Biotechnology
Post-Test
1. Emerging Pathogens are

a) a disease-causing microorganism that is newly recognized b) a disease-causing microorganism that
is increasing in frequency c) a disease-causing microorganism found in human, animal, or plant
populations d) aandb e) a,bandc

2. Pathogens emerge or re-emerge when

a) environmental change occurs b) genetic medifications permit crossing of species barriers c¢) rural
urbanization allows infectious to arise in isolated rural areas and spread d) aandb e) a,bandc

3. The global reservoir for Influenza A (Swine Flu)

a) humans b) pigs c¢) domesticated pouliry d) aquatic birds e) sea mammals
4. Influenza A (Swine Flu)

a) is an RNA virus 'b) is a DNA virus

5. E.cc;li can be

a) a foodborne iliness b) may contaminate the surface of meat during slaughter c) is a virus d) aand
b e)abandc

6. Plant disease{s) that are caused by fungi

a) rusts b) blights c) wilts d) aandb e) a,bandc .
7. Tomato Spotted Wilt Virus is vectored by

a) mosquitos b) birds ¢) thrips d) aandb e) a,b,andc
8. Microarrays

- a) can be used to diagnose which genes are active in a disease b) can be used to determine ifan -
antigen to a specific antibody is present in a sample c) can be printed with DNA or protein d) aand b
e) a,bandc







Outline of the Professional Development Day and Activities: Emerging Pathogens and Biotechnology
Andrea M. White, Ph.D. and Erin Kelso, Ph.D. along with SCHS 1B 12 grade student mentors

Spruce Creek High School University of Florida, Center for Pre-Collegiate Education and Training

7:30 - 8:00 am Optional: Breakfast and coffee

8:00-8:15 am Introductions and Orientation to the Day

8:15-9:30am Introduction to Micropipetting Techniques and Practice

9:30 - 9:45 am Short Break

9:45—11:00 am DNA Extraction from peanuts (seeds) and PCR Preparation

11:00 — 12:00 pm Introduction to Emerging Pathogens {PCR ongoing for 2 hrs. 40 minutes)
12:00 ~ 12:45 pm Lunch provided

1:00 —1:30 pm Introduction to Tomato Spot Wilted Virus and Test Strip Analysis if possible/ Emerging
Pathogens Classroom Simulation Activities

1:45 — 2:45 pm Agarose Gel Electrophoresis of DNA using Invitrogen E-gels and visualization of bands

2:45 — 3:00 pm Workshop Evaluation







LABORATORY 1

Measurements;

_ f Micropipetting, and
Sterile Techniques @~ |

LA'BORATDRY I INTRODUCES MICROPIPETTING AND STERILE PIPETTING techniques used
throughout this course. Mastery of these techniques is important for good
results in all of the experiments that follow, Most of the laboratories are based
on microchemical protocols that use very small volumes of DNA and reagents.
These require use of an adjustable micropipettor (or microcapillary pipette) that
measures as little as one microliter (u)—a millionth of a liter. : —
Many experiments require growing Escherichia coli in a culture medium that
provides an ideal environment for other microorganisms as well. Therefore, it is
important to maintain sterile conditions to minimize the chance of contaminat-
ing an experiment with foreign bacteria or tungi. Sterile conditions must be main-

Zropmr i e i

e

tained whenever living bacterial cells are to be used in further cultures, Use ster- o
ilized materials for everything that comes in contact with a bacterial culture: Sl
nutrient media, solutions, pipettes, micropipettor tips, inoculating and spreading L

loops, flasks, culture tubes, and plates. i

Remember this rule of thumb: Use sterile technique if live bacteria are need-
ed at the end of a manipulation (general culturing and transformations). Sterile
technique is not necessary when the bacteria are destroyed by the manipula-
tions in the experiment or when working with solutions for DNA analysis (plas- .
mid isolation, DNA restriction, and DNA ligation). ¥

Equipment and materials for this laboratory are available from the Carolina
Biological Supply Company (see Appendix 1).

T P YA e T 4 TR T g

T T el mbmei el
e L i

DNA Sw A Frst Cam ) Knel EdFrm
DA myckles, G A. Freger w.rh Da;:dj&a-ﬂg_
Col d \S_’mf;ﬂg Harbor kaboranwry Preoa , ,

Tobsn -frrm




322 = LABORATORY |

. Small-velume Micropipettor Exsrcise
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Hl. Sterile Use of 10-ml Standard Pipette
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PRELAB NOTES

MEASUREMENTS, MICROPIPETTING, AND STERILE TECHNIQUES = 323

Digital Micropipettors

The volume range of digital micropipettors varies from manufacturer to manu-
facturer. Select both a small-volume micropipettor with a range of 0.5-10 pl or
1-20 pl and a large-volume micropipettor with a range of 100-1000 pl.

Microcapillary Pipettes

Microcapillary pipettes are an inexpensive alternative to adjustable micropipet-
tors. These disposable glass capillary tubes come in sizes that cover the range of
volumes used in this course. Several types of inexpensive micropipette aids are
available. A thumbscrew micrometer may be easier to use than a pipettor bulb,
A no-cost and easily controllable pipette bulb can be made by tying a knot in' a
length of latex tubing, which is usually provided with the capillary pipettes.

Under conditions of high static electricity, capillary pipetting can be very dif-
ficult and, at times, impossible. The reagent droplet adheres stubbornly to the
side of the pipette and cannot be transferred to the side of a polypropylene reac-
tion tube. Even under the best of circumstances, microcapillary pipettes are
more difficult to master. Allow students sufficient time to become competent
with them before attempting any experiments.

Transfer Pipettes

Small polypropylene transfer pipettes are handy because they have an integrat-
ed bulb. The smallest size, which holds a total volume of approximately 1 ml, has
a thin tip that can be used to measure microliter amounts. Before use, calibrate
the transfer pipette using a digital micropipettor or microcapillary pipette.
Pressing on the pipette barrel, rather than the bulb, creates less air dispiacement
and makes measuring small volumes easier.

10-ml Pipettes

Presterilized, disposable 10-ml plastic pipettes are most convenient and are sup-
plied in bulk pack or individually wrapped. Bulk-packed pipettes should be
opened immediately before use. To dispense, cut one corner of the plastic wrap-
per at the end opposite the pipette tips. Avoid touching and contaminating the
wrapper opening; tap bag to push the pipette end through the cut opening.
Reclose with tape to keep sterile for future use. To use individually wrapped
pipettes properly, peel back only enough of the wrapper to expose the wide end
of the pipette and affix the end into the pipette aid or bulb. Completely peel back
the wrapper immediately before use.

To Flame or Not to Flame?

There is general disagreement about whether it is necessary to flame pipettes
and mouths of tubes as part of the sterile technique. Flaming warms the air at
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the mouth of the container, creating an outward convection current that pre-
vents microorganisms from falling in. Even so, the effect of flaming may be pri-
marily psychological when fresh sterile supplies are used and manipulations are
done quickly. Especially when using individually wrapped supplies, flaming can
be omitted without compromise to sterility. When flaming plasticware, do so
briefly to avoid melting the plastic.

Microfuge

Although not essential, a microfuge is very useful for pooling and mixing
droplets of pipetted solutions in the bottom of a 1.5-ml reaction tube.

PRELAB PREPARATION

-MATERIALS

1. To simplify initial practice with a micropipettor, use colored solutions that
are easily visible. Prepare five colored solutions using food coloring or other
dyes mixed with water.

2. Prepare for each experiment:

* Four 1.5-ml tubes, each containing 1 ml of a different colored solution,
marked I, I, UL, and IV,

¢ One 50-ml conical tube containing 25 ml of colored solution, marked V.

