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Syllabus

BIO/PBIO 2240L The Dynamic Genome
Summer 2009
Dr Susan Wessler and Dr Jim Burnette
Eleanor Kuntz, TA
Course website: http://www.dynamicgenome.org/classes/fcse/
User: dynamicgenome
Password: tesjump

Dr. Susan Wessler Dr. Jim Burnette Eleanor Kuntz
Office Plant Sciences 4510 Plant Sciences 1506 Plant Sciences 4505
Phone 706-542-1870 706-542-4581 706-542-1857
Hours By appointment By appointment By appointment
E-mail sue@plantbio.uga.edu jburnette@plantbio.uga.edu  ekuntz@uga.edu

Attendance: We require 100% attendance and class participation. Any
missed lab will be difficult to make up. If you know you will be absent for any
class, make arrangements in advance with the instructor. Discuss unplanned
absences immediately upon returning to class. If you have a fever, do not
come to class. Call Dr. Burnette and go to the Health Center.

Class participation is a major part of this course. You are expected to be
prepared for each day, participate in all discussions, and ask a lot of
questions. Twenty percent of your grade is based on class participation.

Restrict cell phone/texting/earphone use and personal web browsing/e-mail
o breaks. Cell phones should not be on your desk or lab bench at any other
time. Do not use class time to work on assignments for other classes. Do not
listen to music with earphones during lab work. We will provide a stereo for
the whole lab.

In the computer lab, place your backpacks in the cubby-holes.

For your safety, you must wear closed toe shoes (no flip-flops or sandals).

Long shorts are permitted. Long hair should be pulled back away from the

face for all labs. Eating is permitted in the computer lab (room 1503A) but
not the wet lab room 1606.

The syllabus and other handouts can be found on the website link above.




Syllabus

Assignment due dates

Assignment Date

Notebook Checks Tuesday, July 7, 2009
Homework Thursday, July 9, 2009
Quiz I Friday, July 10 2009
Homework Thursday, July 16, 2009
Mid-Term Friday, July 17, 2009
Homework Thursday, July 23, 2009
Quiz IT Friday, July 24, 2009
Homework Thursday, July 30, 2009
Final Friday, July 30, 2009
Final Presentation Friday, July 31, 2009

The first Notebook check will be on July 7. Spot checks will be done for the
rest of the semester.

Quizzes: 45 min. or less and will cover material recently presented in class.
Mid-term and Final will be cumulative. Format will be discussed in class.
The final presentation will be a class poster worked on in class.

Homework assignments will be extensions of in-class lectures and exercises
to prepare for the quizzes and tests.

Notebook check 10%
Quiz average 30%
Homework average 15%
Mid-Term 10%
Final Presentation 15%
Participation 20%

100%

Grading Percentages: The final grade will be calculated using the following
break down. Letter grades will be assigned using the standard plus/minus
system: A=95-100, A-=90-94, B+=86-89, B=83-85, B-=80-82, C+=76-79,
C=73-75, C-=70-72, D=60-69, F<60.




What is the Genome?
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How is the DNA Double Helix Organized?

Sugar-phosphate
backbone

LIFE 8e, |

AT 11

A single strand of DNA. The backbone is

in blue, and the bases are colored.

?)
Ribose or Nucleoside  Phosphate  Nucleotide
deoxyribose
Pyrimidines
Nz 9 i
© HC_ _C &
Hc‘\‘ (‘\‘H C’NH
HC C: HC C. HC! C.
N Yo N Yo )
H H H
Cytosine (C) Thymine (T) Uracil (U)
Purines NH, 0
I
C C
P Moo H
HC\ | | HC
N~ O~ ZCH C 5 C\NH2
H H
Adenine (A) Guanine (G)

A double strand of DNA. The bottom
strand is the complement of the top
strand.

Base
J}Pairs

—— e o}

C H
’_rf"‘r / _\ _____________ b \

-/ O% (

Thymine

A/T base pair

i
W

Guanine

Adenine

The two strands are held together by
hydrogen bonding between the A/T
base pairs and the G/C base pairs.

Oneeeeeeeees H—r/

7\

L

Cytosine

G/C base pair




How is DNA and RNA similar? Different?
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How does the amino acid sequence determine protein structure? 4
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How is information transferred in cells? 5
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Transcription
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Transcription
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Putting it all together....
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What are the components of a gene?
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What are the components of a mRNA?
How is mRNA processed from pre-mRNA?
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What are the components of a mRNA? “20800000¢
How is mRNA processed from pre-mRNA? i
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July 6-10, 2009

Experiment I: Analysis of the Actin gene of maize.

You will use the actin gene to investigate the differences between the DNA
gene sequence and mRNA sequence. The actin gene encodes the actin protein
and is found in all eukaryotes. Actin polymerizes to forms long strands that
can contract. Actin has a large role in cell division and cell movement.
Because the protein of actin is so important the location of the chromosomal
location of the gene is known in many organisms. This makes it a great gene
to use for learning about gene structure and as a control for many
experiments.

You will analyze both the actin gene from DNA and the mRNA product of the
actin gene. By comparing the results of the PCR and the actual nucleotide
sequence you will be able to determine the location of the introns in the
actin gene.

There are four steps in the experiment to analyze the DNA: DNA and RNA
extraction, polymerase chain reaction (PCR) amplification of the actin gene,
gel analysis, sequencing.

You will be using PCR amplification in most of your experiments. For this
reason, it is summarized below.

15
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Figure 20-14
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Polymerase Chain Reaction. Known familiarly as PCR: a technique enabling

multiple copies to be made of sections of DNA molecules. It allows isolation
and amplification of such sections from large heterogeneous mixtures of
DNA such as whole chromosomes and has many diagnostic applications, for
example in detecting genetic mutations and viral infections. The technique
has revolutionized many areas of molecular biology—and won a Nobel Prize
for Kary Mullis.

The reaction starts with a double-stranded DNA fragment. A part of it is

o be copied.

A to B. The fwo DNA strands are separated (denaturated) by heating to
95°Celsius (C).

B. After cooling, short oligonucleotide primers (see below) that are

complementary to the ends of the region to be amplified anneal with each

strand.

C. When the temperature is raised to 72° C the DNA polymerase (the heat-

stable Tag polymerase) begins to catalyze DNA synthesis from the ends of
the primer using the denatured DNA as template (the extension phase) and
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the nucleotide triphosphates (A, G, C, and T or dNTPs) that are in the test
tube.

D.E and F - The procedure is repeated beginning with denaturation then
cooling, annealing, extension etc.

Oligonucleotide primer. A primer is a short nucleic acid strand or a related
molecule that serves as a starting point for DNA replication. A primer is
required because most DNA polymerases, enzymes that catalyze the
replication of DNA, cannot copy one strand into another from scratch, but
can only add to an existing strand of nucleotides. (In most natural DNA
replication, the ultimate primer for DNA synthesis is a short strand of RNA.
This RNA is produced by primase, and is later removed and replaced with
DNA by a DNA polymerase.) The primers used for PCR are usually short,
chemically synthesized DNA molecules with a length of about 20-30
nucleotides.

Denaturation: separation of the two DNA strands of a double helix by
heating them to a very high temperature. This breaks the hydrogen bonds
holding the double helix together.

Annealing: when DNA or RNA strands pair by hydrogen bonds to
complementary strands, forming a double-stranded molecule. The term is also
used to describe the reformation (renaturation) of complementary strands
that were separated by heat.

Extension: enzymatically extending the primer sequence—copying DNA.

Watch this animation to help you understand how PCR works:
http://www.dnalc.org/ddnalc/resources/pcr.html

The PCR products are analyzed by gel electrophoresis. Watch this animation
to learn how this technique works.
http://www.dnalc.org/ddnalc/resources/electrophoresis.html

mRNA analysis by PCR

The polymerases used for PCR require a DNA template. That means we
cannot use MRNA directly in a PCR reaction. We must first isolate RNA from
a tissue and then reverse transcribe the RNA into DNA using the enzyme
reverse transcriptase (RT). You will learn about the natural function of
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reverse transcriptase later in the course. RT creates the DNA complement
of every mRNA strand in the reaction. This DNA strand is referred to as
cDNA. cDNA can then be used in a PCR sample as the template for Taq
polymerase.

cDNA is made from mRNA using RT, dNTPs, and a primer that binds to the
poly-A tail of the mRNA. The DNA primer is a short DNA strand that is
fifteen T bases in a row and is called oligo-dT. The oligo-dT primer binds to
the poly-A tail and the RT extends the oligo-DT primer to create a strand of
DNA that is complementary to the mRNA strand. This first strand of DNA
is referred to as cDNA.

Due to time constraints you will not be able to isolate RNA and make cDNA.
You will amplify the actin gene using PCR and primers for the actin gene from
genomic DNA you extract and from cDNA made by the instructors. You will
analyze the sizes of the PCR products from genomic DNA and cDNA.

You will then analyze the sequence of the to PCR products to determine the
exon/intron boundaries of the first intron of the actin gene. This is how the
gene structure of any gene can be determined experimentally. Later in the
course you will learn about computer programs that predict gene structure.

Exercises:
1. Does mRNA contain the exons or introns from a gene?

2. Will the PCR band from the cDNA be larger or smaller than the band from
genomic DNA?

18
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Step I: Tuesday, July 7, 2009 DNA Extraction

You will extract DNA from two lines of maize: B73 and the popcorn
Palomero. Be sure to store the DNA in the freezer because you will use it
this week and in the last two weeks of the semester.

Damon Lisch's All Natural (no organics) Genomic Miniprep

Materials list:

Extraction Buffer

10% SDS

5M KOAC

100% Isopropanol

70% Ethanol

Ice Bucket with ice

liquid nitrogen

65°C water bath

sterile 1.5 ml tubes (2 for each prep)

1) Label 3 tubes for each plant with plant name and your initials.

2) Harvest a piece of maize leaf about the length of your hand. Rip it into
pieces small enough to fit in the mortar. Ask for liquid nitrogen to be put in
the mortar. Grind vigorously with the pestle.

3) Add 1 ml of Extraction Buffer, and grind some more in the buffer. Pour
the slurry into the appropriately labeled tube.

4) Add 120 yl of 10% SDS. Mix by inverting.

5) Place at 65°C for 10 minutes. Repeat steps 1-5 for the second sample.

6) Add 300 ul BM KOAc. Mix well by inverting several times (importantl!),
then place on ice 10 minutes.

7) Spin for 5 minutes at top speed in microfuge. Squirt about 700 pl of the
supernatant through miracloth into second tube. (make small funnel, place tip

19
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directly onto the miracloth at the tip of the funnel and squirt through - do
not allow the whole funnel to get soaked).

8) Add 600 ul of isopropanol. Mix the contents thoroughly by inverting.

DNA precipitate may or may not be visible at this point: don’t worry if you
don't see much. However, a really good prep (excellent grinding of tissue)
should result in visible DNA at this stage.

9) Spin for 5 minutes at top speed. Pipette off supernatant.

10) Add 500 ul of 70% ethanol and flick until the pellet comes off the
bottom (for best washing results). Spin 3 min, then pipette off the ethanol
with a P-1000. Suck off the rest of the ethanol with a P-20 pipette. Make
sure the pellet stays in the tube! Let air dry in hood for about 5 minutes
with the caps open.

11) Resuspend the DNA in 50 yl water. Let sit at RT for about 5 minutes,
then mix by pipetting.

Store your DNA samples in a box with your name the freezer (-20°C).
Visualize genomic DNA on a 1.5% agarose gel:

A 1.5% agarose gel contains 1.5 grams in 100 ml of gel buffer TAE (1.5/100 x
100% = 1.5%).

1. Weigh out 1.5g agarose and add to a 250 ml flask.

2. Add 100 ml 1X TAE buffer (available in a big jug) to the flask with
agarose. (TAE = 40mM Tris acetate, ImM EDTA pH 8.4)

3. Heat contents in the microwave until boiling (2-3 min). Be very careful, as
superheated liquids can boil over and burn you.

4. Swirl to make sure that the agarose is completely melted.

20
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5. Add 1.0 ul of a stock solution of 100 mg/ml ethidium bromide (EtBr). (This
binds to the DNA allowing it to be visualized under UV light. Do not let this
stuff touch your skin.)

6. Swirl again to mix and pour into a gel-casting stand with a comb (this will
be demonstrated in the lab.) The gel should cool and solidify within 10-15
minutes at which time it is ready to place the gel in the electrophoresis
apparatus and add enough TAE buffer to completely immerse the gel.

After the gel solidifies

7) Put 15 pl of DNA from step 11 into each tube.

8) Add 3 ul of 6x loading dye to the tube. Tap the tube gently to mix.

9) Load all 184l on your gel. Keep track of which sample went in which lane.

10) Load 7 ul of DNA Ladder in one empty well.

11) Run the gel at 130 Volts for ~30 minutes.

12) Photograph the gel.

Step IT: Wednesday, July 8,2009 Amplify genomic DNA using PCR.
Today you will amplify the DNA using 1 pair of primers for the actin gene.

Each person will do PCR on the B73 and Palomero genomic DNA isolated on
Tuesday and on cDNA provided by the instructor for a total of four DNA
samples to analyze. We also need an additional negative control that will be
water in place of DNA, giving you five reactions in total. You need to make a
master mix of six reactions o make sure you have enough for the five tubes.

10 fold dilution of DNA with water
1) Label a tube with DNA name and '1/10 dil'.

2) Add 90ul of water to the tube.

21
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3) Add 10 yl of DNA to the tube.

4) Repeat for each DNA sample.

Set up PCR
1) Label a 1.5 ml tube. This is for making the PCR mix.

2) Label a strip of 0.2 ml PCR tubes. The instructors will show you where to
label the tubes. The label may be rubbed off in the machine if you put it in
the wrong place.

