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2 Introduction and typical workflow

The MarkerView™ Software is designed to allow the data from several samples to be compared so
that differences can be identified; typical applications include: metabolomics, biomarker discovery,
metabolite identification, impurity profiling, etc. This manual provides an overview of some of the

most common processing operations; a detailed description of the various commands, menus and
dialog boxes is contained in the Reference Manual.

The program uses multivariate analysis (MVA) techniques to compare the samples and provides both
supervised and unsupervised methods. Supervised methods use prior knowledge of the sample
groups (for example, healthy vs. diseased) to determine the variables that distinguish the groups. In
contrast, unsupervised methods allow the structure within the data to be determined and visualized.
The two approaches can be combined, i.e. unsupervised methods can be used to determine the
groups, and then supervised methods can be used to confirm the important variables.

A typical workflow is shown below:

Data files

A\ 4

Generate peaks

_ files
Import, normalize and | :

align

A\ 4

A

A\ 4

Assign groups
(optional)

A\ 4

Analyze data

A

|
Exclude variables

A\ 4

Interpret results 5

Further interpretation

MVA requires that the initial data be in the form of an array, hence the first step is importing the
data to generate the array:
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Sample 1 Sample 2 Sample 3 etc...

Variable 1
Variable 2
etc...

The content of a cell represents the value of the appropriate variable in the sample and can be zero
if the variable was not present. The rows represent variables found in at least one sample.

It is important that the variables represent the same quantity in every sample. This is
straightforward if distinct quantities have been measured (an example might be the intensity of a
specific mass at a particular retention time), but care must be taken if the variables are ‘found’ in
the data (for example centroid masses or the mass and retention time of an LCMS peak) since the
same variable may be assigned slightly different values in different samples. Ensuring that the
variables are correctly assigned is known as ‘alignment’ and is performed by the program as the
data is imported.

Similarly, it is also important to allow for differences in the values of the variables due to known or
expected changes in the data, for example different intensities of LCMS peaks due to differences in
the amount injected or the response of the instrument. This is known as ‘normalization’ and is also
performed during the import step.

If the data was obtained from known or suspected groups, the samples may be assigned to these
groups for supervised analysis or to allow better visualization of the results. It is useful to be able to
define different symbols for the groups so they may be easily recognized in subsequent plots and
graphs.

Variations in the data can arise from several sources, for example:
1) Experimental variations due to changes in the instrument or experimental conditions

2) Variations that are real but not of interest, for example, male vs. female subjects,
metabolites of a therapeutic agent, etc.

3) Relevant differences that reflect changes in the system being studied

During processing, the program allows variables of the first two types to be identified and excluded
from further processing. The excluded variables are tracked so that they can later be examined or
used for other processing. The program also allows ‘interesting’ variables to be saved for later
interpretation.
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3 Supervised processing of MALDI TOF data

The data for this example consists of two sets of TOF MS spectra that were exported from the 4700
database in ‘T2D’ format. One set of spectra was obtained from the tryptic digest of a beta-
galactosidase digest; the second set is from the same digest but spiked with a calibration standard.

The example illustrates importing and reviewing data, and analyzing the data with a t-test.

3.1 Importing data
1. Select MALDI Spectra (from T2D) from the File -> Import menu.

I MarkerView
FEN Edit Wiew Analyze Window Help

Create LCIMS Peak Lists (From wiff) | ]

LCIVS ek Lists (% peks)
Cpen Ctrl+0 | LCMS Data (From wiff)

Recent Files ¥ MCA Spectra (From wiff)

Save As Chrl+5 MALDI Spectra (From T2D)

Export Peaks Table ¥ 4x00LC-MALDI Peak Lists ¢from bext)
% | MRM Chromatograms (From wiff)
Exported Analyst Results Table
Text Spectra
Genetic Text File

Page Setup

Exit

2. In the Select Samples dialog box that appears, click the Select Folder... button and locate
the folder containing the example MALDI spectra. This folder is installed to the
‘AB-Sciex\MarkerView\Sample Data’ subfolder of the ‘Program Files’ folder.

0¥ select Samples E|
Select Falder. . C:%Program FileshaB-SciessMarkertdiew 1.0455ample Data
Ay ailable Selected
=[] Sample Data
#1-[[] LEMS Data

e | MaLD| Spechra

Ok, I Cancel J

A4

3. Select the folder *MALDI Spectra’ and click the button marked =>; alternatively you can drag
the folder to the right side of the display marked Selected.
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™ select Samples

Select Folder... C:\Program Files\AB-Scier\Marketview 1.085ample Data
Awailable Selected
=] Sample Data =1-[_7 Sample Data ”
+-(Z7 LCMS Data =I-(Z1 MALDI Spectra '
el 1AL Spectra =-E A
W A0 MS_1e2d
= W AT_MS_1td
W42 WS 1t2d
W A3 MS_1a2d
W Ad ME_1Ed
5 W A5 MS_1H2d
W A5 MS_1.t2d
W AT WS 1t2d
W A3 MS_1a2d
W A9 ME_1td
o@c
| _,J W CT0_MS_1.t2d B
K ‘ Catcel J

4. Click OK to import the files on the right side of the display.

In the Process Spectra Options dialog, select Find spectral peaks in profile spectra and
enter a Mass tolerance of 200 ppm, set Minimum required response to 100, Maximum
number of peaks to 5000 and ensure Use exclusion list is unchecked. Click OK; a dialog box

will indicate the progress of the importing operation.

Process Spectra Options

1~ Processing [~ Filtering

Expetiment: |F'eri0c| 1. Experiment 1 j

inimumm required response:

* Find zpectral peaks in profile spectra MU b o ek

Mazs tolerance: 200 ppm ¥
[ Use exclusion list
" Bin spectum
Bin size: i ALl
=ik :

Subtraction half-window: 0.0 bing

1o0.0
5000

5. When the import operation has finished, the data table will be displayed.
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wQ 2
Row Index Peak Name miz Ret. Time Group Use A1_MS_1.t2d A2 MS_1.t2d 7‘
p|1 1 70015 7007481 | NA& £.020e1 0.0000 5
2 2 700.43 7004328 | N/A 0.000e0 1.3632 1.
3 3 70073 700.7335 | N/A 1.130e2 0.000e0 0.
4 4 F01.00 FO.0044 | NsA [Monaizotopic] 1.047e2 0.000e0 0.
5 5 70.29 701.2919 | N/A 0.000e0 0.000e0 1.
E G 701.49 701.4851 | N/& [Monaisotopic) 1.231e2 1.331e2 0.
7 7 701.80 701.7969 | N/A 0.000e0 0.000e0 0.
8 a 70204 7020412 | N/A 5.235e1 0.000e0 1.
9 9 70225 022480 | N/ 0.000e0 1.341e2 0.
10 10 70243 7024338 | N/A 1.324e2 1.212e2 1.
1 1 702 64 7026442 | N/& 0.000e0 0.000e0 1.
12 12 70293 029307 | N [Monaizotopic] 1.263e2 1.333e2 E.
13 13 70317 7031660 | N/A 1.541e2 0.000e0 1.
14 14 703.40 7033999 | N/A [Monaisotopic) 0.000e0 0.0000 0.
15 15 70355 7035548 | NJA 0.000e0 1.100e2 0.
16 16 70370 703.7043 | N/& (Isotope) 5.706e1 0.000e0 1.
17 17 70396 FO39E09 | N/ [Monaizotopic] T.9E1e1 0.000e0 0.
< 3

The table contains a row for each variable and a column for every sample. Variables are identified by
a peak name, m/z and retention time; since these data are from mass spectra alone, there is no
retention time available and the peak name is simply the m/z value.

The table also contains a column which allows the variables to be assigned to a particular group.
When the application reads MS or LCMS data it attempts to determine the charge state of each
variable, based on the spacing of the isotope peaks, and assigns it to one of two groups:

e Monoisotopic: charge was successfully assigned and this peak has the lowest m/z value of the
isotope cluster

e Isotope: charge was assigned and this peak has a higher m/z value than the monoisotopic peak

If the group is blank then the charge state was not assigned, probably because the peak was small
and no other peaks with reasonable spacing could be identified.

A status bar at the bottom of the main window indicates how many samples and peaks were read in
(20 and 2390 respectively in this example).

20 Samples 2390 Peaks 0 Currently Excluded Peaks 0 Interest List Peaks 0 Previously Excluded Peaks 0 Globally Excluded Peaks

The bar contains other fields that will be explained later.

3.2 Reviewing the data

You can use the controls in the toolbar at the top of the ‘Peaks’ window to graphically examine the
data before performing an analysis.

1. Select any column by clicking in its title and click the Plot Column icon (Jiw). A plot of the data
for that sample will appear beneath the table. Note that this is not the raw mass spectrum, but a
plot of the most intense peaks found across all samples during the import process.
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= A1 MS_1.t2d

wibvE@E T QEES
Fow Index Peak Name méz Fet. Time Group Usge Al_MS_Ttad | A2 MS_T.t2d 7‘
b1 |1 | 70015 | 7001481 | NAA | | 01.000e0 B
|2 |2 | 70043 | 7on4328 [N/a | | 1.363e2 1w
=i | s
AT EB % @QE =
41_MS_1t2d
Fed 4
® 504,47 128
tot | 1297 63
5 | 905 47
f=y
2
B
o 264 129069 1570.68
900.32 104554 108352 1299 64 130063
| i -
e | TIAI BEZ41 90648 97256 109955 A 1571.69 1757.67 203410 2486.23
a03.41 974 56 Y100 57 1759.88 1788.75 246523
Dl b h‘.‘ i I.l Al L L l.L LILL i
7E092 82993 91014 99950 110119 123411 136170 151782 1E9163 190191 213999
Peak

If you click on the Link to Table button (E&,) in the graph header, the graph will update when
different samples are selected. You can zoom or scroll the plot by dragging in the axes, as in the

Analyst® Software.