'REAGENTS -~ . . SUPPLIESAND EQUIPMENT ..
Solution I (1"m1;i,' colored o - .Beéker for i.avéstélus:édftiﬁé'_ o
Solution XI (1 ml), colored - - - .Bunsen burner (optional):. = -

. Solution I (1 ml), colored  ~ - Conical tube (50-ml)" = "
Solution IV (1 mi), colored '~ Culture tube (15-ml) - -

Solution V (25 ml), colored - Microfuge (optional) -
: - o Micropipettor {0.5-10-pl) + tips f
Micropipettor (100-1000-pl) + tips
Permanent marker = '
Pipeite (10-ml)
- Pipé_ttcj: aid or bulb
Test tube rack
Tubes (1.5-ml)
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METHODS

Metric Conversions

Become familiar with metric units of measurement.and their conversions. We
concentrate on liquid measurements based on the liter, but the same prefixes
also apply to dry measurements based on the gram. The two most useful units
of liquid measurement in molecular biology are the milliliter (ml) and microliter
(nl). '

1mi = 0.001 lLiter 1,000 ml = 1 liter
1ul = 0.000001 liter 1,000,000 Wl = 1 liter
Complete the following conversions:
1ul = ml ul = 1ml
opl = ml
100 = ml
Use of Digital Micropipettors {10 minutes)

“Newvers”

e Never rotate volume adjustor beyond the upper or lower range of the micro-
pipetior, as stated by the manufacturer.

» Never use a micropipettor without the tip in place; this could ruin the preci-
sion piston that measures the volume of fluid.

e Never lay down a micropipettor with a filled tip; fluid could run back into the
piston. .

e Never let the plunger snap back after withdrawing or ejecting fluid; this could
damage the piston.

e Never immerse the barrel of the micropipettor in fluid.
e Never flame the micropipettor tip.

Micropipetting Directions

1. Rotate the volume adjustor to the desired setting. Note the change in the
plunger length as the volume is changed. Be sure to locate the decimal point
properly when reading volume setting.

2. Firmly seat proper-sized tip on the end of the micropipettor.

3. When withdrawing or expelling fluid, always hold the tube firmly between
thumb and forefinger. Hold the tube at nearly eye level to observe the
change in the fluid level in the pipette tip. Do not pipette with the tube in
the test tube rack or have another person hold the tube while pipetting.

4. Each tube must be held in the hand during each manipulation. Grasping the
tube body, rather than the lid, provides more control and avoids contamina-
tion from the hands.

5. Hold micropipettor almost vertical when filling.
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Use of Digital Micropipettor (Steps 7 and 8)

6. Most digital micropipettors have a two-position plunger with friction “stops.”
Depressing to the first stop measures the desired volume. Depressing to the
second stop introduces an additional volume of air to blow out any solution
remaining in the tip. Pay attention to these friction stops, which can be felt
with the thumb.

7. To withdraw sample from reagent tube:

a. Depress the plunger fo the first stop and hold in this position. Dip the tip
into the solution to be pipetted, and draw the fluid into the tip by gradu-
ally releasing the plunger.

b. Slide the tip out along the inside wall of the reagent tube to dislodge
excess droplets adhering to the outside of the tip.

¢. Check that there is no air space at the very end of the tip. To avoid future
pipetting errors, learn to recognize the approximate level that particular
volumes reach in the tip.

8. To expel sample into reaction tube:

a. Touch the tip to the inside wall of the reaction tube into which the sam-
ple will be emptied. This creates a capillary effect that helps draw fluid out
of the tip.

b. Slowly depress the plunger to the first stop to expel sample. Depress to the
second stop to blow out the last bit of fluid. Hold plunger in depressed
position.

Step 7 Step 8 '

WITHDRAW SAMPLE EXPEL SAMPLE EJECT TIP ]

DEPRESS i'"":. DEPRESS A DEPRESS HA

plungerto — & plungerto —— hrd plungerta ! [

first stop first stop third stop geecrd !
i
i

or

RELEASE .-, L DEPRESS DEPRESS

plunger [ plungerto tip gjector

slowly second stop

CRAW ) ADHERE '

sample droplet to

into tip side of tube
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An empiy 1.5-ml tube can
be used to balance a sample
with a volume of 20 pl or
less.
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c. Slide the pipette out of the reagent tube with the plunger depressed to
avoid sucking any liquid back into the tip.

d. Manually remove or eject the tip into a beaker kept on the lab bench for
this purpose. The tip is ejected by depressing the measurement plunger
beyond the second stop or by depressing a separate tip-ejection button,
depending on the particular micropipettor being used.

9, To prevent cross-contamination of reagents:

a. Always add appropriate amounts of a single reagent sequentially to all
reaction tubes.

b. Release each reagent drop onto a new location on the inside wall, near
the bottomn of the reaction tube. In this way, the same tip can be used to
pipette the reagent into each reaction tube.

c. Use a fresh tip for each new reagent to be pipetted.

d. If the tip touches one of the other reagents in the tube, switch to a new
tip.

10. Eject used tips into a beaker kept on the lab bench for this purpose.

1. Small-volume Micropipettor Exercise ' {15 minutes)

This exercise simulates setting up a reaction, using a micropipettor with a range
of 0.5-10 jl or 1-20 pl.

1.
2.

‘Use a permanent marker to label three 1.5-m! tubes A, B, and C.

Use the matrix below as a checklist while adding solutions to each reaction
tube.

Tube | Sol.I | SoLI | Sol. Ml | Sol IV

A 4l 5ul 1l -
B 4 pul 5ul - 1ul
C 4ul 4ul 1pl 1ul

Set the micropipettor to 4 ul and add Solution I to each reaction tube.

4. Use a fresh tip to add appropriaie volume of Solution II to a clean spot on

reaction Tubes A, B, and C.

. Use a fresh tip to add 1 pl of Solution I to Tubes A and C.

6. Use a fresh tip to add 1 pl of Solution IV to Tubes B and C.

Close tops. Pool and mix reagents by using one of the following methods:

a. Sharply tap the tube bottom on the bench top. Make sure that the drops
have pooled into one drop at the bottom of the tube.

or

b. Place the tubes in a microfuge and apply a short, few-second pulse. Make
sure that the reaction tubes are placed in a balanced configuration in the
microfuge rotor. Spinning tubes in an unbalanced position will damage
the microfuge motor.
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8. A total of 10 pl of reagents was added to each reaction tube. To check that
the measurements were accurate, set the pipette to 10 pl and very carefully
withdraw solution from each tube.

a. Is the tip just filled?
or

b. Is a small volume of fluid left in tube?
or

C. After extracting all fluid, is an air space left in the tip end? (The air can
be displaced and actual volume determined simply by rotating volume
adjustment to push fluid to very end of tip. Then, read the volume direct-
ly.}

9. If several measurements were inaccurate, repeat the exercise to obtain a
near-perfect result.

il. Large-volume Micropipettor Exercise (10 minutes)

This exercise simulates a bacterial transformation or plasmid preparation, for
which a 100-1000-pl micropipettor is used. It is far easier to mismeasure when
using a large-volume micropipettor, If the plunger is not released slowly, an air
bubble may form or solution may be drawn into piston.

1. Use a permanent marker to label two 1.5-ml reaction tubes D and E.
2. Use the matrix below as a checklist while adding solutions to each reaction
tube.
Tube | SoLI | Solm |
D l 100l | 200 pul l 150 pl 550 pl
E 150 | 250! | 3501 250 pl

3. Set the micropipettor to add appropriate volumes of Solutions I-IV to reac-
tion tubes D and E. Follow the same procedure as for the small-volume
micropipettor.

4. A total of 1000 pl of reactants was added to each tube, To check that the
In€asurements were aecurate, set the micropipettor to 1000 ul and carefully
withdraw solution from each tube.

a. Is the tip just filled?

or

Sol. I I Sol. Iv

b. Is a small volume of fluid left in tube?
ar
c. After extracting all fluid, is an air space leit in the tip end? (The air can be

displaced and actual volume determined simply by rotating volume adjust-
ment to push fluid to very end of tip. Then, read the volume directly.)

5. If the measurements were inaccurate, repeat the exercise to obtain a near-
perfect result.
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Nonsterile pipettes may be
used for this practice exercise.

This expels contaminaied

air and prepares vacuum to -

withdraw fluid.

