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Protocols for Detecting Alu polymorphism in human DNA 
In this lab you will determine the genotype for three loci in your own DNA: 
225, PV92, and Yg. One locus has three Alu alleles, another locus has one 
allele, and one insertion locus is fixed for the population (meaning all 
members of the species has this one allele). You will need to analyze your 
data and the data from the group to determine the variation at each locus. 
 
Re-read pages 98-102 of Making of the Fittest by Thursday class time. 
 
Material List 
Buccal (Cheek Cell) DNA Extraction 
Heating block/water bath at 95˚C 
1 swab 
2 1.5 ml tubes 
sterile water 
50 mM sodium hydroxide (NaOH) 
1 M Tris, pH 8.0 
 
Extract Genomic DNA. 
1. Rinse mouth with water. 
 
2. Label a 1.5 ml tube with your initials. 
 
3. Put 500 µl of sterile water into the tube. 
 
4. Swab each cheek 20 times. 
 
5. Put swab in tube. Twirl the swab vigorously. Remove swab and discard in 
beaker of bleach.  Snap the tube shut. 
 
6. Flick tube with finger. The solution should be cloudy.  
 
7. Centrifuge at maximum speed for 2 min. You will see a pellet of cells and 
the liquid ‘supernatant’ on top. The pellet contains the cells you want. 
 
8. Pipette off the liquid. 
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9. Add 200 µl of 50mM NaOH to the pellet. (Careful, this is a strong base.) 
Flick to resuspend the cells. 
 
10. Heat tube for 5 min. at 95˚C. The cells will lyse during the incubation. 
 
11. Add 20 µl of 1 M Tris, pH 8.0. (Tris is a buffer and will neutralize the 
NaOH.) 
 
Make a 1:10 dilution of the DNA. (Dilution is critical to success of the 
PCR.) 
12. Label a second tube with your initials and ‘1/10’. 
 
13. Pipette 90 µl of water into the tube. 
 
14. Pipette 10 µl from your DNA sample into the new tube. 
 
15. Close the tube and flick gently with your finger to mix. Keep on ice. 
 
 
Set up the PCR. 
 
In your notebook design the PCR mix for each Alu. You will do a 25µl 
reaction. Note: you cannot use the green Master Mix for this experiment! 
 
Reagent µl 
2X MM 12.5 
Water 8.0 
Your DNA 2.5 
Primer F 1.0 
Primer R 1.0 
 
 
Pour a Gel. You will need a 1.5% gel. 
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QIAquick PCR Purification Protocol 
 
 
1. Add 5 volumes of Buffer PB to 1 volume of PCR. Mix by inverting. 
 
If you have a 50 µl PCR you will add 250 µl of PB. 
 
2. Pipette all liquid to a lilac colored spin column. 
 
3. Centrifuge column at top speed for 60 secs.  
During the spin the PCR products will bind to the column. The primers and 
primer dimmers do not bind. 
 
4. Discard the flow through. Pipette 750 µl of PE to the column. Spin again. 
 
5. Discard the flow through. Spin agin. 
 
6. Put column in a 1.5 ml tube. Add 30 µl of EB to the column. Wait 1 minute. 
 
7. Spin in centrifuge at top speed for 1 min. Throw away the column.  
 
The PCR products are in the 1.5 ml tube. Keep this. 
 
 
Ban I digestion: 
 
To the 30 µl recovered from the clean up add: 
Keep the enzyme on ice! 
 
10X Buffer 4  3.5 µl 
100X BSA  0.5 µl 
BanI   1.0 µl 
 
The total will be 35 µl. Incubate the reaction at 37˚C for 1 hour.  
 
Pour a 3% gel.  
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Digestion Pattern for S1 
 
 
 
 
 
Digestion Pattern for S2 
 
 
 
 

Sizes S1 S2 L No Alu 
239 229 ---- ---- 
146 219 ---- ---- 

Restriction 
Fragments 

(bp) 73  ---- ---- 
Total Size 

(bp) 
458 448 474 135 

 
Alignment 
                225F 
S1/1-458        GAGTCCAGCCCATTTTAGCATGGGACATTGAGTATGTTTTCATAACTGTTATCAAGAAGT 
S2/1-448        GAGTCCAGCCCATTTTAGCATGGGACATTGAGTATGTTTTCATAACTGTTATCAAGAAGT 
L/1-474         GAGTCCAGCCCATTTTAGCATGGGACATTGAGTATGTTTTCATAACTGTTATCAAGAAGT 
                       V   73 
S1/1-458        ATTTTTATGCCGGGCGCCGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGC 
S2/1-448        ATTTTTATGCCGGGTGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGC 
L/1-474         ATTTTTATGCCGGGTGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGC 
 
S1/1-458        GGGTGGATCATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCATCT 
S2/1-448        GGGTGGATCATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCT 
L/1-474         GGGTGGATCATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCT 
                                                    224 
S1/1-458        CTACTAAAAATACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACT 
S2/1-448        CTACTAAAAATACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACT 
L/1-474         CTACTAAAAATACAAAAAATTAGCCGGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACT 
 
S1/1-458        TAGGAGGCTGAGGCGGGAGAAGGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAG 
S2/1-448        TAGGAGGCTGAGGCGGGAGAAGGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAG 
L/1-474         TAGGAGGCTGAGGCGGGAGAAGGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAG 
                                                                      V 
S1/1-458        ATCGCGCCACTGCAGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC----- 
S2/1-448        ATCGCGCCACTGCAGTCCGCAGTCCGGCCTGGGCGACAGAGCAAGACTCCGTCTC----- 
L/1-474         ATCGCGCCACTGCAGTCCGCAGTCCGGCCTGGGCGACAGAGCAAGACTCCGTCTCAAAAA 
 
S1/1-458        ------------AAAAAAAAAAAAAAAAAAAAAAAGAAGTATTTTTATATGCTTCACACT 
S2/1-448        ----------------------AAAAAAAAAAAAAGAAGTATTTTTATATGCTTCACACT 
L/1-474         AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGTATTTTTATATGCTTCACACT 
 
S1/1-458        AATTAAAAGATGATAAAGTTTGATATGAGAAATTAAATGACATGTTTGTGCTGGG 
S2/1-448        AATTAAAAGATGATAAAGTTTGATATGAGAAATTAAATGACATGTTTGTGCTGGG 
L/1-474         AATTAAAAGATGATAAAGTTTGATATGAGAAATT-AATGACATGTTTGTGCTGGG 
                                                   225R 
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Reading Guide: 
R. Cordaux et al., (2007) In search of polymorphic Alu insertions with 
restricted geographic distributions. Genomics. 90(1): 154-158. 
 