Click on the trash can button (i) in the graph header to delete the graph.

icon (340).

Select a row by clicking in the row header to the left of the row number and click the Plot Row

The graph shows how the value of the selected variable changes for every sample in the table.

Select the Link to Table button in the graph pane and then click in the table to make it active
(the active pane is indicated by an orange border). Select a new row in the table and the graph
will update to show the behavior of the selected variable for all samples. When the table is
active, you may also use the arrow keys to change rows and quickly review the data.

When you have finished reviewing the data, click the trash can icon to delete the graph.

= 700.15

CEX

™ 4] ﬁ Q B
Fow Index Peak Mame méz Fet. Time Group Use A1_MS5_1.t2d A2 M5 1.r2d 7'
(1 1 700,15 00.148 B.020e1 00000 5.
lE 2 700.43 7004328 [ W/ 0.000e0 1.363e2 1]
3 3 700.73 FO0.7335 [ Nia 1.190e2 0.0000 0
4 4 701.00 701.0044 [ WA [Monoisatopic) 1.047e2 0.000e0 i}
15 5 701.29 01.2918 [ WA 0.000=0 0.000=0 1.
G B 701.43 7071.4851 [ W/a [Momoisatopic) 1.23e2 1.331e2 0
7 7 701.80 701.7963 | W/a [+ | 0.000e0 0.000e0 0>
IES >
U EB»E-ITIARAE
F00.15 A5 M5_1.62d I — C10_M5_1.t2d
] |
100 AR C3Ms_1t2d 7|
5 | M5_1.12d ! 1424
2 . 1.12d
5 A10_M5_1.k2d .
=1 1
& 50 AT_M5_1.12d
fra
A2 M5_142d AR MS_142d A8 MS_1k2d  C1_MS_1i2d  C4_MS_1t2d  C7_MS_1t2d  C10_M5_1.2d
Sample [by index)
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3.3 Reviewing the samples and assignhing groups

1.

Select Show Samples Table from the View menu. The Sample table will be displayed below
the Peaks table.

 Samples E@

ThhEEHE X =T
Fow Index Peak Mame méz Fiet. Time Group Use A1 M5 1.t2d A2 M5 1.t2d 7‘
1 5 70015 7001481 EB.020el 5E
2 2 700.43 7004328 | N/A 0.000e0 1.363e2 1.
E 3 700.73 7007335 | N/& 1.190e2 0.000e0 I}
|4 4 701.00 7010044 | WAL [Moncisotopic) 1.047e2 0.000=0 0.
5 5 701.29 01.29159 | NAA 0.000e0 0.000e0 1.
G E 701.49 7014851 | N/A [Monoisotopic) 1.231e2 1.331e2 0%
IES >
NEEECYEL
Row Index Sample Name Sample 10 Group Use Acg Time Scale Factor :‘
p |1 1 A1_MS5_1.t2d & [{ES 1.000e0 M.
B 2 A2 M5_1.t2d & M8 1.000e0 M,
13 3 A3 MS_1.t2d A [P 1.000e0 M.
|4 4 Ad_M5_1.t2d A MR 1.000=0 M. —
g ) A5 MS5_1.tzd & MR 1.000e0 M.
G B AE_MS_1.2d A WA 1.000e0 M.
3 7 A7 _MS5_1.t2d A M4 1.000e0 M.
a 8 A8 MS5_1.t2d & MAA 1.000e0 M.
IE 9 A9 MS5_1.t2d & MAA 1.0000 M,
J( 10 10 A10 MS 1.t12d A [ | N 1.000e0 ;»l.".

The table contains a row for each sample with columns indicating if the sample is to be used in
subsequent processing (Use), the scale factor for this sample, the associated group and other
optional information.

The Sample ID is obtained from the data file, as is the Acquisition Time if the data are being
imported from a .wiff file.

The Scale Factor can be adjusted to allow for overall differences in the amount of sample
used, and the RT Correction is used to adjust the retention time in LCMS analyses.

The Group information is used in supervised analyses and to select plotting symbols for the
samples so that differences are more apparent.

Select all of the rows for samples with names starting ‘A’ by dragging in the row headers (to the
left of the Row column), right-click and select Set Group for Selected Samples. In this case,
all of the samples in group A are beta galactosidase tryptic digests with calibrant spiked at a
particular level.

(Note: if the Sample ID column contains the group information, you may quickly copy it to the
Group column by clicking the column heading, hitting ctrl-C to copy the column, selecting the
Group column and hitting ctrl-V).
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A Samples

[fRe 8
Fiaw Index Peak Mame miz Ret. Time Group Usze A10_MS_1.t2d A1_MS_1.t2d A2_MS_7I
b1 1 700.03 7O0.0878 | Mia 1.249e2 8.000e1 ALY I
2 2 700.40 7003985 | Mia [Monaisotopic] 1.320e2 0.000=0 1.082e2
3 3 70057 7O0.5E6E | M/A 0.000e0 1.190e2 1.339e2
4 4 70083 7008304 | M/& 8.255e1 8.725e1 4.392¢1
5 5 70110 701.0981 | MN/& [Monaisotopic] 1.10Be2 BE47el (0.000e0
B 3 701.26 7012637 | N/& [Monaisotopic] (0.000e0 0.000e0 (0.000e0
7 7 701.42 7O01.4230 | M/& [Maonaisatopic] 1.725e2 1.447e2 1.137e2
g 3 70171 TO17126 | Méa [Monaisotopic] 1.000e2 1.263e2 0.000e0
J k| 9 701.95 7019518 | M4 [tMonaisotopic] [#] | 0.000e0 £.412el 5.941e1 _
< | >
w R
R Index Sample Mame Sample [0 Group Usze Acq. Time Scale Factar RT 7‘
" T2 " ” e i
Plok Peaks For Sample
Don't Use Selected Samples
Use OMLY Selected Samples ) -
Select Samples for Matching Sample Mames
Select Samples For Group
» 5_ ) oup Fo cked Samples
i i C10_M5_1.t2d C M, 1.000e0 MR
12 12 C1_MS_1.t2d C WA, 1.000e0 M A&
13 13 C2_M5_1.t2d C WA, 1.000e0 MAA
J 14 14 3 M 1A r 1 [ 1 NNN=n | [P !
< >

3. In the resulting Group Name dialog enter ‘A’ for the group name and press OK.

Group Name [$_(|

Fleaze enter the sample group name:
|2 =

ok | Cancel |

4. Select all of the samples with names starting with ‘C" and repeat the process, assigning ‘C’ as the
group name. The samples in group C are beta galactosidase tryptic digests with calibrant spiked
at a lower level than group A.

5. Click the trash can icon in the sample table to remove it from the display.

3.4 Saving the data for later retrieval

It is often useful to save the imported data so that it can be reprocessed later without having to re-
import it since importing may be slow if there are many complex samples. The group information
you have just entered in the previous section will also be saved with the data.

1. From the File menu select Save As, select a folder to save the data, enter a name and click OK.
The data will be saved in a file with the extension ‘mrkvw’. In this example the file name is
‘Saved'.
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2. To retrieve the data later, select Open from the File menu, locate the appropriate file and click

OK.

3.5 Assigning a symbol for the groups

The results are easier to visualize if a unique symbol is associated with each group.

1. From the Edit menu select Options.

B MarkerView

File Bl View Analyze Window Help

Copy
Copy Transposed
Copy windo

Select all Calurins

Chr+C

Remove Trailling Characters from Groups

Options

In the Options dialog box, select the Plot Symbols tab if it is not already selected.

L] Options
Plat Symbals l Exclusion 1

Import ‘ E xport ‘

Clear ‘

Group
[Default)

Symbal

Size

Calor

[Excluded)

[Selected)

[Monoizatopic]

[lzatope]

&

C

[Custom]

LR BE NE BE BE BE BN BE NE NN NN BN NN BN BN NE SAEeNl |

oo| mof oo| oof oof oo oof oo @ o of o o of ;| oo o of o

3

~

v

oK

I

Cancel

‘ Z|

Select the first empty cell in the Sample Group column and enter ‘A’. Enter ‘'C’ in the Sample

Group cell in the next row.

You may change the shape, size and color of the symbol by clicking in the appropriate cell and
making a selection from the drop-down menu. Click in the color cell for the C row just added

and select the red color. All graphs and plots that show samples will now use filled blue circles
for group A and filled red circles for group C.

Note that there are five special categories — Default, Excluded, Selected, Monoisotopic and
Isotope — that are used when no other symbol is defined, for excluded samples and variables,
when particular samples are selected, or to indicate isotope peaks respectively. You cannot
change the names of these symbols but you can edit the shape, size and color.
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3.6 Performing a t-test

The t-test is applied to every variable in the table and determines if the mean for each group is
significantly different given the standard deviation and the number of samples.