When using an individual-
Iy wrapped pipette, be care-
ful to open wrapper end
opposite the pipette tip.
Unwrap only enough of the
pipeite to attach end into
pipette gid or bulb.

S
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Iil. Sterile Use of 10-mi Standard Pipette {10 minutes)

The following directions include flaming the pipette and tube mouth. It is prob-
ably best t0 learn to flame, then omit flaming when safety or situation dictates.
The directions also assume one-person pipetting, which is rather difficult. The
process is much easier when working as a team: One person handles the pipette,
while the other removes and replaces the caps of the tubes.

The key to successful sterile technique is to work quickly and efficiently.
Before beginning, dear off the lab bench and arrange tubes, pipettes, and cul-
ture medium within easy reach. Locate Bunsen burner in a central position on
the lab bench to avoid reaching over the flame.

Loosen caps so that they are ready for easy removal. Remember, the longer
the top is off the tube, the greater the chance of microbe contamination. Do not
place a sterile cap on a nonsterile lab bench.

CAUTION

Always use a pipette aid or bulb to draw solutions up the pipette. Never pipette
solutions using mouth suction: This method is not sterile and can be dangerous.

1. Light Bunsen burner.
2. Set pipette aid to 5 ml or depress pipette bulb if using a pipetie.

3. Select a sterile 10-ml pipette and insert into pipette aid or bulb. Remember fo
nandle only the large end of the pipette; avoid touching the lower two thirds.

4. Quickly pass the lower two thirds of the pipette cylinder through the Bunsen
flame several times. Be sure to flame any portion of the pipette that will enter the
sterile container. Pipette should become warm, but not hot enough to melt the
plastic pipette or to cause the glass pipette to crack when immersed in solu-
tion to be pipetted.

5. Hold a 50-ml conical tube containing Solution V in free hand and remove
cap using little finger of hand holding pipette aid or bulb. Do not place cap on
lab bench.

Quickly pass mouth of conical tube through the Bunsen flame several times,
being careful not to melt the plastic.

Withdraw 5 ml of Solution V from the conical tube.
8. Reflame the mouth of the tube and replace top.

o

™

e

Remove the top of a sterile 15-ml culture tube with little finger of hand hold-
ing the pipette. Quickly flame the mouth of the tube.

10. Expel fluid into the culture tube. Reflame the mouth of the tube and replace
top.

RESULTS AND DISCUSSION

Inaccurate pipetting and improper sterile technique are the chief contributors to
poor laboratory resuits. If the handling of micropipettors and/or the use of ster-
ile technique are still uncomfortable or difficult, take time now for additional
practice. These techiques will soon become second nature.
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1. Why must tubes be balanced in a microfuge rotor?

2. Use the rotor diagrams below to show how to balance 3-11 tubes {for the
12-place rotor) or 3-15 tubes (for the 16-place rotor). When balancing an
odd numbers of tubes, begin with a balanced triangle of three tubes, and
then add balanced pairs. Which number of tubes cannot be balanced in the
12- or 16-place rotors?
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16-Place Rotor

3. What common error in handling a micropipettor can account for pipetting
too much reagent into a tube? What errors account for underpipetting?

4. When is it necessary to use sterile technique?
5. What does flaming accomplish?

6. Convert the following into microliters (ul):

0.130 ml 0.025 ml
0.002 ml 1.034 ml
Convert the following into milliliters (ml):
0.036 liter 0.803 liter
345 ul 1345 pl

FOR FURTHER RESEARCH

Devise a method to determine the percentage of error in micropipetting. Then
determine the percentage of error when purposely make pipetting mistakes with
small- and large-volume micropipettors.






Investigating Tomato Spotted Wilt Virus: Can We Stop It?

This curricuium unit is devoted to the plant pathogen tomato spotted wilt virus. It consists of several
lessons that build the students’ knowledge of viruses and technoiogies used to diagnose and combat
plant pathogens. The iessons have increasing levels of complexity and equipment requirements
allowing instructors to customize the experience for their students. The concept of plant pathogens and
emerging pathogens in particular, is an interdisciplinary topic, one that incorporates multiple science
subjects as well as sociat sciences, humanities, and English.

The curriculum is still in development. Only the first lessen has a complete lesson plan associated with
it. It is anticipated to be completed for the 2010 ICORE program and include revisions suggested by the
2009 ICORE program participants and researchers.

First printing and teacher review: June 2009

Developed for the ICORE Program www.cpet.uﬂ.edu
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Teacher Manual: Investigating Tomato Spotted Wilt Virus

Lesson 1: ImmunoStrip Assays Lesson Plan
Key Question: To what extent can TSWV be identified by direct observations? Is there a quick
diagnostic tool that can be used to confirm the fieid observations?

Science Subject: Biology, Biotechnalogy, Environmental Science

Grade: 9-12

Science Concepts: Viruses, plant pathogens, insect vectors, biotechnology, immunoassays
Overall Time Estimate: 45 minijtes plus 30 minute preparation

Learning Styles: Visual and kinesthetic

Vocabulary:

Immunoassay- biochemical test that measures the concentration of a substance in a biological
substance, using the reaction of an antibody to its antigen. '

Thrips {singular and plural)- small {~millimeter in length) insect vector of tospoviruses

TSWV- tomato spotted wilt virus

Tospoviruses- negative, single stranded RNA viruses in the genus Tospovirus; arbovirus, vectored by
thrips

_ Vector- an organism that transfers (but does not cause) disease from one host to another

Virus- infectious agent unable to grow and reprod'uce without a host cell

Lesson Summary:

Students are given peanut plants suspected of having TSWV, and they are to observe stems, jeaves, and
roots to determine if they are infected. The students will perform an immunoassay to test the leaf
materiai for the presence of TSWV.

Student Learning Objectives:
The student wilf be able to:

1. Describe the physical characteristics of a plant suspected of viral infection
2. Use technology to test for the presence of TSWV.

New Generation Florida Science Standards:

Nature of Science Body of Knowledge: Standard 1: The Practice of Science

Benchmark (SC.9"12.N.1.6): Describe how scientific inferences are drawn from scientific observations
and provide 'exampfes from the content being studied

Life Science Body of Knowledge: Standard 16: Heredity and Reproduction
Benchmark (SC.912.L.16.7): Describe how viruses and bacteria transfer genetic material between cells
and the role of this process in biotechnology

Developed for the ICORE Program www.cpet.ufl.edu



Life Science Body of Knowledge: Standard 17: Interdependence
Benchmark (5C.912.L.17.6): Compare and contrast the relationships among organisms, including
predation, parasitism, competition, commensalism, and mutualism.

Materials:
Peanut plants showing signs of TSWV infection
Agdia ImmunoStrip™ Tests, 2-4 per group
Scissors, 1 per group
Student Manual, Lesson 1

Background Information:

Viruses are extremely small organisms that consist 5|mply of nucleic acid and protein. These organisms
are not capable of living independent of another organism; therefore, they are considered obligate
parasites. They are compietely dependent upon their host's living cells to produce new virus nucleic acid
and structural proteins. Individual viruses cannot be seen with a standard light microscope, yet they
cause tremendous problems in animals and plants.

Most of the more familiar viruses are those that cause disease in humans. From cold sores, warts and
the common cold and to influenza, polio, rabies and yellow fever, viruses can cause diseases in humans
that range from minor irritation to death. Likewise with plants, viruses cause diseases that have a
tremendous range in their effects.

Plant viruses enter their host plants only through wounds, via pollen transmission, or by vectors. Vectors
are animals, plants and fungi that are able to transmit the virus from an infected plant to a healthy one,
such that the second plant also becomes infected. Insects are the most common and most economically
important vectors of plant viruses. Aphids, leafhoppers, plant hoppers, treehoppers, whiteflies,
mealybugs, plant bugs, beetles, grasshoppers and thrips can transmit one or more plant viruses. Aphids
are the most common insect vectors, but all of the insects mentioned can be extremely important for
transmission of specific viruses or virus groups.

