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Introduction 
Transposable elements (TEs) are DNA repetitive fragments with the ability to move along the 

genome [1, 2]. TEs are virtually present in all eukaryotic and in almost all prokaryotic genomes, and 

they usually represent a considerable fraction of the genome, although their abundance is highly 

variable from one species to another: from less than 1% in some yeasts to more than 85% in some 

plants [3–5]. Because of their mobile and repetitive nature, TEs constitute a relevant source of 

mutations that have been suggested to play an important role in gene regulation and genome 

evolution [6]. Mutations caused by TEs can have no negative consequences on the organism ‒for 

example, when they are inserted in an intergenic region without disrupting any genic or regulatory 

sequence‒, but others can have important consequences, even causing diseases such as hemophilia 

A in humans [7]. The deficiency of the clotting Factor VIII (F8) that characterizes hemophilia A, can 
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be caused by the insertion of a TE in the gene producing the factor F8, disrupting its function. 

However, TE insertions can also be relevant for adaptation, and in fact, there is growing evidence 

demonstrating how TEs can be involved in the capacity of organisms to cope with environmental 

stress [8–13]. The textbook example of evolution by natural selection of the industrial melanism in 

the peppered moth was discovered to be, indeed, caused by a TE [14]. The insertion of a TE within 

the cortex gene leads to its overexpression, causing the overproduction of melanin and conferring 

the moths the dark coloration that allowed them to camouflage in soot-darkened trees during the 

Industrial Revolution. Another example of an adaptive TE insertion can be found in the fruit fly 

Drosophila melanogaster, where a TE insertion, named FBti0019386, near an immune-related gene 

confers protection against the bacterial pathogen Pseudomonas entomophila [15]. This TE contains 

a regulatory region that is activated during bacterial infection and induces the expression of its 

nearby immune-response gene. Therefore, TEs provide, through different mechanisms, the raw 

material on which natural selection can act. However, despite their relevance, they have been 

systematically understudied due to methodological limitations regarding their detection and 

annotation [16]. The availability of whole-genome sequences and recent advances in sequencing 

technologies (mainly long-read sequencing techniques) allows a better annotation of TE insertions 

[16]. In D. melanogaster, TEs have been annotated in silico in different natural populations [16, 17]. 

Experimental validation helps confirm whether a TE is present, absent or polymorphic in a specific 

population before further analyzing that particular TE insertion. 

 

To experimentally validate in silico annotated TE insertions, we launched the citizen science activity 

Citizen Fly Lab, which is part of the international citizen science project Melanogaster: Catch the Fly! 

The Citizen Fly Lab activity involves high-school students and teachers in the validation of TEs using 

the polymerase chain reaction (PCR). This technique allows making numerous copies of a specific 

region of the genome in vitro. Even though it was described in the 1980s [18], and it is universally 

used as the reference method for DNA amplification [19], it has recently become more relevant for 

citizens because it is one of the diagnostic techniques for COVID-19 [20]. Basically, in the PCR 

method, a pair of short sequences of DNA ‒called primers‒ are designed to hybridize in a specific 

region of the DNA that will be amplified for its posterior evaluation.  

 

Here, we describe the specific steps for TE experimental validation by PCR in natural populations of 

D. melanogaster. For that, we will use the FBti0019386 TE insertion to exemplify the whole process. 

This TE was detected and annotated in the D. melanogaster reference genome, called ISO-1, and it 

is available at the FlyBase database [21]. Until recently, the ISO-1 was the only reference genome 
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available for D. melanogaster. However, a new genome browser containing additional 51 high-

quality reference genomes together with high-quality de novo annotation of TE insertions is now 

available: DrosOmics (http://gonzalezlab.eu/drosomics) [16, 22–24]. Briefly, the procedures detailed 

in this protocol are: primer design, genomic DNA extraction, PCR reaction, electrophoresis, and 

interpretation of the results, including a troubleshooting section to help solve the most common 

problems when carrying out a PCR. 

