Download LinRegPCR
Download software here: http://www.hartfaalcentrum.nl/index.php?main=files&sub=0
[image: image3.emf][image: image4.emf]If you are using the Roche 480 machine, you will need the the LC480Conversion program.  The main software you will be using is the LinRegPCR program.
For understanding this technique, see 

Amplification efficiency: linking baseline and bias in the analysis of quantitative PCR data.

Ruijter1,Ramakers, Hoogaars,Karlen, Bakker, van den Hoff1 , Moorman

Nucl. Acids Res. (2009) 37 (6): e45.

And 

Assumption-free analysis of quantitative real-time polymerase chain reaction (PCR) data.

Ramakers, Ruijter, Deprez, Moorman.

Neurosci Lett. 2003 Mar 13;339(1):62-6.

There are also some interesting notes on the last page of this document.

Export ALL Data from Roche 480 Computer
Export your qPCR results from the roche 480 into a text file (not the default .ixo file).
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[image: image6.emf]Convert the Data using “Conversion_LC_480”
Open the text file in “Conversion_LC_480” which is another program available at the above website. 
Press “Open Text file”, and open the txt file that you exported from Roche 480.  It takes a moment to think.
Check the little box for the size of the plate you used, and then click “convert to grid.” It takes a moment to think again.
Click next when the next button appears.
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It now goes to a new tab.  Click “select all” and make sure that the letters in the range boxes make sense.  For 384 plates, it should look like this:

[image: image8.emf] Once you click “Extract Selected Wells”, it will go to a third tab, and on that tab you should click “Export to Excel.”  

You have excel open and a document open for this to work.

The data will be on a NEW tab within the excel sheet that you have open.  

You can close the conversion program now.

[image: image9.emf]Label the Primer Pairs you Used for Each Sample
Go to your new excel  tab.  Notice the second column is “sample”

Change the contents of this column to some notation of the primer pair you used.  For all of the sample that have the same primer pair, the lable in this column must exactly identical.  Don’t use “Tub” for some and “Tubulin” for others.  Speaking of reference genes, I recommend this paper for finding the best Arabidopsis reference genes: 

[image: image10.emf]Genome-Wide Identification and Testing of Superior Reference Genes for Transcript Normalization in Arabidopsis.  Czechowski et al. Plant Physiology 139:5-17 (2005)

It’s nice if your reference gene is expressed at somewhat the same level as your gene of interest.  It’s hard to optimize cDNA level if your reference gene is expressed over a million times higher than your other gene.

This is what it should look like.  I color coded the primer pairs for you to see. 

Now, you are ready for LinRegPCR

[image: image11.emf]Using LinRegPCR

[image: image12.emf]With the excel sheet still open, open LinRegPCR.exe .  This pop-up will open.  It will probually automatically find the correct excel sheet.  Choose the options I show below.  Sybr green is a DNA binding dye.  Normal cDNA synthesis is just first strand, so it’s only single stranded.  There is no corrections yet, this is raw data.  I used the Roche Lightcycler 480.  Make sure that the column and row designations are correct.  You can look at your excel sheet to see what the bounds of your data are,  but if you have a normal 96 well plate or 384 well plate, then you can follow my example below.
[image: image13.emf]Then Click OK.  It will look like the next screen shot below.

Click the big red determine baselines button.  It takes a while.  DON’T ever try to stop LinRegPCR in the middle of its calculations!  If you accidently do, weird things can happen!   Be patient; just let it do its thing.  Have some coffee.

Here is a little orientation to the screen.  On the plate that I am showing here, the different primers were done in rows, and the bottom graph rows all the samples by rows.  The result is that you can see the different primer groups even before you tell the software which samples are from which primers.  This is because LinRegPCR is truly measuring a primer-specific feature of the data.  Samples that didn’t amplify will be at the bottom of the primer effiecny graph at the bottom with an efficiency of zero.  Don’t worry, they won’t affect your mean primer efficiencies.