3) Mix the following in your tube using the volumes in the column labeled '6 X
(stands for 6-fold).' Keep this on ice.

1X () 6X
2x Q Master Mix 12.5 75.0
H20 55 33.0
Forward Primer 1.0 6.0
Reverse Primer 1.0 6.0
DNA 50|  ------
Total 25.0 120.0 pl

The 2x Master Mix is supplied by a company (NEB) and contains Taq enzyme,
buffer, and deoxynucleotide triphosphates (dNTPs) in a 2x concentration.
This tube should be kept on ice to protect the enzyme from degradation.
The mix is green because it contains a DNA loading dye.

4) Put 20.0 pl of master mix in 5 of the PCR tubes.

5) Add 5.0 pl of correct diluted genomic DNA to the PCR tubes. Add 5 pl of
sterile water in tube 5.

6) Seal the tubes tightly with a strip of caps. Keep PCR tubes on ice until
everyone is finished.

After everyone is done, your samples will be placed in a thermocycler or 'PCR
machine’ and cycled with the following conditions:
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1 cycle for: initial denaturation 94°C 3 min

40 cycles for: denaturation 94°C 30 sec
annealing 50°C 30 sec
extension 72°C 1 min

[Note: "40 cycles"” means all steps— denaturation, annealing, and
extension—are repeated 340 times before going on to the next step]
1 cycle for: final extension: 72°C 10 minutes

7. After you finished setting up the PCR, you should pour a 1.5% agarose gel.

See page 22. You will need one gel per group.

Sequences of the Primers used:
>Actin F1
gtgacaatggcactggaatg

>Actin R1

ggagaactggcatcacacc

Sizes expected:
Genomic DNA: 371 bp
cDNA: 289 bp

Step ITI. Thursday, July 9, 2009. Gel analysis.
1. Load 15 ul of each reaction to a gel lane. Remember to add a lane with 7 i

of DNA ladder (molecular weight markers). Run the gel at 130 V for ~30
minutes.
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O'GeneRuler 1 KB Plus DNA Ladder (Fermentas)

bp ng/05pg %
2000 20.0 4.0
/, 10000 200 4.0
7 7000 200 4.0
< 5000 750 150
4000 200 4.0
3000 200 4.0
7] _ 2000 200 4.0
5 1500 800 16.0
E — 1000 250 5.0
< 700 250 AD
3 500 75.0 15.0
wd — 41X 25.0 5.0
- 30 25.0 5.0
= — 200 250 5.0
2 - 75 250 A0
0.510/%ne, Sem length gel,
1XTAE, 7Viem, 45min

Range

15 fragments (in bp): 20000, 10000, 7000, 5000, 4000, 3000, 2000, 1500, 1000, 700, 500, 400, 300, 200, 75.

Step IV. Thursday, July 9, 2009. Sequence Analysis.

Inorder to complete the analysis of the actin gene, we need fo analyze the
sequence of the PCR products. To do this you would cut out the PCR bands
from the gel and purify the DNA. This would be sent to a company called
Genewiz that would sequence the DNA for us and e-mail the results. Due to
time constraints, you will be provided the DNA sequence for analysis.

We need to line up the fwo sequences to determine where they are similar
and where they differ. We could do this by hand for short PCR sequences,
but it would be very time consuming. Computer programs are very good at
this type of analysis and are extremely fast. We will use a computer program
called Blast2sequences. This is a program that is part of a free suite of
related programs and is available at the National Institutes of Health (NIH)
website. Later in the course you will learn more about the NHI Blast
website.
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>Actin Genomic DNA PCR Product
ctgttacagaatagttgagaatggctgacgaggatatccagcctatcgtatgtgacaatggcact
ggaatggtcaaggttgttatctcgttcagaagtctttttcaacaaagcaactctactcct
gtgcctaattgttgctcaactcctcaatatttacaggeccggtttecgetggtgatgatgeg
ccaagagctgtcttccccagcattgtgggaagaccacgccacaccggtgtcatggtcgge
atgggccaaaaggatgcctacgtaggtgatgaggctcaggccaagagaggcatcctgaca
ctgaagtacccgattgagcatggcattgtcaacaactgggatgacatggagaactggcat
cacacc

>Actin cDNA PCR Product
ctgttacagaatagttgagaatggctgacgaggatatccagcctatcgtatgtgacaatggcact
ggaatggtcaagggccggtttcgctggtgatgatgcgccaagagctgtcttececccageat
tgtgggaagaccacgccacaccggtgtcatggtcggcatgggccaaaaggatgcctacgt
aggtgatgaggctcaggccaagagaggcatcctgacactgaagtacccgattgagcatgg
cattgtcaacaactgggatgacatggagaactggcatcacacct

1. Open Firefox and go to the Blast Website and click on the 'nucleotide
blast’ link.

G

7 Home  RecontResults ~Saved Stratoglos Help

» NCBI/ BLAST Home

BLAST finds regions of similarity between biological sequences. more...

[Z7 Designing or Testing PCR Primers? Try your search in Primer-BLAST. _Go)

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases.

0 Human O Oryza sativa 0 Gallus gallus

o Mouse o Bos taurus o Pan troglodytes
O Rat 0 Danio rerio O Microbes

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera

Basic BLAST

Choose a BLAST program to run.

nucleotide blast Bearch a nucleotide database using a nucleotide query

- Algorithms: blastn, megablast, discontiguous megablast

|
Search protein database using a protein query

Algorithms: blastp, psi-blast, phi-blast

protein blast

blastx | Search protein database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query
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2. Check the 'Align two or more sequences’ checkbox.

< BLAST
| Home || Recont Results || Saved Stratagles || Help |

» NCBU BLAST/ blastn suite

| blastn | blasto | blastx | tblastn | thlastx |

Enter Qu ery Sequence BLASTN programs search nucleotide databases using a nucleotide query. more.
Enter accession number, gi, or FASTA sequence & Clear  Querysubrange ©
From| |
T |
Or, upload file (romse) ©
Job Title —

Enter a descriptive

Qur BLAST search ©
CJ Align two or more sequences &
Choose Search Set
Database [iman genomic + transcript OMouse genomic + transcript O Others (nr etc.):

[ Human genomic plus transcript (Human G+T) Me

Entrez Query
Optional
Enter an Entrez query to limit search ©

Program Selection

Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm @

_ BLAST

Search database Human G+T using Megablast (Optimize for highly similar sequences)

) Show results in a new window

» Algorithm parameters

3. A) Enter the 'Actin Genomic DNA sequence’ in the Query (top) textbox

and B) the Subject (bottom) ‘Actin cDNA sequence’ in the bottom text box.
C) Click 'Blast.

» NCBI/ BLAST/ blastn suite
| blastn | blastp | blastx | tblastn | tblastx |
BLASTN search i bjects using a n
Enter Que J

nter accession number, gi, or FASTA sequence & Clear Query subrange

>Actin Genomic DNA PCR Product
ctg t atggct. ategratat
tgttatcte Tttt tctactcct From

gtg tgttg £ att

9 To

agac

Or, upload file (‘Browse...) ©
Job Title

Actin Genomic DNA PCR Product
Enter a descriptive title for your BLAST search &

gAlign two or more sequences &

Enter Subject Sequence

(mumber, gi, or FASTA sequence & Clear  Subjectsubrange &

>Actin cDNA PCR Product -~

ctgt: \ From

ggaatg ttcgctgg gtc "A

‘tgtgggaagaccacgccacaccggtgtcatggteggeatgggccaaaaggatgectacgt To
gatgaggctcaggccaagagaggcatcctgacactgaagtacce: cat Y

Browse... ) &

Program Selection

Optimize for

® Highly similar sequences (megablast)

O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)

Choose a BLAST algorithm &

h nucleotide sequence using Megablast (Optimize for highly similar sequences)

Show results in a new window

P Algorithm parameters
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4. The results are presented in this page.

In the top half of the page the results are presented diagrammatically. The
query is shown as a red, thick rectangle. Any similarity between the query
and the subject is shown as thin rectangles below the query. The color of
the rectangle indicates the hit score. The higher the score the better the
hit.

The Query is the Genomic DNA sequence and the Subject is the cDNA
sequence.

In this case there are two hits between the query and the subject. What do
these hits represent?

7 Home  RecentResults Saved Stratogies  Help

» NCBI/ BLAST/ blastn suite-2sequences/ Formatting Results - 4HDU194N112
Edit and Resubmit Save Search Strategies > Formatting options  >Download

Blast 2 sequences

Actin Genomic DNA PCR Product
Query ID Icl|10329 Subject ID 10331
Description Actin Genomic DNA PCR Product Description Actin cDNA PCR Product
Molecule type nucleic acid Molecule type nucleic acid
Query Length 371 Subject Length 289

Program BLASTN 2.2.21+ P Citation

Other reports: »Search Summary [Taxonomy reports]

¥ Graphic Summary

Distribution of 2 Blast Hits on the Query Sequence ©

Mouse over to see the defline, click to show alignments

Color key for alignment scores
<40 40-50 50-80 80-200 >=200

er
I I [ | | |
o] 70 140 210 280 350

The bottom half of the results page shows the two hits nucleotide-by-
nucleotide. When bases at the same position are the same a vertical line is
placed between them. The alignments are ordered by score from highest to
lowest. Notice that the second alignment starts with 1 in both query
(genomic DNA) and subject (cDNA) while the first alignment starts at
nucleotide 161 in the query and 78 in the subject.
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¥ Alignments [ Select All Get selected sequences

>1c1|10331 Actin cDNA PCR Product

Length=289
Sort alignments for this subject sequence by:
E value Score Percent identity
Query start position Subject start position
Score 390 bits (211), Expect 2e-113

Identities = 211/211 (100%), Gaps = 0/211 (0%)
Strand=Plus/Plus

Query 161 GCCCGGTTTCGCTCGTGATGATGCGCCAAGAGCTGTCTTCCCCAGCATTGTGGGAAGACC 220

|I|IH]I\IHIHII\III\|I\I\III\|I\IHII\IIIIIIH\IIIHI\IH

bjct 78 GGCCCGTTTCGCTCGGTGATGATGCCCCAAGAGCTGTCTTCCCCAGCATTGTGGGAAGA 137

Query 221 ACGCCACACCGGTGTCATGGTCCGGCATGGGCCAAAAGGATGCCTACGTAGGTGATGAGGC 280

\||||HII\IIHHJI\III\I|\I\III\II\IHJHIIIHI\I\IIHII\IH

Sbjct 138 ACGCCACACCGGTGTCATGGTCCGGCATGGGCCAAAAGGATCGCCTACGTAGGTGATCGAGGC 197

Query 281 TCAGGCCAAGAGAGGCATCCTGACACTGAAGTACCCGATTGAGCATGGCATTGTCAACAA 340

\|||IHll\llHHII\III\||H\III\II\IHIHIIIHIH\IIIHI\IH

Sbjct 198 GGCCAAGAGAGGCATCCTGACACTGAAGTACCCGATTGAGCATGGCATTGTCAACAR 257

Query 341 CTGGGATGACATGGAGAACTGGCATCACACC 371

\I|||HJI\IHIHJI\III\II\HIII

Sbjct 258 CTGGGATGACATGGAGAACTGGCATCACACC 288

Score 145 bits (78), Expect 2e-39
Identities 78/78 (100%), Gaps 0/78 (0%)
Strand=Plus/Plus

-4¥ TGTTACAGAATAGTTGAGAATGGCTGACGAGCATATCCAGCCTATCGTATGTGACAATG 60

|||IH]|\IHIHJI\III\II\I\III\II\IHJH|I|H|\|\|I|\II\I\

TACAGAATAGTTGAGAATGGCTGACGAGGATATCCAGCCTATCGTATGTGACAATG 60

Query 61 GCACTGGAATGGTCAAGH 78

I\IIIIH]HIIHHJ

Sbjct 61 GCACTGGAATGGTCAAGI

So the cDNA sequence matches the genomic DNA from nucleotides 1 to 78
and then from nucleotides 161 o 371.

1. What do these two alignments represent?

2. What is the sequence from 79 to 160 in the genomic DNA? Why isn't this
sequence present in the cDNA?

Homework 1 Due Friday, July 10 at 9:15 A M.

Below is sequence of two PCR products from the actin gene using a different
set of primers on genomic DNA and cDNA. The PCR products were
sequenced and the sequence is shown below.