1. From the Analyze menu, select Compare Groups with t-Test or click on the t-test button in
the toolbar below the menu bar ([t]).

2 MarkerView
File Edit  Wiew B wWindow  Help

= | T
= R W Perfarm PCA Ctr+.0.
| i Chrl+T

Marmalization

Apply Elobal Exchsion Lisk
Make Peaks Appearing in Few Samples Unused

esknmne

Replace Zero Yalues
Awerage Replicate Sarmples

The following dialog appears:

Samples per group for first to last” comparizon: 15

¥ Remove samples marked as nat user

[ Only show this dialog again if the shift key is down

(]9 ‘ Cancel ‘

2. Click OK.

T YT
Compare: |EXELN il =10.n2=10
Row Index Peak Name miz et Time Group Use  twalie pvalue Mean 1 Mean2  Medonl | Medan2  Sigwal Sigma 2 Dela | FoldChange. Log(Fald Changs) |
»[1 1 70015 7001481 | N4 [4 |o1s 088577 | 732061 |70251 | 7Bdel | 761261 |4611s1 | 44331 |2343e0  [1.042e0 | 1.786e2 =
BE 2 70043 00,4328 | N7A EREES 072488 |9600s1  |BEASel | 10172 | 102062 | 5535e1 | 6.380el | 95490 | 1110:0 | 4550s2
3 3 70073 00,7335 | NA o [1713 027251 |3731e1  |B597el | Q0000 | 7008l | 4328e1 | G313el | -2867e1 | 565wl | 2476el
q 4 701.00 010044 | N7A & [07 0BE624 | 5534e1  |B032el 5067l | T.belel | 5974e1 | 5480el | -4380e0 | 927del | 32del
5 5 70123 7012919 | N7& M 273 004712 | 3574e1 | BOO0e] | 00000 |1.1%e2 | 4876el | G220el | 532el | 4DI5e1 | 3931
5 B 70143 7014851 | N7& (Manaisotopic] [ [o0s 093050 | 6898e1  |663%1 | 8618e1 | 6451el | 6.248e1 | 71031 | 2647e0 | 1040e0 | 16952
7 7 701,60 7017963 | N/A @ (o4 UEEEZ7 | 9038a1 | 783701 | 117562 | 101562 | BEf0el | 5620e1  |120%¢1 | 11530 | B1%e2
8 B 70204 020412 | N7A [ [110 028720 | 61181 | 33891 | 6951l | 000060  |6713e1 | 5494e1 | 27491 | 1816e0 | 2691e1
3 3 70225 7022480 | N/A & [ 00086 | 215051  |65@Bel | 00000 | 8804e1 | 4706el | 5845el | 44%el | 3267e1 | 485801
10 10 0243 7024338 | NA A [ozr 076787 | 95391 |B7221 | 1.302e2 | 996%] | 6680e] | 6695l |816%0 | 1.03%0 | 3E88e2
1 1 0264 026442 | NA o [0z 078631 |4304e1 51451 | 00000 | 0.000e0 | 6.964e1 | G&3el | B412e0 | 83051 | 77532
12 12 70253 023307 | N7A [ [0 036507 |7.953e1  |78Mel | 90291  |92l6el | G217el | 4602el | 1.086e0 | 1.014e0 | 59733
13 13 70317 7031660 | N7A & [0 005076 | 3867e1 | 4386e] | 00000 | 0.000e0 | 6.33el | 5628el | 51%eD | B8151 | 547602
14 4 70340 703.3999 | N7A (Manarsotopic] @ |07 045291 | 569861 |B189e1 | 00000 |1.2532 | 7.743e1 | 709%el | 2490e1 | 6959e1 | 15751
15 15 70355 03,5548 | N7& @ [0 071277 | 6724e1  |6980s1 | 00000 | 5.751el | 755821 | 7460el | 125661 | B200e1 | BE17e2
16 16 70570 03,7043 | N/A (Isotope] & [0z 083688 | 284301 | 3288e1 | 0000s0 | 0.000s0 | 4361e1 | 451Bel | 443160 | BB5201 | 62912
17 17 70396 03,9508 | N/A {Monasolopic] e 03314 | 646961 |7957e] | 346lel | 877561 | 6373el | 48231 | 248861 | 68731 | 16291
18 18 70413 041871 | N7A [@ [1.00 032951 | 3624s1 | 1305s1 | 0000s0 | 0.000s0 | 6042s1 | 4126el | 23191 | 277760 | #43e-]
13 13 70444 04,4416 | NA [ |08 052233 | 11322 13072 | 1.3%e2  |1.3%32 | 6836e1 | 5050l |-1.751s1 | GBble] | 62452
20 20 704,69 TO4.6E67 | N7A & [113 027360 |3430e1 | 9667e0 | 00000 | 0.000e0 | 6371el | 3057el | 252461 | 361160 | 5576ed =

The program automatically compares all groups in pairs and each group to all of the others; the
comparisons are accessed through the combo-box labeled *Compare’ at the top of the table. In
this case there are only two groups so the comparison is selected and the resulting table
displayed. The nhumber of samples in each group (10 in both here) is also displayed.
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For every variable the table displays the calculated t-value, the corresponding p-value and
various metrics for both groups such as the mean (Mean 1, Mean2), the median, the difference
between the means (Delta), the fold change and the log of the fold change.

The t-value is a measure of how well the variable distinguishes the two groups whereas the p-
value is the probability that the delta value would occur by chance. If the value of t exceeds a
calculated critical value then the variable does distinguish the groups with some confidence
value; t can be positive or negative depending on the direction of the subtraction. The p-value is
always positive and the smaller the value the lower the probability that this is a chance

occurrence.

3.7 Reviewing the results

1. Click in the heading of the p-value column and click the Ascending sort button (@).

EEX
YT EEE
Compare: iA [ lJ nl =10, n2=10
Fiow Index Peak Mame méz Ret. Time Group Use t-walue | p-valug Mean 1 7'
1 754 97456 748572 | MAA [lzatope) 957 SO 1.291e3
1z 751 97256 9728607 | MAA [Monaisatapic) 940 7141e3
! 584 904.47 904.4693 | MAA [Monaisotapic) 9319 44824
|4 592 90E.48 S0B.4754 | MAA [lzatope) 937 7.730e3
5 752 97356 9735625 | MAA [lzatope) 9 3.988e3
5 530 905.47 9054719 | MAA [lzatope] 933 25134
7 1177 12167 1216711 | MAA [lzatope) 430 5.023e2
I 2157 207766 2077655 | MAA [lzatope] 9.03 1.196e3
9 1590 150771 1507.713 | MAA [Monaizotapic) -8.95 2.851e2
110 553 889.02 889.0215 | MAA [lzatope] .94 5377e2 o
< >

2. Select the first row of the t-test table by clicking in the area to the left of row 1, and click the

Plot profile button (7).

= 97136 BES
==
Compare: ]A taC :_] nl =10.n2=10
Row Index Peak Mame mdz Fet. Time Group Use tvalue p-walue Mean 1 :‘
1 2 ]
12 751 972586 9728607 | MAA [Monaizotapic) 940 228598 | 71413
3 5a8 904.47 904.4693 | MAA [Monaizotapic) 939 231878 | 448224
4 592 90E.48 S0B.4754 | MAA [lzatape) 937 24151e8 | 7.730e3
5 752 973586 9738625 | MAA [lzatape) 93 253798 | 39883
J T Rar anR A7 anR 4719 | MM Nzrbnmal A 1933 P RAAN=-A GRS
< I
RileaBa*»EB- 0RAE=
974.56 1500 A4 MS5_1.t2d
1.t2d
A1_MS_1.12d AB_M5_1.t2d
3 1000 =L
=
2
]
=T 500 A9 M

- ’ C1_MS_1.t2d

C4 M5_1r2d CBMS 112d CI M3 1e2d

C3_MS_1.2d

A2_MS_112d AR MS_1.t2d

AS_MS_1.2d

C1_Ms_12d
Sample [by index]

CA_MS_1t2d C7_MS_1.2d C10_MS_1.t2d

The resulting display shows how the value of the selected variable changes across all the
samples (the profile). Since the data points are also labeled with the symbol defined in section
3.5, it is clear that this variable is indeed different for the two groups, and higher in group A.
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The peaks with nominal mass of 974, 1298, 1507, etc. with high probabilities are in fact peaks
from the spiked calibration standard.

This graph is automatically locked to the table, so clicking in another row, or using the arrow
keys when the table is active, will cause the graph to update to reflect the behavior of the new
variable.

Note that the display reveals an anomalous sample — the first sample at the lower intensity level
is labeled as an A sample (A9_MS_1.t2d) even though its behavior is more similar to group C
samples. Apparently there is a problem with this sample, or the name. Removing the sample
from future calculations will help to ensure that the values are correctly calculated.

3.8 Inactivating a sample
1. Close all windows except the initial Peaks window that tabulates the data.
2. From the View menu select Show Samples Table.