Members of the group of plant viruses called "Tospoviruses” cause severe problems in many of the
world's agricultural production systems. The tospoviruses in many ways are more similar to some of the
viruses that are pathogens of humans and other animals than they are to other plant viruses. In fact, the
tospoviruses are closely related to the hantavirus that has caused disease and death in humans in the
Four Corners area of the southwestern U.S. Tomato spotted wilt virus can be thought of as the HIV of
the plant world: tiny RNA viruses that are spread rapidly, quite infectious, and detrimental to the new
host.

Tospoviruses are typically vectored or spread by thrips, tiny insects that live, feed and reproduce on
plant leaves and flowers. Several species of thrips have been proven to transmit one or more
tospovirus{es). Tomato spotted wilt virus (TSWV) is the virus for which the tospovirus was named. It is
spread by thrips. To be able to transmit the virus, a thrips must acquire the virus from an infected plant
as an immature larva. Once the larva has acquired the virus, it can transmit the virus to healthy plants as
long as it lives. Tomato spotted wilt virus infects approximately 800 different species of plants. Many of
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these are important food and oil crops. As the name indicates, this virus does infect tomata, and causes
serious damage to tomato crops. It is not, however, just a tomato virus.

Peanut is an extremely important crop to areas of southern Georgia and Alabama, and northern Florida.
Spotted wilt of peanut, caused by TSWV, has become one of the most serious and complex disease _
problems in production of peanut (Arachis hypogaea L.) and other crops since 1985 in the southeastern
U.5. Spotted wilt is now commeon across the peanut growing areas of Georgia, Florida, and Alabama. In

1997 and 1998, losses to spotted wilt in peanut were estimated at $40 mitlion/year for Georgia alone.

Spotted wilt and the thrips that vector TSWV present a perplexing challenge in epidemiology and
disease control. Peanut appears to be an extremely good hast for TSWV in the field. Tobacco thrips,
Franklinielia fusca and western flower thrips, Frankliniella occidentalis, are both good vectors of TSWV
and both infest peanut plants in Georgia and the southeastern U.S. Since the virus is spread by thrips, it
follows logically that growers should be able to control the disease with insecticides that kill the thrips.
However, this has not been the case. Since the emergence of spotted wilt as an important problem in
peanut production in the U.S., numerous studies have generally failed to show that even long term
intensive insecticide applications for control of thrips gives a reduction in incidence of spotted wilt in
peanut. Growers have been educated to the fact that intensive applications of insecticides for thrips
control are ineffective for preventing spotted wilt, wasteful of time and money, and serve as an
unnecessary risk to the environment,

Unlike the situation with many of the fungal disease and insect problems that are controlled by
fungicides or insecticides, there are no viricides for control of this disease in peanut. Although several
factors have been shown to provide some suppression of spotted wilt in peanut, no single measure
alone has been effective in field situations of heavy disease pressure.

A team approach in research and extension has been employed to improved management of spotted
wilt in Georgia and Florida. This team has succeeded in identifying and combining some critical
management inputs that collectively minimize the risk of losses to spotted wilt. The most important
inputs employ genetic resistance and other cuitural practices {e.g., planting time and more resistant
strains). initial experiments to elucidate the effects pf these inputs were done with only one or
combinations of two factors. Results from intensive cooperative research have shown that the
cumulative effects of multiple management practices can have a huge impact on epidemics of spotted
wilt, whereas one input alone may result in only marginal suppression of the disease.

Spotted wilt in peanut displays a wide array of symptoms that range from minor spotting on leaves to
severe plant stunting and death as the root crown can become severely infected. Standard detection of
spotted wilt in the field is through a visual disease intensity rating that corresponds to both incidence
and severity. However, peanuts can be asymptomatic, yet still contain TSWV. Immunoassays of peanut
leaf and root tissues from plants not displaying visible symptoms have detected the presence of TSWV.
A common type of immunoassay is an enzyme-linked immunosorbant assay (ELISA) which has an
enzyme that causes a color change when a specific antigen and antibody bind. The ELISA test system for
tomato spotted wilt virus utilized in this activity is an immunostrip: the components {antibodies and
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color-linked enzyme) are in a strip that if positive {antigens in leaf tissue) causes a colored line to
appear, not unlike a pregnancy test kit. Other widely used applications of immunoassays include
diagnostics of other infectious diseases such as HIV and the rapid strep test.

Advanced Preparation:
Order Agdia ImmunoStrip™ Tests {(see resources below)
Obtain peanut plants suspected of infection (see resources below)

Procedure:

1. {3 minutes) Have students form groups around the student workstations (see student workstations
below).

2. {5 minutes) Ask students to read the vignette to themselves or read aloud to the class.

3. (15 minutes) Allow the students to work through Lesson 1: ImmunoStrip Assays in groups.

4. (15 minutes) When groups have finished and cleaned up, ask each group to report their findings on
the board, making a chart with the class results. Have the students discuss their conclusions and
establish that visual observation correlates with TSWV infection.

5. Assign the assessment (summary report to Farmer John} for homework, or if time allows, students
may work on it while all groups are finishing.

Assessment:
Students write a report for Farmer John summarizing the steps taken to diagnose the pathology in the
samples he provided.

Extension activities:

Design a webquest for students to investigate tomato spotted wilt virus.

Using the internet, have groups of students identify 5 consumer products that are made from
peanuts or peanut by-products. Have groups share findings to produce one master list.

Discuss economic and socio-political impacts if the peanut industry was decimated.

Trace the epidemiology of TSWV and develop a timeline. Discuss the global impacts of emerging
pathogens and infectious diseases. '

Research the history of the peanut plant and the role George Washington Carver played in promoting
peanut agriculture.

Extension literature:

Students read actual research journals and/or fact sheets to gather background information about
tomato spotted wilt virus. Goggle scholar or a websearch for TSWV produces quite a few. UF
and UGA extension offices have fact sheets accessible on the web.

Student groups read portions of research reports, summarize findings, and share with class.

Resources:

Agdia ImmunoStrip™ Tests: Item ISK 39300/0025 www.agdia.com
Peanut plants provided by Dr. Maria Gatlo, University of Florida

Tomato Spotted Wilt Virus PowerPoint: Presented by Dr. Maria Gallo




Background information: http://www.caes.uga.edu/topics/diseases/tswv/peanut/intro.htmi
TSWV images: http://www.caes.uga.eduftopics/diseases/tswv/peanut/images.html

References:

Culbreath, AKX, Todd, J.W., and Brown, S.L. 2003. Epidemiology and management of tomato spotted
wilt in peanut. Annu. Rev. Phytopathol. 43; 53-78

Murakami, M., Gallo-Meagher, M., Gorbet, D.W., and Meagher, R.L. 2006. Utilizing immunoassays to
determine systemic tomato spotted wilt virus infection for efucidating field resistance in peanut.
Crop Protection. 25; {235-243). _

Technical sheet for Agdia ImmunoStrip™ Tests http://www.agdia.com/cgi bin/catalog.cgi/39300

Tomato Spotted Wilt Virus PowerPoint: Presented by Dr. Maria Gallo

UF IFAS Extension Fact Sheets: http://edis.ifas.ufl.edu/

Lesson 1 Vignette:

Farmer John comes to see you at the Plant Pathogen Diagnostic Laboratory {PPDL). He has observed that
some of his peanut plants are not thriving and brings samples of them to the PPDL. Based on years of
field experience, Farmer John has a good idea what the culprit is, but it is suggested that laboratary
confirmation be made so the best management practices can be utilized. He has asked you to
determine what is afflicting his peanut plants.

