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https://survey.grinnell.edu/se.ashx?s=251137450D92E7A6
http://www.surveymonkey.com/s/5JZMDNM
http://file:///Users/jim/Documents/Dynamic%20Genome/html/dynamicgenome/classes/fcse10/15-30-Exp2.pdf
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BIO/PBIO 2240L The Dynamic Genome 
Summer 2009 

Dr Susan Wessler and Dr Jim Burnette 
Ryan McCarthy, TA 

Course website: http://www.dynamicgenome.org/classes/fcse10/ 
User: dynamicgenome 

Password: tesjump 
 

 
Office  
Phone 
Hours 
E-mail 

Dr. Susan Wessler 
Plant Sciences 4510 

706-542-1870 
By appointment 

sue@plantbio.uga.edu 

Dr. Jim Burnette 
Plant Sciences 1506 

706-542-4581 
By appointment 

jburnette@plantbio.uga.edu 

Ryan McCarthy 
Plant Sciences 3507 

706-542-5622 
By appointment 

rmccarthy@plantbio.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 
to 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 tied 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. 
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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 II Friday, July 24, 2009 
Homework Thursday, July 30, 2009 
Final Thursday, July 29, 2009 
Final Presentation Friday, July 30, 2009 
The first Notebook check will be on July 7. Spot checks will be done for the 
rest of the semester.  
 
Quizzes: 30 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. 
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11) 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. 
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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. This exercise will also demonstrate how 
gene structure (exon and introns) is determined experimentally. The process 
is one step in genome annotation or giving meaning to the billions of 
nucleotides that make up a genome. 
 
The actin gene encodes the actin protein and is found in all eukaryotes. Actin 
polymerizes to forms long strands that can contract and plays a large role in 
cell division. Because the role of actin is so important 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. While planning an experiment it is important to research what 
is already know about the subject. To do this you need to do literature 
search. Fortunately for a biologist this does not mean going to the library! 
We simply go online to the National Center for Biotechnology Information 
(NCBI) that is a unit of the National Library of Medicine (NLM) which is an 
institute in the National Institutes of Health (NIH) all funded by the US 
government.  
 
Using the NCBI Website 
 
The NCBI website is a portal for a lot of information including a literature 
reference (PubMed), a repository for free journal articles (PubMed Central), 
repository for DNA (GenBank) and protein sequences, and well as databases 
for the general public (DailyMed and MedlinePlus). The site also provides 
tools for accessing the information in many ways. Throughout Experiment 1 
you will learn parts of the NCBI website.  
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To do a literature search  
1. Go to www.ncbi.nlm.nih.gov to open the NCBI website. The page (currently) 
looks like this: 

 
2. Click on the PubMed link (circled in red above).  The PubMed homepage 
(currently) looks like this: 
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3. Type actin in the search box and click Search. Parts of this page will be 
explained in class. 

 
 
As you can see there are over 70,000 articles that mention actin. Scroll 
down the page until you see a box on the right side called Search Details. 
There you will see the actual search used by PubMed: "actins"[MeSH Terms] 
OR "actins"[All Fields] OR "actin"[All Fields]. If a search does not produce 
what you expect it is a good idea to look at the Search Details to see what 
PubMed actually used. 
 
4. We need to narrow the search so let’s try “actin and maize.” Now there 
are less than 200 articles.  
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5. Click on the link of the first article. On this page you will see the abstract 
of the article as well as related articles. This is often the most useful way 
to find articles that you are really interested in.  

 
 
6. On the upper right hand side you will see and icon for the journal’s 
webpage were you can download the article. While PubMed (and everything 
on the NCBI website) is freely available everywhere you may have to be on 
UGA’s campus network to access the actual article. If the article is also in 
PubMed Central then you can download the full article from any Internet 
connection. A PubMed Central icon will appear next to the journal’s icon if 
the article is in the NCBI database. 
 
Since actin is found in all eukaryotes you might be interested to find out 
whether actin is associated with any diseases of animals or humans. NCBI 
has two hand curated databases that contain such information. To search 
for human diseases you use OMIM or Online Medalian Inheritance in Man 
and for animals you use OMIA.  
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7. Type actin into the search field and select OMIM from the pop up menu. 
Click Search. 