3. In the Samples table, locate the row containing sample A9_MS_1 and click the check box in the
Use column so that it is unchecked.

mQ &
Fiow |ndex Peak Mame m/z Fiet. Time Group Uge A1_MS_1.r2d A2 MS_1.t2d :‘
p |1 1 F00.15 TOO1481 | NAA 6.020e1 0.000e0 5.2
2 2 700.43 TO0.4328 | NiA 0.000e0 1.363e2 iH
3 3 700.73 TOO.7335 | NAA 1.130e2 0.000e0 0.
4 4 707.00 TO01.0044 | WiA [Moncizatopic) 1.047e2 0.000e0 0.
5 5 701.29 FO1.2919 | N/ 0.000e0 0.000e0 iH
B G 701.49 TO01.4851 | WiA [Moncizatopic) 1.23e2 1.331e2 0w
g )
maQ
Fiow Index Sample Mame Sample 1D Group se Acg. Time Scale Factor :‘
z 2 A2 _M5_1.12d A A M/, 1.000e0 M.
3 3 A3 M5_1.r2d A & MAA, 1.000e0 M,
1 4 Ad_MS_1.12d A & N/, 1.000e0 N,
5 5 AR MS_1.42d A A M2, 1.000e0 M.
E & AB_MS_1.t2d A A N/, 1.000e0 M.
7 7 AT_MS_1.12d A A M2, 1.000e0 M,
8 8 A8 MS_1.t2d A A ‘E N/, 1.000e0 N,
Y E] 3 A9 M5_1.12d A A ] Y HAA 1.000eD M.
10 10 A10_MS_1.t2d A & MAA, 1.000e0 M,
J( 11 1 C1 M5 1.t2d C C [ | MAA 1.000e0 ;\J."

4. Repeat the t-test, ensuring that Remove samples marked as not used is checked, sort the
results and regenerate the profile graph using the plot row icon to verify that the sample is no
longer part of the display. (Zoom the graph if necessary by dragging in the horizontal axis). Sort
the table by ascending p-value as before and note that the first value is now much lower.

If Remove samples marked as not used is unchecked in the t-test dialog, excluded samples
will not be used to calculate the t-test values but will be retained in the displays. This provides a
way to classify unknown samples, i.e. compare them to known samples.

5. Sort the table by ascending t-value, select the first row and display the profile graph.

The variables with negative t values seem to be higher in the C samples than in the A group, i.e.
both groups appear to contain unique variables, not just the samples spiked with calibrant. In
this case, it seems likely that this is an experimental variation — for example suppression of
some peaks by the spiked compounds — so that they appear to be less intense.
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> 1129.53

ol f - BB @ G EE i
Compare; I.-’-‘« o L{ nl=9n2=10
Fiow |ndes Peak Name mi'z Ret. Time Group (R t-vralue p-value tean 1 :‘
» B 1049 1124526 lzctope] E, : =
2 2197 2138.02 2138.017 | MAA [Monoisatopic) 1017 1.2143e-8 3.004e2
3 2199 213999 2139588 | M/A [lzotope] -10.07 1.3879e-8 23892
T4 2289 2447 02 2447 023 | MAA [Monoisatopic) 957 291818 7.900e2
B 1176 1216.71 1216711 | MAA [lzotope] -954 3.0839e-8 4 9562
E 1853 174290 1742 804 | MAA [t onoizatopic) 952 31654e-8 4.957e3
7 2037 1342.00 1342002 | M4 [¥] |-3.51 323348 0.000=0 ™
IE: >
diemrE-BQBEE =
112953 C1_MS_1.t2d C9_M5_1.t2d
G000 -
A6 MS_1.12d C7_M5_1r2d
500 A2 MS_1i2d ABMSAt2d 3 MS_112d C10_MS_1.t2d
: C8_MS_1.t2d
2 400 4
= A0 ME_1.12d
% 300 A3_MS_1.t2d A7_MS_1.t2d
o
200 4
100 4
AZMS_1t2d A5 MS_112d  ABMS_1t2d C2. M5 1t2d C5MS_1t2d  C8 MS_1.t2d
Sarmple [b_!,J index)

3.9 Reviewing spectra

1. Sort the table in ascending p-value order, and select the first row to generate the profile graph
using the plot profile icon.
2. Click and drag in the graph so that a few samples on both sides of the sharp intensity change

are selected.
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8 973.56

o Ju Jlu - & mQ = e
Compare: ].-’-‘« ol j nl=9n2=10

Row Index Peak Hame miz Ret. Time Group Usze t-walue p-walue Mean 1 7'
» J B g E25 | ] 4 el

2 h32 9064754 [lzotope) 8.447e3

3 has 904.47 904.4693 | MAA [tMonoizotopic) /.33 2.3685e-17 | 4.902e4

4 750 97256 9725607 | MAA [Monoisotapic) 3398 4551517 | 7.812e3

5 h3 974.56 9745572 | MAA [lzotope] 3379 4.9947e-17 | 1.393e3

B 540 905.47 9054719 | MAA [lzotope) 33.00 74324617 | 27504

7 R34 907.47 907.4728 | NAA [lzotope] [w] | 2917 h.8315e16 | 2061e3 &
IES | >
AR eEBYE-TABRS =
7358 | & A2MS 1t

Zoom Selection |

Display 3

Don't Use Peaks for analysi C3MS_1.62d

on't Use Peaks For Analysis CE e 124 C10_MS_1.12d
Set Group For Peaks Al“._&ﬂ_._.‘.f,,‘
Add Active Peak bo Interest List : . .
e SR F C2 M5_1t2d  C5 M5 _1t2d CB MS5_1.t2d
I ample [by index]
He L ! ! |

3. Right-click in the plot and select Spectra from the Show submenu.

A progress bar will appear while the program locates the raw data files and extracts the spectra,

followed by a graph showing the spectra.
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8 Spectra

tTest | 97356 Specta |

m% .%ﬁq:_

¥ & Spectrum fromAB MS_1_t2d. +M5 [700-6017)
@ Spectium from AT0_MS_1.t2d, +M5 [FO0 - BOTTF)
@ Spectium from C1_MS_1.t2d, +M5 [700 - 6017]
@ Spectium from C2_MS_1.t2d, +MS [700 - B017)

"97257 (1)
2000 4

7000 4
5000 4

5000 4

Intenzity

4000 4

3000 4

2000 4

1000 4 570.91 (1) grzoa( | ) | 375,55 (1)
370,48 (1) 571.40 (1) y
SR = L

376.55(1)

0

571 572 973 T o 375 376
tazz/Charge, Da

The graph is zoomed so that the selected peak is centered in the display. In this case it is clear
that the reported difference is real, i.e. that the peak at 972.57 is intense in samples from group
A and much less intense in those from group C. For this figure the Use Group Colors for
Traces option (from the Display submenu of the graph’s context menu) was selected so that
the group color is used for each trace, rather than a different color for each — this makes it
easier to tell at a glance to which group a given spectrum belongs.

You can click on the magnifying glass icon (‘) to make the pane containing the spectra fill the
display windows. When you have finished examining the data, click the icon again to return to
the normal display.

3.10 Summary
In this section you have:

e Imported a set of MALDI TOF spectra and reviewed the sample and variable data

e Reviewed the samples, assigned them to groups and created a symbol for each group

e Performed a t-test to determine how well each variable distinguishes the two groups

e Reviewed the behavior of certain variables for all samples

e Used the raw data to confirm a difference between groups

o Detected the presence of a suspicious sample and deactivated it from further calculations

These steps are the basis of all data processing in the application, and many of the operations are
common regardless of the data and the type of analysis.

The next section shows how the same data can be reviewed using unsupervised techniques to
confirm or identify groups, detect outliers, etc. You may also want to look at section 6.4, Selecting
discriminating t-test variables, to see additional ways of determining variables that best distinguish
the groups.
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4 Reviewing the data with PCA

In this section you will learn how to review the data using an unsupervised technique — Principal
Components Analysis (PCA).

Close any open windows and then open the data table you saved in section 3.4 by selecting File ->
Open and locating the saved data file. The data table will be displayed.

4.1 Performing Principal Components Analysis
1. Select Perform PCA from the Analyze menu:

B MarkerView
File Edit Wiew BEIEER

Window Help
PiCA Chtl-+A
Compare Groups with b-Test Chrl+T

Mormalization 3

The options dialog box will appear

PCA Options

FPCA Preprocessing

Weighting  |Mone -
Sealing: Pareto -

™ Perform PCa-Da (supervized)

Samples to Keep

™ Remove samples marked az not used

Ok | Cancel |

PCA Preprocessing determines how the data will be treated prior to the actual PCA analysis.
PCA determines the variance of the data and is most affected by the largest data values; hence
it is normal to scale the data so that variables have equal importance regardless of the
magnitude. The most common method is known as Autoscaling and is available from the Scaling
menu. Experience has shown, however, that for mass spectrometry data Pareto scaling is a
good first choice; Pareto scaling reduces, but does not completely eliminate, the significance of
the intensity which is appropriate for MS because larger peaks are generally more reliable and all
variables are equivalent. Different scaling methods can reveal different features of the data and
it is worth experimenting with these settings to observe this behavior.

2. Select None for the Weighting and Pareto for the Scaling as shown. Make sure that the
Perform PCA-DA option is unchecked.

PCA determines combinations of the original variables that explain the variance in the data. The
first principal component (PC1) explains the greatest amount of variance; PC2 explains the next
largest amount and so on. The program will stop calculating PC's when the amount of variance
explained is less than 0.5% of the total variance.