Paper structure: 
Abstract:  The abstract of a scientific paper is a brief summary of the 
entire paper.  It introduces the topic, states the research question being 
addressed, mentions the approach used to address that question and reports 
the results. 
 
Introduction:  The introduction provides the necessary background 
information for the reader to understand the paper.  The introduction will 
state the hypothesis and explain how past knowledge was built upon to form 
the question being addressed as well as why this question is important. 
 
Results and Discussion:  Although the results and discussion section is 
merged in this paper it is very common for there to be separate sections, 
one for the results and one for the discussion.  The results section 
objectively reports precisely what is shown in the data without any 
interpretations or speculation.  The discussion section is for interpreting the 
data presented in the results and using that interpretation to answer your 
hypothesis. 
 
Materials and Methods: The materials and methods clearly explains the 
experimental procedures used in the study.  A well written materials and 
methods section should contain enough detail so that a peer in the same 
field of study could reproduce the experiments. 
 
Figures and Tables:  The purpose of the figures and tables is to present 
the data described in the paper.  You will also notice legends that accompany 
the figures and tables.  The legend provides a brief description of the figure 
including details like what a color or a triangle represents.  Figure legends do 
not include interpretations of the data – you find that in the results and 
discussion sections.  Whenever the authors are discussing a figure or table 
they will reference it by including “(Table X)” or “(Figure X)” at the end of 
the sentence. 
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Questions to consider: 
- The authors of this paper mention that Alu elements that have been 

recently integrated are more useful for determining a person’s 
geographic origin since they are more likely to be polymorphic among 
human populations.  Why would recent integrations be more likely to 
be polymorphic then more ancient integrations? 

- In the results and discussion the authors state that some of the Alu 
loci where amenable to PCR (meaning that the primers were able to 
successfully create a band from that specific loci) while other loci 
were not.  Based on their experimental approach why do you think that 
some Alu loci were able to be amplified by PCR while others were not?  
Think about your experiment with your MITE and the Zea mays inbred 
lines and why the primers designed for B73 did not always work in 
Palomero. 

 
 
 
Glossary: 
 
Conserved target site duplications: A target site is the genetic locus 
(the location in the genome) where a transposable element such as Alu 
inserts.  When transposable elements insert into the genome they will often 
create a copy of the target site DNA sequence so that two copies (one 
original and one new) of the target site DNA will flank both sides of the 
inserted transposable element.  How and why transposable elements can 
create target site duplications will be covered in class.  When an element 
first inserts, both copies of the target site duplication will be identical.  
Over time the originally identical target sites will independently accumulate 
mutations.  The term conserved target site duplication refers to when the 
sequence of the target sites flanking a transposable element have very 
similar (conserved) sequences.  The conserved nature of these sequences 
indicates a recent insertion of the transposable element. 
 
Frequency distribution: A frequency distribution is a method for 
displaying data in a table or graph.  Figure 2 in this paper is an example of a 
frequency distribution.  For creating a frequency distribution graph the data 
is broken up into groups, for example if we had collected data on the average 
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number of hours people sleep we might break the data into groups such as 1-
3 hours, 3-6 hours and 6-8 hours (these group names would be found on the 
x-axis of a frequency distribution graph).  Then we look to see how many 
individuals or what percentage of individuals from our data fall into each 
group.  In the frequency distribution graph the height of the bar 
corresponds to the number or percentage of individuals from the data that 
fall into that group. 
 
Linker-mediated PCR:  Linker-mediated PCR is a useful method for 
finding locations in the genome where specific elements, such as the AluYa8 
element, have inserted.  The linker-mediated PCR technique amplifies the 
region of DNA flanking the element at the location it has inserted in the 
genome.  Once we have amplified this flanking region we can sequence it and 
then use the sequence to perform a BLAST search to determine where in 
the genome it is located which will tell us where the Alu element is inserted.  
A more in depth explanation of this procedure can be found in the linker-
mediated PCR explained portion of this handout. 
 
Orthologous:   To say that a DNA sequence is orthologous means that the 
sequence exists in different species and that it originated from the same 
ancestor sequence.  For example suppose the evolutionary ancestor of 
primates had an Alu element insertion in the intron of the actin gene.  
Millions of years later once humans and chimpanzees evolved from that 
common ancestor the Alu element in humans and the Alu element in 
chimpanzees located in the intron of the actin gene are orthologous to each 
other. 
 
Restriction enzyme: A restriction enzyme is an enzyme that cuts DNA at 
specific nucleotide sequences known as restriction sites.  Each restriction 
enzyme has a specific DNA sequence that it cuts.  By knowing the sequence 
that a restriction enzyme cuts, if we set up a restriction digest reaction 
(restriction digest refers to the process of cutting DNA with restriction 
enzymes) by a single restriction enzyme we will know the DNA sequence at 
the ends of the pieces of DNA since it must be the sequence targeted by 
the restriction enzyme. 
 
Resources for Scientific Reading and Writing: 
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A detailed discussion of scientific writing and the format of a scientific 
paper; useful for writing better scientific papers and as a guide for better 
understanding scientific writing. 
http://abacus.bates.edu/~ganderso/biology/resources/writing/HTWtoc.htm
l 
 
This website explains the organization and structure of scientific papers and 
provides some useful tips for understanding the content as well as critically 
analyzing the findings of the paper. 
http://www.biochem.arizona.edu/classes/bioc568/papers.htm 
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MITE Mini-project 
 
This mini project is designed to introduce you to the diversity of a MITE 
sub-family. We will start with MITE B2 that was found in the waxy gene of 
maize. Primers were designed this included the TIR of B2 plus 11 bp of the 
sub-TIR sequence.  
 
