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Assignment 0 

 

During the last weeks the Coronavirus spread worldwide. To control the pandemic it is of importance 

to  be  able  to  screen  populations  for  putative  infections.  This  requires  the  development  of  virus 

detection kits. This is a typical bioanalytical problem. 

A. How would you develop such a test? Consider how to “measure” the virus – which analytical 

method would you suggest? Which specification should be fulfilled? 

The questions are not intended to examine your knowledge – there are no wrong answers. You are 

not expected to search literature of other sources for solution. Come up with your own ideas, take the 

role of a scientist that approaches a novel problem. 
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Assignment 1 

During the past weeks many laboratories worked on the development on test kits for the detecƟon of 
the Coronavirus. The World Health OrganisaƟon (WHO) aims to review this acƟviƟes to ensure rapid 
internaƟonal distribuƟon of the obtained informaƟon. The WHO provides the following overview over 
test kits developed by naƟonal laboratories. The WHO points out, that these tests are not validated by 
the WHO and may not correspond to the standards of the WHO. 

 

 

 

 

 

 

ScienƟst at The Charité (Germany) were one of the earliest to release the descripƟon of a test kit (see 
appendix). 

As common for a scienƟfic publicaƟon informaƟon in presented in a very compressed manner and the 
authors assume a certain level of background knowledge. Reading the document for the first Ɵme you 
may not understand everything directly. Do not become discourage! Try to idenƟfy familiar terms and 
techniques to get an overview. Some seemingly complex stuff is in reality rather simple. In fact, the 
described method can be executed in any laboratory equipped for work in the field of molecular 
biology – aŌer a short one day instrucƟon also by you.  

A. Which method is used by The Charité to detect the Coronavirus? Describe the method. You may 
provide also schemaƟc drawings.  

B. Welches Verfahren setzt das Charité ein, um den Coroanvirus nachzuweisen? Try to become 
familiar with the document. With extra informaƟon is provided by The Charité? Why is this 
informaƟon provided? 

C. What do you not understand? Which informaƟon are you lacking? Try to formulate concrete 
quesƟons. 
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DNA sequencing 

In this assignment you will develop a technique to determine DNA sequences. Please follow this 
assignment step by step. 

If you are not sure of how to progress, please feel free to formulate the problem you are facing. For 
example: “I would like X to happen as this is the requirement to perform Y. I am not sure how to make 
X happen but if this would be possible I can con nue with …). It is o en more important to recognize 
a problem than knowing a solu on   

A. DNA-polymerase synthesis the new DNA strands during replica on. Should you not be familiar with 
this, brie y recapitulate (see Fig. 1). Describe the mechanism of DNA polymerase. Now you would 
like to use DNA polymerase in a test tube to copy DNA. Which components do you have to add to 
the test tube? Assume that you wish to copy only a short piece of DNA of a few hundred nucleo des 
(bases). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Replica on of DNA by DNA-polymerase. Figure from Voet/Voet, Biochemie  
 
 

B. Analyse the nucleo des in Fig. 2A and the single DNA strand in Fig. 2B. What would happen if you 
add ddATP but no dATP to your test tube? 
What would happen, if you add a mixture of dATP and ddATP to your test tube (reac on A). What 
e ect would di erent ra os of dATP and ddATP. If you like, treat this problem by sta s cal means. 
Remember: Your test tube does not contain only one DNA fragments but many iden cal DNA 
fragments. 
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Fig. 2. Nucleo des. A. Show are ATP and two related nucleo des. Which nucleo de is used 
to build DNA? Analog variants exist also of GTP, CTP and TTP. B. A short single stranded DNA.  

 
 

C. Fig. 3 introduces the concept of gel electrophorese. We will discuss details of this technique in 
another lecture, but these are not relevant for now. This method allows the separa on of molecules 
based on size. 
What would happen if the outcome from reac on A is subject to electrophorese (assume that you 
are able to see the DNA)? 
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Fig. 3. Gel electrophorese. This techniques allows the separa on of molecules based on the 
size in a voltage gradient. 

 
 

D. Now we modify reac on A by using radioac ve ddATP. The reac on will be subjected to 
electrophorese. A erwards the gel will be exposed to an x-ray lm. The x-ray lm will visualise 
radioac ve spots on the gel. What does such a spot mean? Which conclusions can you derive?   