 
 
The results of the OMIM search will look similar to this. We will discuss the 
OMIM page in class. Also you can do a similar search with OMIA. 

 
 
As you can easily see, NCBI and PubMed make it possible to do all the 
background research you need for a biomedical and most plant topics without 
leaving the comfort of your own bed. Imagine how useful this would be 
writing a paper for class or researching a disease for medical school!  
A word of caution about NCBI: You may have noticed that the look and feel 
of the NCBI website changes depending on the database you are using. The 
home page and PubMed recently got a face lift. The other sections of NCBI 
will in time get the same treatment. So while the screen shots in the these 
pages may change, the basics of finding information on NCBI will remain the 
same. 
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Back to the Experiment… 
You will analyze the sequence of the maize actin genomic region and the 
actin mRNA sequence. What differences do you expect to find? The 
sequence of mRNA cannot be determined directly because there are no 
convenient techniques to determine RNA sequence.  Instead, DNA is 
synthesized from RNA templates.  This is done by using an enzyme called 
reverse transcriptase (RT for short) that catalyzes the synthesis of DNA 
from RNA (called reverse transcription, can you guess why?).  DNA 
synthesized in this way is called complementary DNA or cDNA. cDNA 
synthesis is described in detail below. To obtain the sequence of a molecule 
of DNA you must first create sufficient quantities of just the region you 
are interested in. To do this you use a technique called the Polymerase Chain 
Reaction (PCR). Once you have enough DNA for sequencing it will be shipped 
off to a company called Genewiz that will sequence the DNA. You can then 
compare the sequences of the genomic DNA and the cDNA to determine the 
gene structure and compare that to the structure predicted in the fully 
sequenced maize genome.  
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Polymerase Chain Reaction. Better known by its initials - 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 
to be amplified (see Figure 1).  
Denaturation: A to B. The two DNA strands are separated (denatured) by 
heating to 95ºCelsius (C). 
Annealing: B. After cooling, short oligonucleotide primers (see below) that 
are complementary to the ends of the region to be amplified anneal with 
each strand.  
Extension: C. When the temperature is raised to 72º C the DNA polymerase 
(the heat-stable Taq polymerase) begins to catalyze DNA synthesis from 
the ends of the primer using the denatured DNA as template (the extension 

Figure 
1: 
Details 
of PCR.  
See 
below. 
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phase) and the nucleotide triphosphates (A, G, C, and T –collectively called 
dNTPs for deoxyNTPs) that are in the test tube. 
D,E and F -  The procedure is repeated (for many cycles) beginning with 
denaturation then annealing, extension etc. 
 
Oligonucleotide primer. A primer is a short nucleic acid strand 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. (Recall from your lecture courses that 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 
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cDNA Synthesis 
The polymerases used for PCR require a DNA template. That means we 
cannot use mRNA directly in a PCR reaction. We must extract RNA from a 
tissue and reverse transcribe the RNA into DNA using the enzyme reverse 
transcriptase (RT). 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.  
 
Due to time constraints you will not isolate RNA and make cDNA for this 
first experiment. Instead you will perform two different PCRs – (i) you 
isolate maize genomic DNA in class and, using specific primers, amplify the 
actin gene and (ii) you will amplify the actin cDNA from cDNA made by the 
instructors. You will then analyze the sizes of the PCR products from (i) and 
(ii). Finally, you will analyze the sequence of the PCR products to determine 
the exon/intron boundaries of the first intron of the actin gene. This will 
provide you with an example of how the gene structure of any gene can and 
often is determined.  
 
 
 
 



! ! ! (+! ! ! ! ! (+!

Step I: DNA Extraction 
 
You will extract DNA from two maize inbred lines. Be sure to store the DNA 
in the freezer because you will use it through out the semester. 
 
This protocol should be written up in your lab notebook. You will use your lab 
notebook in lab, not the printed course book. 
 

Damon Lisch’s All Natural Genomic Miniprep 
!
Materials list: 
Extraction Buffer  
RNase A (500!g/ml) 
10% SDS 
5M KOAC 
100% Isopropanol 
70% Ethanol 
Ice Bucket with ice 
liquid nitrogen 
37˚C water bath 
65˚C water bath 
sterile 1.5 ml tubes (2 for each prep) 
 
1) Label 2 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 0.5 !l RNase A to the tube. Use only the pipette labeled for RNase A 
use.  Incubate for 20 minutes at 65˚C. Invert to mix. RNase A is an enzyme 
that degrades RNA strands into single bases. Repeat steps 1-4 for the next 
sample. 
 