>Waxy B2 MITE 
TCCCAGGCAGGGCTTGTTCGGTTAGGGCTGGATTGAGGGGGATTGGAGTGGATTAAATCCCCTTCTATAC 
AAATTTAAATAGGAGGGGATTTAATCCCCTCCAATCCCTCTCAAACCCCTTCAAACCGAACAAGCCCGCA 
AGGTGCGCGC 

 
The TIR is highlighted in yellow and the priming sites of the primers are 
underlined. Using these primers you should amplify any B2-like MITEs. 
Because the PCR band will be a mixture of many different sequences we 
cannot sequence the band directly. We must first create a “library” by 
cloning the bands into a bacterial plasmid. The plasmids will be transformed 
into E. coli where each E. coli cell will take up one plasmid. From that one cell 
a colony will grow with over 10 million cells in it. Each colony that grows on a 
plate will have a different PCR product inside the plasmid. E. coli is a living 
factory that will make lots of plasmid for us. We will isolate plasmid from 
the cells, check that the plasmid has the PCR product insert and then have 
the insert sequenced. 
 
The mini-project will also provide you with some new molecular and 
bioinformatics tools for use in your projects such as cloning PCR products, 
sterile technique, plasmid purification, restriction digestion, DNA 
sequencing, and DNA sequence analysis. The outline of the project: 
 
Tuesday, September 1 PCR with B2 primers 
Thursday, September 3 Analyze PCR products on gel, excise and clone 
bands.  
Friday, September 4   Pick colonies 
Tuesday, September 8  Mini-prep plasmid isolation, digest plasmid, send 
for DNA sequencing. 
Thursday, September 10 Analyze Sequence 
 
Tuesday, September 1 
We will do PCR on B73, Palomero, and B79 DNA. 
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Reagent µl 
2X MM 12.5 
Water 6.5 
DNA 5.0 
B2 F 0.5 
B2 R 0.5 
 
Pour a 1.5% gel before you leave today. Use the wide-tooth combs. 
 
Thursday, September 3 
 
Add loading dye to each sample and load 25 µl on the gel. Run at 130 V for 30 
minutes. 
 
We will analyze your gel and then excise (cut-out) the bands for cloning. 
 
Excising bands from a gel. 
1. Weigh one 1.5 ml tube per band you will excise. Write the weight on the 
tube and label the tube with the band name. 
 
2. Cut out the band and place in the tube. 
 
3. Weigh the tube with the band and calculate the weight of the gel piece. 
 
Purification of the PCR band using the QIAQuick Spin Column. 
 
4. Add 3 volumes of Buffer QG to 1 volume of gel (100mg ~ 100µl). For 
example, add 300 µl of Buffer QG to each 100 mg of gel. 
 
5. Incubate at 50°C for 10 min in a water bath (or until the gel slice has 
completely dissolved). To help dissolve gel, mix by inverting the tube every 
2–3 min during the incubation. 
 
6. After the gel slice has dissolved completely, add 1 gel volume of 
isopropanol to the sample and mix. For example, if the agarose gel slice is 
100 mg, add 100 µl isopropanol. This step increases the yield of DNA 
fragments < 500 bp and > 4kb. 
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7. To bind DNA to the column material, apply the sample to the QIAquick 
column and then spin at 13,000 rpm for 1 minute. The DNA is now in a high 
salt/non-polar solution. Under these conditions the DNA sticks to silica (the 
stuff in the column). The maximum volume of the column reservoir is 800 µl. 
For sample volumes of more than 800 µl, simply load again. 

 
8. Discard flow-through and place QIAquick column back in the same 
collection tube. 

 
9. Add 0.5 ml of buffer QG to QIAquick column and centrifuge for 1 min. 
Discard the flow through. 

 
10. To wash any impurities (EtBr and agarose) from the DNA, add 0.75 ml of 
Buffer PE to QIAquick column and spin column at 13,000 rpm for 1min. 

 
11. Discard the flow through and centrifuge for another 1 min at 13,000 rpm. 
 
IMPORTANT: This spin is necessary to remove residual ethanol (Buffer PE). 
 
12. Place QIAquick column in a clean 1.5 ml microcentrifuge tube. 
 
13. To elute DNA from the column, add 30ul water to the center of 
QIAquick membrane, leave column on bench for 1 min, and centrifuge the 
column for 1 min at 13,000 rpm. 
 
IMPORTANT: Ensure that the elution buffer is dispensed directly onto the 
QIAquick membrane for complete elution of bound DNA.  
 
Using E.coli to construct a “library” of DNA fragments 
 
For this experiment, we will be using a patented system called TOPO Cloning 
from a company called Invitrogen. We will be ligating our PCR products into 
the TOPO plasmid (vector), transforming these plasmids into E.coli, picking 
E.coli colonies, isolating plasmid with our PCR inserts and then sending these 
to the sequencing facility.  Here is some background to make all of this 
clearer. 
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To make a library, single DNA fragments are ligated into a plasmid vector 
and then transformed into competent E.coli.  Individual cells with a single 
plasmid and insert grow into a single colony, which is grown up and used for 
plasmid DNA isolation.  
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The TOPO vector: 
We will be using TOPO to clone the gel bands from the PCR of maize DNA 
then we will insert this purified DNA into the TOPO vector, transform E. 
coli, let the transformed bugs grow overnight, purify plasmid from bacterial 
colonies and send these purified plasmids to the sequencing facility.  The 
idea behind TOPO cloning, according to the company’s web site, is “to 
effectively clone DNA produced by a particular method (in your case, PCR) 
and to enable specific downstream studies (in your case, DNA sequencing).”  
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Materials  
PCR2.1 TOPO Vector – Invitrogen 
Top-10 chemically competent E. coli cells (this will be explained in class) 
SOC medium (store at room temperature) 
LB/Carb/S-Gal agar plates  
Sterile glass beads 
 
Protocol  
 
1. Place tube of Top-10 competent cells and PCR2.1 TOPO vector on ice to 
thaw. 
 
2. Add the following to a 1.5 ml centrifuge tube.  Pippet gently and do not 
mix vigorously. 
 4 µl gel purified PCR product 
 1 µl salt solution 
 1 µl PCR2.1 TOPO Vector (add last) 
 
3. Incubate for 10 min at room temperature (on your benchtop)  
 
From this point on you will be working with live E. coli bacteria.  All 
contaminated tips, tubes, and plates must be disposed of properly 
(waste containers will be provided). Wash hands after handling. 
 
4. Transfer 2 µl of the incubated mixture to the tube containing Top-10 
competent cells (keep on ice).  Pipette gently and do not mix vigorously.  
 