 

E. Based on these experiments, try to develop a method to determine the sequence of DNA. 
Start with describing the concept you are proposing. 
Now try to apply this concept to an example. You wish to determine the sequence of the following 
DNA: 
TGCCATCGCTAAATGCTAGCCTAATTTGCTAGGTCATTAG 
In agreement with general conven on the sequence is given from the 5’ to the 3’ end. 
Which chemical would you need? Prepare a drawing of the expected outcome – how would the x-
ray lm look like? Explain how you can derive the sequence of the DNA.  
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Entwicklung im elektrischen Feld
(application of voltage gradient)
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F. A er you have developed a sequence technique you now wish to increase the throughput of the 
technique. Also you would like to prevent the use of radioac vity. It is possible to couple nucleo de 
such as ddATP with dyes. Furthermore, it is possible to prepare gels in thin capillaries (Fig. 4). Could 
you make use of this techniques?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 4. Capillary Electrophoreses. The gel is prepared in thin capillaries. The sample is loaded 
to one end of the capillary and driven through the capillary by the applica on of the voltage 
gradient. Detec on occurs at the other end of the capillary. 
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Determia on of concentra on of proteins and nucleo de acids 

In assignment 1 and 2 we frequently assumed that we would be able to “see” DNA or proteins. It is, 
however, the task of an analy cal chemist to “make molecules visible”, such that they can be 
measured. 

Many molecules absorbed light (you should be familiar with this principles, which are repeated here 
only brie  The ability to absorbed light depends on the structure of the molecule as well as on the 
wavelength  of the light. Thus the molecule can absorbed only photons of  energy. This is what 
you experience in daily live and the reason why the world appears colourful to us. A surface appears 
as blue to us, if it absorbs the green and the red part of the light but  the blue. Likewise, the 
colour of a liquid is determined based on the parts of the light that are absorbed when passing through 
the liquid. If the ability of a liquid to absolved light of  wavelengths is systema cally tested, a 
spectrum of absorp  is obtained. 

The experimental set-up is as follows: A liquid is placed into a cu e and light of a given wavelength 
is passed through. Before entering the cuve e the intensity of the light be I0. The intensity of the light 
leaving the  be Iend. Iend is smaller than Io if the liquid or devolved molecules have absorbed 
photons. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

We aim to determine the decay of the intensity while the light passed through the cuve  assuming 
that a substance of concen  c is dissolved in the liquid and that the liquid itself is not absorbing. 
We realise: As higher the concentra  as higher the probability that a photon hits a molecule and get 
absorbed. As longer the distances the light travels through the cuve e, as more photons get absorbed. 
Therefore:  

                                                               
 

I is the loss of intensity if light of intensity Istart enters a solu  of concentra  c and travels distance 
d.  is a constant of propor y. 

This suggests that the intensity decays linearly with the distance. This is, however, true only if the 
distance of travel is itesimal short. We therefore divide the distance of travel in short intervals 

 with the length of dL: 

liquid in
cuvette

light

photons

surface of beam

I0 Iend
d
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We now understand why (1) is only valid for in nitesimal short stage: A  the light has passed the 
rst stage dL, parts of the photons are absorbed and thus the insanity is slightly reduced. Thus, the 

intensity at start for the following stage dL is not Istart any longer. Thus we have to use the local intensity 
as Istart for the following stage dL always. 

(1) should therefore be  as: 

       (2) 

dI is the local change of intensity in the next stage 
I is the local intensity that enters the next stage 
dL is the in nitesimal short length of a stage 
The algebraic sign was chosen to be nega  as the intensity decays. 

(2) is a di en  equa  that can be solved by inte   separa  of the variables. 

       (3) 
 

      (4) 
 ln      (5) 
 

const1 and const2 are the constants of  We de ne: 
const = const2 – const1  and obtain: 
 ln       (6) 

 
Const needs to be determined form the boundary  

Boundary co  1: I0 is the intensity that enters the cuve e (Fig. 1). 