5) Add 120 !l of 10% SDS. Mix by inverting. 
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6) Incubate at 65˚C for 10 minutes.  
  
7) Add 300 !l 5M KOAc.  Mix well by inverting several times (important!), 
then incubate on ice for 10 minutes. 
 
8) Spin for 5 minutes at top speed in microfuge.  Squirt 700 !l of the 
supernatant through miracloth into the 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).  
 
9) Add 600 !l 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. 
 
10) Spin for 5 minutes at top speed.  Pipette off supernatant. 
 
11) 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. 
 
12) Resuspend the DNA in 50 !l water.   
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, 1mM EDTA pH 8.4) 
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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. 
 
5. Add 7.0 µl of a stock solution of 10 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 10 !l of DNA into a tube. 
 
8) Add 2 !l of 6x loading dye (blue dye) to the tube. Tap the tube gently 
with your finger to mix. 
 
9) Load all 12!l on your gel. Keep track of which sample went in which lane. 
 
10) Load 7 !l of DNA Ladder in one empty well. 
 
11) Run the gel at 130 Volts for 30 minutes. 
 
12) Photograph the gel. 
 
Determine the DNA concentration 
DNA concentration is determined by measuring the amount of UV light (260 
nm) absorbed by the DNA. The absorbance is converted into concentration 
by using the relationship that an absorbance reading of 1 corresponds to a 
concentration of 50 !g/ml of pure DNA. So a solution of DNA that has an 
absorbance of A260 = 0.5 has a concentration of 25 !g/ml (50 X 0.5=25). 
What is the concentration in !g/!l and ng/!l? 
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Other molecules also absorb at 260 nm and inflate the DNA concentration 
value. You can also use the Nanodrop spectrometer to determine the purity 
of the DNA solution by taking readings at 280 (protein) 230 (EDTA, 
carbohydrates, and phenol) and 320 (this is visible light and measures 
particulates). Purity is determined by taking the ratio of the A260 value to 
the A280 or A320. A260/280 ratio for pure DNA is 1.8. Your values should 
be between 1.7 and 2. The A260/A320 ratio for pure DNA is between 2.0 
and 2.2.  
 
The Nanodrop spectrophotometer will scan the DNA sample from 200 nm to 
400 nm and report values for A230, 260, 280, 320, the concentration, and 
ratios. You must record these numbers in your notebook. You will be shown 
how to use the Nanodrop in class. 
 
Dilute the DNA sample 
You need to add between 50 and 100 ng of DNA into each PCR. You will most 
likely need to dilute your DNA sample. A good concentration to use is 20 
ng/!l. Calculating dilutions is an important skill that you need to know for lab. 
You should remember from chemistry that a dilution is made using the 
formula civi=cfvf. In biology lab we re-arrange the equation like this: 
 
Final concentration (cf)   X  Final volume (vf) = Volume of stock (ci) 
Stock concentration (ci)     
 
So if you have a DNA concentration of 500 ng/!l and you want to make 
100 !l of solution that is 20 ng/!l you set up the formula this way 
 
20 ng/!l    X  100!l = 4 !l 
500 ng/!l    
 
In a labeled tube you would place 96 !l of sterile water and 4 !l of the 
concentrated DNA solution. 
 
How many microliters of the diluted DNA do you need for 50 ng?  
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Step II: Amplify DNA using PCR. 
 
Each person will perform PCR using as template the B73 genomic DNA and 
one inbred line you isolated in class and the cDNA provided by the 
instructor. We also need an additional negative control that will be water in 
place of DNA, giving you five reactions. Instead of mixing the PCR reagents 
separately for each reaction we first make a cocktail of all reagents in 
common (Taq, dNTPs, Primers, and water). To ensure we have enough cocktail 
for five reactions we add one extra. 
 
