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MsXelerator MsMetrix
Differential Analysis Demo: Comparing two Samples

MPeaks Differential Analysis can be used to finffledlences between two samples. It is a very poweefthnique which can
be applied to a large number of LC/MS applicaticeas.

Differential Analysis can be performed in a numbgways using MS Xelerator.

From the mairViewer, one could plot all mass chromatograms in mat@denand overlay these with mass chromatograms
from a reference sample. If plotted in negative entitk differences will be much easier to detece disadvantage using

this method is that you will have to explore a argimber of mass chromatograms and very smallrdiftes could be
missed. The second approach would be to detepeaks using MPeaks. After this, the MPeaks Viewettdbe used to
check whether the detected peaks are also presérd reference sample. Both methods are visuabgd and it will take
some time to finish the job. It is not the prefdrreethod for complex samples.

The MPeaks module contains two dedicated algorittumBifferential Analysis. Both are extremely fast (10-20 seconds)
and offer the possibility to align and shift thealduring comparison. The first and default aldoritis the one most
powerful. The second algorithm is less restricbué does a good job for data sets having not tooyrpaaks. To be able to
run Differential Analysis the MPeaks table mustdéaeen calculated or loaded from disk. DifferenAiaalysis can be
started usingienu > Differential Analysis. The menu contains a number of items.

The data set used in this example relates to @@muts application and the task was to compardiadgeaks in Sample A
that are absent or small in Sample B. The MPeakdtreable contains 982 peaks.

Total lon Current for Sample A and Sample B

Step 1:select and overlay the reference sampl8rowse to the location of
your reference file, select the sample and press OK

ck and Cwerlay Reference Sample

Estimate Reference offset Shift

Before running Differential Analysis you should ckdo see whether the data Set Reference offset Shift
sets are well aligned. If the two sets are shifima will have to apply alignment
correction methods. Sort the table on Peak Heiglitexplore a number of mass
chromatograms to check for alignment problems.

Figurel displays the overlay of one of the bigger peagsmfSample A and the Flats: Yiew aligned Data
same mass chromatogram from Sample B. The redwilc@ways be the
reference sample. From

Figurel it can be seen that the reference sample is dhiftéhe right almost 0.5 minutes. A shift correntwill be needed.
Check a few other peaks and see if the same kistitifoccurs. This will not always be the casem8geaks will shift to
opposite directions, or will not be shifted at all.

Fun Differential Analysis
Redraw Ratio Blak

The goal of exploring the two data sets is to ggoad first guess of how much the peaks are shifted
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x10° Differential Analysis: Mass Chromatogram m/z: 575

tR: 26.11 min Peakheight: 83.4%

Figure 1: Differential Analysis - overlaying tracesto estimate offset time shift between both samples

The Differential Analysis Tool offers a utility tdeasure the shift between both
peaks. From the menu selebifferential Analysis > Estimate Reference offset
Shift. The difference between both peak maxima will harreed as a first guess
(Offset Shift). The full reference mass chromatagsaill be shifted using this offset

in a linear way.

The returned offset shift is -0.43581 min., whichans that the reference should be

shifted to the left to properly align both tracége will use this value as
a best guess.

Select from the men8et Reference Offset Shifand enter the above
value in the edit box. Press OK and the view wadllupdated with the
reference trace shifted to the left. In situatiomere data sets are well
aligned you may skip the above steps. You are m@asy to run
Differential Analysis. From the menu selebifferential Analysis >
Run Differential Analysis.

The reference sample was already loaded and itagiespin the
reference edit box. To select another sample wsBribwse button.

Correlation Based Matching:

Differential Analysis uses two different algorithnihe first algorithm
is based on correlation and is named CorrelatiseBaatching. Each
peak in the sample will be correlated using theeskoal region to the
reference sample. If the result of cross corretaéirceeds a certain
correlation threshold value (0.7) it will be indicative for the presence
of the same peak in the reference sample. If theelextion is small,
probably no reference peak exists at this locatitsing this algorithm,
mass chromatograms should be properly aligned.
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Figure 2: Differential Analysis Window.
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Differential Analysis is performed using a dedich&ignment algorithm. Besides an offset shift eotion, the algorithm
uses a second parameter to allow for locally sthifteaks. A dithering parameter will set the windssed for local cross
correlation. A value half the offset shift will lzegood starting estimate. An optimal alignment Wwélcalculated for each
peak from the MPeaks table. After alignment theorbetween sample and reference is calculated.afgé fold value will
be used to set a threshold for differentiating peHfliwanted, peaks having area ratios larger thaiill not be deleted from
the list. All peaks having high correlations aratios smaller than 3 are present in both samplésxahunique. You might
want to delete these from the MPeaks table.

Peak Based Matching:

The second algorithm will calculate a full MPea#ble for the reference sample after which a tabiepgarison will be
performed. Each peak having the same m/z valuengared to the reference sample. If a referenck isdaund, it should
elute in a specified window around the first peakention time. This parameter is set in tiihee window edit box. The
algorithm uses a default value of 0.30 minutes.

Any peak may be shifted in the reference samplevghta maximum of 0.30 minutes. You may restria shifting to one
direction only (left or right) or use both direat® Using the default value, reference peaks cahified both to the left and
right.

Change Fold:
As explained, a Change Fold level may be used.sPleaking ratios larger than this value will notdedeted from the table
(similar peaks).

After the calculations have been completed the M@ é&able returns two new column; the correlatiolugand the ratio
between both peak area’s. The table can be sont&htio (differences) or Correlation (similaritie€ptionally, a baseline
correction can be applied if needed. If you oniynta keep the “differential” peaks, you shoultksethedelete peaks
radio button.