5. Incubate the tube on ice for 20 min. (Only transformed E.coli cells can 
grow on LB selective plate. Furthermore, if S-gal is added, cells that have 
empty vectors will grow into black colonies and they can be easily discerned 
from cells with “loaded” vectors, whose colonies would be white.) 
 
6. Incubate in a water bath for 30 sec at 42°C. (This is called the heat shock 
- it is when DNA is actually taken up into the bacteria from the surrounding 
liquid)  
 
7. Immediately place cells on ice for 1 min.  
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8. Add 250 µl SOC medium (keep sterile).  
 
9. Incubate in a 37 °C shaker for 30-60 min.  
 
10. Label the selective plates.  
 
11. Pipet 100 µl of bacterial solution onto one selective plate (work quickly to 
keep the plates closed as much as possible).  Pour 3-5 sterile glass beads 
onto the plates, cover and shake horizontally to spread the liquid.   
 
12. Dump the glass beads into the used beads container.  
 
13. Incubate the plates overnight in an incubator at 37°C. Plates should be 
placed ‘up-side-down’ in the incubator. Plates will be placed at 4˚C after 14-
20 hours of incubation. 
 
Friday or Monday photograph gel and make “overnights.”  
 
Pick bacterial colonies that have inserts (the white colonies) into test tubes 
containing liquid medium and grow them overnight as described below. Take a 
picture of each plate for your lab notebook. 
 
Materials: 
 
LB + Carb liquid growth medium (for growing bacteria) 
Sterile inoculating loops 
 
Protocol: 
 
1. Add 3 ml of liquid growth medium (LB/Carb) into sterile test tubes 
 
2. Using a sterile loop touch a single white colony from the agar plate and 
twirl the loop (one per tube) into the test tube. 
 
3. Incubate the test tubes in the air spinner overnight at 30oC. 
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Tuesday, September 8: isolate plasmid from bacterial colonies, digest 
plasmid with EcoRI to check for inserts, send for sequencing. 
 
Materials: 
 
QIAprep Miniprep kit 
Agarose gel (+EtBr), TAE buffer, 5X DNA loading buffer 
 
Protocol: 
 
1. Transfer 1.5 ml of your E. coli sample from the overnight culture to a 
labeled 1.5ml centrifuge tube (put tip in bacterial waste container after use). 
 
2. Cap and centrifuge for 3 min at 8,000 rpm. Decant (dump) supernatant 
into the bacterial waste. 
 
3. Add 250ul buffer P1 and vortex to re-suspend the pelleted bacterial cells. 
No cell clumps should be visible after re-suspension of the pellet. 
 
4. Add 250ul buffer P2 and gently invert the tube 4–6 times to mix. Do not 
vortex. Invert until the solution turns a homogenous blue. 
 
5. Add 350ul buffer N3 and invert the tube immediately but gently 4–6 
times. Invert until the solution becomes cloudy and colorless. 
 
6. Centrifuge for 10 min at 13,000 rpm. A compact white pellet will form. 
 
7. Pipet ~ 800ul of the supernatant (not the white precipitate) and apply to a 
labeled QIAprep spin column. 
 
8. Centrifuge for 30 sec. Discard the flow-through. 
 
9. Add 0.75 ml PE buffer to the spin column and centrifuge for 1 minute. 
Discard the flow-through. 
 
10. Centrifuge for an additional 1 min to remove residual buffer. 
 
11. Transfer the QIAprep column to a clean labeled 1.5 ml centrifuge tube. 
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12. Add 50 µl EB to the center of each QIAprep spin column, let stand for 1 
min, and centrifuge for 1 min. 
 
13. Discard the column (plasmid DNA will be in the liquid at the bottom of 
the tube). 
 
14. Digest 5 µl of the purified plasmid (the column flow-through) with EcoRI. 
 
We will discuss how to set up the digest in class. 
 
15. Run the digest on a 1.5% gel.  
 
16. Pick Plasmids to send for sequencing. Measure the concentration of the 
plasmids with the Nanodrop. You need to put 600 ng of plasmid into a 0.2 ml 
tube (PCR tube). Make the total volume in each tube 8 µl. 
 
Calculate the amount of plasmid needed for 600 ng if the concentration is 
200 ng/µl. 
 
 600 ng       = 3 µl in the tube. Add 5 µl water to make the volume 8 µl. 
 200 ng/µl 
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Preparation of cell lysates (this is a detailed summary of the “chemical 
logic” of the plasmid miniprep from the manufacturer) 
 
Bacteria are lysed under alkaline conditions. After harvesting and 
resuspension, the bacterial cells are lysed in NaOH/SDS (Buffer P2) in the 
presence of RNase A. SDS solubilizes the phospholipid and protein 
components of the cell membrane, leading to lysis and release of the cell 
contents while the alkaline conditions denature the chromosomal and plasmid 
DNAs, as well as proteins. The optimized lysis time allows maximum 
release of plasmid DNA without release of chromosomal DNA, while 
minimizing the exposure of the plasmid to denaturing conditions. Long 
exposure to alkaline conditions may cause the plasmid to become irreversibly 
denatured.  
 
The lysate is neutralized and adjusted to high-salt binding conditions in one 
step by the addition of Buffer N3. The high salt concentration causes 
denatured proteins, chromosomal DNA, cellular debris, and SDS to 
precipitate, while the smaller plasmid DNA renatures correctly and stays in 
solution. It is important that the solution is thoroughly and gently mixed to 
ensure complete precipitation. To prevent contamination of plasmid DNA 
with chromosomal DNA, vigorous stirring and vortexing must be avoided 
during lysis. Separation of plasmid from chromosomal DNA is based on 
coprecipitation of the cell wall-bound chromosomal DNA with 
insoluble complexes containing salt, detergent, and protein. Plasmid DNA 
remains in the clear supernatant. Vigorous treatment during the lysis 
procedure will shear the bacterial chromosome, leaving free chromosomal 
DNA fragments in the supernatant. Since chromosomal fragments are 
chemically indistinguishable from plasmid DNA under the conditions used, 
the two species will not be separated on QIAprep membrane and will elute 
under the same low-salt conditions. Mixing during the lysis procedure must 
therefore be carried out by slow, gentle inversion of the tube. 
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How your DNA samples were 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). 

 
 
 
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.  
 

Figure 1. 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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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. 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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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 
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 4. 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 (see Fig. 16, 
17). 
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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 6. 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. 
 