>Actin genomic PCR product 2

agatcaccctgtgctgctgaccgaggcccctctcaaccccaaggccaacagagagaaaat
gacgcagattatgtttgaaaccttcgaatgcccagcaatgtatgttgctatcgaggetgt
tctttecgttgtacgctagtgggcgaacaactggtaagatggctgtcgectcagatatata
tagtgatatgcactacaaagatcatacatacatacggcaatcctgacacggtctctttgt
caaatatctctgtgtgcaggtattgtgatggattcaggtgatggtgtgagccacacggtt
ccaatttatgaaggatacacacttcctcatgctattctccgtttggatcttgeggggegt
gacctcaccgaccacctaatgaagatcctcacagagagagggtactccctcactacgage
gctgagcgggagattgtcagggacataaaggagaagcttgecctacgttgecccttgattat
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gaacaggagctggagactgccaagagcagctcctctgtcgagaagagctacgagatgect
gatggtcaggtcatcaccattgggtcagaaaggttcaggtgccccgaggtgttgttccaa
ccatcccttgttggcatggaatcgcctagecgtccatgaggccacgtacaactccatcatg
aagtgtgatgttgatatcaggaaggatttgtatggtaacgttgtcctcagtgggggtttt
accatgtttcctgggattgccgatcgtatgagcaaggagatcacgtccctagttectage
agcatgaaggttaaagtagttgcgccacctagaaggaagtacagtgtctggatcggtgge
tctattttggcttctctcagcacttttcagcaggtecttctetttettactttattettte
ataagcagtaggcttttatcattcaactcctcttcatcgagaacctacagcageccttgac
catgttgggtgtgtgtgctttttttgtagttaaagtgcgaaataacccattatataccaa
ctcaatttggttaaactggcttgtgatgcactcttttttacctaaaaacgcaattggaat
acaaatatattcttgcttcagtcagtcactccagttttctagtatcaacttctectcaggg
cccatttggaacgaaggaaatatgaaggatttttgaaggattttcgaaggattcatttcce
tacatagaagttttctatgtgaccctttggaacacaggatttaattctatcaatttettt
gaaatttctatggattgctttccttcatacaagttttggaggaaaataacgagctcatct
cttggaaaatttcctatgactcttatctctctattcaaattcatgtatagcacccaaagg
ctaggtgagaaattttgctacgttctcaatttctgtaggattgcaattcataggcaatta
tagtcatgtgttttctctattcctgtgttttecgtattcttectgttcaaaagggggectagt
aggcactgcacagtgctccacctccgegtgtgttaacatacgtgttaatcattacagaca
tagacccaaacccgatagtaacatctttttgaggcaaatgaaaagagcccaaggcctttt
tcttcgacgatagatataagcgggatgtggaaatggaattactagtgtgatagcaccgaa
tatttttcttgcattgccattacttgcactcattattttaatttgcatttctttgacaat
gggcaactgtgttggcagatgtggatctccaagggagagtatgacgaaactggtccggge
attgtccacatgaagtgcttctaa

>Actin cDNA PCR product 2

agatcaccctgtgctgctgaccgaggcccctctcaaccccaaggccaacagagagaaaat
gacgcagattatgtttgaaaccttcgaatgcccagcaatgtatgttgctatcgaggetgt
tctttecgttgtacgtattgtgatggattcaggtgatggtgtgageccacacggttccaatt
tatgaaggatacacacttcctcatgctattctcecgtttggatcttgeggggecgtgaccte
accgaccacctaatgaagatcctcacagagagagggtactccctcactacgagcgctgag
cgggagattgtcagggacataaaggagaagcttgcctacgttgececcttgattatgaacag
gagctggagactgccaagagcagctcctctgtcgagaagagctacgagatgcctgatggt
caggtcatcaccattgggtcagaaaggttcaggtgccccgaggtgttgttccaaccatce
cttgttggcatggaatcgcctagcgtccatgaggccacgtacaactccatcatgaagtgt
gatgttgatatcaggaaggatttgtatggtaacgttgtcctcagtgggggttttaccatg
tttcctgggattgccgatcgtatgagcaaggagatcacgtcecctagttecctagcagecatg
aaggttaaagtagttgcgccacctagaaggaagtacagtgtctggatcggtggctctatt
ttggcttctctcagcacttttcagcaggacaatgggcaactgtgttggcagatgtggatce
tccaagggagagtatgacgaaactggtccgggcattgtccacatgaagtgcttcta

Using the same sequence analysis, determine:

1) How many introns are there?

2) What are the start and stop position of the intron(s).

3) Draw a diagram of the genomic and cDNA products showing the

exon/intron structure of the gene before and after splicing.
4) How much smaller will the cDNA PCR product be? Why?

Answer these questions.

4) Why is it important to determine the exon/intron structure of a gene?
5) What are the components of a PCR?

6) What are the temperature steps of a PCR cycle?
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Background

The Discovery of Transposable Elements in Maize by Barbara McClintock

BARBARA McCLINTOCK

BENETICIST

P \\4|Sf|3'/

It all began more than 60 years ago with a far-sighted scientist named
Barbara McClintock who was studying the kernels of what we informally call
"Indian corn.” You know what it looks like—those ears with richly colored
kernels that we associate with Thanksgiving and that we call maize.

Maize and corn are the same species. Maize is a grass that is taxonomically
related to other familiar cereal grasses like barley, rice, wheat and sorghum.
By the 1920s, researchers had found that maize kernels were ideal for
genetic analysis because heritable traits such as kernel color and shape are
so easy to visualize. The results of early studies on maize led to an
understanding of chromosome behavior during meiosis and mitosis. As a
result, by McClintock's time, maize was one of two model genetic organisms -
the other being Drosophila melanogaster (the fruit fly).

As early as the 1920's it was known that maize had 10 chromosomes [this is
the haploid number (n) - maize, is a diploid (2n) with 2 sets of 10
chromosomes]. In addition to being a superb geneticist, McClintock was one
of the best cytologists in the world and her specialty was looking at whole
chromosomes. Maize was ideal for this analysis because it has a large
genome [~2500 Mb (million bases), about the same size as the human
genome] and its chromosomes were easily visualized using a light microscope.
The first thing of note that McClintock did as a scientist was to distinguish
each of the 10 maize chromosomes of maize. This was the first time anyone
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was able o demonstrate that the chromosomes (of any organism) were
distinct and recognizable as individuals.

In the course of her studies of various maize strains, she noticed the
phenotype shown below in Figure 1a. This phenotype is characteristic of
chromosome breakage. While chromosome breakage is commonly observed in
maize, it had not previously been observed at a single site (locus) in one
chromosome. In one particular strain chromosome 9 broke frequently and at
one specific place or locus. After considerable study, she found that the
breakage was caused by the presence in the genome of two genetic factors.
One she called Ds (for Dissociation -it caused the chromosome to
"dissociate"), and it was located at the site of the break. But another
genetic factor was needed to activate the breakage. McClintock called this
one Ac (for Activator). Because she could not genetically map the position of
Ac in the genome she hypothesized that it was capable of moving around
(transposing). For example, Ac could move from chromosome 1 to
chromosome 3.

As she followed the descendents of this strain, she identified rare kernels
with fascinating phenotypes. One such phenotype was a colorless kernel
containing pigmented spots. This is summarized in Figure 1b.

32
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GENOTYPES
(a) Chromosome breakage
C Sh Wx Ds
@=={= | gy ===

PHENOTYPES

Acentric fragment Ac-activated
is lost. chromosome
Ds C Breakage at Ds
Sh Pigmented (C)
Wx ~ B — Plump (Sh)
¢ sh wx Shiny (Wx)
et >
New phenotypes
in rare kernels
(b) New unstable alleles
c-DsSh  Wx
e = >

Ds loss from

Cgene.
Ds\
C Sh Wx
S =
¢ sh wx
e >

s
S|y ! = = Colorless (c)
Shrunken (sh)

Not shiny (wx)

¢ sh  wx Colorless
= | — > background
. &
Ac activates »
B

Figure 1. New phenotypes in corn
are produced through the
movement of the Ds transposable
element on chromosome 9. (a) A
chromosome fragment is lost
through breakage at the Ds locus.
Recessive alleles on the
homologous chromosome are
expressed, producing the colorless
sector in the kernel. (b) Insertion
of Dsin the Cgene (top) creates
colorless corn kernel cells. Excision
of Ds from the € gene through the
action of Acin cells and their
mitotic descendants allows color to
be expressed again, producing the
spotted phenotype.

What she soon knew conclusively was this: The TEs that she was studying
were inserting into the normal genes of maize and were causing mutations.
What she had discovered was a different type of mutation - one that was
caused by a transposable element and one that was reversible. This
contrasts with other mutations that you are probably more familiar with like
base pair changes and deletions that are essentially irreversible. Her logic
is summarized in the figure below. Furthermore, she provided the following
explanation for what was going on with the spotted kernels:

\‘ TE inserts into gene

‘ TE excises from gene

[Gere ]+ [7E]
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TE

|
5 — N Erame

Fxl Faryioe 2 Fargoe 3
A x —- x —- PI%n?

+ —- RNA —= Protein (Enzyme 1)

Faryom | Fargioe 2 Faryoe 3
A —= B —= ( —= Pigment

Her discovery - highly simplified...

Figure 2: McClintock
hypothesized that TEs
were a source of
“reversible"” mutation.
Their ability to
transpose allowed
them to excise from
mutant genes leading
to phenotypic
reversion.
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What DNA transposable elements look like to the geneticist (Ac, Ds)

As you have seen Barbara McClintock discovered the TEs Ac and Ds when
she figured out that they were responsible for the spotted kernel
phenotypes. She was a geneticist - and their main experimental tool is the
genetic cross.

Here are some of the properties of Ac/Ds that McClintock figured out
through observation of kernel phenotypes and by performing carefully
designed crosses:

(1) Ac and Ds could insert into a variety of genes - e.g. those involved in
pigment production, starch biosynthesis, and early embryo development, to
name but a few.

(2) Ac and Ds were normal residents of the corn genome - they were not, for
example, introduced into the genome by a virus.

(3) Ds could not move without Ac in the genome, whereas Ac could move
itself or Ds. Thus, Ac was called an autonomous element while Ds was called
a non-autonomous element.

Phﬁe"“ypes Figure 3 Summary of the main
Flgmented effects of transposable
Cgene . ) elements in corn. Ac and Ds are
(wild type) \ .
used as examples, acting on the
Colorless C gene controlling pigment.
cm(Ds) T _ i In maize (but not many other
{moiie} <-m(Ds) organisms), normal alleles are
Spotted capitalized and mutant alleles
Ds kernels . .
yad vy are written in lower case. In
e L1 i - il (b addition, McClintock designated
Spotted alleles caused by the insertion
Vs kernels of a TE as "mutable”, m for
c-m(Ac) —— short [e.g. c-m(Ds) or c-m(Ac)].
Ac
c-m(Ac)

TEs are in all organisms: After her initial results were reported in the late
1940's, the scientific community thought that TEs were oddities and possibly
restricted tfo maize and perhaps to a few other domesticated plant species.
However, this proved not to be the case as in subsequent years TEs were
discovered in the genomes of virtually all organisms from bacteria to plants
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to human. It is for this reason that McClintock was awarded the Nobel Prize
in Medicine or Physiology in 1983, almost 40 years after her discovery.

What transposable elements look like to the molecular biologist (Ac,Ds):

With the advent of molecular cloning biologists were able to isolate and
sequence gene-sized fragments of DNA from the genomes of plants and
animals. They say that a picture is worth a thousand words. So... here is a
simplified figure showing what Ac and Ds look like at the DNA level.

Autonomous element (Ac)

)
CEx I

Nonautonomous element (Ds)

Figure 4: Molecular structure of Ac and Ds.

Ac: Tpase is the gene encoding the transposase
enzyme, which is necessary for movement of both Ac
and Ds.

Ds: Ds requires Ac for movement because it is a
defective version of Ac where the Tpase gene has
been deleted.

Yellow arrows at the ends are the terminal inverted
repeats - this site is where transposase binds and
cuts the element out of the surrounding genomic

Ac contains a single gene - that encodes the transposase protein. Figure 5
shows how this protein catalyzes the movement of Ac and Ds.
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OTfa”SP"ST’:‘::sposase e Figure 5 Ac fransposase
/ \;"nedeg;’;‘;’,nicms catalyzes excision and insertion
S 1Y I e - (also called integration).
\ / The maize Ac element encodes a
transposase that binds its own
@ ends or those of a Ds element,
excising the element, cleaving the
laeavage target site, and allowing the
element to insert elsewhere in
@ the genome.
l':;ag{::':;: e
Cog2
[fesen

- -
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Like many other proteins, the transposase protein can multi-task. First, it is
a DNA binding protein that is able to bind specifically to the ends of the Ac
element. The protein also binds to the ends of Ds as it is identical to the Ac
ends. Such "sequence-specific binding" is mediated by precise contacts
between the amino acids of part of the transposase (called the binding
domain) and the precise nucleotide sequences at the Ac (and Ds) ends.
Second, it is an enzyme. Once bound, the two transposase molecules form a
dimer (via protein-protein interactions) and another region of the
transposase (called the catalytic domain) cuts the element out of the
surrounding genomic DNA. The two fransposase proteins bound to the TE
then cuts the chromosome at another site (the target) in the host genome
and the TE inserts.

Finally, for now at least, there is one other feature of TEs that needs to be
introduced. This is the target site duplication (TSD) that is created during
insertion of virtually all TEs. How it is generated is shown below in Fig 6.
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AGGTAAGGTAG
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lTransposase cuts

target-site DNA.
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Transposable
elementinserts.
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TCCATTCC e fo— ATC
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Five-base-pair direct
repeat flanks element.
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Figure 6: An inserted element is
flanked by a short repeat. A
short sequence of DNA is
duplicated at the transposon
insertion site. The recipient DNA
is cleaved at staggered sites (a 5-
bp staggered cut is shown),
leading to the production of two
copies of the five-base-pair
sequence flanking the inserted
element. This is called a target
site duplication (TSD).

What transposable elements look like to the bioinformaticist

As you know, the Human Genome Project ushered in the genomics era which
is characterized by the availability of increasing amounts of genomic
sequence from a variety of plant and animal species (animals - including
human, drosophila, worm, dog, mouse, rat, chimp; plants - including
Arabidopsis thaliana, rice, cottonwood (a tree), and maize]. For now, it is
sufficient to know that TEs make up the vast majority of the DNA sequence
databases and recognizing TEs in genomic sequence is usually the first step

in the modern analysis of TEs.

In the Introduction to Bioinformatics Lesson, you will learn about how
computers are used to annotate (give meaning to) genomic DNA and how to
identify TEs. For many scientists, an experiment ends with the
identification of TEs in genomic sequence. They will write up their results
and submit them to a journal for publication. However, for other scientists
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(like those in the Wessler lab), this is only the beginning. Identifying a TE in
genomic DNA does not mean that this TE is still active (capable of moving
around). Inorder to see if a TE sequence is active we have to do an
experiment - which is precisely what you will be doing this week. However,
you need fo be introduced to a few things before we let you in the lab (!).
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INTRODUCTION TO THE COMPONENTS OF THE EXPERIMENT:

Overview: In this experiment you will be using the same materials used by
the Wessler lab to determine whether a TE sequence that was identified by
computational analysis from the rice genome can function (that is, can it
move from one place in the genome to another). This experiment will not be
done in rice but in the model plant, the humble mustard weed, Arabidopsis
thaliana.