[image: image14.emf]
The next step is to “define amplicon groups”, ie primer pairs, and then allow a different window of linearity for each primer pair.
[image: image15.emf]
Click on the AMPLICON GROUPS tab.  Then select “read from excel.”  For column, put “B,” and for row put 2 to 97 [for a 96 well plate] or 385 [for a 384 well plate].  Then click read amplicons and then set Window Of Linearity per group.  
On the user setting tab, you can choose to exclude some types of data from your mean primer efficnecy.  The defult on this version is to include all the samples that amplified.  You can also omit the primer effiencies from samples that are >5% away from the mean if you want.  After checking the 5% option, you can click “determine efficency outliers” to see which samples would be excluded if you keep this option checked.  When you want to go back to seeing all samples, select “show all samples” which is right below the “determine outliers” button.  I usually just leave the defult settings.
Now you can go through individual samples and manually exclude them if need be.   Go to the individual sample tab, and click the left and right facing arrows to click though each sample.  I would say don’t exclude your No Template Controls.  If there is no amplification, the software will automatically exclude it from determining the average primer efficiency.  If there was amplification, you will want to know about it and this way you can see how much amplification in your data table later.  A really good time to exclude things would be if you noticed in the melt curve analysis (within the Roche software) that some samples got contaminated with a neighboring primer pair.  I think that could throw off the primer efficiency for your primer pair, so exclude those samples.
If you do decide to make manual exclusions, it may be a good idea to then click “recalculate WoL” again.
If you see some of the little red dots at the bottom turn orange while others are red, you are fucked.  I recommend closing the program and starting over.  They should all be the same color. It’s OK if they are ALL red or if they are ALL orange.   I don’t know why that happens, but it really messes up your data.  I think it might happen when I click stuff during its calculations.  Just wait patiently.
When you done checking everything over, you need to click, file, save, to get it back into excel. 

I recommend using the “complete” option.

Then, all the data shows up as a new tab in the excel spreadsheet you already have open.

Make sure you just have that one new tab, there could be others and they could be hard to tell apart.  If there are a lot then something weird happened, delete them all, and re save the data from LinRegPCR.

[image: image16.emf]There is a lot of info there that you might not really want right now.  I recommend using the right-click-and-hide option within excel while you have boring columns selected to get them out of your way.  Otherwise it could be overwhelming.  You can always bring back hidden columns by double clicking near the column header.
The Cq data you see is calculated by a threshold applied on a per-group basis.

The primer efficiency for each group (primer pair/amplicon group) are just simple averages of all the individual primer efficiencies for all the samples assigned that group number and are not excluded.  I checked it in excel and got identical numbers.

N0, as reported by the software is:
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Threshold means the primer-group-specific florescence threshold that when a sample crosses that threshold the cycle is the called Cq.  PrimerEff is the primer efficiency, and Cq is the cycle number at which the sample crosses the florescence threshold in the numerator.

(in the software, you can see the individual threshold for each sample (it’s the same for all groups under default settings.) but notice that it’s the LOG-threshold.  When you un-log it, it’s the same as what it puts in the excel sheet.)
N0 is supposed to be a measure of the starting material cDNA for your gene.  ie, N0 is exactly what you are after.  It’s the analogous to PrimerEff-Cq.  It converts the logness of cq numbers and converts it into something that positively and linearly correlates with starting amount of your cDNA.  The units are arbitrary.  It’s interesting, when you de-convolute that equation, it comes out to Threshold*PrimerEff-Cq.  So, the only difference in this software, is that they are scaling the arbitrary units of cDNA by threshold.  When you divide your mutant or treatment sample by WT or non-treated, this threshold factor will COMPLETELY cancel out.

Ruijter et al 2009 has some nice tables about the N0 calculation that I think are helpful.  Interestingly, the N0 equation above is apparently mathematically equivalent to the Y-intercept on cycle# vs. florescence graph (see paper figure 1 for details.)
____________________________________________________________________________________

When I checked the correlation between No individual efficiency and No group efficiency, I get a quite nice line, meaning the results are very similar either way.  That’s the way it should be.  I had to use a logarithmic scale on both axis in excel to see the data at all.

LinRegPCR gives different Cq values than Roche.  Probably because LinRegPCR can use different thresholds for each primer set.  However I did a plot comparing Roche’s Cps to LinRegPCR, and it’s a really nice linear relationship.  I think you would get basically the same take-home data no matter which Cq calculation you use.
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