3. Click OK. After the PC's are calculated, the following will be displayed
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= | oadings for PC1 {71.6 %) versus PC2 (7.4 %), Pareto

b ER QB [1] | FH #QE
— —
Fiowy Index Sample Name Sample |D s Row Index Peak Mame m'z Fet Time
y 1 1 A1_MS_1.12d A INE 1 70015 7001481 | Mas
2 2 A2 MS_1.t2d & 2 2 700.43 V00,4328 | MAa
3 3 A3 M5_1.t2d ) 3 3 700,73 7007335 | Mat
A a4 Ad R4S 1 7A D b d Ll Fod nn o nndd hl A flv.
< b £ | >
@dreBa oaE S elesar TR
Scares for PC1 [71.6 %) versuz PC2 (7.4 %), Pareto Loadings for PCT [71.6 %] wersus PC2 (7.4 %), Pareta
A10_MS_1.12d L Y 1296.69 [Default)
300 4 -l * = [lzotope]
EB_MSJ-W aT— 1297.69 @ [Monoisotopic)
TR
200 05 M3 12 015 129368 9?-4?
A8_MS_112d o 157068 505 47
| C10_MS5_1.t2d & o r 246723 s
L I AR A1_MS_1.42d C L tm“ﬁ’i L
o a T S =1 L] -
o LA MS_1k2d y o 'TEEIS#‘IEI
2 8 BEHE T2 0 g
& C6_M5_1.12d T 0.05 . 4 209310
004 £2 MS_1.2d A2 MS_1.2d g 157269
209611
A7_MS_1.t2d
-0 MS_1.t2 = ; 0.00 P e o
200 C3_MS_1i2d 43 MS_1.42d
-&00 1] 500 0.0 0.1 0.z 03
PC1 Score PC1 Loading

4.2 Understanding the display

As mentioned above, PCA determines linear combinations (PC’s) of the original variables that explain
the variance in the data, i.e.:

PCy = p1X1 + prXxy + p3Xx3...

where the p’s are called the loadings and represent the importance of the variables (x) to the PC;
the larger the loading, the more important the variable. You can think of this as follows: if there are
n variables originally, then every sample corresponds to a point in the n-dimensional space defined
by the variables. PCA is equivalent to rotating the axes so that one — PC1 — lies along the line of
maximum variance. The loadings then indicate the direction of the new axes. Each sample can be
given a value on this new axis which is called the score, so we can look at the way the samples are
arranged according to this new axis.

The display obtained after performing PCA consists of 4 panes as numbered in the figure above:
1. A table of the scores for each sample and each PC — the Scores Table

2. A plot of the sample scores for PC1 and PC2 — The Scores Plot

3. A table of the loadings (contributions) for each variable and each PC — the Loadings Table
4. A plot of the loadings for PC1 and PC2 — the Loadings Plot

In the scores table (1) each of the PC’s has a separate column and the heading indicates the
percentage of the total variance that is explained by that particular PC. In this case PC1 explains
71.6% of the variance, PC2 7.4% and PC3 2.4%. Each sample has a row showing the scores for that
sample.

The scores plot (2) contains a point for each sample using the symbols assigned to the groups and
defined earlier (section 3.5). Several observations can be made from this plot:

e The samples are divided into two groups along PC1 — the blue symbols (group A) have large
positive PC1 scores and the red samples (group C) have large negative scores
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e There is also some variation that is explained by PC2, and this seems to affect both groups in a
similar manner. This variance is, however, only 7.4% of the total even though the plot visually
suggests it is more significant.

e One of the blue samples (A9_MS_1.t2d) is more similar to group C (red) than it is to the other
members of group A. This is the sample that was also identified as an outlier during the t-test
(section 3.7) and subsequently excluded. (It is still included here because the data table was
saved before the sample was excluded)

The loadings table (3) also contains a column for each PC, but in this case the rows correspond to
variables and the values in the cells indicate the loading for the various PC’s.

The loadings plot (4) displays a point for each variable colored according to the groups assigned as
the data is imported and the symbols assigned to the default groups (see section 3.5); as illustrated,
monoisotopic peaks are represented by large green circles, other isotope peaks by small green
circles and unassigned peaks are blue. Coloring the variables in this way allows you to quickly
determine their importance. The loadings plot has some interesting features:

e The vast majority of the points are clustered around the origin, i.e. they have small loadings and
contribute little to either PC1 or PC2

e A number of variables have large positive values on PC1 and PC2. Since one group of samples
(A) is separated because it has large positive PC1 scores (as shown by the clustering of the
group A samples in the Scores plot), these variables with large positive PC1 loadings are
responsible.

e There are also a number of variables that have negative PC1 and positive PC2 loadings; the
latter may contribute to the variation of the samples in the PC2 direction since some of them
have large positive PC2 scores.

e Some variables tend to lie close to straight lines that pass through the origin, for example the
points labeled 1296.69, 1297.69 and 1298.69.

The behavior described in the last point arises because these points are correlated (they are all
isotopic forms of the same compound as indicated by the coloring) and we used Pareto scaling
which retains some of the intensity of the variable. Since the peaks are correlated they will have
very similar behavior on all PC’s, and thus lie on the same straight line, but the actual loading value
will depend on the intensity with the largest value having the biggest loading. Hence we can say the
following:

e Correlated peaks, for example isotope peaks, adducts, fragments or multiply charged variants,
will have loadings such that the ratio of two PCs is the same, i.e. for a given peak:

(PC1 loading) / (PC2 loading) = constant
and will lie on a straight line through the origin.

e The most intense peaks will be in intensity order along this line with the most intense furthest
from the origin.

So, in this example, 1296.69 is the most intense, the peak containing one **C atom is next most
intense and the peak with two *C atoms is least intense.

Note: in many cases correlated variables are removed before performing PCA, but here their
presence helps to confirm that the observed behavior is real and not random. It also provides a way
to determine peaks that are related to the same compound since these will be correlated.

4.3 Interacting with the display

This section describes some of the features of the displays and ways in which you can interact with
them. The displays contain many powerful features and it is valuable to experiment with them.
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4.3.1 Displaying other PC's

1. In the scores table (1) select the PC1 column by clicking its title, and then select PC3 by holding
the Control key down while clicking its heading (scroll the table sideways if necessary).

3 Scores (Pareto) g@|§|
wie B EHl wQEE o T EE B W AEE
 [p— | —
Use [?5%121 [F&Cg/g] o Row Index Peak Marne méz Ret Time  #
EhadeiT BB |1 1 700,15 7001481 | MAA |
-4,98%1 4 z 2 700.43 700.4328 | M/A
2.4692 3 3 700,73 7007335 | M/A
= . 2701 V a4 A 7monn 1 nndaA [IREN rn V
HES | EI JNES >
@l EB TQEC HRT BT QAET =
Scores for PCT [71.6 %] versuz PC3 (2.4 %), Pareto Loadings for PC1 [71.6 %) versus PC3 (2.4 %), Pareto
A1_MS_1.t2d 735,43 (Defaul]
150 ] C1_M5_1.t2d aC i = [lzotope)
& C2_M5_1.12d 015 H @ [Monoisohopic]
|:5.r\:|s 1.t2d T s
Mg - Wt la b £5_MS_1.t2d e {281 41
&-C10_M5_1.t2d &8 541 53 04.47
50 4 A8 MS_1.12d o 97256 90547
5 A3 MS_1ed & 5 05 e X L
i ; E = #157068
_______ =
T & 03 M5_1 12 &10_M5_1.12d 8 0.00 Ficay :
- ] . a
C4_M5_1.t2d ua
01T B Me AfMbLtizd 005 205410 1296.69
o T7Ms 1 LMo +7 208510
-100 i AE_MS_1t2d 4 a10 ] ; = 2hnz 83 :
- - ' 2
500 0 500 oo 01 02 03
PC1 Score PC1 Loading

The display will update to show the scores and loadings for PC3 vs. PC1. The separation due to
PC1 is maintained, but there is also some separation along PC3 and a suggestion of two groups
— one with positive PC3 scores and one with negative scores — for both sample groups.

e In the scores or loadings table, click the PC1 column heading and drag so that PC2 is also
selected; the original display will be restored.

4.3.2 Excluding samples

It is clear that sample A9_MS_1.t2d is unusual in some way and should be excluded from further
calculations. In section 3.8 we saw how to do this by deactivating it in the sample table; here we will

see how to do this from the scores plot.

1. In the scores plot, click and drag to make a selection rectangle around the abnormal sample.

2. Right-click within the selection rectangle and select Don’t Use Selected Samples for

Subsequent PCA.

E00 -400 -3

C2_MS_1.t2d
. |
450 A9 M5_1k2d i
C3_MS_Ttd —ag i
- Zoom Selection
200 4 Show Selected Poinks in Table
Plok Peaks for Selected Samples
Display 3

Dion't Use Selected Samples For Subsequent PCA

IUse Selected Samples for Subsequent PCA
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The sample symbol is replaced with an open circle. This is the default symbol for excluded
samples and variables, and can be changed as described in section 3.5 by altering the symbol
for the special group (Excluded).

3. Repeat the PCA analysis by selecting Perform PCA from the Analyze menu or by clicking on
the PCA button under the menu bar ([;7]).

4. In the options dialog, make sure Remove samples marked as unused is unchecked and click
OK.

The PC's will be recalculated and the display regenerated. Note that the excluded sample is still
present in the display but is drawn using the excluded symbol and that this is reflected in the
plot legend (If the legend is not displayed, right-click in the scores plot, and select Display ->
Show legend). If Remove samples marked as unused had been checked the sample would
not have been included in the display.

