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Troubleshooting 

Persistence is key 

You and your team want to synthesize or amplify a DNA construct, but you have trouble with 

your PCR? There are none of your desired bands in your analytical gel?  

We hope that this guide helps you to tackle the problem and finally get a positive result on 

your PCR runs.  

This first step may sound obvious to you, but it can already be the source of your problems.  

Always double check the Tm of your primers! Especially when the sequences are obtained 

from online tools like Benchling it can easily happen that you copied the wrong sequence 

into your primer order at your chosen manufacturer. The sequence of the reverse primer is 

especially prone to this mistake. 

When all parameters are correct and the positive control worked out, but you still have no 

signal at the desired size, there are several PCR variations you can try. 

The first approach you can try requires a thermocycler with the capability to heat its rows 

separately. If you possess such a device, we recommend testing multiple slightly different 

annealing temperatures. Take the calculated annealing temperature and decrease the 

annealing temperature in 1°C steps for each row and simultaneously increase the annealing 

temperature by 1°C for the same number of rows. The number of different annealing 

temperatures you can test is dependent on the number of rows your device can heat up 

independently. 

Still no satisfying result? 

We have another idea, especially when dealing with the formation of an unspecific PCR 

product. 

Ever heard of a Touchdown PCR? In this type of PCR, we again play with the annealing 

temperature but this time we vary it each cycle. You start with a high annealing temperature 

very close or even matching the elongation temperature. Then, you decrease the annealing 

temperature by 1°C each cycle. This leads to very specific binding of the primers to the 

template and even if unspecific binding gets more likely when reaching lower annealing 

temperatures, the amount of correct template synthesized before renders the impact of the 

unspecific binding insignificant. 

The decrease of 1°C per cycle is not a must and can be adjusted to the temperature 

spectrum you want to cover. This also applies to the starting annealing temperature. 

Really, still no positive result?  

Well, we have another approach you can try. This time we will not only modify our PCR 

parameters but also our primers. To gain the maximal specificity our PCR program will only 

contain two steps hence the name Two-step PCR. The respective steps will be the 

denaturation and the elongation step. For this to work, redesigning the primers to match the 
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elongation temperature with their Tm is essential. This can simply be done by increasing the 

length of the primers. But do not forget to start and end the primer with a G or C for 

stability. Also note that the primers have to be redesigned if you change the used DNA 

polymerase because this also potentially changes the optimal elongation temperature.  

Changing your DNA polymerase is recommended when you encounter too many mutations 

in your PCR product. There are polymerases with different levels of proofreading abilities. 

We recommend using polymerases with proofreading abilities especially when working with 

larger constructs. 

We hope this guide contained some helpful information and good luck with your PCR 

experiments! 

What? You also want to use the Type-II-S system for your cloning 
approach?  

Then we have another helpful section for you. 

When you use a Type-II-S assembly, and your transformation plates look disappointing, 

there can be multiple reasons for this. A good point to start, is to check if your restriction 

enzymes are still active. Therefore, an analytical electrophoresis gel should be loaded with a 

construct that contains a BsaI or SapI site digested by the respective enzyme. When 

selecting the construct, make sure the resulting fragments are distinguishable from one 

another.  

It is highly recommended to validate your transformation method with a positive control to 

ensure the issue is not residing in this step. Of course, we know you would not forget a 

negative control, but did you think about also transforming a Type-II-S assembly negative 

control? When plates of your transformed Type-II-S negative control show growth this does 

not necessarily have to be a bad sign as long as the sample transformed plates show a 

significantly higher growth. The result of this growth on selective medium is strongly 

dependent on the selection marker you choose.  

All enzymes are verified as well as the transformation method and there are still no positive 

clones? Don’t worry, be happy! We have a possible solution. 

When you enter the second level of the Type-II-S, the assembly yields functional gene 

expression cassettes. Therefore, depending on the used promoter you are likely to already 

have expression of your insert even if you did not enter the expression host yet. Many 

promoters, especially constitutive promoters of bacterial origin, have a baseline expression 

even when the designated host is not used.  

Depending on your insert, it could have a compromising effect on your cloning organism e.g., 

E. coli. This could lead to a negative selection pressure meaning that since the insert is a 

burden, clones with a mutation rendering the enzyme unfunctional have an advantage. To 

reduce the impact of this negative selection pressure one could use weaker promoters.  
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You do not want to use a weak promoter? Or the weak promoters yield no 
positive results?  

If you have reason to believe the insert will not pose a problem as soon as you reach the 

final host, we have a work around that will enable you to skip the second level.  

Are you ready for the shortcut? 

You need primers that can bind upstream as well as downstream of your expression 

cassette. Further, you will need a Type-II-S assembly of your expression cassette and a kit to 

purify it. Normally a PCR purification kit is sufficient. Now we run a PCR with the purified 

assembly as template DNA. Regarding the amount of template, we recommend calculating 

the mass of DNA you have and try to get as close to the maximum template amount possible 

to achieve high yields. If the yield is insufficient, we advise you to make several identical PCR 

reactions and pool them during the purification process. You should use a polymerase with 

good proofreading activity since you aim to run approximately 40 cycles and want as few 

mutations as possible. After the purification, you can directly enter level three of the Type-II-

S system. 

Still no positive clones?  

What a bummer - but we have a last resort! 

We would use an inducible promoter to reduce the baseline expression. There are many 

advantages to an inducible promoter but also downsides especially when competing in 

iGEM, since most standard inducers are not suitable for use in humans, as they can be toxic 

or have bactericidal properties. But if the expression of the insert compromises growth, 

therefore triggering negative selection as already mentioned above, an inducible promotor is 

the perfect tool to bring your construct into your final host. 

 

Tips and Tricks for creating / ordering your sequences 

Most departments/PIs will have an established cloning method which they use for their 

experiments. Be sure to confirm that it fits to one of the iGEM assembly systems.  

Codon optimization can take metabolic burden off your host organism and make expression 

more efficient. Codons are the base triplets that represent the genetic code which transfers 

information from genes to amino acids. While many may code for the same amino acid, 

some are more preferential than others, depending on the organism and on repetition.  

Benchling, IDT, and many others offer a codon optimizer tool which feature all common 

species.  

Complexity is another issue when designing a sequence. Repeating, as well as longer 

sequences are more complex. Terminators are also prone to a high complexity as they often 

feature a secondary structure which is troublesome for synthesis. If the complexity is too 

high, companies might not be able to deliver your DNA fragments. Once your sequences are 

finished, perform all cloning steps in silico to avoid mistakes. 

http://parts.igem.org/Help:Standards/Assembly
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Timing, as always, is important. If you are requesting funding from IDT, Addgene, etc. It 

might take a couple of weeks before you get their generous support. In our experience, the 

normal IDT support might not be familiar with the iGEM sponsoring. Senior account 

specialists are more experienced with the competition.  Once ordered, it can take up to 

another four weeks for longer sequences to get synthesized and delivered. 
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