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 x4. 
Keep this on ice. You will need to calculate the number of !l of DNA to add 
and then adjust the volume of water. 
! ,"!-./0! 1$!
(,!234567!28,! (#9)! !!
:(;! ! !
<=7>37?!@78A67! !!"9)! !!
B6C6746!@78A67! !!"9)! !!!!!
DEF!"))!GH! !!! !!!IIIIII!
J=53/! #)9)! !
!
The 2x Master Mix is supplied by a company (NEB) and contains Taq enzyme, 
buffer, and deoxynucleotide triphosphates (dNTPs) in a 2x concentration. 
This means that it must be diluted by half for the working concentration 
(1x). This tube should be kept on ice to protect the enzyme from 
degradation.  
 
4) Put 45.0 !l of master mix in 5 of the PCR tubes. 
  
5) Add the DNA to the PCR tubes. Add 5 !l of sterile water in tube 5. 
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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 
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 40 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 20-21.  You will pour one gel per group. 
 
Step III. Gel analysis. 
 
1. Pipette 20 !l of each PCR reaction into a new tube. Add 4 !l loading dye. 
Load 20!l into a gel lane. Remember to add a lane with 7 !l of DNA ladder. 
Run the gel at 130 V for 30 minutes. The sizes of the DNA bands in the 
ladder are shown in the figure below. 
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Step IV. Prepare samples for sequencing 
 
If there is only one band in a lane, the PCR sample can be used for 
sequencing after an enzymatic cleanup. Two enzymes are used: Exonuclease I 
that degrades the primers to single nucleotides and shrimp alkaline 
phosphatase that removes the phosphate group from unincorporated dNTPs. 
The mix is called ExoSAP-IT. 
 
Keep the ExoSAP-IT on ice. 
 
Instructions will be given in class.  
 

How your DNA samples will be sequenced 
 
DNA sequencing is the process of determining the nucleotide order of a 
given DNA fragment. Most DNA sequencing is currently being performed 
using the chain termination method developed by Frederick Sanger. [Sanger 
is particularly notable as the only person to win two Nobel prizes in 
chemistry - his second in 1980 for developing this DNA sequencing method 
and his first in 1958 for determining the first amino acid sequence of a 
protein (insulin)]. His technique involves the synthesis of copies of your input 
DNA by the enzyme DNA polymerase. However, one difference between this 
reaction and PCR, for example, is the use of modified nucleotide substrates 
(in addition to the normal nucleotides), which cause synthesis to stop 
whenever they are incorporated. Hence the name: “chain termination”.  
 
Chain terminator sequencing (Sanger sequencing) 
 
Your samples were sent to Genewiz along with information about the 
sequencing primer to be used (recall that DNA polymerase needs a primer to 
start DNA synthesis of a template strand).  The reaction contains your DNA 
sample, the sequencing primer, DNA polymerase and a mixture of the 4 
deoxynucleotides that are “spiked” with a small amount of a chain 
terminating nucleotide (also called dideoxy nucleotides, see below). 
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Limited incorporation of the chain terminating nucleotide by the DNA 
polymerase results in a series of related DNA fragments that are 
terminated only at positions where that particular nucleotide is used.  
 

 
The fragments are then size-separated by electrophoresis in a slab 
polyacrylamide gel, or more commonly now, in a narrow glass tube (capillary) 
filled with a viscous polymer. 
 

Figure 2. A chain-terminating 
nucleotide triphosphate (called a 
di-deoxynucleotide or ddNTP). 
Because it has a “H” instead of a 
“OH” at the 3’ position, it is not a 
substrate for the addition of 
another NTP and DNA synthesis 
terminates. 
!
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Modifying DNA sequencing to automation: dye terminator sequencing  
(this is how your DNA samples will be sequenced) 
 
An alternative to the labeling of the primer is to label the dideoxy 
nucleotides instead, commonly called 'dye terminator sequencing'. The major 
advantage of this approach is the complete sequencing set can be performed 
in a single reaction, rather than the four needed with the labeled-primer 
approach. This is accomplished by labeling each of the dideoxynucleotide 
chain-terminators with a separate fluorescent dye, which fluoresces at a 
different wavelength. 
 

