
Question  1.    

You are supervising an honours student who shows her northern blot 

 

What does this suggest? 

Degradation of the RNA 

What are the major pitfalls of RNA extraction and how can this be prevented? 

-   Contamination by environmental/external RNAses – eg from non-sterile 
equipment, researches skin 

-   Degradation – temperature, time to processing 

1) Need to think about the tissue that you are extracting RNA from and the most 
appropriate method of disrupting the tissue to liberate the RNA. During sample 
disruption for RNA isolation, it is crucial that the lytic agent and RNAse inhibitor be 
in contact with the cellular contents at the moment that the cells are disrupted. This 
can be problematic when tissues or cells are hard (e.g. bone), when they contain 
capsules or walls (e.g., yeast, gram-positive bacteria, spores), when workflow prevent 
processing immediately after collection (e.g., transport from a site of collection to 
another location for processing), or when samples are numerous (making rapid 



processing difficult). A common solution to these problems is to freeze the tissue/cells 
in liquid nitrogen or on dry ice. 

Can use various commercial preparations such as RNA later  that permeates cells and 
stabilizes the RNA for later processing. 

2) Think about yield and how much tissue you need to process to get acceptable 
amounts of RNA 

3) RNA extraction (discussed below) 

4) Eliminate potential for degradation by RNAses – native and external 

-   hands (gloves) 
-   surfaces, equipment (often have dedicated bench, biohood, pipettes etc)  
-   Various commercial preparations such as RNAse Zap which inhibit native 

RNAses 
-   keep everything on ice to inhibit RNAses (these are inactivated at low temp). 

Some researches will even refrigerate plasticware, pipette tips for this reason 

5) Storage : -80 in single use aliquots with storage buffer (EDTA, commercial prep; 
TE Buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.0) 

 

Question 2.  

Outline a basic protocol for DNA extraction from PBMCS.  

If you receive whole blood you will need to go through the process of ficolling to 
extract the buffy coat.  
 
DNA purification (Credit to Luke Droney!) 

1.   Effective disruption of cells or tissue; 
2.   Removal of membrane lipids with detergent 
3.   Denaturation of nucleoprotein complexes (using a protease) 
4.   Removal of RNA with an RNAse 
5.   Purify DNA by: 

a.   Ethanol – DNA is alcohol insoluble and will form a pellet on 
centrifugation. 

b.   Phenol-chloroform extraction 
c.   Microcolumn purification – DNA binds to solid phase dependent up 

pH/salt content of the buffer. 
 

How could you assess the purity of your product? 

The traditional method for assessing DNA or RNA concentration and purity is UV 
spectroscopy. The absorbance of a diluted DNA or RNA sample is measured at 260 
and 280 nm. The nucleic acid concentration is calculated using the Beer-Lambert law, 
which predicts a linear change in absorbance with concentration  



 

Absorbance at 260 provides total nucleic acid content while absorbance at 280 
determines sample purity 

Concentration RNA (ug/mL) = A260Xdilution X 40 (this is the constant for 
RNA) 

Concentration DNA (ug/mL) = A260Xdilution x50 (constant for DNA) 

Calculate A260/A280 Ratio ( 2 for RNA, 1.8 for DNA suggests a pure sample) 

•   This method does not discriminate between RNA and DNA, and it is advisable to first treat RNA 

samples with RNase-free DNase to remove contaminating DNA. 

•   Other contaminants such as residual proteins and phenol can interfere with absorbance readings, 

so care must be taken during RNA purification to remove them. 

What is the most common method for RNA extraction? What are the key 
principles? 

Guanidinium Thiocyanate-Phenol-Chloroform Extraction. (the commercial agent is 
called TriZOL – contains guanidium thiocynate phenol) 

Method:  

1)   homogenise and lyse: homogenized sample is added to TRIzol solution – cells 
are lysed by vigorously mixing, guanidium thiocyanate denatures proteins. 
Centrifuge and aspirate supernatant (proteins and other debris in pellet) 

2)   phase separation: Chloroform is added for phase separation and centrifuged.  
pH of 4 ensures that RNA is in aqueous layer and DNA and protein in organic 
layer. For DNA extraction a neutralization step brings the pH to 7 so both 
RNA and DNA are in the aqueous layer 

 

3)   RNA precipitation: Aspirate supernatant and add isopropyl alcohol to 



precipitate RNA. Pelleted after high speed centrifugation. Washed in ETOH 
again and spun. Resuspended in DEPC Water (non specific inhibitor of 
RNAse). 