Boundary co  2: We arbitrarily set the on at which the light enters the cuve e to be the 
start of our axis. Therefore L = 0 at the outside of the cuve e. 

cuvette
0 l

dL

L
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With I = I0, L = 0, and (6) we obtain:

(7)

(7) and (6) can now be combined and solved for I:

(8)

(9)

(10)

(10) allows to determine the intensity of the light beam at any point L in the cuvette.

Of interest is the intensity Iend that leaves the cuvette (Fig. 1). As the cuvette has the length d (Figs. 1,2)
we have to set L=d in (10):

(11)

This allows determining the fraction of photons that was not absorbed:

(12)

We now define the extinction E:

(13)

(13) is also referred to as the law of Lambert and Beer:

(14)

By combining some constants we have in addition introduced the coefficient of extinction . is specific
for the substance of investigation and depends on the wavelength. The of DNA at 260 nm is typically
given as:

260(DNA)

can be given in relation to the amount of the substance (c in mol/l) or to the mass of the substance
(c in g/l). Unit of is therefore either:

l/mol/cm or l/g/cm
cm is used for practical reasons as most standard cuvettes have a length of 1 cm.
If is known, the concentration of the substance can be determined by measuring the amount of the
absorb light. Most standard spectrometers directly report E.
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A. Design an apparatus capable of measuring the ex nc  of a  Which elements are 
required? Which data should be collected? 
 

B. 259(ATP) = 15400 l/mol/cm 
The molecular mass of ATP is 507.18 g/mol. 
What is  if the mass  should be used? 

 
C. What is the concentra  of an ATP n (measured in a 1 cm cuve e) if E = 0.559? 

  
D. Determine the ex nc  E of an ATP solu  of 64,9 M (1 cm cuve e). 

Assume I0 = 1. Determine Iend. 
Use (13) to determine the intensity at di  posi ons in the cu  Plot the obtained data. 
Perform the same calcula ns for a concentra  of 0.649 M, 6,49 M, and 649 M 
Which values for E can be measured in prac ce with ent ence? Discuss your answer. 
 

E. We assume that it is possible to determine the intensity of the light that enters the cuve e and of 
the light the leaves the e. This assump  is reasonable. However, the light also has to pass 
the walls of the cuve e. It is likely that the material the cuve  is made from will absorb a fr  
of the light. It is therefore common laboratory praxis that the ex  of the empty cu e 
(Eempty) is subtracted from  cuve e (E ed), such that the ex  of the sample is considered 
to be Esample = E ed – Eempty. Based on Fig. 3 and (14) prove that this approach is mathem  
correct. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F. A similar problem is absorp  of light by solvent.  of the solvent should be small in comparison 
to  of the substance to be analysed. Nevertheless, absorp  by the solvent may contribute to the 
measured E. It is therefore common to subtract the ex  of the cuve e  with solvents 
from the cuve e with the sample. Demonstrate based on (2) that this approach is valid. From (2) 
you should obtain an expression in analogy to (14) without in depth calc s. 
 

cuvette material

Iin Iout=0.9Iin Iin Iout=0.9Iin
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G. The isolation of DNA is a standard technique in biochemical laboratories. DNA concentrations are
typically determined be measuring the extinction at 260 nm. The following coefficients of extinction
are used:
double stranded DNA 260 (dsDNA) = 20 l/g/cm
single stranded DNA 260 (ssDNA) = 27 l/g/cm
mRNA 260 (mRNA) = 25 l/g/cm
Does the differences in the coefficients in extinction for double and single stranded DNA meet the
expectations? Explain and discuss your expectations.
The coefficient of extinction for ATP (task B) was given in mol/l/cm. Why is the coefficient of
extinction for DNA related to the mass and not to the amount?
Intrigued by the difference for ds and ssDNA you find the following coefficients of extinction in the
literature:

260 (ATP) = 15400 l/mol/cm
260 (GTP) = 11500 l/mol/cm
260 (TTP) = 8700 l/mol/cm
260 (CTP) = 7400 l/mol/cm

Assume human DNA with a GC content of 40%. Try to calculate the coefficient of extinction for DNA
based on the coefficients for the single nucleotides. Discuss your results.
The GC content varies between different microorganisms from 20% to 80%. Try to estimate how
big the error is, if you used the coefficient as provided above (which is for human DNA).