 

The Citizen Fly Lab activity, and this protocol, represent a valuable opportunity for high school 

students and teachers to experience a practical approach to the research process of an ongoing 

cutting-edge scientific project, from a very dynamic and participative perspective. This particular 

implication in which participants are directly involved in different stages of the scientific process, 

allows young people to internalize especially complex concepts of the life sciences, relevant to their 

daily lives, at the same time that they contribute to expedite the scientific process, and to advance 

science. The Citizen Fly Lab activity could be a powerful resource to engage society and especially 

young people in collaborative and international scientific efforts, and to empower school teachers 

to promote STEAM careers with especial interest in girls through formal education and citizen 

science. If your school wants to join the Citizen Fly Lab activity, please contact the corresponding 

author. 

 

Materials 

Reagents 

• Primers (Custom DNA Oligos) 

• Agarose  

• SYBR Safe DNA Gel Stain 

• DNA Ladder (1 kb) 

• DNase/RNase-Free Distilled Water 

• Proteinase K 

• DreamTaq Green PCR Master Mix (2X) 

 

Buffers 

• Squashing buffer: 10 mM Tris-HCl (pH 8.2), 1 mM EDTA, 25 mM NaCl. Weight 15.75 mg 

Tris-HCl, 3.72 mg EDTA, and 14.61 mg NaCl; and dissolve it in 9 mL distilled water. Adjust 

volume to 10 mL. Store at room temperature.  
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• TBE buffer 1X: 0.13 M Tris base, 45mM Boric acid, 2.5 mM EDTA (pH 8.0). Weight 10.8 g 

Tris base and 5.5 g Boric acid and dissolve it in 900 mL distilled water. Add 4 mL of 0.5M 

EDTA (pH 8.0). Adjust volume to 1L. Store at room temperature. 

 

Equipment 

• 10 Drosophila melanogaster flies 

• 1.5 mL microcentrifuge tubes 

• 0.2 mL microcentrifuge tubes 

• Pipette tips 

• Erlenmeyer flask 

• Beaker 

• 100 mL test tube 

• Gloves 

• Ice bucket 

• Thermocycler 

• Electrophoresis chamber 

• Electrophoresis power supply 

• Microcentrifuge, fixed speed 

• Transilluminator 

• Set of three adjustable-volume micropipettes: 100-1000 µl, 20-200 µl, and 2-20 µl 

• Microwave 

• Fridge / freezer 

• Thermoblock (optional) 

 

Methods 

1. Primer design  

Timing: 30 minutes 

Design two primer pairs to experimentally validate by PCR the presence and/or absence of the 

selected TE insertion (Figure 1). We will exemplify the process using the FBti0019386 TE insertion, 

a TE that is 346 bp long. The first pair of primers will assay the presence of the TE insertion and 

consists of a “Left” (L) primer, which binds the TE sequence, and a “Right” (R) primer that binds the 

right flanking region of the insertion. With this primer pair, we expect a band only when the TE is 

present (Figure 1A). On the other hand, the other primer pair will assay for the absence of the TE 
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insertion and consists of a “Flanking” (FL) primer which binds the left flanking region of the TE and 

the R primer mentioned above. In this case, the absence of a TE insertion should give a band. If the 

TE insertion we are trying to validate is small (<800 bp approximately), the FL and R primers could 

give a longer band indicating the presence of the insertion (Figure 1B). However, we assume that 

this longer band is unlikely to be amplified if the TE sequence is >800 bp.  

 

 
Figure 1 – Schematic representation of the FBti0019386 TE insertion and the primers to experimentally validate its 

presence and/or absence. A) Region spanned by the “Left” (L) and “Right” (R) primer pair in flies with the FBti0019386 

insertion (left panel). No band is expected in flies without the insertion (right panel). B) Region spanned by the “Flanking” (FL) 

and “Right” (R) primer pair in flies with the FBti0019386 insertion (left panel) and without the insertion (right panel). *This band 

is unlikely to be amplified for TEs whose length is >800 bp. 