A visual assay for the movement of rice TEs in Arabidopsis thaliana

The Wessler lab needed to create an experimental system that mimics the
one used by McClintock with TEs inserted into pigment genes and expressed
in the kernel. What was needed was a visual assay to test for movement of a
rice TE in Arabidopsis.

Creating a visual phenotype: You know what a reporter is—someone who goes
out, gathers facts, brings back information, and turns it into ordered and
accessible information. Just so, scientists use so-called reporter genes to
attach to another gene of interest in cell culture, animals, or plants. Certain
genes are chosen as reporters because the characteristics they confer on
organisms expressing them are easily identified and measured. Most
reporter genes are enzymes that make a fluorescent or colored product or
are fluorescent products themselves. Among the latter kind is one that is
central to your work this semester, called Green Fluorescent Protein or GFP.
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GFP comes from the jellyfish Aequorea victoria and fluoresces green when
exposed fo certain wavelengths of light. Researchers have found GFP
extremely useful for an important reason: visualizing the presence of the
gene doesn't require sacrificing the tissue to be studied. That is, GFP can be
visualized in living organisms by using fluorescent-imaging microscopy.

In our experiments, the GFP reporter gene will substitute for the maize
pigment gene. A rice TE (which is described below) has been engineered into
the GFP gene so that it cannot produce fluorescent protein. If the TE
excises from the GFP gene it will be able function again.

This is all done in Arabidopsis - so let's begin with some background on the
botanical "lab rat”.

Arabidopsis thaliana

In your previous classes you have probably discussed model organisms and
their desirable features. Model organisms include E.coli, yeast
(Saccharomyces cerevisiae), Drosophila melanogaster, Caenorhabditis
elegans (a.k.a. the worm), mouse (Mus musculus), and Arabidopsis thaliana.
Like the other model organisms, A.thaliana is easily transformed by foreign
DNA and is small and has a relatively short generation time (~6 weeks). This
small flowering plant is a genus in the family Brassicaceae. It is related to
cabbage and mustard. A. thaliana is one of the model organisms used for
studying plant biology and the first plant to have its entire genome
sequenced (~125 Mb, about the same as Drosophila. The human genome is
almost 20X bigger than this at ~2500 Mb).
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Agrobacterium tumefaciens: introducing foreign DNA into plants (how
scientists construct transgenic plants)

A crown gall tumor. Infection by the bacterium
Agrobacterium tfumefaciens leads to the production
of galls by many of plant species.

S copyright: IFFF (BOKU)

In 1977, two groups independently reported that crown gall is due to the
transfer of a piece of DNA from Agrobacterium into plant cells plants. This
resulted in the development of methods to alter Agrobacterium into an
efficient delivery system for gene engineering in plants. In short,
Agrobacterium contains a plasmid (the Ti-plasmid), which contains a
fragment of DNA (called T-DNA). Proteins encoded by the Ti-plasmid
facilitate the transfer of the bacterial T-DNA into plant cells and
ultimately, insertion of the T-DNA into plant chromosomes. As such, the Ti-
plasmid and its T-DNA is an ideal vehicle for genetic engineering. This is
done by cloning a desired gene sequence into the T-DNA that will be
inserted into the host (plant) DNA.

As shown in Figure 7, foreign DNA is inserted in the lab into the T-DNA
(shown as the green DNA in the "cointegrate Ti plasmid below), which is then
transformed into Agrobacterium which is then used to infect cultured
tobacco cells. The Ti plasmid moved from the bacterial cell to the plant
nucleus where it integrated into a plant chromosome. Tobacco cells can be

easily grown into “transgenic” plants where all cells contained the engineered
T-DNA.
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The foreign DNA inserted into the T-DNA included both a gene of interest
and a "selectable"” marker, in this case, an antibiotic resistance gene. This is

necessary because the procedure for transferring a foreign DNA into a
plant via Agrobacterium-mediated transformation is very inefficient. By
using media/agar containing the antibiotic, only the cultured cells with the
T-DNA in their chromosomes will be resistant to the antibiotic and able to

grow.

Rice and the discovery of TE sequences in its genome

Rice (Oryza sativa) has the smallest genome of all cereal grasses at 450
million base pairs (Mb). By contrast, the maize (and human) genome is almost
six times larger at 2500 Mb. About 40 percent of the rice genome
comprises repetitive DNA and most of this is derived from TEs. Because the
full genome sequence for rice is known, members of the Wessler lab were
able to use a computational approach to identify TEs that were potentially
active based solely on their sequence characteristics. Here is a figure
showing the element that you will be analyzing.....

mPing

Ping 4 _

transposase

- 5341 bp -

Figure 7: Ping encodes fwo
genes: the transpoase (TPase)
and ORF1 (open reading frame)
(function unknown at this
time). The red arrows are the
terminal inverted repeats
(14bp). mPing is 253bp + 177bp
long.
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Design of the experiment and controls

Now up until this point Ping and mPing were considered active TE candidates
- as there was no evidence that these TEs were actually capable of moving
around nor was there evidence that Ping produced proteins that could
catalyze the movement of mPing. Experimental evidence was necessary to
move these elements from candidates to bona fide active TEs. To address
these questions, transgenic Arabidopsis plants were generated by
engineering T-DNA in the test tube and using Agrobacterium tumefaciens to
deliver the following constructs into Arabidopsis plants. These are
described in detail below.

How your GFP reporter was constructed

Remove GFP promoter (Pr),
replace with the 35S plant
promoter

# | sser | GFP |

Insert mPing
element info 5'
untranslated region

(5'UTR) of the GFP
gene
#e | 355 @ meing B2 GFR ]
mPing

#2 is also shown like this in
the other figures:
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How your rice Ping genes were constructed

355 Pr ORF1 355 Pr |transposase
(#3) Replace ORF1 (#4) Replace
promoter with the transposase
plant 355 promoter p;"onf\o;gg with ﬂ;e
plan premoter
Ping < ORF1 transposase >
sl el 5341 bp el
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In experiment #1 we are testing whether the Ping encoded protein(s) can
catalyze the transposition of mPing. So, there are actually three questions
we will be attempting to answer:

--Can ORF1 protein by itself excise (move) mPing?

--Can Tpase protein by itself move mPing?

--Can both proteins work together to move mPing?

To address these questions you will analyze mPing excision in fransgenic
Arabidopsis plants containing one, two, or three of the following T-DNA
constructs:

Your T-DNA constructs .
Figure 10:
Kan® GFP+ (#1) The
A l_,—| [ 1 . transgenic
antibiotic Arabidopsis
resistance gene Pin l ts us d
o mPing GFP-(#2) Pan ‘ use
a Iv—l in this
B | experiment
contain one
BLPR | | | or two of
35S Pr | transposase the 4 T-
c § antibiotic Ping tpase (#4) i DNA
resistance gene
insertions
DLPR in their
35S Pr ORF1
l_ ] genome.
D Ping ORF1 (#3) .

(A) Plants containing this T-DNA in their genome are the positive control. These plants
should be green under UV light because the GFP protein is produced (designated GFP").

(B) Plants containing this T-DNA in their genome are the negative control. These plants
should be red under UV light because there is no GFP protein (designated GFP"). Note that
the red color is due to chlorophyll fluorescence.

(C) Plants with this T-DNA are part of your experimental unknown.

(D) Plants with this T-DNA are also part of your experimental unknown.

(E) Not shown - NO T-DNA at all. This is the wild type control.



July 13-17

Note that A and B have the same antibiotic resistance gene and € and D share a different
one.

A closer look at the regions that will be amplified in Experiment 1

The regions to be amplified by PCR in Expt 1 are shown below as arrows to
indicate the PCR primers and the direction of DNA synthesis.

Once you have grown your Arabidopsis seedlings, you're ready to isolate leaf
DNA and to do PCR.

Location and size (in bp) of PCR primers
KanR GFP+

A . antibiotic > < 339bp l

resistance gene

mPing

KanR GFP-
B . > < 772bp l

DLPR

l | — |355 Pr| transposase | .
C antibiotic > < 435bp

resistance gene

DLPR

35S Pr ORF1
D l > < 239 bp .
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Experiment 2 Examination of mPing excision from A. thaliana leaf DNA

Overview: In this experiment you will test the hypothesis that the Ping
element of rice produces one or two proteins (transposase plus ORF1
protein) that can catalyze the excision the mPing element in the model plant
Arabidopsis thaliana.

You will work in groups of two. Each group will analyze a full set of plants.

I. Plating of Arabidopsis seeds.

One week before actually doing PCR with leaf DNA, the instructors will start
growing the plants we will use in this experiment by plating Arabidopsis
seeds on petri dishes containing MS salt media. Plate means more or less the
same thing as plant, except in a petri dish. The plates were put into a growth
chamber where they germinated for ~5 days. The reason that you will not be
doing this part of the experiment is because it is very easy for a novice to
contaminate the plates with bacteria and/or fungus.

II. Monday, July 13, 2009. Examine leaves under microscope.

You will view and photograph the seedling under a microscope using visible
and UV light.

III. Tuesday, July 14, 2009. Extract genomic DNA from seedlings.
Nucleic acids are extracted from the seedlings using a simple protocol.
After you extract genomic DNA you will visualize it on an agarose gel.
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Damon Lisch's All Natural (no organics) Genomic Miniprep
Modified for Arabidopsis seedlings

Materials list:

Extraction Buffer

10% SDS

5M KOAC

100% Isopropanol

70% Ethanol

Ice Bucket with ice

liquid nitrogen

65°C heating block
sterile 1.5 ml tubes (2 for each prep)
sterile sticks for grinding

1) Label 2 tubes for each plant. Set one set of tubes aside.

2) Harvest 5-6 seedlings. Grind tissue to a fine powder in a 1.5 ml tube
dipped in liquid nitrogen.

Put a little liquid nitrogen in a mortar and dip the end of the fube in it. Grind
the frozen tissue with a sterile stick.

3) Add 1 ml of Extraction Buffer, and grind some more in the buffer.

4) Add 120 gl of 10% SDS. Mix by inverting.

Prepare all samples to this step. Keep them on ice until all are ready for step
6.

5) Put at 65°C for 20 minutes.

6) Add 300 ul 5M KOAc. Mix well by inverting several times (importantl),
then place on ice 10 minutes.

7) Spin for 5 minutes at top speed in microfuge. Squirt about 700 pl of the
supernatant through miracloth into second tube. (make small funnel, place tip
directly onto the miracloth at the tip of the funnel and squirt through - do
not allow the whole funnel to get soaked).
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8) Add 600 ul of isopropanol. Mix the contents thoroughly by inverting.

DNA precipitate may or may not be visible at this point: don’t worry if you
don't see much. However, a really good prep (excellent grinding of tissue)
should result in visible DNA at this stage.

9) Spin for 5 minutes at top speed. Pipette off supernatant.

10) Add 500 ul of 70% ethanol and flick until the pellet comes off the
bottom (for best washing results). Spin 3 min, then pipette off the ethanol

with a P-1000. Suck off the rest of the ethanol with a P-20 pipette. Make
sure the pellet stays in the tubel Let air dry in hood for around 30 minutes
with the caps open.

11) Resuspend the DNA in 50 uyl water or TE. Let sit at RT for about 30
minutes, then mix by pipetting. Depending on amount of starting material
may need to be diluted for PCR.

Visualize genomic DNA on an agarose gel:

12) Label new 1.5 ml tubes.

13) Put 15 pl of DNA from step 11 into each tube.

14) Add 3 yl of 6x loading dye to the tube. Tap the tube gently to mix.

15) Load all 184l on your gel. Keep track of which sample went in which lane.

16) Load 7 yl of DNA Ladder in one empty well.

17) Run the gel at 130 Volts for ~20 minutes.

18) Photograph the gel.
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IV. Wednesday, July 15, 2009. Amplify genomic DNA using PCR.

Today you will amplify the DNA using 3 pairs of primers: one pair for GFP,
one pair for ORF1, and one pair for Tpase. The primers for ORF1 and Tpase
will be mixed and used in a single PCR reaction. This is called duplex PCR.

For each group, one person should set up the GFP PCR reaction and the other
should set up the ORF1+Tpase reaction. Each person will have six DNA
samples to analyze. We also need an additional negative control that will be
water in place of DNA, giving you seven reactions in total. You need to make
a master mix of eight reactions to make sure you have enough for the seven
tubes.

1) Label a 1.5 ml tube with the primer set you are using: either GFP or
ORF1+TPase.

2) Label a strip of 0.2 ml PCR tubes. The instructors will show you where to
label the tubes. The label may be rubbed off in the machine if you put it in
the wrong place.

3) Mix the following in your tube using the volumes in the column labeled '8 X
(stands for 8-fold).' Keep this on ice.

1X (ul) 8X

2x Master Mix 12.5 100.0
H20 5.5 44.0
Forward 1.0 8.0
Primer

Reverse Primer 1.0 8.0
DNA 50|  --ee--
Total 25.0 160.0 pl

The 2x Master Mix is supplied by a company (NEB) and contains Taq enzyme,
buffer, and deoxynucleotide triphosphates (dNTPs) in a 2x concentration.
This tube should be kept on ice to protect the enzyme from degradation.

4) Put 20.0 ul of master mix in 7 of the PCR tubes.

5) Add 5.0 pl of correct genomic DNA to the PCR tubes. Put 5 ul of sterile
water in tube 7.
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6) Seal the tubes tightly with a strip of caps. Keep PCR tubes on ice until
everyone is finished.