H. For protein typically this coefficient of extinction is used:
280 (protein) = 0,7 l/g/cm

As you see, E is measure at 280 nm. Consider also these coefficients:
260 (protein) = 0,4 l/g/cm
260 (dsDNA) = 20 l/g/cm
280 (dsDNA) = 11 l/g/cm

Why is DNA measured at 260 nm and protein at 280 nm? Consider also a formal treatment of the
problem. This formal treatment is applicable to any measurement. The measured signal (in our
case the extinction) depends on the quantity to be measured (in our case the concentration). The
decency of on be mathematically known (in our case (14)). The sensitivity S of the measurement
method is defined as:

(15)

In words: The sensitivity of a method is the change in signal depending on the change in the quantity
to be measured. This is the first derivative of the signal. What is the sensitivity based on (14)? What
determines the sensitivity?

I. In F you have demonstrated that extinctions are additive. That means the extinction of a solution
containing two different substances is the sum of the extinction of the extinction of the individual
substances at the same concentration. Consider a mix solution of DNA and protein for which these
values were measured:
E260 = 0.760
E280 = 0.850
Determine the concentration of DNA and protein.
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J. For pure DNA solution E260/E280 = 1.8 is observed.
For pure protein solution E260/E280 = 0.57 is observed.
The ratio E260/E280 is commonly used as a measure for the purity of isolated DNA. Try to estimate
how much protein a DNA sample must contain to observe a clear change in ratio.

K. In G you tried to predict the coefficient of extinction of DNA base on the single nucleotides. The
same could be done for protein. This would require knowledge of the coefficients of extinction of
the amino acids. It has be found, that only tryptophan and tyrosine and slightly cysteine absorb
light:

280 (Trp) = 5690 l/mol/cm
280 (Tyr) = 1280 l/mol/cm
280 (Cys) = 125 l/mol/cm

Which consequence does this have if you are interested in individual proteins?
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Assignment 3 

qPCR – quantitative PCR 

As many of you proposed, it is indeed possible to detect the Corona Virus with qPCR. Some of you are 

already  in part familiar with this technique. Here we will discuss qPCR step by step and  learn about 

different flavours of qPCR. 

A. We start with a “normal“ PCR.  

Fig. 1 shows a DNA‐fragment and two primers for use in in PCR reaction. (A primers is often referred 

to as oligo (from oligonucleotide)). In addition the reaction contains dNTPs (dATP, dGTP, dCTP and 

dTTP) (Fig. 2) and DNA‐polymerase. If you are not familiar with the function of DNA‐polymerase, 

check your textbooks of biochemistry). 

The  reaction  is  executed  under  these  conditions  (duration  and  temperature  might  be  chosen 

slightly different by the experimenter): 

1. Heating to 95 °C for 30 seconds – melting 

The DNA‐fragment is melted, meaning that both DNA strands are separated from each other 

such that single stranded DNA is obtained. Compare the PCR reaction with the process of DNA 

replication in cells. What is substituted by heating? 

2. Cooling to e.g. 50 °C for 30 seconds – annealing 

The primers bind to the single DNA strands. A rule of thumb allows to determine the melting 

temperature of the primer (the temperature at which the primer is just able to bind): 

(count of A and T) * 2 + (count of G and C) * 4 – 10   = annealing temperature in °C 

3. Heating to about 70 °C for x seconds 

The temperature  is chosen such that the polymerase can operate optimally. This  is 68 °C for 

Taq, and 72 °C for Pfu. 

The duration depends on the  length of the DNA fragment to be amplified. Taq requires one 

minute for 1000 bp, Pfu two minutes. 

Step 1 to step 3 result in on copy of the DNA. 

Step 1 to step 3 can be repeated several times, such that also copies of copies are generated. In an 

„normal“ PCR typically 30 cycles are used, in a qPCR up to 45 cycles. 

 

Where do the primers bind to the DNA fragment? 

Draw the product of the first cycle. 

Continue up to cycle 5. 

DNA‐polymerase  is  a  protein.  What  characteristics  should  this  protein  have  if  you  look  a  the 

temperature profile of the PCR cyclus. 

In vivo, DNA‐polymerase requires RNA primers to start the synthesis reaction. How can a biochemist 

make use of this at his advantage? 