 

1.1. Get the nucleotide sequence of the region where the TE is annotated  

We are going to use the DrosOmics genome browser (http://gonzalezlab.eu/drosomics) [24] to get 

the nucleotide sequence of the region where the TE under study is inserted in the reference D. 

melanogaster genome. In the DrosOmics browser, the identification name of each TE can be 

encoded in three ways: (1) “FBti” (from FlyBase transposable insertion) followed by a seven-digit 

number (e.g.: FBti0019386), which identifies TEs annotated in the D. melanogaster reference 

genome available also at FlyBase [21]; (2) “ISO-1” followed by a digit and the TE family (e.g.: 

ISO1_36_INE-1) identifies TEs that have been discovered de novo in the reference genome (called 

ISO-1); and (3), a coordinate, indicating the region where the TE was discovered, and the TE family 

name (e.g.: 2R_14873922_14873929_roo), which identifies TE insertions discovered de novo in non-

reference genomes. The following step-by-step guide shows how to use the browser DrosOmics to 

obtain the nucleotide sequence of the region where the FBti0019386 TE is inserted from the D. 

melanogaster reference genome (ISO-1; [24]). 
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1. Access the DrosOmics browser (http://gonzalezlab.eu/drosomics) and close the views of the 

two D. melanogaster genomes that are displayed by default (Figure 2A, the two vertical red 

arrows point the "×" to close them). 

2. Open the genome where the TE is predicted to be inserted by going to the main menu and 

clicking in "Add > Linear genome view" (Figure 2B, step 1). A new window will appear with 

a drop-down menu displaying all available genomes in the browser. Following the example, 

we open the D. melanogaster reference genome by selecting “D. melanogaster (ISO-1)” 

under "Assembly" and clicking the "open" button (Figure 2B, steps 2 and 3). 

3. Activate the TE track. Click the "Open track selector" button and a track selector panel will 

be displayed on the right, showing all the available tracks that can be activated (Figure 2C, 

step 1). Activate the "TE annotations" track under the "Genome annotations" category 

(Figure 2C, step 2). Following the example, we click on "TE annotations (ISO-1)". 

4. Find the TE in the genome. Introduce the name of the TE under study in the search box 

(Figure 2D). The genomic coordinates of the insertion will appear on the search box, as well 

as in the right panel when clicking on the TE insertion (Figure 2E). In the example, for the 

FBti0019386 TE, its sequence comprises the nucleotides 16,189,464-16,189,810 of 

chromosome arm 3R of the reference genome (Figure 2E). 

5. Download the DNA sequence of the region where the TE is annotated in FASTA format 

adding 500 bp to each flanking region. Introduce the new coordinates in the search box 

(Figure 3A). Following this example, the new coordinates are 3R:16,188,964-16,190,310. To 

obtain the sequence, you have to click-and-drag the overview scale bar of the whole display 

(Figure 3B, from position 1 to 2), and a new menu will appear that will allow you to get the 

selected sequence in FASTA format ("Get sequence"). Check that the starting and ending 

coordinates correspond to the region that you want to download. Finally, copy the 

nucleotide sequence obtained (Figure 3C).  

 

1.2. Obtain the primer sequences from the sequence region of the TE  

There are many available online tools that allow you to easily design primer pairs to amplify a specific 

DNA region. In this protocol, we use the primer-BLAST online tool 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast; [25]). 

1. In the primer-BLAST webpage, paste the nucleotide sequence obtained in the previous step 

inside the “PCR Template” box (Figure 4A). Delimit the region where the primers should be 

designed in the “Range” box (Figure 4B). We will start creating the FL-R primer pair that 

assays for the absence of the TE insertion. For the FL-R pair, primers should be designed in 
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Figure 2 – Genomic coordinates of the region where the TE is annotated in the DrosOmics browser. Screenshot of the 