If you save the data at this point, the resulting file will still contain the excluded sample but it
will be marked as unused.

4.3.3 Selecting and displaying the behavior of variables

As noted previously, the variables with large, positive PC1 loadings are the ones most likely to be
responsible for separating the two groups since one group has large, positive PC1 scores.

1. Draw a selection rectangle around the points representing the variables with the largest PC1 and
PC2 loadings (1296.69 and 1297.69)

EEBTQ ¥
Loadings for PC1 [71.1 %] versus PC2 [7.2 %], Pareta

129669 (D efault]

= [|zotope]
019 i |® [Monoisotopic)

01g

017 297.53
016

015 904.47
0.14 11299.63

2. Click the Plot profile button (7).

This will generate a new pane in the same window showing the intensity profiles of the selected

variables.
BTl em»E- 8 QA =
® 129669 A1 M5 1.h2d
& 1297 63

4ed

Responze

C4_M5_1.t2d

2et 2 Ms_t.t2d

CS_MSI_'I.tZd C3 M5 1t2d £9 M5 1.k2d
; _Ma_

Oell

A2 MS_112d  AB_MS_1t2d  AGMS_1t2d  CILMS_1e2d  CAMS 102d  CPMS_1t2d  CI0_MS_1.42d
Sample [by indesx)

It is clear from the display that these two variables are present in group A samples at a high
level and only at a low level in group C samples. The excluded sample (A9_MS_1.t2d) also
shows a low level consistent with group C.

The intensity for the peak at mass 1297.69 is lower than the peak at 1296.69 in all samples as
expected for a 3C isotope peak at this mass and suggested by the scores.

3. In the loadings plot, click on the point for the variable 904.47 and the display will update to
show the profile of this peak.
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This is the default behavior when there is an active graph and a single point is selected; if you
hold the shift key down when clicking on a new variable point, the profile for the new variable

will be added to the existing display.

If you make a selection that includes several points you will need to click the Plot profile
button or right-click and choose Plot Profiles for Selected Peaks to generate the display. By
default, a new profile graph will be generated; if you hold the shift key down while generating

the display the existing plot will be replaced.

In the Profile Plot, select a region containing a few samples from the A group, hold the shift key

down and make a second selection from the C samples. Right-click in one of the selection
rectangles and select Spectra from the Show submenu.

fal £ % B - WG4
904,47 AETME T
: A10_M541.02d
3 4ed~| e ; -
2 i AB M 1.12d
#3_MS_1.t2d A8_M3_Tyzd C7_MS_1.t2d
A3 CIMS_102d | CEMS 1t2d -~ /7 E10_M5_1.t2d
= & o d =
Display PO AR MS 1d A MS 1t2d  CILMS_1t2d G4 MS 1t2d  C7MS1t2d  Cl0MS_1.e2d
Shiow Spectra Sample [by index)

Peak List Spectra
Don't Use Peaks For Analysis P

Set Graup For Peaks
Add Active Peak to Interest List

The program will locate the original data files, extract the spectra for the samples you have
selected and zoom the display so that the active variable (904.47 in this case) is centered in the
display. The colors are different for each sample; to color them according to the group right-click
and select Display->Use Group Colors for Traces.

i

R W WG E

¥ @ Spectrum fromA3_MS5_1.t2d, +M5 (700 -6017)
@ Spectum from &4 MS_1.t2d, +M5 [700 - 6017)
@ Spectrum from AR_MS_1.t2d, +M5 [700 - B017)
& Spectum from C4_MS_1t2d, +M5 (700 - B017)
@ Spectum from CH_MS_1.t2d, +MS (700 - B017)
0 Spectum from CE_MS_1.t2d, +M5 (700 - 6017)

ded

Intenzity

2ed

901.38 (1) 90239
el AL 02390 0341 [1)

*503.99
|

“904.47 1)

905,47 [1]
*905.06 1 ]JL susj{[j ] sorar B4

am 902 903

g4 * 95
Mazz/Charge, Da

05 907 03

You may wish to enlarge the graph so that the small peaks are easier to see. This can be

achieved in one of the following ways:

Click the arrow (¥) in the top-left corner of the graph to shrink the title display to a single line

reflecting the active (front and labeled) trace. The active trace can be changed by clicking on
another trace in the graph and all titles redisplayed clicking the arrow again.

Click on the top border of the pane containing the display and drag the frame upwards to

enlarge the size of the pane. The cursor will change to a resizing tool when correctly positioned

over the border.

Click on the magnifying glass icon in the pane header. This will cause the display to switch to a

mode where each pane is displayed on a separate tabbed page. Clicking on a different tab will
change the active display, and the process can be reversed by clicking on the magnifying glass

again.
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5.

6.

In the loadings plot, select another variable by clicking on it. The sample graph will update but

the selection rectangles will remain in place.

Click in one of the selections and choose Spectra from the Show submenu while holding the
shift key down; the spectrum graph will update to show the raw data peak for the new variable.
Since these are spectral data and the spectra have already been retrieved from the files, the

display will update much faster.

If the shift key is not down a new spectrum pane will be generated using data newly retrieved

from the files.

Remove the graph and profile plots by clicking in the trash can icons in each pane.

4.4 Interpreting the results

So far we have learned that the variables with large positive PC1 loadings are mainly in the group A
(spiked) samples and absent, or at lower intensities, in the group C samples. But what causes some
variables to have negative PC1 values? What is the source of the variation displayed by PC2? Is it

significant?

Since PC1 separates the two groups, and variables with positive loadings are only in group A, it
seems likely that variables with negative loadings will only be in group C (or at a lower intensity in
group A). We can verify this by displaying the profiles for some of these variables:

1.

In the loadings plot, select three variables with the largest positive PC2 and negative PC1
loadings (1083.52, 900.38 and 1299.64) and display the behavior of these variables by clicking

the Plot profile button. You may need to zoom-in to do this.

The most intense trace appears to be more intense in group C, but overall the plots suggest a
gradual increase in intensity going from left to right. This is also supported by the excluded peak

(open circle).

@G lsaxEB-0QAE

@ 900,38
@ 108352 20000
©12364 5o
£
S o000
ki a1 MS_tazd BMS TR s s 1 ed o7 g 1ad
5000 A7 M5 162d

C10_MS_1.k2d

£2 MS_1t2d  ABMS_1t2d  ABMS_1t2d  CI_MS_1ted  C4_mMS 1tzd  C7_mMS_1t2d
Sample [by index)

C10_MS_1.t2d

This kind of change is quite common and can be caused by a number of gradual changes in the

instrument or the samples.

In this case the data were acquired in the order they are displayed, i.e. all group A samples

were analyzed before group C, which can cause this kind of variation to appear as real

differences between the two groups. To avoid this, the samples should be acquired in a random
order so that members of both groups will be equally affected by experimental variation. This
simple example illustrates an important point — these techniques will find differences and can be
very sensitive to small changes between groups, but in order to determine ‘real’ biological
changes of interest, the experimental system should be as closely controlled as possible.

4.5 Summary

In this section you have:

Opened a saved data set
Performed a Principal Components Analysis (PCA) on the data
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e Understood and interacted with the display

e Excluded outliers or abnormal samples from a graph

o Displayed the profiles of variables for all samples

¢ Showed the raw data corresponding to the variables

e Examined the data to reveal that there are some experimental variations

These are the basic operations for using PCA and will be used frequently. The next section will apply

these techniques to LCMS data and show how variables can be excluded from the calculations when
they are not of interest.
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5 Unsupervised processing of LCMS data

In section 4 you learned how to process data using PCA; this section applies this technique to more
complex samples resulting from the LCMS analyses of a time point study.

The data set' was obtained by analyzing the urine from three rats at three different time points (0 —
8, 8 — 16 and 16 — 24 hour) before and after administration of vinpocetin® at 10 mg/kg. Samples
were analyzed by LCMS on a QStar® XL.

5.1 Importing data

1. Form the File->Import menu select LC/MS Data (from wiff).

B MarkerView
W Edit  Yiew Analvze Window Help

Create LZ/MS Peak Lists (From wif ) i

LGS eak st (* e
Cpen Chrl+0 LC/MS Data (From wiffy
Recent Files 3 MCA Spectra (From wiffy
Save As Chrl+5 MALDT Spectra (from T200
Export Peaks Table r 4500 LC-MALDI Peak Lists (Framm bext)
| MRM Chromatograms (From wiff)
Page Setup

Exported Analyst Resulks Table
Texk Spectra
Genetic Text File

Prink Prewvisw (Pane)

Primk Presvisw (windaw)

Prink Pane Chr+P
Prink WWindow

2. In the Select Samples dialog, navigate to the example data folder and drag the folder LCMS
Data to the Selected side of the dialog (see section 3.1 for additional details).

Note that the first sample (Rat1_0-8_Vinpo_A) is included in the file list twice. After the first
injection of this sample the chromatographic conditions were changed so this sample needs to
be removed.

3. In the right-hand display, select the first sample and click the <= button to move it back to the
left-hand side so it will not be imported.

You can verify that the sample has been removed by expanding the LCMS Data folder and data
file in the left-hand pane by clicking on the + signs.