Focus Questions :
1. List and illustrate all- observable traits or characteristics for each sampie, Consider the whole
plant as well as individual portions of the plant,

Answers and illustrations will vary. Likely answers: yeliow spots, stunted growth, yellow rings

Peanut leaf with concentric ring spots caused by Tomalo spoffed wilt virus (TSWV). (Courtasy A. Culbreath, J. Todd, and H. Pilcher)

2. Using your observations and knowledge, write an inference indicating the cause of Farmer
lones’ problem.

Tomato Spotted Wiit Virus
*students will not know this answer unless they have been previously introduced to TSWV
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ImmunoStrip Assay Laboratory

Workstation Checklist
Student workstation Number required
Farmer John's plant samples Variable
Sample extract bags 4
Test strips 4
Sharpie 1
Scissors 1

Procedure for Agdia ImmunoStrip™ Test

Fach sample bag contains 3 ml of sample extract buffer. For optimal performance, the sample

1
to be tested should be about 0.15 g {leaf area about 3 to 5 cm? or 1 inch?).
2. Cut off the top of the sample extract bag, being careful not to spill the buffer.
3. Place sample between the mesh linings of the bag.
4.

Rub the bag with a pen or biunt object to completely crush sample. Use only one sample per
bag and be sure to label each bag.
5. Remove one strip from the packaging. When handling the strip, always grasp the top of the strip

marked with the test name. Do not remove protective covering.

N o

Keep the strip in a vertical position; insert the end of the strip marked “sample” into the extract.
Do not allow much more than 0.5 cm or 1/4 inch of the end of the strip to be submerged in the

extract. Be sure the strip remains in the extract during the test.

RESULTS:

invalid.

vary.

4L Control line: will usually appear in 3 to 5 minutes. The control line assures that
: the test is working properly. If the controi line does not appear, the test is

Positive result: the test line will also appear. The test line will be red to
purple in color just as the control line. The color intensity of the test line will

Control line || [~ Control fine  Negative result: the test line will not appear.

Test Yine Test line if you wish to keep the strips as permanent records, cut off the sample pads
{green ends marked “sample”) and discard. Then blot the ImmunoStrips

if line appeors, No line,
test is positive. test is negutive,

between paper towels to remove excess liquid.

Positive {a) RNegative [~}
Agdia ImmunoStrip™ Test Results




Data Collection and Analysis

1. a. Whatdo you cbserve?
b. Draw or affix your strips and describe them below.

Answers will vary. Hopefully students will have at least one positive result and be able to
describe how they know it is positive.

2. What are the results of the tests?

Extension Activity
Write a report to send to Farmer John detailing your findings. Be sure to include the methods used to
reach your conclusion.

Rubric should be designed to detail the information to be included and the style the summary report
should be written. ‘

Students should be able to explain their visual observations that suggested the use of the immunoassay
and how the immunoassay was performed.
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Lesson 2: Genetic Engineering -- DNA Extraction ,

Farmer John is a very successful peanut farmer, who is farming the same land his grandfather planted
many years ago. He has many friends and fellow growers across the country that call on him for advice
and assistance. One such collaboration is with a researcher at a local university. Farmer Jlohn helps in
the research effort of testing new seeds by donating some of his land and fabor. Farmer lohn received
peanut seeds from a researcher to plant a test field according to the research design. Both genetically
engineered and wild-type seed were sent. Unfortunately, the labels that indicated which bag contained
which seeds came off during the shipping process. The researcher is in another state, and it will take
considerable time to have her lab analyze them. Since you did such a good job detecting TSWV in his
previous peanut plants, Farmer John is again asking for your heip. You are familiar with the research
project, and your task is to set up an experiment to extract DNA and amplify a portion of the peanut
genome to determine which seeds are genetically engineered.

Focus Questions
1. Why does the research design include genetically engineered and wild-type peanut seeds?

Wild-type seeds function as the control group to compare what the normal infectivity rate for the
field would be. The genetically engineered seeds are the test group.

2. Where in a peanut seed is the DNA located? Draw a picture of a plant cell, labeling key
structures related to DNA instruction.

ilustrations will vary. Instructor may wish te indicate key structures important in DNA extraction
such as ceil wall, cellular membrane, nuclear membrane, nucleus, and DNA.

3. How might you extract the DNA from the plant cell?

Answers will vary based on the prior knowledge and experience of the students. If they have
performed a DNA extraction from fruit, wheat germ, or cheek cells, they should be able to
explain the steps well.

a) Break open the cell wall using mechanical force.

b} Break open the cell membrane and nuclear membrane using detergent which disrupts the
phospholipid bi-layer.

¢) DNA is now free in solution. Filter plant debris (cell wall, seeds, etc) to separate the DNA.

d) Precipitate the DNA with ethyl alcohol.

e) Collect the DNA.
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DNA Extraction Laboratory
Workstation Checklist

®

Materials and supplies that should be present at your workstation prior to beginning this lab are listed

below:

Student workstation Number required
Seed extraction buffer 1 tube
Seed preparation buffer 1 tube
-Neutralization buffer 1 tube
1.5ml eppendorf tubes 2
Sterile biue micropestle 2
0.2ul PCR tubes 2
Sterile distilled H,0 1 tube
P20 pipette 1
P200 pipette 1

P20 pipette tips 1 box
P200 pipette tips 1 hox

Instructor’s (common} workstation

Number required

Thermal cycler

1

70% ethanol 1 squeeze bottle
Analytical scale 1

Scalpel 1

Kimwipes 1 box

DNA Extraction Procedure

Since even the slightest trace of unwanted DNA will give a false positive result in the subsequent PCR,
always wear gloves, clean scalpel between samples, and use new pipette tips for different samples or if
tip accidentally touches anything.

1

Note: The DNA extraction steps below should be performed for each sample.

2.

o ;e w

Obtain peanut seeds and identify one as Seed A and the other as Seed B.

Remove 0.02g peanut seed using a clean scalpel. Clean blade between samples using 70%

ethanol.

Place sample in a 1.5mi eppendorf tube. Be sure to label the tube.

Add 80l sterile distilled H,0 to eppendorf tube.
Using a sterile biue micropestle, grind seed to a white, mitky solution.,
Label a sterile 0.2mi PCR tube with the seed sampie id and group number.

Developed for the ICORE Program
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7. Place 45| Seed Extraction Solution + 5l Seed Preparation Solution into the labeled PCR

tube.

8 Add 5pl white peanut seed extract to the labeled PCR tube and mix by pipetting up and
down. _

9. Place sample in thermal cycler. Once all samples are collected, the instructor will start the

thermal cycler “Extraction” program. {55°C for 10 minutes; 95°C for 3 minutes)
10. Remove samples from thermal cycler and add 50p! Neutralization Buffer.
1i. Mix by pipetting up and down.
12 Samples can be stored at 4°C or used immediately.

Review Questions
1. What was the purpose of using the micropestle?

Grind the peanut seed, mechanically breaking open the cell wall.

2. What might heating at 55°C accomplish? 95°C?

55°C softens the membranes and breaks-up connective materials in the cells.
95°C destroys DNase -- an enzyme that chews up DNA.
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Lesson 3: Genetic Engineering -- DNA amplification

More resistant strains of peanuts have been produced through traditional breeding programs.

However, even these are stil susceptible to TSWV. Research is Ongoing to create a viable and high-
yielding genetically engineered peanut plant that is resistant to TSWV. Inserting part of the viral
construct into the plant genome conveys increased resistance to tomato spotted wiit virus. One method
that can be used to analyze seeds and determine if the viral construct has been incorporated into the
peanut genome is PCR, ‘

Focus Questions
1. Whatis PCR?

Polymerase chain reaction: a method for amplifying a portion of a genome. The great power of
PCR is the small amount of template needed which yields millions of copies of the targeted
section of the genome.

2. What are the key steps in the PCR process?

Denature: the reaction is heated to ~94°C, causing the double stranded DNA tempiate to
separate inta single strands

Anneal: temperature is brought down to ~60°C and the forward and reverse primers bind to the
single stranded DNA '

Extend: temperature is raised to 72°C and Taq polymerase extends the single strands of DNA to
form the complement strand )

These steps cycle 30-35 times, producing millions of copies of DNA, much like a photocopier
copying a page from a book.