DrosOmics browser (http://gonzalezlab.eu/drosomics) [24]. A) Default view of the DrosOmics browser displaying two 

genomes. The two vertical red arrows point to the “×” to close them. B) The three steps to open a new genome. C) The two 

steps to open a track from the track selector. D) Using the search box to look for a TE. E) View of the selected TE, highlighting 

its coordinates. 
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Figure 3 – Nucleotide sequence of the region where the TE is annotated in the DrosOmics browser. Screenshot of the 

DrosOmics browser (http://gonzalezlab.eu/drosomics) [24]. A) View of the TE region after updating the coordinates to include 

±500 bp to the TE flanking regions. B) Selecting a genome region: click-and-drag the scale bar to select a region, from 

position 1 to 2. Check that the starting and ending coordinates correspond to the region that you want to obtain. C) Obtaining 

the DNA sequence in FASTA format. 

 

the first and last 250 bp of the TE flanking regions, respectively, to get a visible band if theTE 

is not present (Figure 1B). Hence, the nucleotide range for the “Forward” (FL) primer should 

be 1-250, while the range for the “Reverse” (R) primer should be the last 250 nucleotides of 

the pasted sequence. 

Note: increase the value of the “Max PCR product size” if the sequence pasted exceeds 1000 

bp (Figure 4C). 

2. Click the “Get primers” button at the end of the webpage. Choose any of the primer pairs 

obtained with a product length >500 bp. In our example, FL primer will be 5’-

CGCACAACACAATGTCCTGG-3’ and R primer will be 5’-GGAATCAATCACATCAACCCGT-

3’ spanning 1165 bp if the TE is present. Since the length of the TE is 346 bp, FL-R primer 

will be spanning 817 bp if the TE is absent (Figures 1B and 5).  
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Figure 4 – Introduction of the nucleotide sequence in the primer design online tool to design the FL-R primer pair. 

Screenshot of the primer-BLAST webpage (https://www.ncbi.nlm.nih.gov/tools/primer-blast). A) “PCR template” box where 

the nucleotide sequence of the TE and 500 bp of each flanking region must be introduced. B) “Range” box to delimit the 

region where the primers should be designed. C) “Maximum PCR product size” box. If the sequence pasted exceeds 1000 

(the default value), increase its value as in the figure. 

 

 

Figure 5 – FL-R primers. Screenshot of the primer-BLAST webpage (https://www.ncbi.nlm.nih.gov/tools/primer-blast). List of 

primer pairs obtained, highlighting the ones that will be further used. 

 

3. Next, we will design the pair of primers that assay the presence of the TE: the L-R primer pair. 

The L primer should be designed within the last 300 bp of the TE sequence. Hence, keeping 

the same nucleotide sequence pasted in the “PCR Template” box, the nucleotide range for 
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the L primer should be considered depending on the TE size. In our example, the TE length 

is 346 bp, so the L primer range is 546-846. Since the R primer is already designed, paste its 

sequence in the “Use my own reverse primer (5'->3' on minus strand)” (Figure 6).  

 

 

Figure 6 – Introduction of the nucleotide sequence in the primer design online tool to design the L-R primer pair. 

Screenshot of the primer-BLAST webpage (https://www.ncbi.nlm.nih.gov/tools/primer-blast). A) Range box to delimit the 

region where the L primers should be designed. B) “Use my own reverse primer” box where the sequence of the R primer 

must be introduced. 

 

4. Click the “Get primers” button at the end of the webpage. Choose any of the primer pairs 

obtained. In our example, the L primer will be 5’- ATTTTGTACGTCAGCGCAGC-3’, and the 

L-R primer pair will span 703 bp (Figure 1). 

 

1.3. Positive control 

Positive controls are used to technically validate an experiment, i.e., to confirm that all the technical 

steps of the experiment were correctly performed. Our PCR positive control will amplify a region of 

the genome that is always present in all fly populations (for instance, a housekeeping gene). In our 

case, the positive control primers amplify the Actin5C gene (Act5C), a gene involved in various types 

of cell motility and ubiquitously expressed in all eukaryotic cells. To amplify this gene, the following 

primer pair is needed: the forward primer 5′-GCGCGGTTACTCTTTCACCA-3′ and the reverse primer 

5′-ATTCCCAAGAACGAGGGCTG-3′.  