! Data courtesy of Dr. Gerard Hopfgartner, University of Geneva.

2 Vinpocetin is known as a memory enhancer; a treatment for Alzheimer’s disease; a treatment for stroke; it improves
circulation (especially to the brain); and it is a powerful antioxidant.
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¥ Select Samples

Froject: |Bmwse... [C:%Program Files"AB -5 ciextharkerfiew 1.085 ample Diata) LJ
Axailable Selected
=-_1 Sample Data =[] Sample Data ”~
=-[1] LCMS Data =-[1] LCMS Data
[ Peaks = (€] LCMS Data.wiff
- [% LCkS Drata, wiff W Fatl_0-8h_winpo - &
"W Fatl_0-8h virpa - & = W Ratl_0-8h blk - &
+-[21] MaLDI Spectra W Fatl_8-16h_vinpo - &
W Ratl_8-16h_blk - &
W Fatl_16-24h_vinpo - &
g= W Ratl_1524h blk - &
W Fat2_0-8h_vinpo - &
W Rat2_0-8h blk - A
W Fat2_8-16h_vinpo - &
W Rat?_8-1Bh_blk - &
W Fat2_16-24h_vinpo - &
W Rat?_16-24h blk - &
W Fat3_0-8h_vinpo - & w
ak. Cancel
i |

4. Click OK to begin the import process.

Importing LCMS data occurs in two separate steps; the first step locates the peaks in the data
and the second step performs the alignment and normalization.

Peak Finding Options

Data to Process

Erperiment: |F'eriod 1, Experiment 1 L]

Fimimurm retention time: 300 mir [ Maximum retention time min
‘Enhance’ Peak Finding

I~ Subtraction offset 2CaNE Mirimum spectral peak width: 5 ppm

Subtraction mult. factor: 3 Mirimum BT peak width: 20 SCans
Moize threshold: a3
Mare

W Aszsign Charge States

Ok | Cancel

In the Peak Finding Options dialog box, set the parameters as follows:

Minimum retention time to 3.00 min (to ignore the void volume)
Subtraction offset unchecked

Minimum spectral peak width 5 ppm

Noise threshold 5

Minimum RT peak width 20 scans

Assign Charge States checked

These settings will allow the program to find small, narrow mass peaks that may be recombined
during alignment. These data were acquired using an unusually fast scan speed of 5
scans/second, so the LC peaks are wide in terms of scan numbers.
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5. Click OK. The dialog for the second step of the import process appears.

Alignment & Filtering

Alignment

Retertion time tolerance: 1.00 min ¥
Filtering

[ Remove peaks in < zamples

Maximum number of peaks:  |8000

firea Reporting

Intemal Standards

[ Perform retention time comection i

¢ Back to Peak Finding |

[ Use area inkegrated from raw data, not fram original peak finding

Maszs tolerance:

25 ppm

[

[ Use exclusion list

[ Perfarm zample nomaalization :
Ok |

Cancel |

Set the Retention time tolerance to 1 min. and the Mass tolerance to 25 ppm; peaks that
are within these tolerance values, either between files or within a single file, will be aligned to

the same peak.

Leave the filtering parameters unchecked, and set the Maximum number of peaks to 8000.

Uncheck Perform sample normalization and Perform retention time correction.

6. Click OK. Once the import process is complete the data table will appear.

The data table is similar to the one for spectra (section 3.1), but now the retention time field is not
empty and the peak name is constructed by combining the m/z value and the retention time in
minutes. The name also contains an index value in brackets since it is sometimes easier to locate

variables using this number.

You can review the data by selecting rows (variables) or columns (samples) and clicking on the plot

column or plot row buttons at the top of the pane.
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(S &

Fow Index Peak Mame méz Ret. Time Group Use ' Ratl_0-8h winpo- | Ratl_0-8h blk -4 | Fatl_8-1 E:‘
|1 1 1.113.3(1) 81.0837 1332 0.000e0 0.000e0 0.000e0
2 2 1.1138(2) 81.0897 (1381 0.000e0 0.000e0 0.000e0
3 3 8311373 830840 (1365 0.000e0 0.000e0 0.000e0
4 4 23111264 830850 (1262 0.000e0 0.000=0 1.971e0
5 5 85.0/1251(8) 850266 [1251 0.000e0 0.000e0 0.000e0
g B 85.0/12.4 [6) 8h.0280 (1242 0.000e0 0.000e0 1.288e0
7 7 83.0111.51(7) 830346 [11.51 1.388e1 1.465e1 2.032el
a 8 90.6/11.318) 906161 [ 11.34 0.000e0 0.000e0 0.000e0
9 9 N.113219) 91.0807 1319 1.533e0 0.000e0 31760
10 10 91.1/11.3110) 91.0511 [11.29 [Monaisatapic] 3E37e2 4 615922 1.044e3
1 11 91.113.9011) 91.0534 (1389 0.000e0 0.000e0 0.000e0
12 12 N1122112) 91.0543 1213 0.000e0 0.000e0 0.000e0
13 13 921/11.3113) 920823 |[11.27 [lsntope] 1.388e1 1.108e1 4 E00el
14 14 9214111.3114) 920863 [711.29 0.000e0 E.332=0 0.000e0
15 15 93.1/18.1(15) 930845 (71812 8.334e0 0.000e0 0.000e0
16 16 95.0/125[1E) 950092 (1250 0.000e0 0.000e0 0.000e0
17 17 951/14.3117) 95,0837 [ 14.30 0.000e0 0.000e0 0.000e0
18 18 97.1/11.3118) 97.0611 [11.26 0.000e0 0.000e0 2.14Ee0
19 19 971127 19) g7.0962 [1273 0.000e0 0.000=0 0.000e0
20 20 103113820 103.0607 [ 13.81 0.000e0 0.000e0 0.000e0

J 21 21 104.0411.4[21) 104.0464 [ 11.44 [Monoisatapic] 0.000e0 0.000e0 204560

£ | >

5.2 Assigning groups and symbols

It is convenient to assign groups and symbols so that the pre- and post-dose samples can be
distinguished, as well as the different time points. We will assign the groups and symbols according
to the following table:

Time point (hr.) Post-dose | Sample symbol Pre-dose Blank symbol
group group
0-8 1 Closed blue circle blank1 Open blue square
8-16 2 Closed red circle blank2 Open red square
16 — 24 3 Closed green circle blank3 Open green square

So that the time points are distinguished by color and the pre- and post-dose by shape.

We will start by assigning the symbols first; this saves some typing since the groups can then be
assigned by selecting them from a menu.

7. Select Options from the Edit menu. You can either manually fill-in the point symbols for the six
groups as shown in the figure below or import them from a file included with the program.

To import symbols from the example file, click the Import button and navigate to the
‘AB-Sciex\MarkerView\Sample Data\LCMS Data’ subfolder of the ‘Program Files’ folder in the
resulting ‘Open’ dialog. Select the LCMS Plot Symbols.ptsym file and then click OK to close
the Options dialog.
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8. From the View menu, select Show Samples Table.

In the sample table select the row containing the sample Rat1l_0-8h_vinpo — A which
corresponds to the 0 — 8 hour post-dose sample from Rat1.

10.

11.
12.

Right-click in the table and select Set Group for Selected Samples.

Hold the control key down and select the rows for Rat2_0-8h_vinpo — A and Rat3_0-
8h_vinpo — A.

In the Group Name dialog, click on the pop-up menu, select ‘1’ and click OK.

—

B3 E

Index

LCHMS Datawif [sample
LCMS Datawif [sample

Fiat]_B-16h_vinpo - A,

LM Data wif [sample

Fiatl_B-16n bl - A,

LCMS Data wif [sample

Ratl_16-24h_vinpo - A

LCMS Data wiff [sample

Rat1_16-24h_blk - &

Fiat2_0-8h_bl -

LCH Datawif [sample
LCMS D e 3

I
LCMS D ata.wiff [sam

Scale Factor

1.000e0

RT Correction

[ | 7.000e0 None
o] = 1.000e0 Hone
Ercluded) 7.00020 None
Sekected)

Monoisotopic)
Isctopel

1.000e0

1.000e0

None

B g pes | [ 1.000e0 None
E] 9 RalZ_8-16h_vinpa - & LCMS Datawiff [sample 1| |2 1.000e Mone
0 10 RatZ_818h_blk - & LCMS Data.wif [sample 1 g}:gg = 1.0000 MNone
il [ Fiat2_16-24h_vinpo - LCHS Data.wilf [sample 1 [ T [N T 7T P 700020 None
2 None:

Rat2_16-24h_blk - A

LCMS Data wif [sample 1

<

2004411710, 7:42 PM

1.000e0

14 Rat3 0-8h_blk -4 LCMS D ata.wiff [sample 1 [¥] | 2004/11/10, 6:43 P 1.000e0 None
15 15 Rat3 B-16h_vinpo - & LCMS D ata.wiff [zample 1 [¥] | 2004411710, %13 PM 1.00020 Mone
16 16 Rat3_8-16h_blk - & LCMS Data wiff [sample 1 7] | 200411410, 3:44 P 1.000e0 Mong
17 17 Rat3 16-24h_vinpo - 4 LCMS Data wiff [sample 1 20041110, 10:14 PM 1.000e0 Mone
18 15 Rat3 16-24h blk - A LCMS Data.wiff [sample 1 200441110, 10:44 PM 1.000e0 None