After everyone is done, your samples will be placed in a thermocycler or 'PCR
machine’ and cycled with the following conditions:

1 cycle for: initial denaturation 94°C 3 min

30 cycles for: denaturation 94°C 30 sec
annealing 58°C 30 sec
extension 72°C 1 min

[Note: "30 cycles" means all steps— denaturation, annealing, and
extension—are repeated 30 times before going on to the next step]
1 cycle for: final extension: 72°C 10 minutes

7. After you finished setting up the PCR, you should pour a 1.5% agarose gel.
Use two combs per gel. You will need one gel per group.

8. When the PCR finishes load 204l into each well of the gel. Remember to
add a lane with 7 pl of DNA ladder (molecular weight markers). Run the gel
at 130 V for ~30 minutes.

Sequences of the Primers used:

GFP Primers (772 and/or 339 bp amplimers)
GFP-R 5’-AGA CGT TCC CAA CCA CGT CTT CAA AGC-3’
S35-F 5’'-CCT CTC CAC TGA CAG AAA ATT TGT GC-3'

ORF 1 Primers (239 bp amplimer)
PING-ORF1-FOR 5'- CAC TGG TCA AGG TTG AAG TCA GCG ATC TCT G -3'
PING-ORF1-REV 5'- CAG CAT CCA TTT CGC TCT TGT CTT TCT CTG -3'

Tpase Primers (435 bp amplimer)
TPase-For 5'- GGT ATG TTC GGT AGC ATT GAC TGT ATG CAT TGG C -3'
TPase-REV 5'- GAA TCG ACG TTG TAG AAC ACC AAA TGC TCT CTC -3'

V. Thursday, July 16, 2009. Gel analysis.
We will analyze the results of your PCR reactions and relate them to your
observed leaf phenotypes.
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Introduction to the NCBI website: PubMed and Blast.

Biological sequence data and journal articles are collected, indexed, and
made available by the National Center for Biotechnology Information
(NCBTI). NCBTI is a unit of the National Library of Medicine (NLM) at the
National Institutes of Health (NIH). Because it is a part of the NIH, the
collections of sequence data and journal articles are available free to anyone
at http://www.ncbi.nlm.nih.gov/. This is what the NCBI home page
(currently) looks like....

g) NCBI National Center for Biotechnology Information
'> National Library ol Medicine National Institutes of Health

PubMed All Databases BLAST Books Structure

14) for

SITE MAP » What does NCBl do?
Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

public databases, conducts research in » Clusters of

TaxBrowser

Search All Databases

About NCBI
"“d"cb"' LB computational biology, develops software orthologous groups
tools for analyzing genome data, and

GenBank disseminates biomedical information - all for

» Coffee Break,
Genes & Disease |

NCBI also provides tools for searching and downloading the databases it
maintains through the web portal NCBI Entrez. While the search tool for
the literature database is PubMed, sequence is searched though a number of
tools collectively called Blast. PubMed indexes thousands of biological
journals going back as far as 1950. It also contains thousands of full-length
articles in PDF format available for free download in a collection called
PubMed Central. Blast searches on sequence databases that are often
referred to as GenBank. There are three public repositories for sequence
data: NCBI, DDBJ (Japan), and EMBL (Europe), and all share data on a
nightly basis. Although the file formats and search tools may differ
between the three repositories, they are essentially redundant.

Spend some time browsing much of the NCBI Entrez portal. This is an
amazing resource. There are plenty of tutorials, free full-length (and slightly
dated) textbooks, and a lot of interesting information.
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Let's begin our tour by visiting the PubMed site and then move on to the
BLAST site where we will be spending a great deal of our time today and in
the rest of the course.

I. PubMed: Literature searches about a biological problem are very easy. You
can use PubMed (and Blast) from any computer and with any Internet
connection; you are not required fo be on the University network. To access
many full-length articles and download PDF copies you will need to be using
UGA's network.

Steps for a PubMed search:
1. Open NCBI in a web browser by going to the NCBI home page and click on

PubMed in the bar. To get to the PubMed home page click on PubMed which
is part of the main menu at the top.

( NCBI National Center for Biotechnology Information
s National Library ol Medicine National Institutes of Health

PubMed All Databases BLAST Books
h—"All Databases EJ for

TaxBrowser Structure

SITE MAP » What does NCBI do? Hot Spots

Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

About NCBI public databases, conducts research in » Clusters of

"t'ud“h S computational biology, develops software orthologous groups
tools for analyzing genome data, and

GenBank disseminates biomedical information - all for

» Coffee Break,
Genes & Diseace |

This is the PubMed homepage...
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A service of the U.S. National Library of Medicine

% N C B l Pu b ) ed and the National Institutes of Health

www.pubmed.gov
All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journi

Search ' pubMed [+) for Go ) (Clear)

f Limits T Preview/Index T History T Clipboard T Details W

About Entrez
Text Version To get started with PubMed, enter one or more search terms.

Entrez PubMed Search terms may be topics, authors or journals.
Overview

1"-?‘;(2,,-':: - Set up an automated PubMed update in fewer than
New/Noteworthy & five minutes.
E-Utilities

1. Create a My NCBI account.

DithAMad Qarnviras

2. Think about the topic you want to search. You can use keywords, author

last names, journal titles, publication year, or institution.
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For the first search enter 'transposable element’ and click 'Go." The result of

the search is shown below.

\ A service of the U.S. National Library of Medicine
National Center for Biotechnology Informa(ionb and the National Institutes of Health
" L

www.pubmed.gov

All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journals
Search ' pubMed 6:’ for transposable element (_Go ) (clear) Save Search

f Limits T Preview/Index T History T Clipboard T Details ]
Display | Summary [4) Show ‘20 |%) sotBy  [%) sendto [%)

[ All: 16914 A Review: 1196 .

Items 1 - 20 of 16914

About Entrez
Text Version

Entrez PubMed

Overview
;ﬁz’!;sl\o [01: Mahmoud AA, Sukumar S, Krishnan HB.

_New/Noteworthy & =1_Intersoecific Rice Hvbrid of Orvza sativa x O
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3. Before we discuss the results, click on the 'Details’ tab. This will show you
the details of the search that was performed by PubMed's search engine.

A service of the U.S. National Library of Medicin

( and the National Institutes of Heall
(-3 NCB[ Pub ed and the N 1 [ H

www.pubmed.gov

All Databases PubMed Nucleotide Protein Genome Structure OMIM
Search ' pubMed ‘$l for transposable element (Go )
[ Limits | Preview/Index | History | Clipboard | Details |
About Entrez
Translation:
Text Version Query
("dna transposable elements"(TIAB] NOT Medline[SB]) OR “dna transposable
elements”[MeSH Terms] OR transposable element[Text Word]
Entrez PubMed
Overview
Help | FAQ
Tutorials
New/Noteworthy &
E-Utilities
PubMed Services  [IRCCLS)
Result:
N 16914
Translations:
transposable ("dna transposable elements"[TIAB] NOT Medline[SH
element element[Text Word]
Database:
PubMed
User query:
transposable element

While you thought you were just searching "transposable element” PubMed

was actually using these search terms (with added comments):

("dna transposable elements"[TIAB] NOT Medline[SB]) +Search titles and
abstracts, not the medline

subset
OR "dna transposable elements"[MeSH Terms] *Seach Medline
Subject Headings
OR fransposable element[Text Word] *Search all text

As you can see the simple query ‘transposable element’ is expanded into a
more structured query by PubMed. MeSH is a controlled vocabulary for
indexing PubMed. Curators at NCBI and journal editors assign these
keywords based on suggestions by authors. Because of this query expansion
it is a good idea to check the 'Details’ tab whenever a search gives no results
or unintended results.
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4. The details of the results list like the one shown below will be discussed in

class.

Display
All: 1

o

02:

3

4

as:

m6:

| Summary "4) Show [20 4] SortBy BIETTEED

8215 | Review: 1314 %

Items 1 - 20 of 18215

Identification of r mutations conferring white flowers in the Japanese morning glory (Ipomoea nil).
Hoshino A, Park KI, lida S.

J Plant Res. 2008 Dec 16. [Epub ahead of print]

PMID: 18085046 [PubMed - as supplied by publisher]

Related Articles

Transposable elements as genomic diseases.
Wagner A.

Mol Biosyst. 2009 Jan;5(1):32-5. Epub 2008 Oct 27.
PMID: 19081928 [PubMed - in process]

Related Articles

Epigenomic Consequences of Immortalized Plant Cell Suspension Culture.

Tanurdzic M, Vaughn MW, Jiang H, Lee TJ, Slotkin RK, Sosinski B, Thompson WF, Doerge RW, Martienssen RA.
PLoS Biol. 2008 Dec 9;6(12):e302. [Epub ahead of print]

PMID: 19071958 [PubMed - as supplied by publisher]

Related Articles  Free article in PMC

Identification of a high frequency transposon induced by tissue culture, nDaiZ, a member of the hAT family in rice.
Huang J, Zhang K, Shen Y, Huang Z, Li M, Tang D, Gu M, Cheng Z.

Genomics. 2008 Dec 8. [Epub ahead of print]

PMID: 19071208 [PubMed - as supplied by publisher]

Related Articles

Efficient transposition of the Tol2 transposable element from a single-copy donor in zebrafish.
Urasaki A, Asakawa K, Kawakami K.

Proc Natl Acad Sci U S A. 2008 Dec 16;105(50):19827-32. Epub 2008 Dec 5.

PMID: 18060204 [PubMed - in process]

Related Articles

Transcriptome analysis in peripheral blood of humans exposed to environmental carcinogens: a promising new biomarker in environmental
PPRTTRTAYT

(Page) ! of 911 Next

5. Click on the underlined authors (in blue) and detailed information about
the article is provided including the abstract. The abstract provides a
detailed summary of the paper. On the right are two icons. Clicking on either
of those will take you to a download page for the full article. The Related
Links section is also a useful area to help refine searches and will be
discussed in class.

() 1: PLoS Biol. 2008 Dec 9;6(12):€302. [Epub ahead of print]

5 PLOS

methylation

Tanurdzic M, Vaughn MW, Jiang H, Lee TJ, Slotkin RK, Sosinski B, Thompson WF, Doerge RW, Martienssen RA.

ic Co of ized Plant Cell ion Culture. Related Articles

Plant cells grown in culture exhibit genetic and epigenetic instability. Using a of chromatin ipitation and DNA » Control of DNA methylation and heterochromatic siencing by histone H28 deubiquitination.

profiling on tiling microarrays, we have mapped the location and abundance of histone and DNA modifications in a continuously

modification

and that a small percentage of the hypermethylated genes become associated with heterochromatic marks. In contrast, the
heterochromatin undergoes dramatic and very precise DNA hypomethylation with transcriptional activation of specific transposable elements
(TES) in culture. High throughput sequencing of small interfering RNA (siRNA) revealed that TEs activated in culture have increased levels of [ Roviow |
21-nucleotide (nt) SIRNA, sometimes at the expense of the 24-nt SIRNA class. In contrast, TES that remain silent, which match the elements in heterochromati.
predominant 24-nt siRNA class, do not change significantly in their SIRNA profiles. These results implicate RNA interference and chromatin

cell susper culture of . We have found that euchromatin becomes hypermethylated in culture

elements in Arabidopsis.

in epigenetic restructuring of the genome following the activation of TEs in immortalized cell culture.

PMID: 19071958 [PubMed - as suppiod by publisher]

» LZIZT Epigenomic mapping in Arabidopsis using tiing microarrays.

» Chromatin and SIRNA pathways cooperate to maintain DNA methylation of small transposable.
Revising the seffish DNA hypothesis: new evidence on accumulation of transposable

» LZIZI Arabidopsis epigenetics: when RNA meets chromatin

ull text on

BIOLOGY

[Chromosome Res. 2005]

Nature. 2007)

Genome Biol. 2005]

[Trends Genet. 1999]

[Curr Opin Plant Biol. 2005]

» See Reviews... | » See Al
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II. Introduction to Blast:

You will use Blast a lot this semester in different forms. It is the major
biological sequence search tool for DNA, RNA, and protein databases. Whole
genomes can be searched using Blast. Access Blast by clicking on the Blast
link on the NCBI home page.

;) NCBI National Center for Biotechnology Information

' ) National Library of Medicine National Institutes of Health

—
PubMed All Databases BLAST OMIM Books TaxBrowser Structure
F$) for——

Search All Databases

SITE MAP » What does NCBI do?

Alphabetical List

Resource Guide Established in 1988 as a national resource for » Assembly Archive
molecular biology information, NCBI creates

ﬁmﬁﬁﬂ - public databases, conducts research in » Clusters of

NGE| computational biology, develops software orthologous groups

tools for analyzing genome data, and

GenBank disseminates biomedical information - all for

» Coffee Break,
Genes & Dicoace

The Blast link will take you to the Blast page and to the Basic Blast Menu,
which will also be used frequently in this course:

» NCBI/ BLAST Home

BLAST finds regions of similarity between biological sequences. more...

Learn more about how to use the new BLAST design

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases.
o Human o Oryza sativa o Gall
o Mouse o Bos taurus o Pan
o Rat o Danio rerio o Mic:
o Arabidopsis thaliana o Drosophila melanogaster o Api

Basic BLAST

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

protein blast
Algorithms: blastp, psi-blast, phi-blast

blastx ‘ Search protein database using a translated nucleotide query

tblastn | Search translated nucleotide database using a protein query

tblastx ‘ Search translated nucleotide database using a translated nucleotide query
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There are six different versions of BLAST because you can use a nucleotide
sequence or protein sequence to query nucleotide or protein databases. The
different versions are summarized in the screenshot above. We will focus on
nucleotide blast this semester.

Nucleotide Blast: This is the most straightforward type of search.

You begin with a nucleotide sequence you want o know more about

(the query) and "blast” it against a nucleotide database (the subject).
You can learn a lot about your query sequence with a blast including:

a.

Are there publications that already report information about
this sequence (have you been "scooped”)?

Where is the sequence located in the genome (more on location
in class)?