The expected band size obtained after the PCR reaction is 222 bp. 

 



 11 

1.4. Buy primers 

Primers can be obtained from different companies (Merck, IGT, …). To buy primers from Merck, 

paste the sequence of your primers, chose a name for each one, and specify the synthesis scale to 

0.025 µmol in the following webpage: 

https://www.sigmaaldrich.com/configurators/tube?product=standard 

You can add as many primers as you need to your shopping cart. 

Note: your organization does not need to have an account to order, but you need to be registered 

to place an order through the Merck website. 

Go to the “Login/Sign Up” tab on the site header and create your profile. It will give you the option 

to affiliate your profile with your organization’s account. If your organization does not have an 

existing account, you will need to select “Continue Registration” and complete that process. After 

which, you can submit an order request. 

 

2. Genomic DNA extraction  

Timing: 1 hour 

In this step, you will extract genomic DNA from a pool of 10 D. melanogaster flies from a single strain. 

Work with gloves. 

1. Anesthetize 10 flies using a CO2 pad or ice and put them in an empty labeled 1.5 mL 

microcentrifuge tube. Flies can be anesthetized covering completely the tube containing 

them in ice until they do not move.  

2. Add 10 µl of squashing mix (1% proteinase K in squashing buffer) in the 1.5 mL 

microcentrifuge tube containing the 10 individuals of D. melanogaster.  

Note: keep proteinase K on ice while it is out of the freezer. Vortex the proteinase K before 

adding it to the squashing mix. Keep the squashing mix at room temperature during the 

procedure and vortex it before use. 

3. Homogenize the samples with a homogenizer or a pipette tip at room temperature until no 

fly body parts are visible. 

Note: This step is crucial for the success of the DNA extraction. Make sure no fly body parts 

are visible.  

4. Add an additional 90 µl of squashing buffer and mix gently. Make sure the tube is properly 

closed.  

5. Incubate the tube at 37ºC for 30 minutes in a thermoblock or in a thermocycler to lyse the 

cells and digest the proteins attached to the DNA. 
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6. Incubate the tube at 96ºC for 2 minutes to denaturalize the proteinase K and thus stop the 

digestion reaction. 

7. Spin the tubes in a centrifuge. 

8. The genomic DNA is ready. Use immediately in a PCR reaction or store it at -20ºC until further 

use.  

 

3. PCR reaction 

(Timing: 2.5 hours approximately - depending on the PCR program) 

In this step, you will prepare the PCR reactions. You will have to thaw all the reagents needed to 

prepare the PCR reactions and the genomic DNA prepared in the previous step. Work on ice and 

use gloves. 

1. Prepare three reaction mixes using the reagent volumes described in the tables (Tables 1-

3). In our example, they will be named as “FBti0019386 FL-R”, “FBti0019386 L-R”, and “MIX 

C+”. Prepare enough mix for all the DNA samples you are analyzing adding an extra volume 

(usually for one extra reaction), so that all the tubes can be filled properly. In this way, (slight) 

pipetting inaccuracies can be compensated.  

Note: “DreamTaq Green PCR Master Mix (2X)” is a ready-to-use solution containing the DNA 

polymerase, an optimized buffer with MgCl2, deoxynucleotides (dNTP), and loading dye for 

the electrophoresis step. This pre-mixed formulation saves time and reduces contamination 

due to a reduced number of pipetting steps required for PCR set up. It is capable of robust 

amplification up to 6 kb from genomic DNA. 

Note: remember that FL, L, and R primers are specific for each TE insertion. In case you are 

validating more than one TE insertion, prepare as many different FL-R and L-R mixes as TEs 

you want to validate labeling them properly so as not to confuse them. 