14
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DNA Amplification Laboratory
Workstation Checklist

Materials and supplies that should be present at your workstation prior to beginning this lab are Iisted

below:
Student workstation Number required
DNA samples 3
{Seed A, Seed B, Positive Control)
PCR reaction mix 1 tube
{Contains reaction buffer,Mg2+, dNTPs, Tag polymerase )
Primer 1 1 tube
Primer 2 1 tube
1.5ml eppendorf tubes 1
0.2ml PCR tubes 5
Sterile distilled H,0 1 tube
P20 pipette 1
P200 pipette 1
P20 pipette tips 1 box
P200 pipette tips 1 box
Vortex 1
Instructor’s {common) workstation ' Number required
Thermal cycler 1
Mini centrifuge (0.2ml tubes) 1
DNA Amplification Procedure

Since PCR amplifies a very small amount of DNA to a quantity that can easily be detected, even trace
amounts of unwanted DNA can produce false positive results. Take care not to cross-contaminate
samples and reagents by changing pipette tips between reagents and DNA extracts. Barrier or filter tips
are used to prevent DNA contamination of pipettors. Always wear gloves.

1.

Obtain DNA samples to be amplified from 4°C.

Label 0.2mi PCR tubes with DNA sample identifier and your group number.
« Seed A DNA

= Seed B DNA

* Positive control

s Negative control

Vortex and centrifuge all master mix reagents (PCR reaction mix, Primers, H,0) and return to ice.
Prepare one master mix containing all of the master mix reagents {PCR reaction mix, Primers,
H,0). Calculate the amount of master mix reagents needed using the volumes for the basic
reaction for one sampie below.

# PCR samples + one (to allow for pipetting error) = 5 {otal sample prep
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1 PCR reaction 5 PCR reactions

PCR reaction mix 100 PCR reaction mix pl
Primer 1 0.5ul Primer 1 11}
Primer 2 0.5pl Primer 2 1]
Sterile distilled H,0 Sul Sterile distilled H,0 ul
Total master mix volume per sample 16ul Total master mix volume i

5. Add master mix reagents to a 1.5ml eppendorf tube.

6. Mix by vortexing briefly. PCRtube | Master | DNA | H,0

7. Aliquot 16p) master mix into each labeled PCR tube. Mix

8. Add 4ul DNA to correspondingly labeled PCR tube. geez g ig": :u: -

S. Add 4yl Sterile distilled H;0 1o negative control PCR tube. Pi:itive 15:1' 4::' :

10. Mix sampies by pipetting up and down or flicking the tube. | control

11. Centrifuge samples in the mini centrifuge and place in Negative | 16ul - 4pl

thermal cycler.

12. Once all samples are collected, the instructor will start the thermal cycler “TSWV" program.

PCR cycling conditions

Step 1: 94°C S mins

Step 2: 94°C 1 min

Step 3: 60°C 30 sec

Step 4; 72°C 2 mins

Step 5: Go to step 2; repeat 34 times
Step 6: 72°C 3 mins

Step 7: 4°C forever

The complete cycle takes around 2h 40 mins.

Review Questions

1. Why is it important to keep PCR reagents cold?

Keeping the reagents cold prevents them from ‘working’ before all components of the PCR

reaction are mixed.

gontrol

2. How might incorporating viral constructs into the peanut genome confer resistance?

The single stranded virus will bind to the complimentary sequence. Once it is bound, it cannot be
transcribed and transiated = no infection can occur.

Extension Activity

Review primary research literature to see the progress toward genetically engineered peanut plants.

Students can be provided research articles and/or web addresses. Genetically engineered peanut plants
are making progress, olthough there is not a GMO peanut used in consumer goods as yet.
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Lesson 4: Genetic Engineering - Gel Electrophoresis

Polymerase chain reaction amplifies a targeted region of a genome, creating millions of copies of the
target. To determine if amplification was successful, gel electrophoresis is performed. The fragment
length and band intensity reveals an approximate qualitative estimate of PCR.

Focus Questions
1. a. What is gel electrophoresis?
b. Describe how gel electrophoresis works.

Gel electrophoresis is a method used to separate nucleic acids and/or proteins. Nucleic acids are
generally separated using an agorose gel. Protein separation makes use of acrylamide gels.

The agarose gel is a colloidal mixture, with small agarose beads essentially suspended as a
matrix. DNA somples are added at the top of the gel in wells. The wells are smail divots in the
gel that afiow the DNA to sit and then move through the gel once an electrical current is applied.
DNA is negatively charged, so it will move toward the positive electrode. As DNA fragments
move through the matrix, smaller fragments move through faster. This is what allows DNA to
separate based on size.

DA fragments

Negative Electrode . ~— t
o —~\~ —

Y

Loading
Walls

7

Agarosea

Gel
VAN
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®

Positive Electrode
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DNA Gel Electrophoresis Laboratory
Workstation Checklist

Materials and supplies that should be present at your workstation prior to beginning this lab are listed

below:

Student workstation

Number required

PCR samples 4

{Seed A, Seed B, Positive Contral, Negative Control)

Loading dye 1 tube
Molecular weight marker 1 tube
Sterile distilled H,0 1 tube
P20 pipette 1

P20 pipette tips 1 box
£-Gel® PowerBase™ and adaptor plug 1
E-Gel® 1.2% with SYBR Safe™ 1
Vortex ) 1
Instructor's (common) workstation Number required
Mini centrifuge {0.2ml tubes) 1

UV Transilluminator 1
E-Gel Safe imager Transilluminator 4

Prepare samples for loading

Bow oo

Prepare gel

1. Plug PowerBase™ into an electrical outlet.

Obtain PCR samples from thermal cycler or 4°C.

Add 2ul loading dye to each PCR sample.

Mix samples by pipetting up and down or flicking tube.
Centrifuge samples in the mini centrifuge.

2. Remove gel cassette from package and insert the gei (with comb in place) into the base right
edge first. The Invitrogen logo should be located at the bottom of the base. Press firmly at the
top and bottom to seat the gel cassette in the PowerBase™. A steady, red light will illuminate if

the gel cassette is correctly inserted.

3. Pre-run the gel {with comb in place) by pressing and holding either the 15 minute or 30 minute
" button until the red light turns to a flashing green light indicating the start of the 2 minute pre-
run. Release the button. At the end of the pre-run, the current will automatically shut off and

the power base will display a flashing red light and beep rapidly. Press either button to stop the

beeping.
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Load prepared samples

Remove and discard comb from the E-Gel® cassette.

Add 10yl prepared sampies to wells 5-8 (Seed A, Seed B, Positive Control, Negative Control).
Add 10pl molecular weight marker to wells 4 and 9.

Add 10yl sterile distilled H,0 to wells 4-9.

Add 20y sterile distilled H,O to all remaining empty wells.

Wik whnpR

Run gel

1. Press and reiease the 30 minute button on the E-Gel® PowerBase™ to begin electrophoresis.

2. At the end of the run, the current will automatically shut off and the power base will dispiay a
flashing red light and beep rapidly. Press either button to stop the beeping.

3. Remove the gel cassette and analyze your results by viewing on one of the transilluminators.
The instructor will take a picture of your gel as well. '

Data Collection and Analysis :
1. Draw or affix a picture of your gel. Label each of the lanes.

Lane 1: Molecular weight marker
lane 2, 7, 8: Seed A

Lone 3: Seed B

Lane 4, 5: Positive control

Lane 6: Negative control

2. Discuss your results and explain any resulis not expected.

Answers will vary. Possible errors: incorrect DNA used during PCR, not changing tips during PCR
set-up causing cross-contamination, general procedural errors.

3. Which if either of the seeds is genetically engineered?

Seed A is genetically engineered.
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Review Questions
1. What is the chemical is used to visualize the DNA bands in the agarose gel? What type of light
must be used?

SYBR Safe is used to stain the DNA in this activity. This is a sofe alternative to ethidium bromide,
with integrates with the DNA and fluoresces. UV or blue light needs to be used to visualize SYBR
Safe.

2. What is the function of the molecular weight marker?

The molecular weight marker acts as an internal ruler for the gel with bands of known size. Since
all gels will run differently, the standard aflows us to determine the approximate size of our
unknown DNA samples.