Is the sequence found in genomes of closely related organisms?
Does it code for an RNA and/or a protein? If so is anything
known about its function?

1. Select 'nucleotide blast. Cut and paste the following sequence in the
Query text window (Enter accession number....):

>mPing

ggccagtcac
ataaaaaatg
tgaaactcgt
gattcgtttc
ccgcgeccgceg
tgcttagtct
atttcatttg

tcactggtgt
tgaaatgggg
tccaagtcct
tctcttgegt
ggtacaaatg
aaagtgaaac
gtataatatt

gtcatgcaca
atgagagaga
cggtaacaga
ccgccteecge
atcccagcaa
ccctccactg
ttgggtagcc

tttaataggg
aggaaagagt
gtgaaacccc
cgtgcgacct
cttgtatcaa

tggggattgt
gtgcaatgac

gtaagactga
ttcatcctgg
cgttgaggcc
ccgcattctce
ttaaatgctt
ttcataaaag
actagccatt

aatgggggtt
attatttgca

cagcgtcgtt
attcaccgga
ccggattttg
tggaaacgtc
agagaagatg

gtgactggcc

» NCBI/ BLAST/ blastn suite

blastn

blastp | blastx | tblastn | tblastx

BLASTN programs search nucleotide databases using aj
Enter Query Sequence e -

Enter accession number, gi, or FASTA sequence &

>mPing
ggccagtcac aatgggggtt tcactggtgt gtcatgcaca tttaataggg gtaagactga

Or, upload file
Job Title

—
(_ Choose File ) no file selected

'mPing
Enter a descriptive title for your BLAST search &

Query subrange &
w From

To
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2. Under "Choose Search Set" select "Others" and the drop down list
changes to "Nucleotide Collection (nr/nt)." This is the complete non-
redundant nucleotide database.

Choose Search Set

Database O Human genomic + transcript () Mouse genomic + transcript { @ Others (nr etc.):
Nucleotide collection (nr/nt) -4 ?)
Organism
Optional
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. g
Entrez Query
Optional

Enter an Entrez query to limit search &)

3. The next section gives you three options for a nucleotide blast.
Choose megablast (default).

Program Selection

Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
_) Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

4. Select the "Blast” button. What you see below is called the queue
page:

» NCBI BLAST/ blastn/ Formatting Results - SOWZE65Y013 Formatting options

Job Title: Ic1[21740 (430 letters)

Request ID SOWZEG5Y013

Status Searching

Submitted at Wed Jan 9 11:18:54 2008
Current time Wed Jan 9 11:18:56 2008
Time since submission 00:00:01

This page will be automatically updated in 10 seconds
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5. When your search is complete a results page will be presented. We
will discuss this page in detail in class.

NCBV BLAST/ blastn suite/ Formatting Results - MRFNWGBV013
Edit and Resubmit Save Search Strategies > Formatting options  >Download

mPing
Query ID Icl|6503 Database Name nr
Description mPing Description All GenBank+EMBL+DDBJ+
Molecule type nucleic acid samples or phase 0, 1 or 2
Query Length 430 Program BLASTN 2.2.19+ P Citation}

Other reports: >Search Summary [Taxonomy reports] [Distance tree of results]

¥ Graphic Summary

Distribution of 135 Blast Hits on the Query Sequence &

[Mouse over to see the defiine, click to show alignments ]

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
R ————— ——— ———
| | | | | I
0 380 160 240 320 400

6. Details of the Alignment (to be discussed in class)

¥ Alignments [ Select All Get selected sequences Distance tree of results

>[Jtpd |BR000250.1 E TPA_exp: Oryza sativa Japonica Group ORRl gene for response regulator,
complete cds
Length=10000

GENE ID: 4332111 0s03g0224200 | 0s03g0224200 [Oryza sativa Japonica Group]
(10 or fewer PubMed links)

Score = 795 bits (430), Expect = 0.0
Identities = 430/430 (100%), Gaps = 0/430 (0%)
Strand=Plus/Plus

Query 1 GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGGGTAAGACTGA 60

CLLLLLLEEEETLLELECEEEEE LT ELELEEEEE LT

Sbjct 3632 GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGGGTAAGACTGA 3691

Query 61 ATAAAAAATGATTATTTGCATG) TGGGGATGAGAGAGAAGGAAAGAGTTTCATCH 120

. IIIIIIIIIIlIIIIII|||IIIIIIIIIIIIII|||I||IIIIII[III|III||III|
Sbjct 3692 ATAAAAAATGATTATTTGCATG. TGGGGATGAGAGAGAAGGAAAGAGTTTCATCH 3751
Query 121 CAAGTCCTCGGTAACAGAGTGAAACCCCCGTTGAGGCC 180

. IIIIIIIIIIlIIIIII|||IIIIIIIIIIIIII|||I||III|II[III|III|||II|
Sbjct 3752 3811
Query 181 240

) |I|[IIIIIIlII||II|I|IIIIIIIIIIIIII||III|IIIIII[IIIIIIIIIIIII
Sbjct 3812 ATCTCTTGCGTCCGCCTCCGCCGTGCGAC 3871

Query 241 CCGCGCCGCGCCGGATTTTGGGTACAAATGATCCCAGCAACTTGTATCAATTAAATGCTT 300

) CULCEELLEEEELEEEE L LR L LT LT
sbjct 3872 CCGCGCCGCGCCGGATTTTGGGTACAAATGATCCCAGCAACTTGTATCAATTAAATGCTT 3931

Query 301 GTCAAAGTGAAACCCCTCCACTGTGGGCGATTGTTTCATAAAA 360

) III[III|IIlII|II|IIIIIIIIII|II|IIIIIIIII|II|II[IIIIIIIII|III
Sbjct 3932 3991
Query 361 ATTTCATTTGAGAGAAGATGGTATAATATTTTGGGTA GTGCAATGI 420

. IIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|I|IIII|II
Sbjct 3992 TATTTTGGGTA( 4051
Query 421 "TGACTGGCC

I||l||||||
sbjct 4052 ACTGGCC 4061
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A short discussion on how Blast works.

Blast takes the query sequence and divides it into "words" based on the word
size parameter (the default is usually “fine"). For a megablast query the
default (and minimum) is a size of 28. The algorithm then takes these
"words" and runs them against a hash database where the large database is
cut into 28 bp words. When an exact match occurs, the program attempts to
extend the alignment in each direction on the full sequence. If the alignment
extends then a score is calculated and as long as the score remains above a
threshold the alignment continues. If a mismatch occurs the score
decreases, but as long as the score remains above threshold the mismatch is
allowed. Word size can be changed. Long word sizes increase stringency.

The threshold is determined by the Expect value in the "Algorithm
Parameters” tab on the Blast page. The default Expect value is 10. This
means that you expect to find 10 matches to your query in randomly
generated sequence. Blast uses this value, the size of the query sequence,
and the size of the database (called the search space) to calculate a
threshold on 10 random matches and then reports only hits that score
better than the random model. Lowering the Expect value increases the
stringency of the search.

While extending the alignment Blast may encounter a series of mismatched
nucleotides. Blast will try to skip over the mismatch region (called opening a
gap) to see if the alignment begins again. If the alignment begins again, Blast
will continue. If the alignment does not begin again, the alignment process
stops and Blast reports the hit. Opening a gap is penalized heavily. Extending
a gap is also penalized. The process of opening gaps is necessary to allow for
small insertion mutations that occur fairly frequently in a genome.
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Maize Genome Browser

The maize genome is very large and has many features: genes, simple
repeats, fransposable elements, ESTs, and many other things. Genome
browsers were developed to visualize all of the features of a region of the
genome in a single window. Many of the features can be clicked on for
coordinates and detailed information.

The figure below shows the region of the maize genome that contains the
actin gene. This is called the "Contig View." There is a lot of information on
this figure. We will cover the features that are relevant to your project.

111320 117104
Zoom N
* aanntill ==

}Genes predicted on top strand
y /4 - €——Genomic DNA

N\

\\E
I |
[

Genes predicted on
bottom strand

Tracks

-
[ [
N\
\\

\\
N

\

N\

Genetegend N
Legends Feme

The genomic DNA represented by the blue rectangle towards the top. Note
that this rectangle can be many colors. Above and below this rectangle is a
series of features organized into "Tracks." For example immediately above
and below the genomic DNA representation is the Gene Model Tracks. These
"genes” are predictions by computer programs. Since they are predictions we
refer to these genes as gene models. Gene models above the track are on
the Top strand of the DNA. That means that the start of the gene is to the
left of the model. Gene models below the genomic DNA rectangle are on the
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bottom strand. This means that the start of the gene is to the right of the
model.

An interesting track in this region of the genome is called "Maize EST." EST
stands for Expressed Sequence Tag. Basically an EST is a type of cDNA. If
there is EST evidence for a gene model then we have some confidence that
the gene is expressed and is real (not the figment of some computer
program's predictor). Because actin is widely expressed in the maize plant
there are a lot of EST “hits."

Another interesting Track for this class is the "Repeats.” Remember that
TEs are clumped into the general category of DNA Repeats. Click on the
little gray rectangle that is in the fourth exon of the Actin gene and you will
find that it is a DNA TE called Castaway. It is a MITE similar to the ones
you will be studying.

Annotating a TE using the Maize Genome Browser
There are two steps to annotating a TE using the genome browser.
1. Use Blast to find genomic location.
a. The alignment of the blast hit will give you the genomic
coordinates.
b. The Contig viewer will show you the features in the location
of the TE you are working with.
2. Use Blast2Sequences to find the ends of the TE. This will give you
the terminal invereted repeats of the TE.
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We will use a Blast search as our entry point into the maize genome.

L 1cgdCat - 2l ‘ [ aomr
maizesequence ietat tQat Ui |
s

through our BLAST server.

Click on Blast located in the Left-hand bar. 1. Copy-and-paste the Pack-
MULE sequence in the Query window and select the 2. 'Sequenced Clones' for
the database.

>7ZmarMITE. 64
TACTCCCTCCGTACTCAGAATTAAGGTCGTTTAGGACATCATTTGTGATACCAAGGAGTG
ATTAATTGCATGGTAATATCCTGTGTATGCCCCTATTAAATAAGGTATCGGTCCATTTTG
AACATTATTATGTTCCTGTCCGCCTGGTTGTTTGCTCGCTGCTGGTAGCTCAGGTCACAT
GTTCGATCCCCCACAGAACCATTTTTTGGGGTTGTGCGCACTTGATTTTTTCCGGTTGCG
TTTTCGCATGCGGCAAGCAAAGTGAGCAACAGCAAGCACCAAAAGCTGGCGGCGTGTTTT
TCTTGCATGGGAGCTCTCGACGCAATAAAGTCCGTATGGGCAAAACAGTCCGGAATACGA
CTCCACAACATAGAACGCCTCCAAATACGAAAACCAGCTATACAGCCAGGACGTCCTTAT
TTCTGAGTACGGAGGGAGTA
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[T s aa——— =

TRy N O ON BN

Enter the Query Sequence

Either Paste sequences (max 10 sequences) in FASTA or plain text:

>ZmarMITE.64
TACTCCCTCCGTACTCAGAATTAAGGTCGTTTAGCGACATCATTTGTGATACCAAGT

1

S il e IV

Or Upload a file containing one or more FASTA sequences
P .
_Choose File ) no file selected

Or Enter a sequence ID or accession (EMBL, UniProt, RefSeq)

(‘Retrieve )

Or Enter an existing ticket ID:

(Retrieve\
queries
® dna queries
@) peptide queries

(-

Select the databases to search against
=1 Filtered Gene Set E

@ dnadatabase v Sequenced Clones
Sequenced Clones (RepeatMasked)

() peptide database
— Working Gene Set

Select the Search Tool

BLASTP
BLASTX &
BLAT M

Search sensitivity: [ Near-exact matches )
Optimise search parameters to find the following g

alignments

Notes on the Databases:

a. Filtered Gene Set: A set of 40,000 genes predicted by gene
prediction software but with Pseudogenes removed. This set is useful if you
are looking to see if your TE is inserted into a gene or if you are looking for
the parental gene for a captured gene segment.

b. Sequenced Clones: This is the genome sequence.

c. Sequence Clones (RepeatMasked): This is the genome sequence with
the repeats like TEs masked or hidden. Not very useful for TE research!

d. Working Gene Set: Another set of maize genes but before filtering.

The Blast results are shown graphically in two windows.
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E Alignment Locations vs. Karyotype (click arrow to hide)

Ii] Alignment Locations vs. Query (click arrow to hide)

P

"

e

)

DL;

) 4
n

P

]

NOWN

1. Blast hits by chromosome.
2. Blast hits based on the query sequence. The query is shown in the

AINTATHA) 1§

67

center as a black/white bar. The Blast hits (subjects) are shown on the top

and bottom of the query bar indicating the strand of the hit. The hits
closest to the center bar have the lower (better) e-values. In this case we
are looking for hits to the full element. There is only one just above the

black/white bar.
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Click on that hit and a contextual menu opens. You will see that the accession

the hit is on is AC195796.3 Click on Alignment and new tab will open with the

alignment.

Query Sequence...

Genomic Sequence...
Raw Score: 440
PercentlD: 100.00
Length: 440

P-value: 3.0e-253

E-value: 3.0e-253

NI i
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To get to the contig view for that hit we need to first add accession
numbers to the Alignment Summary. To do this,

1 select Name in the Subject window and

2. click Refresh.