 

Table 1 – PCR reaction mix for the amplification of FBti0019386 FL-R 

FBti0019386 FL-R MIX 
Reagent 

 
Volume for 1 reaction 

DreamTaq PCR master mix (2X) 4 µl 

FL primer (10 pmol/µl) 0.5 µl 

R primer (10 pmol/µl) 0.5 µl 

H2O 13 µl 
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Table 2 – PCR reaction mix for the amplification of FBti0019386 L-R 

FBti0019386 L-R MIX 
Reagent 

 
Volume for 1 reaction 

DreamTaq PCR master mix (2X) 4 µl 

L primer (10 pmol/µl) 0.5 µl 

R primer (10 pmol/µl) 0.5 µl 

H2O 13 µl 

 
Table 3 – PCR reaction mix for the amplification of the positive control (C+) 

MIX C+ 
Reagent 

 
Volume for 1 reaction 

DreamTaq PCR master mix (2X) 4 µl 

F primer Act5C (10 pmol/µl) 0.5 µl 

R primer Act5C (10 pmol/µl) 0.5 µl 

H2O 13 µl  

 

2. Prepare a 1/10 dilution of the genomic DNA extracted in the previous step.  

Note: the 1/10 dilution can be prepared by adding 2 µl of DNA to 18 µl distilled water in a 

1.5 mL microcentrifuge tube. 

3. For every TE and strain, label five 0.2 mL microcentrifuge tubes to prepare the following PCR 

reaction samples: 

4. Sample FL-R: PCR reaction containing the previously extracted DNA and FL-R mix.  

5. Sample FL-R C-: PCR reaction without DNA as a negative control and FL-R mix. No PCR bands 

are expected with this sample.  

6. Sample L-R: PCR reaction containing the previously extracted DNA and L-R mix.  

7. Sample L-R C-: PCR reaction without DNA and L-R mix. This is the PCR negative control: no 

PCR bands are expected with this sample. 

8. Sample C+: PCR reaction containing the previously extracted DNA and the mix C+ 

containing the Actin5C primers. This is the PCR positive control: a 222 bp band is expected.  

9. Add 18 µl of each mix into the corresponding 0.2 mL microcentrifuge tubes. 

10. Add 2 µl of the diluted DNA into the 0.2 mL microcentrifuge tubes previously filled with mix. 

Note: remember not to put DNA in the negative control (C-) samples. 

11. Spin the samples in the centrifuge. 

12. Put the samples in the thermocycler ensuring that all the tubes are properly closed. PCR 

cycling conditions can be found in Table 4. 
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Table 4 – PCR cycling conditions 

Steps Temperature Time Cycles 

Initial denaturation 94°C 120 sec 1 

Denaturation 94°C 30 sec 

 
30 cycles Annealing 57°C* 30 sec 

Extension 72°C 90 sec** 

Final extension 72°C 1 min 1 

Hold 4°C-15ºC forever 
 

*The annealing temperature is the temperature at which the primers bind to the complementary template region. We 

recommend using an annealing temperature of 57ºC. Increasing the annealing temperature may help get rid of unspecific 

band amplifications (see Table 5 for Troubleshooting).  

**Set the extension time depending on the maximum amplification size expected and considering that usually PCR 

polymerases expand 1 kb in 1 minute. So, taking the validation of FBti0019386 as an example, the biggest band expected 

would be 1165 bp. Thus, the extension time is 1.5 minutes. 

 

13. Run the PCR program. 

14. When the PCR program finishes, proceed with the electrophoresis step or store the samples 

at -20ºC until further use.  

 

4. Electrophoresis 

(Timing: 1 hour) 

In this step, you will cast a 1% agarose gel, load the gel with DNA samples and ladder, and separate 

them using gel electrophoresis. You will need to have your PCR samples prepared and ready to load 

into the gel. 

1. Prepare the gel tray for casting. Place a comb in the gel tray.  

Note: consider the number of wells that you need to fill when installing the comb.  

2. Prepare enough volume of a 1% agarose gel to fill your tray in an Erlenmeyer flask that can 

hold 2-4 times the volume to be prepared.  