Figure 5: Sequence ladder 
by radioactive sequencing 
compared to fluorescent 
peaks 



September 15, 2009      107 

Analyzing DNA sequencing results 
 
Now that your DNA samples have been sequenced, you need to analyze the 
data. First you need to assess the quality of the data and then determine 
what the data mean. 
 
As you work on a sequence you must take notes about each step. Use a 
Google Docs to do this. 
 
Steps to assess the quality of the data: 
 
1. Open the Genewiz website and login in: 
 https://clims3.genewiz.com/default.aspx 
 user: jburnette@plantbio.uga.edu 
 password: 1503A 

 
 
2. Click the tracking number 10-30827306.  
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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. This sample is “high quality” according to the 
computer system. 
 
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 this in class. 
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7. Using the Trace View you will need to determine the quality of each of 
your sequence results. 
 
Before you do any analysis of your sequence, you must remove plasmid 
sequence. 
 

 
The PCR products were cloned between the EcoRI restriction sites and the 
plasmid was sequenced using the M13 Reverse primer. So, there will be 
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vector sequence on either side of the PCR insert. This sequence will 
interfere with analysis. 
 
There is a modified BLAST search that will compare your sequence to a 
database of plasmid vectors. This will show you what part of your sequence 
is vector and what part is interesting sequence. 
 
1. Open the NCBI VecScreen web page. 
http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html 
 
2. Copy-and-Paste a sequence in the window and click “Run VecScreen.” 
 

 
 
3. Click “View Report.” 
 

 
 
4. The results graphic shows plasmid vector sequence in red or yellow and 
insert sequence in white.  
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5. In this case the insert sequence starts at 62 and ends at 172. 
 
6. To extract this sequence open the web page: 
http://target.iplantcollaborative.org/fasta_formatter.html 
 
7. Copy-and-Paste the complete sequence in the text field and enter the 
stat and stop numbers in the text boxes. Click “Format.” 
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8. Copy and paste the subsequence into your notes. 

 
 
9. Remove the PCR primer sequence from the sequence. 
>WaxyB2 
GGGCTTGTTCGGTTAGGGCTGGATTGAGGGGGATTGGAGTGGATTAAATCCCCTTCTATAC 
AAATTTAAATAGGAGGGGATTTAATCCCCTCCAATCCCTCTCAAACCCCTTCAAACCGAACAAGCCC 

 
The PCR priming sites are underlined. 
 
 
Now let’s take an initial look at the sequence. How would you find out what 
the sequence is?  
 
Record the results in your Google Docs.  
 
A new way to analyze sequence is using a program called TARGeT. This 
program will search a whole genome with your query sequence and produce a 
phylogenetic tree. This tree will show the relationships between the 
sequences.  
 
Using TARGeT to analyze sequence. 
1. Open the TARGeT web page: http://target.iplantcollaborative.org/ 
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2. Click on the link “TARGeT using blastn with DNA query.” 

 
 
3. On the data entry page: 
 a. Select “Zea mays pseudo” This is the Maize genome sequence 
organized in chromosomes. 
 b. Paste the sequence into the Query Text Field. 
 c. Click “Tree.” 

 
 
4. The results will be explained in class. 
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Links to Bookmark: 
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi 
http://www.ebi.ac.uk/Tools/muscle/index.html 
http://target.iplantcollaborative.org/ 
 
You must take notes while you are analyzing your sequences. See this 
example for ideas on how to organize your notes:  
 
1. Compare multiple elements at one time. Using a multiple alignment we 
can quickly see which of your elements are unique and should be investigated 
further. To do a multiple alignment you need the trimmed sequence of all the 
small elements.  
 a. Change “Output Format” to “ClustalW2 (Strict).”  
 b. Paste the sequences. 
 c. Click “Run.” 
 

 
 
 
A multiple alignment is a very useful way to compare more than two 
sequences at the same time. When all nucleotides in a column are the same 
an “*” is placed below the column. From the output you can easily see that 
one sequence is very different from the other two and that two of the 

a 
 

b 
 

c 
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sequences are very similar, but with some SNPs (single nucleotide 
polymorphisms). 
 

 
 
From the multiple alignment you can determine which inserts are identical 
and thus reduce the amount of work you need to do analyzing sequence. 
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2. Small elements: Determine if there are similar elements in the maize 
genome. Blast the element using the NCBI nucleotide blast against the Zea 
mays. 
 a. Paste the sequence. 
 b. Select “Others” and Type in Zea. Select “Zea mays L. (taxid:4577) 
from the pop-up menu. 
 c. Select “More dissimilar sequences.” 
 d. Click “Blast.” 
  

 
 

e. Record any interesting hits in your notes. 
 f. Using a multiple alignment compare your sequences to wx-B2 and to 
other students’ sequences. Record your findings in your notebook. 
 
 
 
 
 
 

a 
 

b 
 

c 
 
d 
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3. Analyze larger PCR inserts for other TEs.  
 a. Run a nucleotide blast against maize using the NCBI website 
following steps a-d. 
 b. Do you find any previously annotated elements in your element? How 
close is the match? 
 c. Use Blast2Seq to find inverted repeats. In this case you will blast 
the element against itself. 
 d. Open the NCBI Blast page and choose nucleotide blast. 
 e. Check “Align two or more sequences” and paste the element in both 
text boxes. 
 f. Choose “Somewhat similar seqeucnes.” 

 
 
g. Scroll down and click the “Algorithm parameters” link.  
h. Change the “Word Size” to 7.  
i. Click BLAST. 

e 
 

f 
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j. The results will described in class. We will also work together to annotate 
one element.  
 
k. Once potential internal elements are found, you need to look for Target 
Site Duplications. Again we will do this in class. 
 
After you have annotated your element you should draw a diagram showing 
where the internal elements and any TSDs. I did this in Google Docs. (Note 
this diagram is not complete.) 
 