Figure 3. DNA is 
efficiently sequenced 
by including 
dideoxynucleotides 
among the nucleotides 
used to copy a DNA 
segment. (a) In this 
example, a labeled 
primer (designed from 
the flanking vector 
sequence) is used to 
initiate DNA synthesis. 
The addition of four 
different 
dideoxynucleotides 
(ddATP is shown here) 
randomly arrests 
synthesis. (b) The 
resulting fragments 
are separated 
electrophoretically and 
subjected to 
autoradiography. The 
inferred sequence is 
shown at the right. (c) 
Sanger sequencing gel. 
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Figure 4: DNA 
fragments can be 
labeled by using a 
radioactive or 
fluorescent tag on the 
primer (1), in the new 
DNA strand with a 
labeled dNTP, or with 
a labeled ddNTP. 

Figure 6: Sequence ladder 
by radioactive sequencing 
compared to fluorescent 
peaks 

Figure 5. Modern automated DNA 
sequencing instruments (DNA 
sequencers) can sequence up to 384 
fluorescently labelled samples in a 
single batch (run) and perform as 
many as 24 runs a day. However, 
automated DNA sequencers carry 
out only DNA size separation by 
capillary electrophoresis, detection 
and recording of dye fluorescence, 
and data output as fluorescent peak 
trace chromatograms. 
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This method is now used for the vast majority of sequencing reactions, as it 
is both simpler and cheaper. The major reason for this is that the primers 
do not have to be separately labeled (which can be a significant expense for 
a single-use custom primer), although this is less of a concern with 
frequently used 'universal' primers. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. An example of a chromatogram file of a Sanger sequencing read. The 
four bases are detected using different fluorescent labels. These are detected 
and represented as 'peaks' of different colors, which can then be interpreted 
to determine the base sequence, shown at the top. 
!
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Step V. Sequence Analysis.!
 
Now that you have DNA sequence from the PCR bands you need to analyze 
that sequence. We will do the following analyses: 
 I. Verify the sequences are from the actin gene – Page 40. 
  Bioinformatics technique: blastn 
 II. Compare the two sequences to each other – Page 44. 
  Bioinformatics technique: blast2sequences 
 III. Compare the sequences to the maize genome – Page 49. 
  Bioinformatics technique: Genome Browsers 
 IV. Compare the class generated sequences to each other – Page 59. 
  Bioinformatics technique: Multiple Sequence Alignment 
 V. Find related sequences in the maize genome and other organisms – 
Page 72. 
  Bioinformatics technique: protein blast, tblastn, TARGeT 
 
Before we analyze the sequence we need to obtain the sequence and also we 
need to create a way to document the annotation you are doing. 
 
Obtain sequences from Genewiz Website. 
 
Before you can analyze sequence you must obtain the sequence from the 
Genewiz website and check the quality. 
1. Open the Genewiz website and login in: 
 https://clims3.genewiz.com/default.aspx 
 user: jburnette@plantbio.uga.edu 
 password: 1503A 
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2. Click the tracking number provided in class.  

 
 
3. Find your samples on the spreadsheet. I will explain the naming in class. 
 
4. Find a sample were the QS (for quality score) and CRL (contiguous read 
length) are both in black.  These numbers help you assess the quality of the 
sequence. We will discuss this in class. 
 
5. Click on “View” in the Trace File column.  
 

 
 
6. A new window will pop up. On the top will be the trace file and on the 
bottom will be the sequence. We will discuss how the trace file is used to 
assess the quality of the sequence. 
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Documenting your annotation efforts 
It is just as important to maintain a notebook record of sequence annotation 
as it is to maintain a lab notebook. Because most annotation is done on the 
computer a paper notebook is not very useful. In this class you will be 
required to use Google Docs (docs.google.com) for annotation. This is a 
convenient method and you can work easily in the classroom or at home. Also 
when it is time to turn in an assignment you will just “Share” it with the 
instructors. If you do not have a Google Docs account create one before you 
come to class. It’s free. You should keep a logical record of what you do 
during sequence analysis and include your thoughts and ideas as you work. 
For each step in the analysis you should record any query sequences, results 
and screen shots of the results. There should be enough information so that 
you could easily repeat what you did. Here are some helpful hints for using 
Google Docs and keeping an online notebook: 
 1. On a Mac you can take a screen shot by using “Command+Shift+4.” 
The “Command” keys are on each side of the spacebar.  
 2. On a  Mac you can drag and drop images from a browser to the 
desktop. 
 3. In the Maize Browser there is an “Export Image” button on the 
lower right of most image boxes. Click it and a contextual menu will appear. 
Select “Export PNG” from the list. 
 4. Format DNA and Protein sequences using Courier Font size 9.  
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 5. DNA and Protein sequence should be in FASTA format with the 
first line starting with “>” and containing the name of the image. The 
remaining lines are the sequence in fixed length. To clean up sequence use 
this web tool: target.iplantcollaborative.org/fasta_formatter.html. This tool 
is also useful if you need a subsequence from a longer sequence. 
 