Note: 1% refers to the percentage of agarose in the volume of buffer. The gel percentage is 

calculated as (grams of agarose / milliliters of buffer) × 100%. For instance, for a total volume 

of 50 mL, add 5 mg of agarose to 50 mL 1X TBE buffer. The standard percentage of agarose 

for a gel is usually about 1-2%. The percentage of agarose that is appropriate depends on 
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the size of DNA fragments you are expecting to separate. The percentage of agarose 

determines how well the DNA separates, and the resolution of the final gel.  

3. Heat the flask in the microwave for 60 seconds. If the agarose is not completely dissolved, 

return the flask to the microwave and continue heating in 30-second intervals until the 

agarose is in solution. 

4. Remove the flask from the microwave with a heat-resistant glove and swirl it very gently. 

Note: The microwaved solution can become superheated and foam over quickly when 

agitated. Wear appropriate protection and use caution.  

5. Wait 2-5 minutes until the solution starts to cool down.  

6. Add SYBR Safe DNA Gel Stain to the solution and mix by swirling the flask. SYBR Safe DNA 

Gel Stain provides highly sensitive staining for the visualization of DNA on agarose gels. It 

has been specifically formulated as a less hazardous alternative to ethidium bromide that 

can use UV or blue light excitation. For a total volume of 50 mL agarose solution, add 1 µl 

SYBR Safe DNA Gel Stain to the solution. 

7. Pour the solution with the gel stain slowly into the gel tray and check for leakages. 

8. Wait about 20-30 minutes for the gel to solidify at room temperature. Once the gel has 

solidified, remove the comb carefully. Make sure not to pierce the gel. 

9. Pour TBE 1X over the gel until the gel is fully covered. The buffer should reach about 2-3 mm 

above the gel. 

10. Load 10 µl of your sample into the gel. Repeat this for each sample, taking care to use a new 

pipette tip each time.  

Note: For each of your samples, you should have a note recording which well it has been 

loaded into. 

11. Load 5 µl of the DNA ladder into the gel. 

12. Connect the gel tray to the power and run it for 30-40 minutes at a maximum voltage of 120V 

to separate the DNA fragments.  

13. Once your run is complete, disconnect the gel tray. Open the lid and discard the buffer. You 

can dispose of it in the sink. Your gel is now ready for visualization via transillumination. 

14. Visualize the gel in a transilluminator.  

15. Take a picture of the results.  

16. Discard the agarose gel in a bin for agarose residues and clean the electrophoresis tray and 

the comb with distilled water.  
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Results interpretation and expected outcomes 

In this section, we mention the steps for a correct interpretation of the results and we briefly describe 

the different results that can be obtained. 

1. Check the DNA ladder. All the DNA bands from the ladder must be correctly separated to 

ensure that there were no problems during the electrophoresis step. 

2. Check the control samples (C- and C+). Negative control samples are not expected to give 

any band, while positive control samples are expected to give a single band of 222 bp. No 

further conclusions can be obtained if control samples do not give the expected results (see 

Table 5 for Troubleshooting). 

3. Check the other samples (FL-R and L-R). Different results can be obtained: 

a) FL-R band and L-R band of the size expected if the TE insertion is present. In that case, 

the presence of the TE insertion has been validated in the tested strain (Figure 7A). 

b) No FL-R band and L-R band of the size expected if the TE insertion is present. In that 

case, the presence of the TE insertion has been validated in the tested strain (Figure 7B). 

c) FL-R band of the size expected if the TE insertion is absent and no L-R band. In that case, 

the TE insertion is not present in the tested strain (Figure 7C).  

d) Two FL-R bands, one of the size expected if the TE insertion is present and another one 

of the size expected if the TE insertion is absent, and L-R band of the size expected if the 

TE insertion is present. In that case, the presence of the TE insertion has been validated 

in the tested strain, although it is polymorphic (some alleles have the insertion and others 

do not) (Figure 7D).  