>AY-S 
CTTGTTCGGTTTGAAGGGGTTTGAGGCCTTGTTCGTTTATGCCGGATTGGTGGGTCGGAA 
CGATTACTAACCGGATTGTTTCTCTAATTTATATAAACTTTGATTAGCTGAAACGATTCC 
GGGTGCAATCCGACAGAAAAGAACAAGGCCTAAGAGCCCGTTCGTATCGACCGGATTGGG 
CTGTTTCCAGGCTCCTTCCAGGTGGAATAAATTGGTCCGGTTTGGAATTCAGTTGGGGCC 
ATTTCAACCGTTCGTTTAGCTTTGAACCGGAAGCAAAACAGGTCTGGTTTAAACTTTCTC 
CTCCCTCCATGGCCCGGAACAAAGTCTTGTGTTGTCTCCTCTGGATAGAATCCTGGCTAT 
GGTAATACAAATTCACCAGGTTTGAGTGAACCAGCTGGATCCACTCTATTTGGGCCAGGA 
ATAAAAACAGGCCTGTTTTAAACCGTAACAAACGAACAGGCCCTAAGGGGGATTAGAGGG 
GATTAAATCCCCTCCTATTTAAATTTGTATAGAAGGGGATTGAATCCCCTTCAATCCCTC 
TCAATCCAGCCCTAACCGAACAAG 

 

 
 

g 
 

h 
 

i 
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4. Find related elements in the maize genome using TARGeT. You can use 
your new elements to find other related ones in the maize genome using the 
maize browser. The drawback is that the results are not organized in a way 
to easily see how related various elements are. A program called TARGeT 
was written to help find related sequences but also display the relationships 
using a phylogenetic tree. First we need to learn about phylogenetic trees. 
 
What are phylogenetic trees? 
Here we have a graphical representation of a phylogenetic tree. Notice the 
terms and what they refer to.  

 
 
 
 
 
Before you can interpret a tree you need to understand some terminology. 
The tips of a tree represent the sampled individuals. These units are called 

Figure 1. This figure shows a graphical representation of a 
phylogeny. The important features of the phylogenetic tree are 
labeled.  
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taxa (taxon = singular). We use the term taxa to refer to any level of 
organization or any named group of organisms. A taxon can represent all 
individuals in a defined species, a single individual, or a specific amino acid or 
nucleotide sequence. In a species tree these represent the living organisms 
that were sampled to reconstruct the phylogeny. In figure 1 our species are 
labeled taxa TA-TR. Other types of trees can be made using specific genes 
or gene families, or in our case these input taxa represent the TE sequences 
that are obtained from a database. The individual members of the tree are 
placed on horizontal lines called branches and branches intersect to form 
nodes. A node represents the common ancestor (in this case the last common 
sequence) shared by all members that branch from that node. In figure 1 
the nodes are labeled with orange dots. Ancestral node sequences are 
inferred based on the extant (existing) sequences. These nodes represent 
what the last common ancestor of that group ‘looked like’ to the best of our 
knowledge. We can infer the sequence of the nodes using the information we 
have from the tips. The ancestral sequence is a best guess based on the 
available data.   
 
When looking at a tree we are able to visualize the relatedness of the 
individual members that make it up. Individuals that are placed next to each 
other on the tree (they are connected by only one node) are called sister 
taxa. In our case the sister taxa on our transposon trees represent the 
sequences with the highest level of sequence identity (they are most similar 
to each other).  
 
All members that arise from the same node are said to be in a clade (also 
called lineages). If all members of a group occur in the same clade the group 
is said to be monophyletic. If all members of a defined group are not 
included in a single clade then the group is considered either polyphyletic or 
paraphyletic. Figure 2 shows us the distinction between these two states. In 
the polyphyletic situation all members of the group do not share a most 
recent common ancestor. In the paraphyletic case some but not all of the 
descendants from a most common recent ancestor are included in the group.    
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Figure 2. Monophyletic groups are highlighted in yellow, paraphyletic groups 
are highlighted in blue, and polyphyletic groups are highlighted in red. The 
tree of the vertebrates gives us an example of a monophyletic group-the 
sauropsids, a paraphyletic group-the reptiles, and a polyphyletic group-the 
warm-blooded animals. 
 
In some trees the actual length of the branches connecting the TEs (or 
species) represent the number of base pair changes over time. So, long 
branches represent many changes while short branches represent few 
changes. Branches where more then one tip emerges from one node, are 
called polytomies. If we find polytomies in our transposable element trees, 
we can assume that the elements placed in the polytomy were very recently 
active, as all of the sequences are virtually (or are exactly) identical. An 
example of this can be seen in a magnified section of a large tree of rice 
Pong elements. This example is presented below in Figure 3. In the case of 
the Ponga, Pongb, Pongc, Pongd, and Ponge clade the branches were too short 
to draw because these are virtually identical copies in the rice genome, and 
thus they are represented as a polytomy. We can use this information to 
design new experiments.  
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How are phylogenetic trees constructed? 
Generally, trees are constructed by identifying shared derived characters, 
also known as synapomorphies. These characters can be, morphological (e.g 
beak dimensions or the presence of a hinged jaw), developmental (e.g 
presence of a developmental stage such as gastrulation), or DNA or amino 
acid sequences. In our case we will use the transposase amino acid sequence 
as the basis for our comparisons.  

 
 

Figure 3. A clade that includes 
the elements most closely related 
to the Ping element in the rice 
genome. 

Figure 4. Sequence alignments show the relationships between the mammals. 
The nucleotide sequences alignment visually demonstrates nucleotide 
similarities and differences while also showing the presence of gaps in the 
sequences. The level of similarity between the sequences is used to 
reconstruct the phylogeny.  
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When reconstructing a phylogeny we first collect our data and assign 
similarity between the individuals based on how many characters differ 
between them. In our example we would place the specific sequence for each 
individual into a table, with each individuals sequence in a separate row. The 
nucleotides (or amino acids) in these rows are then aligned with one another 
such that each position in the alignment is counted as a character. Any 
deletions, insertions or base pair differences between the individual’s 
sequences are highlighted by the alignment. See Figure 4 above for an 
example of this process. Once the alignments are complete, all pair wise 
comparisons of the sequences are made. What this means is that each 
sequence is used as a starting point and is compared to all other sequences 
present in the alignment. The differences between the sequences (point 
mutations, deletions and insertions) are noted and the cumulative numbers of 
changes between sequences are used to generate a value describing how 
similar the sequences are to one another. From these comparisons a distance 
matrix is constructed. The more similar a sequence is to another sequence 
the lower the distance. A sequence compared to itself would have a distance 
of 0, as all the characters (nucleotides or amino acids) are the same. The 
more differences we see between any particular comparison, the higher the 
distance value. Once the distance matrix is generated based on all of the 
pair wise comparisons a tree can be drawn.  
 