 
I. Verify the sequences are from the actin gene 
PCR is a very useful technique, but sometimes it generates artifacts, that is 
random sequences unrelated to the sequence of interest. We first want to 
make sure that the sequence from the PCR bands is what we want to study. 
There are several ways to do this, but we will use Blast from NCBI to 
analyze the sequence. 
 
Introduction to Blast:  
 
You will use Blast a lot this semester.  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 (http://www.ncbi.nlm.nih.gov/). 
 

 
 
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: 
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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. Today we will 
give nucleotide blast a test drive. We will discuss protein blast and tblastn 
later when we need to use them.  
 

A. Nucleotide Blast: This is the most straightforward type of search. 
You begin with a nucleotide sequence you want to 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”)? 
b. Where is the sequence located in the genome (more on location 

in class)? 
c. Is the sequence found in genomes of closely related organisms? 
d. Does it code for an RNA and/or a protein? If so is anything 

known about its function? 
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1. Select ‘nucleotide blast.’ Cut and paste the following sequence in the 
Query text window (Enter accession number….). For the in class 
example we will use the actin genomic DNA sequence. You can use this 
sequence or your sequence. 

   >Actin Genomic Sequence 
GTGACAATGGCACTGGAATGGTCAAGGTTGTTATCTCGTTCAGAAGTCTTTTTCAACAAA 
GCAACTCTACTCCTGTGCCTAATTGTTGCTCAACTCCTCAATATTTACAGGCCGGTTTCG 
CTGGTGATGATGCGCCAAGAGCTGTCTTCCCCAGCATTGTGGGAAGACCACGCCACACCG 
GTGTCATGGTCGGCATGGGCCAAAAGGATGCCTACGTAGGTGATGAGGCTCAGGCCAAGA 
GAGGCATCCTGACACTGAAGTACCCGATTGAGCATGGCATTGTCAACAACTGGGATGACA 
TGGAGAACTGGCATCACAC 

 
 

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.  
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3. The next section gives you three options for a nucleotide blast. 

Choose megablast (default) . 

 
 

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

 
 

5. When your search is complete a results page will be presented. We 
will discuss this page in detail in class. 
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6. Details of the Alignment (to be discussed in class) 

 
 
 
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 
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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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II. Compare the cDNA to the genomic DNA sequences. 
We need to line up the two 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 modified version of 
blastn called Blast2Sequences. 
 
1. Open a web browser and go to the Blast Website 
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi)  and click on the ‘nucleotide 
blast’ link. 

 
 
2. Check the ‘Align two or more sequences’ checkbox. 
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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.’ 

 
 
4. The results. 
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? 

,-!

.-!

/-!
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The bottom half of the results page shows the two hits nucleotide-by-
nucleotide called alignments. 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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So the cDNA sequence matches the genomic DNA from nucleotides 1 to 78 
and then from nucleotides 161 to 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? 
!
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III. Finding the Actin gene in the Maize Genome 
 
Now that you have verified that the sequences you have are from the actin 
gene you need to compare the sequence to the published maize genome 
sequence. To do this we will use blast and the maize browser. 
 
The B73 strain of maize was sequenced to high quality. This is now 
considered the reference genome for all maize genomic work. The genomes 
of two other maize strains Mo17 and Palomero (a popcorn) have also been 
sequenced but not to the level of quality of B73. You will start exploring a 
genome by finding the location of actin in the maize genome. 
 
Genome sequencing is an involved process. Read pages 453-468 of Chapter 
13 from Introduction to Genetic Analysis. This can be downloaded from the 
course web page.  
 
“BLASTing” the Maize Genome 
While the blast programs were written by scientists at NCBI, the programs 
are freely available and are used by many DNA sequence repositories. For 
the maize browser we use blast to find the location of our sequences on the 
maize chromosomes.  
 