Fig. 1 shows primers made form DNA and not from RNA. It seems that this is not a problem for DNA‐

polymerase (why?). Why do biochemist prefer DNA over RNA primers? 

It  is  possible  to  combine  step  2  and  step  3?  Analyse  the  protocol  provided  by  The  Charité 

(assignment 1)  and discuss. 

  

 

 

 

 

 

 



 

 

DNA fragment: 

5’ TCTGGATAATGTTTGCGCCGACATCATAACGGTTCTGGCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGA 3’ 
3’ AGACCTATTACAAACGCGGCTGTAGTATTGCCAAGACCGTTTATAAGACTTTACTCGACAACTGTTAATTAGTAGCCGAGCATATTACACACCTTAACACTCGCCT 5’ 
 

 

Primer 1: 
5’ ATGTTTGCGCCGACATCATAAC 3’ 

 

Primer 2: 
5’ AATTCCACACATTATACGAGCC 3’ 

 

 

Fig. 1. A double stranded DNA fragment is shown. Normally only the upper strand would be shown to provide sequence information. In addition, the 
sequences of two primers are shown, which should be used for the PCR reaction. The length of the primer is real and could be used in the laboratory. The 
DNA fragment is for simplicity uncommonly short. Typically 70 to 200 bp are amplified in a qPCR. Amplification of regions up to 5000 bp (and often also 
longer) is routine in normal PCR reaction used in the context of molecular biology. 
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Fig. 2. Nucleo des. A. shown are ATP and dATP. B. a short single strand composed of all 

nucleoƟdes.  

 

B. Calculate the number of DNA molecules aŌer 5, 10, 15, 20, …, 45 cycles if the reacƟon was started 

with a single DNA molecule. 

Calculate the number of DNA molecules aŌer 45 cycles if the reacƟon started with 10, 1,000, or 

100,000 DNA molecules. 

Assume that the reacƟon is performed in a volume of 25 μl. Determine the obtained DNA 

concentraƟon in in mol/l and g/l. Assume that the amplified DNA fragment has a size of 100 bp. 

Discuss your results. 

C. Calculate the number of DNA molecules at the start of the PCRE if 6,002,049,024 molecules were 

obtained aŌer 20 cycles (the accuracy of this number is not realisƟc).  
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Task X for D, F and G. 

So far we discussed a „normal“ PCR. In B and C we learned that it is possible to deduce the amount of 

DNA present at the beginning of the reaction from the amount of the PCR product. We will discus three 

possibilities to quantify the PCR product. Try to compare these methods. List pro and cons. 

‐ How easy and how precise in the quantification? Consider potential sources of errors. 

‐ Any quantitative analysis requires a signal Γ that is related to the measure (here the amount 

of PCR product). Try to define a mathematical equation for the dependency of Γ. 

‐ qPCR  aims  to  detect  a  specific  DNA  sequence  on  the  background  of  a  waste  excess  of 

background sequences. How is specificity reached? 

‐ Distinguish two objectives: 

a. You want to conclude  if a specific sequence (e.g. a virus)  is present or not. How do you 

have to analyse the data? 

b. You want to gain information on the concentration of a DNA sequence of interest. 

 

 

D. Method 1: The PCR product is analysed on an agarose gel, which resolves DNA fragments according 

to size. Some of you have suggested this approach. In this way, a “normal“ PCR becomes a qPCR.  

How does the gel look like? Consider this situation: sample 1, absence of DNA of interest; sample 

2,  a  very  low  concentration  of  the  DNA  of  interest:  sample  3,  concentration  4  times  the 

concentration of sample 2; sample 4, concentration 1000 times the concentration of sample 2.  

 

 

 

E. Intermezzo: This task should help you to understand to origin of the specificity of a qPCR. 

A PCR reaction is performed as in A. This time three DNA fragments and 4 primers are present in 

the reaction (Fig. 4). Where do the primers bind? The product of the reaction is analysed by agarose 

gel. Draw and explain the expected outcome. 

 

 

The following to methods are referred to as real time PCR. Aim is to monitor the formation of the PCR 

product life (in real time).  