Although this sounds simple, it is not. If we look at 2 taxa there is 1 possible 
tree, 3 taxa there are 3 possible trees, 4 taxa there are 15 possible trees, 5 
taxa there are 105 possible trees. Once we get up to even the modest 
number of 10 taxa there are 34,459,425 possible trees. If we want to look 
at 20 taxa there are 8,200,794,532,637,891,559,375 possible trees. Even 
with the best computers available we cannot efficiently investigate and 
evaluate the likelihood of all possible trees for any reasonable data set 
(more then 15 individuals/sequences in the study). Our distance matrix from 
our multiple alignments can rule out many of these possible trees as 
impossible given the data, but there are still many trees that ‘fit’ the data.  
 
In order to pick the best tree, programs use complex algorithms to find the 
tree(s) that require the fewest number of changes to explain each step in 
the tree. A tree with the least number of steps or changes needed to 
explain the relationships between the taxa is the most parsimonious tree. 
Parsimony simply defined just means ‘less is better’. In other words the path 
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that requires the fewest changes is the most likely answer. There are many 
different approaches to generate the best tree. The most common methods 
include: neighbor-joining, Bayesian, and maximum likelihood methods. If you 
are interested, we can go into more detail about the specifics of these 
methods.  
 
When looking at a tree you will notice that there are numbers on the 
branches, these represent what we call bootstrap values. This is a 
confidence level indicator of how probable that clade is based on the data 
available. If a clade has a bootstrap value of 100 we can be very confident 
that this relationship is accurately pictured in the tree. If the bootstrap 
value is 60 we have less confidence in this portion of the tree. The 
bootstrap value is analogous to a p-value or confidence interval in statistics. 
 
Bootstrap values are generated as follows. Let’s say that we have 100 
individuals in our data set. We first use all the samples to generate the best 
fit tree. Once we have the best fit tree we take a sub-set of the original 
data set, 50 individuals, and re-run the program generating a new tree. The 
new tree generated from the smaller sub-sample is compared to the original 
tree generated from all the data. The original tree is evaluated by counting 
the number of times the same groupings are generated in the sub-sampled 
data sets. If the same relationships are seen again and again then we have 
more confidence in their biological reality. A value of 100 indicates that the 
clade was generated every time the data was sampled. A value of 60 
indicates that that particular clade was found 60% of the time that the data 
was sampled.  With a bootstrap value of 60, we say that this clade would not 
be “well supported”. This process of sub-sampling is done over and over again 
using a different random set of 50 individuals each time. Typically 100 to 
200 bootstrap replicates are used to estimate tree reliability. The more 
often the same clades are constructed using different subsamples, the 
higher the bootstrap value, and the more confident we are that the 
relationships are represented accurately. As you might imagine, generating 
so many trees is an enormous task that would not be possible without 
computers. 
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Using TARGET to infer phylogenetic trees 
 
Now that you have an understanding of what a phylogenetic tree is you need 
to learn how to construct them. We will use the TARGET pipeline to 
construct trees. There are four steps to constructing a tree:  
 1. Obtain the sequences you want to compare. This is usually done with 

a BLAST search. 
 2. Reformat the Blast results into a machine friendly format called 

FASTA. Put together ‘split hits’ in the blast result. 
          3. Generate  a multiple alignment with the sequences. 
          4. Construct the tree. 
 
TARGET combines all of theses steps into one web page. TARGET really 
shines at step 2 and saves you hours of busy work. The whole process using 
TARGET requires 2-3 minutes. The results of each step are presented to 
you in a unified web page. 
 
1. Open the TARGET web page: 
http://TARGeT.iplantcollaborative.org/ 
 
2. Select the second link “TARGeT using blastn with DNA query.” 
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3. Select the “Zea mays pseudo” database and paste your query sequence 
into the “Query Sequences” text box. 
This database is the most recent version of the maize genome sequence. 

  
Scroll down for the Query input box. 

 
 
4. In the right-hand you should fill out the Run Name and Notes textboxes. 
This will help you document your trees later. 
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The other sections in this column allow you to modify the programs that 
perform each step of TARGeT. For now the defaults are fine. Later we will 
discuss when you need to modify these parameters. 
 
5. Click the Tree Button.                      
Your query will be submitted. Be patient it will take a couple of minutes. 
 
6. The results of the TARGeT run are organized in a set of tabs. Each step 
gets a tab. There is a fifth tab called Provenance. You can download the files 
generated by TARGeT on this tab. If you included a Run Name and Note you 
will also see them. 
 
8. You will find the BLAST results on the first tab.  
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9. PHI output tab. This tab shows the results after the Blast sequence is re-
formatted and introns (if present) are computationally ‘removed’. The left 
hand window shows the sequence identified by TARGET as significant 
matches to the query. The format of the sequence is called FASTA.  

 
 
10. Multiple Alignment tab. The multiple alignment program (called Muscle) 
uses the FASTA file generated by PHI. To see the alignment you need to 
click on the “Start Jalview” button. The alignment will open in a new window. 
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11. You will find the tree constructed from the multiple alignment on the 
tree tab. The tree was constructed with a program called TreeBest. 
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Annotating your MITE. 
 
Refer to pages 65-81 for using the maize genome browser. 
 
1. Find the genomic location of the MITE in the B73 genome using pages 65-
72. 
 
2. From the Contig view, find the location of the MITE. A good candidate for 
study will meet these criteria: 
 A. In an intron. 
 B. In a region with no other TEs. 
 C. Strong EST evidence for flanking exons. 
 D. Intron not too big (1000 bp or less). 
 
3. To learn more about the gene, click on the green or blue gene model to get 
a contextual menu. In that menu, APPLE + click on Gene: GRMZMXXXXXXX

 
 
4. A new page will open with information about the gene. Read through this 
page.  
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5. Get Exon Locations. In the Gene View, click on “Exon Information” to find 
the coordinates of the exons. 

 
 
Your gene may be on the top strand or the bottom strand. In this case the 
gene is on the bottom strand as indicated by the -1 in the “Strand” column. 
In this case the first exon of the gene will be the one with the highest 
number. Sketch out your gene and label the locations of each of the exons.  

 
 
Also include the location of the MITE. 
 
 
 
 
 

111,258 

109,651 

110,206 

109,910 

109,215  110,261 

TE 
TE 
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For your notes you should have: 
 a. The gene name. 
 b. The location of the MITE. 
 c. The sketch of the gene showing exon locations and the MITE 
location. 
 d. A summary about the gene function from the Gene View page. 
 e. Anything else you think is relevant for studying this MITE. 
 