1. Open the maize browser (www.maizesequence.org). The home page contains 
information about the B73 genomic sequence. You should read this page and 
the information pages to learn more about the sequence and the tools that 
are available on the website. For now, click on BLAST in the upper right hand 
corner. 
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2. Paste your genomic DNA sequence in the textbox. This is your query. We 
are using the programs with all defaults so click “Run.” 
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3.The blast results are show three ways:  
A) By karyotype (chromosome) 

 
 
B) Alignment by query (similar to what you see on the NCBI results page) 

 
 
C. Alignment summary.  
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The Alignment Summary is the most useful of these windows. Usually the 
summary will look similar to this, but from time to time you may need to use 
the menus to turn on various columns of information.  
 
For this query we want to look at the one that has the higest %ID or the 
lowest E-val. As you can see the first row of the results is 98.45% and is 
located on Chromosome 8. The percent match of your sequence may be 
different but it should still be on chromosome 8. The 4 letters on the left 
are links to useful information: 
 [A] – This link will take you to the alignment. Click on this link to see 
why the sequence is only a 98.45% match and not 100%.  
 [S] – This is the sequence of the query. 
 [G] – This link will take you to the genomic sequence. This is where you 
can download the B73 sequence that matches your sequence. 

[C] – This link takes you to the Contig viewer that is explained it detail 
below. Click on the [C] now. 
 
Maize Genome Browser 
The maize genome is very large and has many features: genes, simple repeats 
(CACACACA or TTATTATTATTA, etc.), transposable elements, ESTs 
(similar to cDNA), 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. 
 
We will be using the 4a.53 version of the B73 sequence. The browser is a bit 
clunky at times so just ask questions if the browser on your screen does not 
match the browser on paper. 
 
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 discuss most of it in class. 
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The chromosome is represented by the long light blue rectangle and it is 
labeled ‘contig.’ Note that this rectangle may be colors in different regions 
of a chromosome. Above and below this rectangle is a series of features 
organized into “tracks.” Features are also called annotations. Features above 
the contig rectangle are on the top or plus DNA strand and features below 
the contig are on the bottom or minus strand. There is a predicted gene 
here on the bottom strand. It is represented by the gene rectangles. The 
filled in green rectangles are predicted to be coding while the open green 
rectangles are predicted to be non-coding. This “gene” is a prediction by 
several computer programs. Since they are predictions we refer to these 
genes as gene models. Since this gene model is on the bottom strand the 
first exon is to the right. 
 
In red is the Blast/Blat track. This is where the results of your blast will 
show up. So in this case the cDNA sequence of actin matches very closely to 
the exons predicted by the computer program. 
 
More evidence that this gene model is real is found in the Maize EST track. 
EST stands for expressed sequence tag. ESTs are cDNAs that are 
seqeunced en masse to provide evidence that a gene is expressed. ESTs may 
come from the whole plant or specific tissues.  Because actin is widely 
expressed in the maize plant there are a lot of ESTs found for actin. 
 
Another interesting Track for this class is the “All Repeats.” Transposables 
elements (which we will study next) 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. The 
repeat track is always at the bottom of the contig viewer and strandedness 
does not apply. 
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Instructions for controlling visible tracks are found at the end of this 
chapter pages 52-53. 
 
Drilling down for more information 
 
Each track in the contig view has supporting information that you can obtain. 
In this example you will find the genomic coordinates for the exons of the 
actin gene. 
 
1. Click on one of the gene models in the Contig Viewer. A contextual menu 
will appear. Click on the gene number (GRMZM2G…). 
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2. Some details about the gene model will appear in a new tab. To get exon 
information click on one of the Transcript IDs. 
 

 
 
3. A new tab will open. On the left is a menu list. Click on the General 
Identifiers under “External Information” heading. Here you will see EST and 
other evidence that suggests that this is the maize Actin 1 gene. 

 
 

)*+!,-.!
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4. Click on “Exons” in the left menu bar. The exons with sequence will appear. 
Note that the exons are ordered from 5’ to 3’ (that is exon 1 is listed first) 
but the genomic start and stop numbers are running backward. Also note 
that the sequence shown on the right is the sequence of the Actin 1 gene, 
not the reverse complement. 