3. How does the band intensity refate to the amount of DNA present?

The SYBR Safe binds to the DNA, The more DNA present, the more SYBR Safe is bound, causing
the band to fluoresce more brightly.

Extension Activity
Prepare report to send to Farmer John and Professor M detailing your findings. Be sure to inciude the
methods used to reach your conclusion.

Rubric should be designed to detail the information to be included and the styie the summary report
should be written.

Students should be able to describe the steps used in extraction, amplification, and electrophoresis.
Students will need to be informed of what they amplified or the bioinformatics extension can be used to
generate this information and the report written afterwords.
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Extension Activity: Using Bioinformatics

To verify results, you send the amplified sample to the sequencing core laboratory. They send back the
following 228 hase sequence,

1. s the size of the sequence consistent with your gel electrophoresis results?

Yes it is. The gel indicated a Jragment less than 300bp. It was difficult to tell how large it was,
but the students should have been able to estimate based on the moleculor weight marker.

2. Perform a nucleotide BLAST of the sequence against the nucleotide collection database. What
gene does this sequence most closely align with?

httg:[[blast.ncbi.nIm.nih.gov[Biast.cgi

® Tomato spotted wilt virus N mRNA for Nucleocapsid (N) protein

The entire nucleocapsid sequence is below. The primers are highlighted in yellow and the
sequenced region includes the yellow and blue.

BAGAETIOCEATARE TG AT A AT GAGATGATCAGTGTTGTCTTGGCTAT
ATATCAGGATGCAAAATACAAGGACCTCGGGATCGACCCAAAGAAGTATGACAC AGGAAGCCTTAGGAAAAGTTTGCACT
GTGCTGAAAAGCAAAGCATTrGAAATGAATGAAGATCAGGTGAAGAAGGGGAAAGAGTATGCTGCTATACTTAGCTCCAGCA

ATCCT, AATGCTAAAGGGAGTGTTGCTATGGAACATTACAGT! GAAACTCTT. AACAAGTTCTATGAAATGTTCGGGGTTAAAAAG
CAGGCAAAACTCGCAGAACTTGCTTGA '
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Student Manual: Investigating Tomato Spotted Wilt Virus

Lesson 1: [mmunoStrip Assays

Farmer John comes to see you at the Plant Pathogen Diagnostic Laboratory (PPDL). He has observed that
some of his peanut plants are not thriving and brings samples of them to the PPDL. Based on years of
field experience, Farmer John has a good idea what the culprit is, but it is suggested that laboratory
confirmation be made so the best management practices can be utilized. He has asked you to
determine what is afflicting his peanut plants.

Focus Questions
1. list and fllustrate all observable traits or characteristics for each sample. Consider the whole
plant as well as individual portions of the plant.

2. Using your observations and knowledge, write an inference indicating the cause of Farmer
Jones’ problem.
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ImmunoStrip Assay Laboratory .

Workstation Checklist
Student workstation Number required
Farmer John's plant samples Variable
Sample extract bags 4
Test strips 4
Sharpie 1
Scissors 1
P re jor Agdia immunoStrip™ T.

8. Each sample bag contains 3 mi of sample extract buffer. For optimal performance, the'sample
to be tested should be about 0.15 g (leaf area about 3to 5 em?or 1 inch?).

9. Cut off the top of the sample extract bag, being careful not to spill the buffer.

10. Place sample between the mesh linings of the bag.

11. Rub the bag with a pen or blunt object to completely crush sample. Use only one sample per
bag and be sure to fabel each bag. '

12, Remove one strip from the packaging. When handling the strip, always grasp the top of the strip

7 marked with the test name. Do not remove protective covering.

13. Keep the strip in a vertical position; insert the end of the strip marked “sample” into the extract.

14. Do not allow much more than 0.5 cm or 1/4 inch of the end of the strip to be submerged in the
extract. Be sure the strip remains in the extract during the test.

RESULTS:

%

Control line =

Test line
if line appears,
lest is positive.

-

%

=1 Control line

Test line

No fine, 7
test Is negoiive.

Poslitive [») Nogative (-}
Agdia ImmunoStrip™ Test Results .

Control line: will usually appear in 3 to 5 minutes. The control line assures that
the test is working properly. If the control line does not appear, the test is
invalid.

Positive result: the test line will also appear. The test line will be red to
purple in color just as the control line. The color intensity of the test line will
vary.

Negative result: the test line will not appear.

If you wish to keep the strips as permanent records, cut off the sample pads
(green ends marked “sample”) and discard. Then blot the ImmunoStrips
between paper towels to remove excess liquid.
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Data Collection and Analysis
1. a. Whatdoyou observe?
b. Draw or affix your strips and describe them below.

2. What are the results of the tests?

Extension Activity

Write a report to send to Farmer John detailing

your findings. Be sure to include the methods used to
reach your conclusion.

24
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Lesson 2: Genetic Engineering -- DNA Extraction

Farmer John is a very successful peanut farmer, who is farming the same land his grandfather planted
many years ago. He has many friends and fellow growers across the country that call on him for advice
and assistance. One such collaboration is with a researcher at a local university. Farmer John helps in
the research effort of testing new seeds by donating some of his land and labor. Farmer John received
peanut seeds from a researcher to plant a test field according to the research design. Both genetically
engineered and wild-type seed were sent. Unfortunately, the labels that indicated which bag contained
which seeds came off during the shipping process. The researcher is in another state, and it will take
considerable time to have her iab analyze them. Since you did such a good job detecting TSWV in his
previous peanut plants, Farmer John is again asking for your help. You are familiar with the research
project, and your task is to set up an experiment to extract DNA and amplify a porticn of the peanut
genome to determine which seeds are genetically engineered,

Focus Questions
1. Why does the research design include genetically engineered and wild-type peanut seeds?

2. Where in a peanut seed is the DNA located? Draw a picture of a plant cell, labeling key
structures related to DNA instruction.

3. How might you extract the DNA from the cell?

25




DNA Extraction Laboratory
Workstation Checklist

Materials and supplies that should be present at

your workstation prior to beginning this lab are listed

below:;
Student workstation Number required
Seed extraction buffer 1 tube
Seed preparation buffer 1 tube
Neutralization buffer 1 tube
1.5ml eppendorf tubes 2
Sterile blue micropestle 2
0.2l PCR tubes 2
Sterile distilled H,0 1 tube
P20 pipette 1
P200 pipette 1
P20 pipette tips 1 box
P200 pipette tips 1 box
instructor’s (common) workstation Number required
Thermal cycler 1
70% ethanol 1 squeeze bottle
Analytical scale 1
Scalpel 1
Kimwipes 1 box

NA Extraction P dure

Since even the slightest trace of unwanted DNA will give a false positive result in the subsequent PCR,
always wear gloves, clean scalpel between samples, and use new pipette tips for different samples or if
tip accidentally touches anything. '

1 Obtain peanut seeds and identify one as Seed A and the other as Seed B.
Note: The DNA extraction steps below should be performed for each sample.

2, Remove 0.02g peanut seed using a clean scalpel. Clean blade between samples using 70%
ethanol.

Place Sample in a 1.5ml eppendorf tube. Be sure to label the tube.

Add 80yl sterile distifled H,0 to eppendorf tube.

Using a sterile blue micropestle, grind seed to 3 white, milky solution.

Label a sterile 0.2ml PCR tube with the seed sample id and group number.

I
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7. Place 45l Seed Extraction Solution + 5ul Seed Preparation Solution into the labeled PCR

tube.

8. Add 5pl white peanut seed extract to the labeled PCR tube and mix by pipetting up and
down. 7

9. Place sample in thermal cycler. Once all samples are collected, the instructor will start the
thermal cycier “Extraction” program. (55°C for 10 minutes; 95°C for 3 minutes)

10. Remove samples from thermal cycler and add 50l Neutralization Buffer.

11, Mix by pipetting up and down.