 
6. Following the instructions on page 73 get the sequence surrounding the 
MITE. In this case be sure to enter a number for the flanking nucleotides 
that will include the exons that flank the MITE. For this example I should 
ask for 1000 on each side. For a smaller intron, you may not need that much 
sequence. 
 
If your gene is on the bottom strand you need to make one change. Select 
“Forward relative to coordinate system” in the Orientation drop-down menu. 
 

 
 
7. Make a sketch of just the exon-intron-exon group with your MITE.  
 
 
 

1001  1260 436 1  1353  1409 
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>Genomic +- 1000 
ATAAATCTCCTTTAATTTTTCTTCCACCAAACCAGCCCCTGAGTACGATGGACACTGGCT 

CCCATACGGTGAACATACCCAAAACAAATGACGATGTCCCAATGTTATGTCGAAATGCCC 

AGAAAGGCTGAAAGCAATCAATTCAAGGAAAGCCTAGGCACTTAAAAAAATGACGTGCGG 

CGTTACTGTGAGTTCCCACAAGGATAAAAAAACGCCGTCATGTAACGAACGACCAAAAAC 

AAAAGGCTGTCATGTAAAAATAATCAAACTTCTTTACAAGACTATGGAATCCCTTGCTCT 

GAATCATGTCGCTAATAAGGCAGCACAGCCCCATCTTATGCGTGAGTGTGTACGAACAGC 

AGCAACATCGATTCGCCCAAAAACTTGGGGGTTTGCATCATCTTCCTTTTGATACATACA 

AATCACAGTGACTTTGCGTGTCGAATGAAGATTTGGAATTAAGGTACACGGCAGGCTTGC 

TATGTGCATAGAGGAGAGGGTTGTAAACTGATCTTATGCATTTTTTAGAGCAGCCAGTCT 

CTTCTCTAGTTCCTCCAACTCCGAACTGCAGATGAGAGAAGCAAAGCATTTACTTTTATT 

TTAACCCAAAGGGACCACAATTTTCAGTAATGTGGCAAGGGTGCTGGCCTTCGCTAGCAG 

CAATTCATGTTTGTACGCAGCGAGGAATCGTTGGTATACAGCTTGTATGTATGCTTAGTC 

TAGTCTTATTATTAGTTAGAAGTACAAAGAATCATTAAAATATAGAAAACCAATGGTAAG 

GTAATCAGATGCATAAAAACGACATAGAAACGTTTGCAAGCTGTCATTTTTGTGCGTGAA 

AGTTGCCTAGATATCTCAGCACGTCACCAGTAATGCTCGAAAGTCAATACAAGTAAAGAA 

TGTTAAACCCTATACCAGACCCGTGCTTGCTATTTCCAAGAAATGCAGACAACAGCTGTG 

TTTCTTCCAAACCATTCCAAACTGTCTCAGATGAAAGCTACTCCCTACGGTTTCCTATTA 

GTTGTCGTTTAGGACAACGACACGGTCTCCAAAATATAACTTTGACCAATGTTTTTTTGT 

TAAAATACAAATGAACTCTTAATACATTTATACTTTTATAAAAGTACTTTTTATGACAAA 

TTGGTGCATATAAATATTAGGTTCCAAAACTAAATAACAAAATAGTTATTTGTAGTCAAA 

ATTTTATAAGTTTGACTCGAACCTTATCCAAAACGACAACTAATAGGAAACCGGAGGGAG 

TAAGCAATCAAAGCAATAGCCGTGTGACTAATTAATCTAATTTTGGGCATCCAACGGTTT 

CGCACAAACTGGGCAACTCACTGTTGAACACCCCTAAATACAGGGGATAGAGCCTTAGAA 

CTATCTTAGTTATTTCAGTAAACCTAAAAAATAAGTCAGGGAGCTTAAATTGTTATCCTG 

TCCTTTTGGTACTGATTTCAGGTGGAAACAATAATACAGCAACCATATGACTGAGAGGAT 

GGAAGTTGAACAACAATAAACAATGGTAGAATTGCCGGTGAAGTATAGAGCAAACCTTCC 

ATCAACCTGAACCTTCTTCCCAGCAATTTTTCCTTTGGGAGCCGAGGACAACTACAAGGG 

GAAAGATGAAAAAGGTTTATATTAAAGGAATATATTATGGAATACAAGAATCAGCATCGT 

CAACTACCTGTGATGCAATGTCTACACCAATCTCATCCAGAACCTAAAAGACAATGGCAA 

GAAACAGAATGAATAATCAAAAGCAAAGTGCGGGGCTTATGGAAGAACAATGGAAATAAA 

AACAGTGACTGACCTGATTAGCAAGTTCTTCAGTTTCTTCCTCGGCCTGGTCATCGTCTA 

AGACATCATCGATTGAATCAGACATCATCTCATTCTGCACAATGCATAAGATTAATCAGA 

ACCCTCACATGCATCATTTATATATTAATGCGTAAGCACACACCACATTCATAAGAACTT 

CCCTAGAACAACAAAAGATAAAAACATCTATAATTGCAAGAAATCATTCTGCTAAGCTTT 

GGAGAAGTTTGCATACTGTCATATCCATTTGTGCTGACTGCTTTTGGAATTCTTGCATTA 

TTTTCATCTGCTTGGTAGGTTCCATTTGCTGCAAAATAGATAAGTACACATTCAATAAAA 

CATATGTTTTAGGGGGGAAACACATGTTTGATTATTAAAAAAATGTACTCTGAGTAATAG 
AAGTTACAAGTTATATACACCCTGTTAGTTCCTGCATAAA 
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8. Refer to pages 78-81 to pick primers with the following modifications: 
 a. The Targets should be the end number of the left exon and the 
second number should be the length of the intron, so I used 463, 917. 
 b. Change the Product size ranges to a range that will fit your intron. 
I needed 750-1000. 
 
9. Before you order your primers, draw them on your sketch to make sure 
they are in the correct place. 
 
 
 
 
 
 
 
In your notes you should include the new sketch and screen shot of your 
primer results. 
 
 
 
Fill out the form on the Data web page to order your primers.  

1260 436 1  1353  1409 1001 

380‐400  1376‐1393 