 
You should record the exon locations in your Google Doc. How would you 
obtain the protein sequence? Your homework assignment is to compare the 
cDNA sequence you obtained and the remainder of the sequence on the class 
website to the maize browser. Do the predicted exons in the gene model 
match the experimental evidence?  
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Appendix: Adding and removing tracks from the Contig Browser. 
 
Currently there are over 30 tracks of information available for viewing in 
the browser. To select which tracks are visible use the “Configure this Page” 
link in the left hand menu bar. 

 
 
An overlay window will appear and you can select the categories of tracks in 
the left hand menu bar. Most categories will have several sub-categories. 
Select what you want on or off and then click the Save and Close button in 
the upper right of the window. The Contig Browser with reload with the new 
selections. You may want to register for an account as this may remember 
your settings. This is not a guaranteed behavior though. Register before you 
come to class. Write your user name and password on this page. 
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Background  
 

!
The Discovery of Transposable Elements in Maize by Barbara McClintock!
!

!
!

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 to 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. 
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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: 
 

 
 

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 Ds in the C gene (top) creates 
colorless corn kernel cells. Excision 
of Ds from the C gene through the 
action of Ac in cells and their 
mitotic descendants allows color to 
be expressed again, producing the 
spotted phenotype. 
 
!
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 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.    
 

 
 
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 to 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 

Figure 3 Summary of the main 
effects of transposable 
elements in corn. Ac and Ds are 
used as examples, acting on the 
C gene controlling pigment. 
In maize (but not many other 
organisms), normal alleles are 
capitalized and mutant alleles 
are written in lower case.  In 
addition, McClintock designated 
alleles caused by the insertion 
of a TE as “mutable”, m for 
short [e.g. c-m(Ds) or c-m(Ac)]. 
!
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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.  
 

 
 
Ac contains a single gene - that encodes the transposase protein.  Figure 5 
shows how this protein catalyzes the movement of Ac and 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 
DNA.  
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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 transposase 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.  
 

Figure 5 Ac transposase 
catalyzes excision and insertion 
(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 
target site, and allowing the 
element to insert elsewhere in 
the genome. 
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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 

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). 
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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).  In order 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 to 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 to 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) 
 

 
 
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.   

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

 
!
!
!
!

Figure 7: Schematic of 
how Agrobacterium has 
been exploited to 
deliver foreign DNA 
into plant chromosomes.  

Figure 7: Ping encodes two 
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. 
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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 transgenic 
Arabidopsis plants containing one, two, or three of the following T-DNA 
constructs: 

 

(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.  

Figure 10: 
The 
transgenic 
Arabidopsis 
plants used 
in this 
experiment 
contain one 
or two of 
the 4 T-
DNA 
insertions 
in their 
genome.  
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Note that A and B have the same antibiotic resistance gene and C 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.  
 



   76 

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

 
 
 
 
 
 
 



   77 

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 tube 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 !l 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 !l 5M KOAc.  Mix well by inverting several times (important!), 
then place on ice 10 minutes. 
 
7) Spin for 5 minutes at top speed in microfuge.  Squirt about 700 !l 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 !l 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 around 30 minutes 
with the caps open. 
 
11)  Resuspend the DNA in 50 !l 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 !l of DNA from step 11 into each tube. 
 
14) Add 3 !l of 6x loading dye to the tube. Tap the tube gently to mix. 
 
15) Load all 18!l on your gel. Keep track of which sample went in which lane. 
 
16) Load 7 !l 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. 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 ‘8X 
(stands for 8-fold).’ Keep this on ice. 
! "#!$%&'! (#!
)*!+,-./0!+1*! ")23!! "4424!!
5)6! !!323! !!7724!
890:,0;!
<01=/0!

!!"24! !!!!!(24!

>/?/0-/!<01=/0! !!"24! !!!!!(24!
@AB! !!324! !!!CCCCCC!
D9.,&! )324! "E424!%&!
!
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 !l of master mix in 7 of the PCR tubes. 
  
5) Add 5.0 !l of correct genomic DNA to the PCR tubes. Put 5 !l 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 20!l into each well of the gel. Remember to 
add a lane with 7 !l 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. Gel analysis. 
We will analyze the results of your PCR reactions and relate them to your 
observed leaf phenotypes. 



! ! ! "#!
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