 

F. Method 2: A fluorophore such as SYBR‐green is added to the reaction described in A. SYBR‐green 

binds in particular to double stranded DNA. If a fluorophore is excited with light of wavelength λ1 it 

emits light at a longer wavelength λ2. The PCR machine is designed such that the fluorescence single 

can be measured in each cycle. The intensity depends on the environment of the fluorophore and 

is larger if the fluorophore is bound to DNA. 

At which point of the cycle should the fluorescence be measured? 

Draw the fluorescence depending of the number of cycles. 

 

 

 

 



DNA fragment1: 

5’ AGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGATATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCT 3’ 
3’ TCGCACGTCTCTAAAGTTACGAACTTCCTCGCCAAAACCTATAATCTATGCCACAAAGCTCTTAACGTATATCATTTCTGAAACTTTGAGAGTTTCAACTAAAAGA 5’ 
 

DNA fragment2: 

5’ TGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAACGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTT 3’ 
3’ ACACGGACCTACGCAAGGGTTTTAATCAAACAAAATTTTTTGCATAACTTCGATAGGGTGTTTAACTATTCATGAACTTTAGGTCGTTCATATATCGTACCGGAAA 5’ 
 

DNA fragment3: 

5’ AAATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGTTGTATGACGCTCTTGATGTTGTTTT 3’ 
3’ TTTACGACTTTTACAAGCTTCTAGCAAATACAGTATTTTGTATAAATTTACCACTAGTACATTGGGTAGGACTGAAGTACAACATACTGCGAGAACTACAACAAAA 5’ 
 

Primer 1: 
5’ atggtgatcatgtaacccatc 3’ 

Primer 2: 
5’ GAGATTTCAATGCTTGAAGGAG 3’ 

Primer 3: 
5’ AATCAACTTTGAGAGTTTCAAAG 3’ 

Primer 4: 
5’ acaacatcaagagcgtcatac 3’ 

 

 

 

Fig. 3 
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G. Method 3: Next to the two primers used in A an additional oligo is added to the reaction. This oligo 

is modified at the 5’ and 3‘ end. At the 5’end a FAM group and at the 3’end a BBQ group is attached 

(Fig. 4A):  

FAM‐TATTCTGAAATGAGCTGTTGA‐BBQ. 

Where  does  the  oligo  bind  to  the DNA. What would  be  the  consequence  for  the  polymerase 

reaction?  Assume  you  are  using  Taq  Polymerase.  This  polymerase  has  additionally  5‘‐3’  exo 

nuclease activity. What are the consequences of this? 

FAM is fluorescein with linker. What is the function of the linker? 

Fluorescein is like SYBR‐green a fluorophore. 

Excurse: 

A fluorophore absorbs a photon of a specific wavelength. The energy of the photon in then stored 

in the fluorophore. The fluorophore is able to emit a portion of the stored energy again as light. It 

thus emits a photon with lower energy (longer wavelength) than the absorbed photon. The interval 

between  abortion  and  emission  is  in  the order of  10 ns.  The  remaining  energy  stays with  the 

fluorophore and can be transfer to water molecules by collision. If a molecule that is able to absorb 

light of the same energy as the fluorophore emits comes close to the fluorophore prior to emission, 

the energy can be transfer without emission of light to that molecule. This process is referred to as 

fluorescence  resonance  energy  transfer  (FRET).  Its  physical  description  requires  quantum 

mechanical considerations. As a consequence, the fluorophore lost its energy without emission of 

light.  It  is  said  that  the  fluorophore war quenched. BBQ  is  such a molecule  and  referred  to as 

quencher. BBQ then transfers the energy by collision to water. For efficient quenching orientation 

and distance between fluorophore and quencher needs to be optimal. The distance should not be 

longer than 5 nm. As FAM and BBQ are coupled to one oligo both are in rather close proximity. A 

smart design of the oligo can increase the relative proximity further (Fig 4B). 

Explain why the fluorescence in increasing during upon formation of PCR product. 

 

H. The Charité uses method 3. Analyse the oligos presented in table 1 of the document provided by 

The Charité. 

Makes The Charité use of the trick shown in Fig. 4B? Why? 

What is the meaning of the letters W, R and M in the oligos? What are the consequence? What is 

the intention behind this design? 

Analyse figure 4 in the document provided by The Charité. The figure shows the time course of a 

qPCR. Try to explain the shown curves. Are the curves as you expected them to be? 
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