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Primer Design

In this tutorial, you will see how to use the CLC Main Workbench to find primers for PCR
amplification of a specific region.

We use the pcDNA3-atp8al sequence from the 'Primers’ folder in the Example data. This
sequence is the pcDNA3 vector with the atp8al gene inserted. In this tutorial, we wish to design
primers that would allow us to generate a PCR product covering the insertion point of the gene.
This would let us use PCR to check that the gene is inserted where we think it is.

First, open the sequence in the Primer Designer. You can do this in different ways:

Open the pcDNA3-atp8al sequence by double-clicking on the sequence name in
the Navigation Area | Shift to the Primer Designer view by clicking on the icon (ZI)
in the lower left corner of the View Area

or:

Toolbox | Primers and Probes (-] | De-
sign Primers (7I)

This will open a wizard. Select the pcDNA3-atp8al sequence from the 'Primers’ folder in the
Example data by double-clicking on the sequence name or by clicking once on the sequence
name and then on the arrow in the center of the wizard pointing to the right hand side. Click on
the button labeled OK.

Now the sequence is opened and we are ready to begin designing primers (see figure 1).
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Figure 1: The sequence that you would like to design primers to. The sequence has been opened
in the Primer Designer. The red arrow highlights the icon that symbolizes the Primer Designer view.

Specifying a region for the forward primer

When opening the sequence in the Primer Designer view, the sequence is shown at single
nucleotide resolution. To get an overview of the sequence, we will zoom out a bit by clicking on
the Fit Width icon (fi=]) that are found in the lower right corner of the View Area. You can now see
the blue gene annotation labeled Atp8al, and just before that there is the green CMV promoter
(see figure 2). This may be hidden behind restriction site annotations. Remember that you can
always choose not to Show these by altering the settings in the right hand pane.



00000 Primer Design 3
00000
QIAGEN

Tutorial

I pcDNA3-atpBal X

1Sv40 origin of replication
SV40 promater ColE1 origin

blacymycin ORF Ampicillin ORF
P Sall| Sall|
—

pcDMNA3-atpSal #

Figure 2: Zoom out to get an overview of the sequence.

In this tutorial, we want the forward primer to be in a region between positions 600 and 900 -
just before the gene and we will zoom in (%3) with the zoom in tool (&) found in the lower right
corner to make the selection.

Select this region, right-click and choose "Forward primer region here" (=) (see figure 3).

CNV promoter
ACGTATTAGTCET CoELTATTACCATACTRATRACRTTTTAGCAGTA

Forward primer region here
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Reverse inner primer region here
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Figure 3: Right-clicking a selection and choosing "Forward primer region here".

This will add an annotation to this region, and five rows of red and green dots are seen below as
shown in figure 4:

Forward primer region

pcDNA3-atp8al ACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTAC
Lgt: 18 20000000000 000000000000000000000000
Lgt: 19 00000000000000000000000000000000000¢
Lgt: 20 cececcccccecco0OOOO0OOO0OOO000000000000T
Lgt: 21 0000000000000 00000000000000000008080801
Lgt: 22 0000000000000 00000000000000000000R

Figure 4: Five lines of dots representing primer suggestions. There is a line for each primer length -
18bp through to 22 bp.
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Examining the primer suggestions

Each line consists of a number of dots, each representing the starting point of a possible primer.
E.g. the first dot on the first line (primers of length 18) represents a primer starting at the dot’s
position and with a length of 18 nucleotides (shown as the white area in figure 5):
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Figure 5: The first dot on line one represents the starting point of a primer that will anneal to the
highlighted region.

Position the mouse cursor over a dot. A box will appear, providing data about this primer. Clicking
the dot will select the region where that primer would anneal. (See figure 6):

Forward primer region

TCATCGCTATTACC
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Primer covering postions 612 to 629:

GC content: 0.5

* Melt. termp.: 58,556 °C
Self annealing: 10
Seff end annealing: 3
Secondary structure: 8

(*) requirement not met!
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Figure 6: Clicking the dot will select the corresponding primer region. Hovering the cursor over the
dot will bring up an information box containing details about that primer.

Note that some of the dots are colored red. This indicates that the primer represented by this
dot does not meet the requirements set in the Primer parameters (see figure 7):
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Figure 7: The Primer parameters.
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The default maximum melting temperature is 58. This is the reason why the primer in figure 6
with a melting temperature of 58.55 does not meet the requirements and is colored red. If you
raise the maximum melting temperature to 59, the primer will meet the requirements and the
dot becomes green.

In figure 6 there is an asterisk (*) before the melting temperature. This indicates that this primer
does not meet the requirements regarding melting temperature. In this way, you can easily see
why a specific primer (represented by a dot) fails to meet the requirements.

By adjusting the Primer parameters you can define primersto meet your specific needs. Since the
dots are dynamically updated, you can immediately see how a change in the primer parameters
affects the number of red and green dots.

Calculating a primer pair

Until now, we have been looking at the forward primer. To mark a region for the reverse primer,
make a selection from position 1200 to 1400 and:

Right-click the selection | Reverse primer region here (4=)

The two regions should now be located as shown in figure 8:

600 800 1.000 1.200 1.400
I I I I |

T7 Promoter Reverse primer region
Forward primer region Atp8al AtpBal ‘

Figure 8: A forward and a reverse primer region.

Now, you can let CLC Main Workbench calculate all the possible primer pairs based on the Primer
parameters that you have defined:

Click the Calculate button (right hand pane) | Modify parameters regarding the
combination of the primers (for now, just leave them unchanged)| Calculate

This will open a table showing the possible combinations of primers. To the right, you can specify
the information you want to display, e.g. showing Fragment length (see figure 9):

Clicking a primer pair in the table will make a corresponding selection on the sequence in the
view above. At this point, you can either settle on a specific primer pair or save the table for
later. If you want to use e.g. the first primer pair for your experiment, right-click this primer pair
in the table and save the primers.

You can also mark the position of the primers on the sequence by selecting Mark primer
annotation on sequence in the right-click menu (see figure 10):

This tutorial has shown some of the many options of the primer design functionalities of CLC Main
Workbench. You can read much more using the program’s Help function ( ?) or in the CLC Main
Workbench user manual, linked to on this webpage: http://www.clcbio.com/download.


http://www.clcbio.com/download
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Figure 9: A list of primers.
information to display.
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Figure 10: The options available in the right-click menu.
sequence" has been chosen, resulting in two annotations on the sequence above (labeled "Oligo").
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