Your screen should look like this:

[il Alignment Summary (click arrow to hide)
Select rows to include in table, and type of sort Zm
(Multiple options supported)

Query Subject Clone Contig Stats Sort By
1 _off_ m _off_ m _off_ m _off_ m _off_ m‘ <%ID

Name Name Name Name Score >%ID m\
Start Start & Start s Start a E-val 4 <Length a
|[End v End v End |v/| End v P-val '~ >Length v
Links Query Subject Stats

3/ Start End Ori Name Score E-val %ID  Length

IS [G] [C] 440 + AC195796.3:1-193912 440 3.0e-253 100.00 440

A G 1 440 + AC185226.4:1-196983 440 3.0e-253 100.00 440
[Al[SIIGIIC] 1 117 - AC194015.3:1-170117 71 79e-31 89.92 119
[Al[S]I[G][C] 1 115 + AC225555.3:1-141922 65 3.0e-27 88.89 117
[AlSIIGI A 1 111 - AC203580.3:1-169484 65 3.0e-27 89.38 113
[Al[S]I[GI[C] 1 115 + AC194281.3:1-178458 65 3.0e-27 88.89 117
[Al[SI[G1 Q] 1 111 + AC187086.3:1-184273 65 3.0e-27 89.38 113
[Al[SIIGI[C] 1 105 + AC192225.2:1-194630 62 1.9e-25 89.62 106
[Al[S]IG][C] 1 101 - AC202079.4:1-190264 59 3.3e-24 89.32 103
[AlSIIGI A 1 102 +  AC208125.3:1-166263 55 2.8e-21 88.35 103
[Al[SI[GI[C] 1 102 - AC219149.3:1-179154 55 2.8e-21 8835 103
Al [SI[G] €] 12 99 - AC195158.3:1-140947 54 1.1e-20 90.00 90
[Al[SIIGIIC] S 102 - AC191456.3:1-187606 52 1.8e-19 88.00 100

3. Click the [C] in the first line. This will open a new tab with the
Contig Viewer.
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Features¥ ESTs¥ Variants¥ Arrays ¥ Markers¥ Repeats¥ Comparative¥ DASY Options¥ Image¥y Help¥ |
Jump to region | AC1957 : 49586 -s4025 | Refresh |
vzom gl -
-l-.
Clone AC195796.3 50,000 50,500 51,000 51,500 52,000 52,500 53,000 53,500 54
Lenagth F—Forward strand 4.44 Kb -
S S S — I S S E— E—
DNA:contig - e
e |
Fgenesh (masked) Hillili— i i e
Filtered Set
| . | I
= Maize EST IE- [ ]
Repeats u
Lenagth ot 4.44 Kb Reversa sirand —
50,000 50,500 51,000 51,500 52,000 52,500 53,000 53,500 54
= Quality Scores
10000 7
1000
= MDRs 1007
107

Gene legend Il similar to known proteins

Filtered Set
" Ml M scaffolds of ordered contigs SP6 Vector
Contig legend : .
#  unordered contigs b T7 Vector
cinful doke giepum -grande
Repeat legend I uck -ji -opie -prem1
xilon ¥ zeon B other

There are currently 28 tracks switched off, use the menus above the image to turn them on.
Ensembl Zea mays2 version 50.bac1 (BAC_clones) Clone AC195796.3 49,586 - 54,025

So in this case, the Blast hit does not appear as a Track. Sometimes it will,
sometimes it won't..the joys of JavaScript.

We want to annotate the location of this element. First take a screen shot
of the Contig view by pressing "Apple + Shift + 4." Drag the cross-hair
cursor over the region you want to take a picture of. To annotate the
element we need:

1. Coordinates of the element on the Contig.

2. The coordinates of the ends of the element.



July 20-22, 2009

1. The coordinates of the element location can be found by looking at the
alignment between the element (called the Query) and the contig (called the

Subject). This element starts at 51,586 and ends at 52,025 bp.

Ouery location : ZmarMI TE .64 1 to 448 {(+)
Database location @ clone:AC195796.3:1-193912 51586 to 52825 {+)
Genomic location H 206428734 to 2064389173 {(+)
Alignment score 1 448

E-value T 3.8e-253

Alignment length T 448

Percentage identity: 186.86

QCTCCCTCCGTACTCAGAARTTARGGTCGTTTAGGACATCATTTGTGATACCARGGAGTG

LOECETEEEEEEEEEEE P e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

51586 TACTCCCTCCGTACTCAGARTTARGGTCGTTTAGGACATCATTTGTGATACCARGGAGTG

Query: 61 ATTARTTGCATGGTARTATCCTGTGTATGCCCCTATTARATARGGTATCGGTCCATTTTG

FEEEREEEEREEEEEE T e EE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Sbjet: 51646 ATTARTTGCATGGTARTATCCTGTGTATGCCCCTATTARATARGGTATCGGTCCATTTTG

Query: 121 ARCATTATTATGTTCCTGTCCGCCTGGTTGTTTGCTCGCTGCTGGTAGCTCAGGTCACAT

FEEEREEEEREEEEEE e e e EE e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Sbjet: 51786 ARCATTATTATGTTCCTGTCCGCCTGGTTGTTTGCTCGCTGCTGGTAGCTCAGGTCACAT

Query: 181 GTTCGATCCCCCACAGARCCATTTTTTGGGGTTGTGCGCACTTGATTTTTTCCGGTTGLG

FEEEREEEEREEEEEE e e e EE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Sbjet: S1766 GTTCGATCCCCCACAGARCCATTTTTTGGGGTTGTGCGCACTTGATTTTTTCCGGTTGCG

Query: 241 TTTTCGCATGCGGCARGCARAGTGAGCARCAGCARGCACCARARRGCTGGCGGCGTGTTTT

FECEEREEREEEEEEEEEE e e Er e e e e e e e e e e e e e e e e e e e e e e e e e e ey

Sbjet: 51826 TTTTCGCATGCGGCARGCARAGTGAGCARCAGCARGCACCARARRGCTGGCGGLGTGTTTT

Query: 381 TCTTGCATGGGAGCTCTCGACGCARTARAGTCCGTATGGGCARARRCAGTCCGGAARTACGA

FEPEEEEREEEREEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 51886 TCTTGCATGGGAGCTCTCOACGCARTARAGTCCGTATGGGCARRACAGTCCGGARTACGA

Query: 361 CTCCACARCATAGRARCGCCTCCARARTACGARARARCCAGCTATACAGCCAGGACGTCCTTAT

FEEEEEEEEREEEEEEE e e EE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Sbjet: 51946 CTCCACARCATAGAARCGCCTCCARATACGAARRARCCAGCTATACAGCCAGGACGTCCTTAT

Query: 421 TTCTGAGTACGGARKGGAGTA 448

LT

Sbjcot: 52886 TTCTGAGTACGGAGSGAGTA 52825

68

51645

128

51785

188

51765

248

51825

364

51885

368

51945

4208

52885
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Now we can draw the element onto the Contig.

Features¥ ESTs¥ Variants¥ Arrays ¥ Markers¥ Repeats¥ Comparative¥ DASY Options¥ Image¥ Helpy
Jump to region ACL957 : 49586 - 54025
Zoom
< Window + lll - Window >
< window "  Window >,
Clone AC195796.3 50,000 50,500 51,000 51,500 52,000 52,500 53,000 53,500 54
Length F—Forward strand 444 Kb Lol
DNA:contig 00 0|
-~
@ Faenesh (masked) Hil-— . - L s e -
[ Filtered Set = . - -5 =
.| | . | -
[ Maize EST lL- [ | ]
Repeats u
Length - 4.44 Kb Reverss strand —
50,000 50,500 51,000 51,500 52,000 52,500 53,000 53,500 54
[ Quallly Scores —
. 51,586 52,025
1000 ZmarMITE 64
g MDRs 1007
107
B e e eemmemeemmmmeemeemmemee——————
WGS frecuency
Geneleaend B similar to known proteins
9 [ Filtered Set
: MM scaffolds of ordered contigs SP6 Vector
Contig legend X
M unordered contigs » 17 Vector
cinful doke I giepum Ml gande
Repeat legend Ik -ji opie -ptem1
xilon B zeon I other
There are currently 28 tracks switched off, use the menus above the image to turn them on
Ensembl Zea mays2 version 50 bact (BAC_clones) Clone AC195796.349,586 . 54 025
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Find the ends of the element.

1. In the "Alignment Summary” click on the [G] link for the genomic region.

E] Alignment Summary (click arrow to hide)

Select rows to include in table, and type of sort
(Multiple options supported)

Query Subject Clone Contig Stats Sort By
_off_ _off_ _off_ _off_ _off_ m <%ID ~
Name * Name * Name * Name * Score * >%ID
Start a Start s Start s Start s E-val 4 <Length a
End v End |v End v End v P-val '~ >Length v

Links Query Subject Stats

Start End Ori Name Score E-val %ID Length
440 + AC195796.3:1-193912 440 3.0e-253 100.00 440

1 440 + AC185226.4:1-196983 440 3.0e-253 100.00 440
Al [SIIGIIC] 1 117 - AC194015.3:1-170117 71 79e-31 89.92 119
IA][SIIG]IC] 1 115 + AC225555.3:1-141922 65 3.0e-27 88.89 117
Al [SI[G][C] 1 111 - AC203580.3:1-169484 65 3.0e-27 8938 113
Al [SIIGI €] 1 115 + AC194281.3:1-178458 65 3.0e-27 88.89 117
Al [SIIG] €] 1 111 + AC187086.3:1-184273 65 3.0e-27 89.38 113
Al [SI[GI[C] 1 105 + AC192225.2:1-194630 62 19e-25 89.62 106
Al [SIIGI[C] 1 101 - AC202079.4:1-190264 59 3.3e-24 8932 103
Al [SIIGIIC] 1 102 + AC208125.3:1-166263 55 2.8e-21 88.35 103
Al [SI[GI[C] 1 102 - AC219149.3:1-179154 55 2.8e-21 8835 103
Al [SI[G] €] 12 99 - AC195158.3:1-140947 54 1.1e-20 90.00 90
Al [SIIG]IC] 5 102 - AC191456.3:1-187606 52 1.8e-19 88.00 100

2. Change the limits to 1000. This will give you the TE sequence with 1000
nucleotides added to the beginning and the end. Click "Update.”

Ouery location : ZmarMITE.B4 1 to 448 (+)
Database location @ clone:AC195796.3:1-193912 51586 to 52825 (+)
Genomic location 14 206488734 to 206489173 {(+)
Alignment score 1 448

E-value i 3.8e-253

Alignment length 1 448

Percentage identity: 180.60

' Flanking sequence 1000  (bp)

3' Flanking sequence 1900 | (bp)

Coordinate Pc_pseudomolecule

Orientation [ Forward relative to selected alignment | 4]
Alignment markup [ All alignments E‘ [ Both orientations a
Feature markup [ Ensembl exons Q [ Both orientations Q

Line numbering ['No numbers ]

. [XLE=Tocation of selected alignment

THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons

>fpc_pseudomolecule:BAC_clones:4:206487734:206490173:1

AAAAGCTGACCTCAACAAATGATGCTATAAGTTCAGGTCTCAGCACACAGAAGCGGTGCC
CTTGTCCAATGTAGTTAGAATCTCGAGGAGTCACTCTCATCAGATCCAAAATGTAATGCC
TGCATGATAGTAAGTACCAAAACAACTGTGCTAAATATACCAACAAGTACAAAATCCCTG
GTTATTGCAGTAAAAGGAAAAGGATGGATCAGGACGAAAAACAGTCACAACAAAATTATG
AACTGTTTTAAAGGCTTTTACAGTTCATGTAAACTTTACAGGATCGCAAGAACCCAGCAA
CACAGTTACACCACGTGCTTACTAATGATTCTCAAAACATGCTCATTGCTTTCGTGCACA
GAAAAATATAAAGTACAATGATGAGCCTTTGAATAAAAAAATGAAATGGAAGCAAGTGAT
TTCATTACTTGTACTAGATATCAACACACCCCAGTGTGTAAACTTCCAGAATCAAATTAC
CTGTCATCACTCCCAACAATGCCCTTGCATTCGACTGTAGCAGCTAATTTTACAGGATTG
CCAGAACCGTCCAAAACCACATGCTCCTTCAAATGGAGCCGCTTTGCAGCCTCGACTACC
TAAAACAGCAATACAGAATAGCACTAACATTAGCTACGTTGGAGAGCAAGCCAAATACTG
AGAACAAGCTGAATTGCAAAAGAAAATGAATTAATGTCAACATAAGTTTTGACTTTTTGA
GTTCTATTAAAACTCTGGCCCAGATAATTATTGCCAAAAGTTGAGTACATAGCATAAAAT
ACTAATGTGGCGACAGATGGATTAACTTCATCATTGCAAGTTTCCTACCAAGACTTTGAA
TCGAGTGTAATCATTGAAATATTCTAATGCAAATGAAATTGTAATGAAGAACTTCAAAGT
GACAACAAAAAACATAAAAAAACTAGGCAAACCCTGAAATGTAAAAACTCCAAAACTAAG
ACAGAAATATCAGTTGTGCACTAACAACAATTTTGTTCAGTACTCCCTCCGTACTCAGAA
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3. Copy-and-paste the sequence into a Word document. Save it.

4. Draw a sketch of your element and label the new coordinates. The TE
sequence begins at 1001. The TE ends at 1001 plus the length of the element.

Genomic Coordinates

50,586 51,586 52,025 53,025
1 1,001 1,440 2,440

New Coordinates

To find ends of the TE sequence, you compare the sequence to itself. We
can use blast2seq to do this quickly.

5. Open a nucleotide blast and select the "Align 2 or more sequences." Copy
and paste the TE sequence with the 1000 nucleotides on each side into
BOTH windows.