The same method can be used for DNA extraction – precipitated with ethanol rather 
than isopropanol 

Considerations: clean area with RNAse inhibitor  

Advantages: higher recovery of RNA 

Disadvantages: not automatable, TAT 

Other methods 

1.   Filter based, spin basket 
a.   utilize membranes (usually glass fiber or ion exchange membranes) that are seated at 

the bottom of a small plastic basket.  Samples are lysed in a buffer that contains 
RNase inhibitors (usually guanidine salts), and nucleic acids are bound to the 
membrane by passing the lysate through the membrane using centrifugal force. Wash 
solutions are subsequently passed through the membrane and discarded. An 
appropriate elution solution is applied and the sample is collected into a tube by 
centrifugation 

b.   advantages: automatable 
c.   disadvantages: contamination with DNA, clogging 

2.   Magnetic particle methods 
a.   Magnetic particle methods utilize small (0.5–1 µm) particles that contain a 

paramagnetic core and surrounding shell modified to bind to entities of interest. 
Paramagnetic particles migrate when exposed to a magnetic field, but retain minimal 
magnetic memory once the field is removed. This allows the particles to interact with 
molecules of interest based on their surface modifications, be collected rapidly using 
an external magnetic field, and then be resuspended easily once the field is removed. 
Samples are lysed in a solution containing RNase inhibitors and allowed to bind to 
magnetic particles. The magnetic particles and associated cargo are collected by 
applying a magnetic field 

b.   Advantages: automatable, wide availability of surface chemistries 
3.   Direct lysis methods 

a.   This method is a preparation method only (not a purification method) and is only 
appropriate if the downstream experiments/applications are not affected by DNA or 
proteins that may be present in the RNA sample. This method uses lysis buffer 
formulations that disrupt samples, stabilize nucleic acids, and are compatible with 
downstream analysis. Typically, a sample is mixed with lysis agent, incubated for 
some amount of time under specified conditions, and then used directly for 
downstream analysis. 

b.   Advantages: high recovery, automatable, fast and easy 
 

Question 3.  

You have a patient with an autoimmune-immunodeficiency phenotype and you want to 
sequence their AIRE gene. What is sanger sequencing? How would you prepare the 
sample for sanger sequencing? 

Sanger sequencing = chain termination method 

1.   DNA must be in single strand form 



2.   Need short primer (complementary to 3 prime end), DNA polymerase, 4 
deoxyribonucleotides (AGCT) 

3.   All of these reagents are added to 4 separate tubes containing different 
dideoxyribonucliotides (ddG, ddC) which terminate the reaction when 
incorporated – resulting in strands of different length ending with the tube 
specific dideoxyribonucliotides 

4.   These are then run in 4 different lanes in a gel, the shortest fragment travels 
furthest and sequence can be read from the gel 

 

How would you prepare the sample for sequencing.  

Can provide different samples for sequencing (ie various levels of pre-preparation that 
influence the cost of sequencing. The more preparation you do beforehand, the 
cheaper it will be. See the AGRF document attached)  

1.   pellet following sequencing reaction and cleanup of unbound dyes – goes 
straight onto sequencer 

2.   Sequencing reaction on template but no clean up. Service includes cleanup 
and sequencing 

3.   Purified DNA (PCR product or plasmid) pre-mixed with primers – service 
includes labeling, purification and sequencing 

4.   Unpurified PCR product 

 

If you are supplying purified DNA (eg option 3 above – this is the most common 
sample supplied) 

 

1.   PCR product – need to remove primers (ultrafiltration, gel elution) so that they 
don’t interfere with sequencing. A number of kits (eg Qiagen cleanup kit) are 
available and this is a critical step to ensure that primers and other material do 
not interfere with the sequencing reaction.  



2.   Quantitate template DNA – either using a spectrophotometer or gel 
electrophoresis (compare with standards of similar size and known 
concentration) 

a.   NB: the amount of DNA in the template is often very low and 
spectrophotometry is often not sensitive enough to accurately 
quantitate. Most sequencing providers prefer that this is done by gel 
electrophoresis as well 

3.   Template at desired concentration and suspended in distilled water 
4.   Label tubes and include one primer (labeled forward or reverse) per tube 

(table 1 below shows the recommended primer concentration and amount of 
template DNA required depending on the length of the product) 

 

 

Another important consideration is that external sequencing providers have pre-set 
cycling conditions so that they can provide a high throughput service. You will 
therefore need to make sure that the melting temperatures for the primers match the 
cycling conditions. See an example from AGRF below: 

 

Question 4. 