e) FL-R band of the size expected if the TE insertion is absent, and L-R band of the size 

expected if the TE insertion is present. In that case, the presence of the TE insertion has 

been validated in the tested strain, although it is polymorphic (Figure 7E).  

f) No FL-R or L-R band. No results have been obtained (see Table 5 for Troubleshooting) 

(Figure 7F).  

g) Presence of non-expected bands (see Table 5 for Troubleshooting).  
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Figure 7 – Possible results that can be obtained from the PCR. Note that the band sizes resulting from FL-R and L-R pairs 

correspond to the FBti0019386 example. A) The TE insertion is present in the tested strain: FL-R band and L-R band of the 

expected sizes (1165 and 703 bp, respectively, Figure 1). B) The TE insertion is present in the tested strain: L-R band of the 

expected size (703 bp, Figure 1). C) The TE insertion is absent in the tested strain: FL-R band of the expected size if the TE 

insertion is absent (817 bp), and no L-R band (Figure 1). D) The TE insertion is present and it is polymorphic in the tested 

strain: two FL-R bands, one of the size expected if the TE insertion is present (1165 bp) and another one of the size expected 

if the TE insertion is absent (817 bp), and L-R band of the size expected if the TE insertion is present (703 bp) (Figure 1). E) 

The TE insertion is present and it is polymorphic in the tested strain: FL-R band of the expected size if the TE insertion is absent 

(817 bp), and L-R band of the size expected if the TE insertion is present (703 bp). F) Inconclusive PCR, control samples show 

the expected results but no FL-R nor L-R bands (see Table 5 for Troubleshooting). 
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Troubleshooting 
Table 5 – Troubleshooting 

Problem Possible cause Solution 

No bands on gel Insufficient template 

or too much 

template was added 

Titrate the amount of template required for your system. 

Primer 

concentration was 

too low or was 

unbalanced 

Make sure primer concentration is within the desirable 

range and that concentration of both PCR primers is the 

same. 

Contamination with 

nucleases 

Repeat the DNA extraction. Be sure to follow precautions 

against contamination.  

Reagents were not 

thawed properly 

before use 

Thaw and thoroughly mix all reagents before setting up 

reactions. 

Primer annealing 

temperature was too 

high 

Decrease annealing temperature in 2 °C increments. 

Extension time was 

too short 

Increase extension times. This can be especially 

important for long PCR required for the validation of long 

TE insertions.  

Thermal cycler was 

not at correct 

temperature 

Repair/calibrate the thermal cycler or use a different 

machine. 
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Problem Possible cause Solution 

Electrophoresis not 

working properly 

Make sure that the agarose gel was correctly prepared 

and that the electrophoresis is working at the correct 

voltage. 

Extra, 

nonspecific 

bands on gel 

Primers hybridized 

to a secondary site 

on the DNA 

template 

Increase the annealing temperature by increments of 

2°C. Design new primers that are less specific for the 

secondary site.  

Too much template 

was added 

Titrate the amount of template for your system. 

Primer 

concentration was 

too high 

Titrate the amount of primers for your system. 

Thermal cycler was 

not at correct 

temperature 

Repair/calibrate the thermal cycler or use a different 

machine. 

Excessive 

smearing of 

amplified DNA 

Too much template 

was added 

Titrate the amount of template for your system. 

Too many cycles 

were performed 

Reduce the number of cycles below 30. 
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Problem Possible cause Solution 

The annealing 

temperature was too 

low 

Increase the annealing temperature by increments of 

2°C. 

Primer 

concentration was 

too high 

Titrate the amount of primers for your system. 

Extension time was 

too long 

Decrease extension time in small increments. 

Template DNA 

quality was low 

Impure DNA can fail to amplify properly. Use freshly 

prepared DNA. 

Too much DNA was 

loaded on gel 

Re-run with less PCR sample amount. 

Primer dimers 

visible 

Too much primer 

was added/ primer 

concentration too 

high 

Titrate the amount of primers for your system. 

Primers possess 

complementary 

overlapping 

sequence 

Design primers to avoid self-complementary internal 

sequences. 
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