» NCBI/ BLAST/ blastn suite

blastn | blastp | blastx | tblastn | tblastx

Enter Query Sequence BLASTN programs search nucleotide subjects using a
Enter accession number, gi, or FASTA sequence & Clear Query subrange &
>ZmarMITE.64 m
TACTCCCTCCGTACTCACAATTAAGGTCGTTTAGGACATCATTTGTCATACCAAGCAGTG From
ATTAATTGCATGGTAATATCCTGTGTATGCCCCTATTAAATAAGGTATCGGTCCA GA 4
ACATTATTATGTTCCTCTCCGCCTCGTTGTTTGCTCGCTGCTGGTAGCTCAGGTCACATG v To
TTCGATCCCCCACAGAACCAT GGGGTTGTGCGCACTTCA CCCGGTTCGCGTT |

Or, upload file ("Choose File ) no file selected (%)

Job Title

Enter a descriptive title for your BLAST search &
MAIign two or more sequences &

Enter Subject Sequence
Enter accession number, gi, or FASTA sequence & Clear Subject subrange &
GGTCACATGTTCGATCCCCCACAGAACCA GGGGTTGTGCGCACTTCA From
TTCCGGTTGCG CGCATGCGGCAAGCAAAGTCAGCAACAGCAAGCACCAAAAG m
CTGGCGGCGTGTTTTTCTTGCATGGGAGCTCTCGACGCAATAAAGTCCGTATGGGCA & To

AAACAGTCCGGAATACGACTCCACAACATAGAACGCCTCCAAATACGAAAACCAGCT v
ATACAGCCAGGACGTCCTTATTTCTCAGTACGGAGGGAGTA /4

Or, upload file ( Choose File ) no file selected ()

Program Selection
Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
(O Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

BLAST Search nucleotid: using Megablast (Optimize for highly similar sequences)
(] Show results in a new window
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6. In the algorithm parameters window:

a.

a. Click the Arrow to open the window.
b. Change "Word size" to 16.

m’ hm parameters Note: Parameter values

General Parameters

Max target (100 4]
sequences . )

Select the maximum number of aligned sequences to display &
Short queries M Automatically adjust parameters for short input sequences &
Expect threshold 10 ?)

7. Click Blast.

8. In the results, click on the Dot Matrix View. You will get a graph like this:

d

¥ Dot Matrix View

Plot of Icl|26965 vs 26967 ©

1K
|

Iclj26967
|

1 1.1 ] 1 1 ] 1l 1 1 ] 1 1 1 1 ] bl 1 Lol 1 1 ]
“h:uzasms 500 1K 1,500 2K 2,500 3K 3,502

The DNA sequence is laid out on the axis of the graph. Each position in the
sequence is compared to every position in the opposite sequence. If there is
the same nucleotide then a dot is placed on the graph. Stretches of
similarity between the two sequences show up as diagonals.

There are three diagonals on the graph.

1. Becusae you compared the sequence against itself, it matches itself

perfectly. This long diagonal shows this. It has a positive slope because the
DNA is an exact copy.
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2 and 3. These diagonals are matches between the end of the element.
These diagonals have a negative slope because the ends of the element are
the reverse complement of each other. These are the TIRs. If you notice
diagonal 2 starts at position 1000.

Scroll down to the alignments. The first alignment is the exact match
represented by diagonal 1. You can skip over this alignment. The alignments
for the two TIR matches are below.

Score = 49.1 bits (26), Expect = le-08
Identities = 32/35 (91%), Gaps = 0/35 (0%)
Strand=Plus/Minus

ACCTCCTTATTTCTCGAGTACCGCACGCGCGACGTACAGHKA

ACCGACCTTAATTCTCGACGTACCGCAGCGCACGTACTCAR

Query 141

Score = 49.1 bits (26), Expect = le-08
Identities = 32/35 (91%), Gaps = 0/35 (0%)
Strand=Plus/Minus

TTCACGTACTCCCTCCCGTACTCACGAATTAACGCTCY

TTCTGTACTCCCTCCGTACTCAGAAATAAGCGACKY

Query 996

Sbjct 144

The limits of both matches are the same. So the left TIR goes from 996 to
1030 and the right TIR goes from 1411 to 1445. The TIRS are 35 bp long.
You can include these regions on your diagram of the element.

Genomic Coordinates

50,586 51,586 52,025 53,025

1 1,001 1,440 2,440

New Coordinates 960—1,030 1,411—1,445
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Experimental Design

Your goal in this project is to determine whether the MITEs you
characterize in the B73 genome are also present in the same place in the
Palomero genome. To do this you will design a PCR experiment shown in the
figure below.

Genomic Coordinates F

50,586 53,025

1 2,440

New Coordinates

You will need to design a primer pair that flank the MITE. The PCR result
using B73 DNA will be band that is a large size. If the MITE is present in
Palomero the band will be the same size. What size will the band be if the
MITE is absent? PCR primer design is easy when you use the website
Primer3Plus.

Primer Design using the web program Primer 3 Plus

1. Open the Primer3Plus website: http://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi.

1. Give the search a name in "Sequence Id."

2. Copy the genomic sequence into the large textbox.

3. In "Targets” enter 1000, 439. This means that the PCR product
must include the nucleotides 1000-1439.

Since nucleotide 1001 is the start of the TE and the TE is 439 bp
long, these primers will flank the whole TE. You will need to change the "439"
to be the length of the TE you are studying.
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Primer3Plus Frimersianager

pick primers from a DNA sequence About

Select primer pairs to detect the given I e. Optionally targets and
. - : primer p 8 plate seq P y targ
Task: (Detection included/excluded regions can be specified.

Pick Primers

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Paste source %ucmw Or upload sequence file: no file sem\@

CTCAACAAATGATGCTATAAGTTCAGGTCTCAGCACACAGAAGCGGTGCC
CCAATGTAGTTAGAATCTCCGAGGAGTCACTCTCATCAGATCCAAAATGTAATGCC
TGCATGATAGTAAGTACCAAAACAACTGTGCTAAATATACCAACAAGTACAAAATCCCTG
GTTATTGCAGTAAAAGGAAAAGGATGGATCAGGACGAAAAACAGTCACAACARAATTATG
AACTGTTTTAAAGGCTTTTACAGTTCATGTAAACTTTACAGGATCGCAAGAACCCAGCAA
CACAGTTACACCACGTGCTTACTAATGATTCTCAAAACATGCTCATTGCTTTCGTGCACA
GAAAAATATAAAGTACAATGATGAGCCTTTGAATAAAAAAATCGAAATGGAAGCAAGTGAT
TTCATTACTTGTACTAGATATCAACACACCCCAGTGTGTARAACTTCCAGAATCAAATTAC
CTGTCATCACTCCCAACAATGCCCTTGCATTCCACTGTAGCAGCTAATTTTACAGGATTC
CCAGAACCGTCCAAAACCACATGCTCCTTCAAATGGAGCCGCTTTGCAGCCTCGACTACC
CAGCAATACAGAATAGCACTAACATTAGCTACGTTGGAGAGCAAGCCAAATACTG
GCTGAATTGCAAAAGAAAATGAATTAATGTCAACATAAGTTTTGACTTTTTGA

AG

Mark selected region: (13) (Clear)

Excluded Regions: < >
fmmm—
< Targets: [ 1000, 439 ]

Tt Repioni— £

Save Sequence

| ekttt kit

™ Pick left primer () Pick hybridization probe ™ Pick right primer or use right primer
or use left primer below. (internal oligo) or use oligo below. below (5'->3' on opposite strand).

2. Click on the "General Settings" Tab.

Product Size Ranges 501-600 601-700 701-850 851-1000

Load and Save
Please select special settings here: [ Default [%) (use Activate Settings button to load the selected settings)
To upload or save a settings file from your local computer, choose here:

Choose File ) no file selected (Activate Settings ) ( Save Settings )

0 Primer3 er Help
Primer3Plus
pick primers from a DNA sequence About Source Code
O " = Select primer pairs to detect the given template sequence. Optionally targets and ;: .
Task: (pewecion ¥ includedlexcluded regions can be specified. Pick Primers I (ResetForm )

|
< Main General Settings Advan ings Internal Oligo Penalty Weights Sequence Quality

Primer Size Min: ‘18 | Opt: 20 | Max: 27 |

Primer Tm Min: 's57.0 Opt: 60,0 | Max: 63.0 Max Tm Difference: '100.c|

Primer GC% Min: 20.0 | opt: Max: 80.0 Fix the [5 | prime end of the primer
Concentration of monovalent cations: [s00 Annealing Oligo Concentration: ~ 50.0 |

Concentration of divalent cations: oo | Concentration of dNTPs: o0 |
Mispriming/Repeat Library: [ NONE :
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3. In the field for "Product Size Ranges"” delete the 150-250, 100-300, 301-
400, 401-500, and 501-600 ranges. The smallest product we want is around
600 bp. Leave the rest of the settings alone.

. Primer3Manager Help
Primer3Plus
pick primers from a DNA sequence About Source Code
N T — Select primer pairs to detect the given template sequence. Optionally targets and . . (Reset Form)
Task: rm included/excluded regions can be specified. Pick Primers Reset Form
Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality
@ Ranges | 701-850 851-1000 )
Primer Size Min: 18 Opt: 20 Max: 27
Primer Tm Min: s7.0 Opt: 60.0 Max: 63.0 Max Tm Difference:  100.c
Primer GC% Min: 20,0 Opt: Max: 0.0 Fix the s | prime end of the primer
Concentration of monovalent cations: 50.0 Annealing Oligo Concentration:  50.0
Concentration of divalent cations: 0.0 Concentration of dNTPs: 0.0
Mispriming/Repeat Library: [ NONE )
Load and Save
Please select special settings here: [ Default I%) (use Activate Settings button to load the selected settings)
To upload or save a settings file from your local computer, choose here:

Choose File ) no file selected /_Activale Settings ) (Save Set(ings'\

4. Click on the "Advanced Settings"” Tab. Set the GC Clamp to 1. This will
require that the 3' nucleotide be a G or C.

Primer3Plus e
pick primers from a DNA sequence About Source Code
Task: (ooseion ) S i dect e sven e sequence. Oty arsssand (_pik Brmers | Desetror
Main Gener@ Advanced setﬁn@mﬂ Oligo Penalty Weights Sequence Quality
Max Poly-X: 5 Table of thermodynamic parameters: | Breslauer et al. 1986 :]
Max #N's: 0 Salt correctio; : [ Schildkraut and Lifson 1965 -4
Number To Return: H < CG Clam[-g: D
Max Self Complementarity: 8.00 Max 3' Self Complementarity: 3.00
Max 3' Stability: 9.0
Max Repeat Mispriming: 12.0¢ Pair Max Repeat Mispriming: 24.0C
Max Template Mispriming: 12.0¢ Pair Max Template Mispriming: T24.0C
Left Primer Acronym: F Internal Oligo Acronym: IN
Right Primer Acronym: R Primer Name Spacer: _
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B. Click the green "Pick Primers" button.

6. Results come back quickly. The 'best’ primer pair is listed at the top.
Other good pairs are listed further down the page. The first pair is good and
would be the ones ordered. The "Left” or "Forward" primer is highlighted in
purple and the "Right" or "Reverse” primer is highlighted in yellow.

Primer3Plus = =

pick primers from a DNA sequence About Source Code
(<Back)

Pair 1:

# LeftPrimer:  zmarsdr

Sequence: ACTAATGTGGCGACAGATGG

Start: 781 Length: 20 bp Tm: 58.6°C GC: 500% ANY: 60 SELF: 20
# Right Primer 1 Zmar64

Sequence: TCAAAGGTTTTGGTGCARTG

Start: 1533 Length: 20 bp Tm: 59.6°C GC: 400% ANY: 40 SELF: 30
Product Size: 753 bp Pair Any: 3.0 Pair End: 1.0

((Send to Primer3Manager ) ( Reset Form

1
51

101
151
201
251
301
351
01

s
H

1301
1351
1401
1451
1501

Save this page. On a Mac you can create a PDF by selecting File->Print. In
the Print dialog box select save as PDF. Select a location save the file.

Printer: [ HP Color Laserjet 3600 [478£82] 3] (&)

Presets: | 2-sided 53]
[Copies & Pages 2]
Copies: |1 (2] ™ Collated
Pages:

m £ ~ Enter page numbers and/or
o T o page ranges separated by
™ Show Quick Preview commas (e.q. 2, 5-8)
Page Setup...

©) (“Preview ) (" Supplies Cancel ) (print )

Fax PDF..

Mail PDF

Save as PDF-X

Save PDF to Curio Scrapbook
Save PDF to iPhoto

Save PDF to Web Receipts Folder
Save PDF to Papers

Edit Menu..
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Typically primers are designed in pairs. A good pair of primers will meet

these criteria:

1. Each primer should be 18-25 base pairs long.

2. The 3’ nucleotide of the primer should be a G or C. This is called
the 6/C clamp.

3. The 6/C content should be around 50%.

4. The melting temperature (Tn) of each primer should be close to
60°C. The difference between the Tms of a primer pair should 5°C or

less.

5. Neither primer should form a hairpin.

6. Primers should not be self-complementary.

7. Partners should not complement.

8. All primer sequences are reported in 5" fo 3' direction.

9. The product size should be between 200 and 1000 nt for Taq DNA
Polymerase.

Primer 3 rarely fails to find good pairs. However, if Primer3 cannot find
primers you can use the statistics table on the results page to modify and
repeat the search. The statistics tell you how many primers were considered
and why they were rejected. This information can be used to modify the
parameters of Primer 3.

Statistics:
Left Primer: considered 13422, GC content failed 567, GC clamp failed 1853, low tm 4667, high tm 3141, high end compl
: 15, long poly-x seq 69 high 3' stability 222, ok 2888
Right Primer: considered 13442, GC content failed 567, GC clamp failed 1855, low tm 4549, high tm 3300, high end compl 3,
€ : long poly-x seq 74 high 3' stability 224 high template mispriming score 1, ok 2869
Primer Pair: considered 1492, unacceptable product size 1475, ok 17

7. To order the primers, go to the course Data webpage. There you will
notice a short form to fill out. You must enter all fields of the form for each

primer.

Primer Order Form

Enter each primer separately. Al fields

* Required

Student Name *

Primer Sequence *