You receive the sequencing data from the external provider below: 



 

 

Comment on this data. 

No readout  

What could have gone wrong? 

1.  The template concentration is too low. This is the number one reason as to why a 
sequence reaction fails.  

2.  Poor quality DNA: Make sure the DNA is of high quality and the 260 to 280 OD 
ratio is 1.8 or greater. Contaminants greatly hinder the ability to obtain good 
sequence data. Make sure to clean up DNA to get rid of excess salts, 
contaminants and PCR primers 

3.  Too much DNA: Excessive amounts of template DNA can quency a sequence 
reaction 

4.  Poor primer design or incorrect primer added to template 

 

What factors should be considered in primer design? 

1.   Primer length should be in the range of 18 and 24 bases: This length is long 
enough for adequate specificity and short enough for primers to bind 
easily to the template at the annealing temperature 
 

2.  The primer should have a GC content of about 45-55% (this ensures an optimal 
melting temperature)  

 
 

3.  The primers should have a GC-lock on the 3' end (i.e. the last 1 or 2 nucleotides 
should be a G or C residue)- This allows for firm binding of the primer to 
the template (bonds are not as strong with A or T) 

 
4.  The primer should have a melting temperature (Tm) greater than 50°C but less than 



65°C. 
 

 
5.  The primer should not include homopolymeric runs of more than 4-5 nucleotides- 

this leads to mispriming (= non specific binding) 
 

6.  Avoid primers with secondary structures or the potential to self-hybridize. 
 

 
7.  Avoid designing primer upstream of homopolymeric or heteropolymeric regions 

(A, C, G or T repeats) – mispriming 
 

8.  Check primer for specificity in annealing to template (= lack of secondary priming 
site) 

 
 

9.  Primer should be located at least 50-60 bases upstream of your sequence of interest- 
you often get very messy readouts (like the example above) in the first 20-30 
bases downstream of the primer 

 

Question 5.  

You decide to repeat the sample preparation and amplify the AIRE gene by 
PCR. You notice an additional band when you run the product on a gel. 

 
 
What is a possible explanation?  
Poor primer design (non-specific amplification), DNA contamination, 
annealing temperature too low which can lead to non specific binding of 
primers to template, primer: DNA concentration. If primer in excess to DNA 
may bind non-specifically 
 
How could you control for this? 
Redo the reaction with a negative control (no template) – check for 
contamination of reagents etc. 

Optimising annealing temperature is the most important step increasing the 

A brief PCR recap: 
PCR is a method to amplify a region of interest. The DNA to be amplified is mixed in a 
tube with deoxyribonucleotides, primers and a thermostable DNA polymerase called Taq 
polymerase. The DNA primers hybridise to the ends of the DNA to be amplified and 
provide a starting point for the Taq polymerase. These are mixed in a test tube and placed 
in a thermocycler. Rapid cycling of temperature is required to separate strands of DNA 
(approx. 90oC) and anneal complementary nucleotides (55-60 oC depending on primers 
used). A number of cycles is required to amplify the target DNA so that it can be detected 
by target probes. 



specificity of the reaction. Usually estimated at 5 degrees lower than primer 
melting temperature. Gradient PCR is an optimisation experiment, which 
completes the PCR reaction at a number of annealing temperatures 

Redesign the primer – may not be specific enough 

Question 6 

You have one last try and send the sample away once again for sequencing. It 
now looks like this. Comment on what you see and what may have caused this: 

 

 

 

You repeat the DNA purification and preparation and send away again. It now 
looks like this. Comment on what you see and what may have caused this: 

 

If you look closely, you can see that there are at least 2 peaks at each position. This could either 
indicate more than one priming reaction (ie multiple primers added) or more than one template being 
sequenced: 

1.   There is more than one template present in the sequence reaction 
2.   There was more than one primer added per template reaction. Be sure to add only one 

primer to one template tube. If you have one template to sequence in both the forward and 
reverse direction you should provide 2 tubes to sequence. One tube will contain the template 
and the forward primer; the other tube will contain the template and the reverse primer. 

3.   There is more than one priming site on the template strand. Make sure that the template 
you are sequencing has only one priming site for the primer you are using 

4.   The PCR reaction was not cleaned up properly: Be sure to rid the PCR reaction of any 
residual salt and primers before you send it for sequencing.  