12. Samples can be stored at 4°C or used immediately.

Review Questions

1. What was the purpose of using the micropestle?

2. Different solutions were used during the extraction process. Why?

3.  What might heating at 55°C accomplish? 95°C?
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Lesson 3: Genetic Engineering - DNA Amplification

More resistant strains of peanuts have been produced through traditional breeding programs.
However, even these are still susceptible to TSWV. Research Is ongoing to create a viable and high-

peanut genome is PCR.

Focus Questions
1. Whatis PCR?

2. What are the key steps in the PCR process?

. 28
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DNA Amplificaﬁon Laboratory
Workstation Checklist

Materials and supplies that should be present at your workstation prior to beginning this lab are listed

below:

Student workstation Number required
DNA samples 3

(Seed A, Seed B, Positive Control) i

PCR reaction mix 1 tube

{Contains reaction buffer,Mg2+, dNTPs, Tag polymerase }

Primer 1 1 tube

Primer 2 1 tube

1.5ml eppendorf tubes 1

0.2mi PCR tubes 5

Sterile distitled H,0 1 tube

P20 pipette 1

P200 pipette 1

P20 pipette tips. 1 box

P200 pipette tips 1 box

Vortex 1

Instructor’s (common) workstation Number required -
Thermal cycler 1

Mini centrifuge (0.2ml tubes) 1

DNA Amplification Procedure

Since PCR amplifies a very small amount of DNA to a quantity that can easily be detected, even trace
amounts of unwanted DNA can produce false positive results. Take care not to cross-contaminate
samples and reagents by changing pipette tips between reagents and DNA extracts. Barrier or filter tips
are used to prevent DNA contamination of pipettors. Always wear gloves.

1
2.

Obtain DNA samples to be amplified from 4°C.

Label 0.2ml PCR tubes with DNA sample identifier and your group number.
* Seed A DNA

» Seed B DNA

* Positive control

* Negative control

Vortex and centrifuge all master mix reagents (PCR reaction mix, Primers, H;0) and return to ice.
Prepare one master mix containing all of the master mix reagents (PCR reaction mix, Primers,
H;0)}. Caiculate the amount of master mix reagents needed using the volumes for the basic
reaction for one sample below.

# PCR samples + one (to allow for pipetting error) = 5 total sample prep
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1 PCR reaction

5 PCR reactions

PCR reaction mix i0pl PCR reaction mix ul
Primer 1 0.5ul Primer 1 wl
Primer 2 0.5ul Primer 2 ]
Sterile distilied H,0 Sul Sterile distilied H,0 ul
Total master mix volume per sample 16pi Total master mix volume pul
5. Add master mix reagents to a 1.5m! eppendorf tube.
6. Mix by vortexing briefly. PCRtube ( Master | DNA | H,0
7. Aliquot 16! master mix into each labeled PCR tube. Mix '
8. Add 4yl DNA to correspondingly labeled PCR tube. ;::: : ;gﬁ: :ﬂ: =
9. Add 4pi Sterile distilied H,0 to negative control PCR tube. Positive ] 164l 3y =
10. Mix samples by pipetting up and down or flicking the tube. | control ' ]
11. Centrifuge samples in the mini centrifuge and place in Negative | 16ul - aul
thermal cycler. control
12. Once all samples are collected, the instructor will start the thermal cycler “TSWVv” program.

PCR cycling conditions {The complete cycle takes around 2h 40 mins.)

Step 1: 94°C S mins

Step 2;: 94°C 1 min

Step 3: 60°C 30sec

Step 4: 72°C . 2mins

Step 5! Go to step 2; repeat 34 times
Step 6: 72'C 3 mins

Step 7: 4°C forever

Review Questions

1. Why isit important to keep PCR reagents cold?

2. How might incorporating viral constructs into the peanut genome confer resistance?

Extension Activity

Review primary research literature to see the progress toward genetically engineered peanut plants.

Developed for the ICORE Program
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Lesson 4: Genetic Engineering - Gel Electrophoresis

Polymerase chain reaction amplifies a targeted region of a genome, creating millions of copies of the
target. To determine if amplification was successful, gel electrophoresis is performed. The fragment
length and band intensity reveals an approximate qualitative estimate of PCR.

Focus Questions
1. a. What is gel electrophoresis?
b. Describe how gel electrophoresis works?
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DNA Gel Electrophoresis Laboratory
Workstation Checklist

Materials and supplies that should be present at your workstation pr.ior to beginning this lab are listed

below:

Student workstation Number required
PCR samples 4

(Seed A, Seed B, Positive Control, Negative Control)

Loading dye ) 1 tube

Molecular weight marker 1 tube

Sterile distilled H,0 1 tube

P20 pipette 1

P20 pipette tips : 1 box

E-Gel® PowerBase™ and adaptor plug 1

E-Gel® 1.2% with SYBR Safe™ 1

Vortex 1

Instructor’s (common) workstation Number required
Mini centrifuge (0.2mi tubes) 1

UV Transilluminator 1

E-Gel Safe Imager Transilluminator 4

Prepare samples for loading

1. Obtain PCR samples from thermal cycler or 4°C.

2. Add 2l loading dye to each PCR sample.

3. Mix samples by pipetting up and down or flicking tube.

4. Centrifuge samples in the mini centrifuge.

Prepare gel

1. Plug PowerBase™ into an electrical outlet,

2. Remove gel cassette from package and insert the gel (with comb in place) into the base right
edge first. The Invitrogen logo should be located at the bottom of the base. Press firmly at the
top and bottom to seat the gel cassette in the PowerBase™. A steady, red light will illuminate if
the gel cassette is correctly inserted.

3. Pre-run the ge! (with comb in place) by pressing and holding either the 15 minute or 30 minute

button until the red light turns to a flashing green light indicating the start of the 2 minute pre-
run. Release the button. At the end of the pre-run, the current witl automatically shut off and
the power base will display a flashing red light and beep rapidly. Press either button to stop the
beeping.
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Load prepared sampies

Remove and discard comb from the E-Gel® cassette.

Add 10l prepared samples to wells 5-8 (Seed A, Seed B, Positive Control, Negative Control).
Add 10p] molecular weight marker to wells 4 and 9.

Add 10l sterile distilled H,0 to wells 4-9.

Add 20yl sterile distilled H,0 to all remaining empty wells.

L

Run gel

1. Press and release the 30 minute button on the E-Gel® PowerBase™ to begin electrophoresis.

2. Atthe end of the run, the current will automatically shut off and the power base will display a
flashing red light and beep rapidly. Press either button to stop the beeping.

3. Remove the gel cassette and analyze your resuits by viewing on one of the transiliuminators.
The instructor will take a picture of your gel as well,

Data Collection and Analysis
1. Draw or affix a picture of your gel. Label each of the lanes.

2.  Discuss your results and explain any results not expected.

3. Which if either of the seeds is genetically engineered?
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Review Questions

1. What is chemical is used to visualize the DNA bands in the a

garose gel? What type of light must
be used?

2. What is the function of the molecular weight marker?

3. How does the band intensity relate to the amount of DNA present?

Extension Activity

Prepare report to send to Farmer John and Professor

M detailing your findings. Be sure to include the
methods used to reach your conclusion. '
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Extension Activity: Using Bioinformatics

To verify results, you send the amplified sample to the sequencing core laboratory. They send back the
following 228 base sequence.

TGACCTTCAGAAGGCTTGATAGCTT: GATCAGGGTCAGGCTTGTTGAAGAAACTGGGAATTCT GAGAATCTCAATACTATCAAA
TCTAAGATTGCTTCCCATCCTTITGATTCAAGCCTATG GATTACCTCTCGATGATGCAAAGTCTGTGAGACTT GCCATAATGCTGG
GAGGTAGCTTACCTCTTATTGCTTCAGTTGATAGCTTT GAGATGATCAGTGTTGTCTTGGC

3. Isthe size of the sequence consistent with your gel electrophoresis results?

4. Perform a nucleotide BLAST of the sequence against the nucleotide coifection database. What
gene does this sequence most closely align with?

httg:[[blast.ncbi.nlm.nih.gov[B!ast.cgi
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