The Differential Analysis Results window will givaa overview of the number of peaks in the samplenumber of
common peaks in the reference sample (peaks irerefe with a correlation larger than the threshaltty the number of
peaks that will remain if the delete option wasstdd.

) Differential Analysis Results o ] [

Mumber of Sample Peaks:
Comimon Peaks in reference:

|B4EI

Bumber of Sample Peaks left after correction:
ISS

(034 | Cancel |

Press0K, to continue. You will be asked if summary reswltsShift Correction should be plotted.

-) Question =10l x|

Wiew Shift distribution of selected Peaks

Ko | Cancel |

Press Yes, to view the Shift Results. Figure 3ldigpthe shift results (offset + dither) in scamsd number of selected
peaks. From this Figure it becomes clear that ticepattern is present. From 20 to 23 minutegéference peaks are
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shifted to the right and the shifts increase watiibut 23 minutes. Beyond this point the shiftingrdases, but is still quite
large.

The applied offset shift (-0.43 minutes) equals@&ns. It can be seen that dithering uses at tisé aadditional scans. The
dither value of 0.3 minutes (16 scans) seems wulfecient.

The bottom plot show a histogram of the shift disttion. An average shift of -27 scans is obsefyetiveen peaks from
both data sets.

Shift versus Retention Time, 162 selected peaks
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Figure 3: Summary Result Plots for Shift Correction

You will be returned to MPeaks andRatio-Area Differential Plot will be the shown, which is basically a scattestpl
between peak area (x-axis) and the peak area lziogen sample and reference peak (y-axis). Feakde labeled using
the mouse. The peak will be highlighted in the ¢ablo label a group use the mouse and hold thelshjf To enlarge the
plot press the “f” key (Full Screen Plot). From g 3 we can conclude that 31 peaks in the sangde tatios between 5
and 30. The largest peak from this selection hasak area of 2.5%, all others are much smaller.

In all cases a ratio will be calculated even ifpgak in the reference sample was found (small tioes). However,
sometimes the “reference area” will be zero or tiegaThe ratio value will then be set to a vali®®. To find relevant
peaks study both ratio and area values. Very spealks, absent in the reference sample will probattyoe very relevant,
this may be quite dependent on the type of applinat

Figure5 shows the top peak in overlay with the referereakpThe ratio is 29.5 and the area is 0.85%. Bhelkation is
very bad (-0.036), which means that no referened peuld be matched. The dithering cross correlatéurns an optimal
shift value of -3 scans. For peaks having low datiens the dither value has no real meaning. @ngase of matching
peaks in the reference sample an optimal shiftevalin be calculated with real meaning.
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Differential Analysis Ratio Plot, Fold Change Level: 3
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Figure 4: Area — Ratio Plot showing Differential Aralysis results.
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Figure 5: MPeaks Overview after Differential Analyss.

To plot the results, switch to the Viewer and explthe peaks in negative overlay m@Beure 6). Results are shown for
the first six peaks having the largest ratios (data, not aligned). The peak heights vary from @18 1.05% compared to
the largest peak in Sample A.
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MPeaks Viewer: Matrix Plot, Data File: F:\LUMC\Additional from CD\s261713\s261713ds.mat  07-Aug-2007 21:59:32

Figure 6: Plotting Differential Analysis Results inMatrix Mode

Local Alignment Correction:
The first Differential Analysis algorithm uses adab Alignment procedure to correct shifts betweethtsamples. An
example from the applied shifts can be seen inrgigu

The top view displays the sample (blue) in ovevrléth the control sample. It can be seen that therobhas been shifted to
the right, compared to the sample. The result focal alignment for peak m/z 488 eluting at 28iRutes can be seen in the
middle. Sample and control are now well alignedrdlie range 24-32 minutes.

However, the other peak at 36 minutes is stilltedif and needs to be corrected in his own regiba.résult is shown in the
lower part of figure 7.

The local alignment procedure applied during déféral analysis will be performed on each peakvidially, giving an
optimal result.

Aligning data using MS Compare:
Alignment can also be applied using the MS Compaodule: algorithms to be used are Correlation Oigth Warping
(COW) or Peak Reference Warping (RPW). The timeemted data sets can then be used to perform efiffiet analysis.
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Checking which Differential Peaks do not have MS/N Spectra:

From the menu sele@iask > Label MS2 Scanslf you will get a warning that the MS2 index fikenot found and should be

created. Presges. After creating the MS2 index file the followirigUl will be presented.

To Search for MSMS spectra belonging to
differential peaks, two parameters need to be
entered. A time window in which the MSMS

scan should fall, compared to the detected peaﬁ.
Also the difference between a precursor ion
and the m/z value of the detected peak in the

table should in theory differ by a small value
only. However, we will use a value of 0.75
Dalton. Why, because sometimes it is observed
that precursor ions from the MSMS file are

actually the"*C isotope peaks. Sometimes alse
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13C peaks will be left in the MPeaks table, togethigh the monoisotopic peak. This will be correciedhe next version.

The final result table is displayed in the Figusddw. You can sort on peakheight. However to hdvialaeled peaks
together, sort on ID and scroll down. From a tofab12 peaks, only 199 peaks can be matched h&8gS spectra. The
other ones, often small, might be the interestiegks to be rerun using inclusion lists in a nexysis. The peaks having a
label can be deleted as follow. Press “m” to phet inass spectrum. Select peak number 199 with thesen go to the top of
the table and then press the first peaks whileihglthe shift key. All labeled peaks will be mark&itess the Delete m/z
button found at the lower part of the screen.

Differential peaks having no MSMS spectra can heddo text files or Excel.

MPeaks Screen after running Differential Analysis ad MSMS Labeling. Differential peaks having no MSMs scan
are not marked.
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