13. Repeat the process assigning the groups as follows:

Samples

Group

Rat1_8-16h_vinpo — A
Rat2_8-16h_vinpo — A
Rat3_8-16h_vinpo — A

Rat1_16-24h_vinpo — A
Rat2_16-24h_vinpo — A
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Rat3_16-24h_vinpo — A 3

Ratl_0-8h_blk — A

Rat2_0-8h_blk — A Blank1

Rat3_0-8h_blk — A

Ratl_8-16h_blk — A

Rat2_8-16h_ blk — A Blank2

Rat3_8-16h_ blk — A

Ratl_16-24h_ blk — A

Rat2_16-24h_blk — A Blank3

Rat3_16-24h_ blk — A

The finished sample table will look like:
m
Row Index Sample Mame Sample ID Group Use Ao, Time Scale Factor RT Correction
i1 1 Rat1_0-8h_vinpo - & LCMS Datawiff (za |1 111042004, 212 P | 1.000=0 Mane

2 2 Fat1_0-8h_blk - & LCMS Data.wiff (sa | blank1 111042004, 2238 P | 1.0000 Hane
3 3 Ratl_8-16h_vinpo - & LCHME Datawiff [sa | 2 111042004, 308 P | 1.0000 Mane
4 4 Rat1_8-16h_blk - & LCHS Datawiff (sa | blanka 1141042004, 233 P | 1.000=0 Mane
5 5 Rat1_16-24h_vinpo - & | LCMS Datawiff[za | 3 11/10/2004, 403 P | 1.000=0 Mane
E 3 Ratl_16-24h_blk - & LCHS Datawiff (sa | blank3 1141042004, 4:33F | 1.0000 Mane
7 7 Ratz_0-8h_vinpo - & LCMS Datawiff (za |1 1141042004, %10 P | 1.000=0 Mane
8 a Fat2_0-8h_hlk - & LCMS Data.wiff (za | blank1 111042004, 540 P | 1.0000 Mane
3 | Rat2_8-16h_vinpo - & LCH5S Datawiff [za | 2 111042004, 611 P | 1.000=0 Mane
10 10 Rat2_8-16h_blk - & LCHMS Datawiff (sa | blank2 111042004, 6:41 P | 1.000e0 Mane
11 ihl Fat2_16-24h_vinpo - & | LCMS Datawiff (za | 3 1141042004, 711 P | 1.000=0 Mane
12 12 Ratz_16-24h_tlk - & LCHS Datawiff (sa | blank3 111042004, 7:42 P | 1.000=0 Mane
13 13 Fat3_0-8h_vinpa - & LCHMS Datawiff [za |1 111042004, 812 P | 1.000e0 Mane
14 14 Fiat3_0-8h_blk - & LCHMS Datawiff (sa | blank1 111042004, 343 P | 1.000=0 Mane
15 15 Rat3_8-16h_vinpo - & LCHME Datawiff [za | 2 111042004, 3212 P | 1.000=0 Mane
16 16 Rat3_8-16h_blk - & LCHMS Data.wiff (sa | blank2 111042004, 3:44 P | 1.000e0 Hane
17 17 Fat3_16-24h_vinpo - & | LCMS Datawiff(za | 3 1141042004, 10:14 | 1.000=0 Mane
18 18 Rat3_16-2dh_tlk - & LCHS Datawiff (sa | blank3 1141042004, 10:44 | 1.000=0 Mane

14. Select Save As from the File menu and save the imported data in the LCMS Data folder with
the name LCMS Saved, overwriting the file if it already exists.

This will save the imported data and the assigned groups so they can be easily retrieved in

future.

5.3 Performing PCA and interpreting the results

1.

Click the trash can icon in the sample table pane to close it

2. Click the PCA button or select Perform PCA from the Analyze menu.

3.

In the PCA dialog, select None for the Weighting and Pareto for the Scaling and click OK.
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PCA Options
~PCA Preprocessing

YWeighting  |Mone - ]
Scaling: Pareto - ]

[~ Perform PCA-DA [supervised)

-Sarmples to Keep

[~ Remaove samples marked & nat used

Cancel |

The resulting display will show the scores and loading in both tabular and graphical form as
described in detail section 4.2.

4. Click the magnifying glass button ({3) in the scores plot so that it is easier to examine.

T Scores for PC1 (56.5 %) versus PC2 {17.2 %), Pareto: LCMS Saved (=13
Scores [Pareto): LCMS Saved] Loadings [Pareta): LCMS Saved  Scores for PC1 [56.5 %] versus PCZ (17.2 %], Pareto: LCMS Saved l Loadings far PCT (565 4| *
AT ERDAHE
Scores for PC1 [B6.5 %) versuz PC2 [17.2 %), Pareto

Ratz_8-16h_vinpo - & a1
2
80 3
O blank1
704 Ratd 16-24h_vinpo - & O blank2
[ blank3
50
Rat1_16-24k_wvinpo - &
50 & Fat? 16-24h_vinpo - & Riatl_B-1Bh_vinpo - &
- +
40 Rati_15-24n bk -a
30 3-Rat3 816k bk - &
20
i
5 104
& Riata_B{1Eh_vinpa - A
o Rat3_16:24h blk - A i
0
£ Ef
1|j .
Rat?_B-16h_blk - &
-20 1 Fiat2_0-8h_vinpo - A& ;
i Fat?_16-24h_blk - A s HatB_D-Bh_\rlnpo -A
- Ratl_8-16h bk - A Rat1_0-8h_vinpo - 4
40 Ra30Shbk-a
50 4
50 Rat?_0-8h_blk - &
 Rat1_0-8h bk - 4
70 4 i
£0 40 20 0 20 a0 60 a0 100 120 140 160
PC1 Score

It is clear that PC1 (ca. 56.5% of the variance) separates the pre-dose samples (open squares)
from the post-dose (closed circles), with the 0 — 8 hour samples having the highest PC1 scores,
the 8 — 16 having the next highest and the 16 — 24 hour samples being closest to the pre-dose.
This suggests that the biggest change occurs in the first 8 hours and that the magnitude of the
change lessens over time.

PC2 (17.2%) appears to separate the samples according to the sampling interval with the 0 — 8
samples (pre- and post-dose) having the most negative values and the other time points being
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less well separated. This suggests that there is a diurnal variation in the samples that is

unaffected by administration of vinpocetin.

Click on the tab to display the loadings plot (PC1 Loading versus PC2 Loading).

_ CEX
Scores for PC [56.5 %] versus PC2 [17.2 %], Pareto: LCMS Saved  Loadings for PCY [98.5 %] versus PC2 (17.2 %], Pareto: LCMS Saved l h ] 4
HrssEr BQ o
Loadings for PC1 [BE.5 %) versus PC2 [17.2 %), Pareto

91.111.3010) [Defaul)
‘ = [lzotope]
3a7.2M1.3(384) # [Monoisotopic)
03t B ?‘
4.1%11.3(111)
0.25
302.1/12.4 (269]
0.20 :
27 25234 323.2413.0[301)
& 23314123(148)
015 68,2126 (354)
301.2/12.6 (358

o - - L 4 &-299.2/13.0[396)
g 010 | 266.1/12.8(209)
[=]
5 324.2/12.8 (304 *
£ 005 2 ‘ :

1go 190211 69 A28 52 14128 (183)

T T 145.0A30(71) = il helete R
®-303.2/15.3(379]

0,05 4

010 @

015 4

0105 0.00 0.05 010 015 0.20 0.25 0.30 0.35
PC1 Loading

As explained in section 4.2, Pareto scaling causes correlated variables to lie on straight lines that
pass through the origin. Examination of the loadings plot indicates the presence of several

families of correlated variables such as those shown above.

The families marked 1 and 2 have the highest positive PC1 loadings and will contribute most to
the separation of the post- and pre-dose samples, although families 3 and 4 may also have an
affect. The variables indicated by the line marked 7 may also contribute to this difference but in
the opposite sense — if 1 and 2 correspond to variables present in the post-dose but not the pre-
dose, variables in family 7 will be predominantly in the pre-dose samples.

The variables in family 4 seem most likely to be in the 0 — 8 hour samples (pre- and post-dose)
since these had the largest negative PC2 loadings, whereas 5 and 6 will be more prominent in

the 8 — 16 and 16- 24 hour samples.

We will start by exploring the diurnal variation.

Click the magnifying glass to return to the multi-pane display, select the variables that are

furthest away in the direction of arrow 4 and click the Plot Profile button.
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In the toolbar of the new graph, click on the downwards pointing arrow adjacent to the Sort
Order button and make sure Group Order is selected. The data will be drawn in group order
where the groups are sorted alphanumerically, i.e. in this case the order is: 1, 2, 3, blank1,
blank2, blank3.

Ve s s E-T4
@ 10501082 v Sample Index

@ 1801108100 Group Order

@ 3531108 [345) —

a00

Responze

The profile graph shows that the selected ions do behave as expected, i.e. they are more
intense in the 0 — 8 hour samples than the 8 — 16 and 16 — 24, and comparable in the pre- and
post-dose samples.

Click on other variables in the direction of family 4 to update the profile display, and note that
they all have similar behavior although the peaks get smaller, and the noise higher, closer to the
origin.

7. Click on a variable that is furthest from the origin in the direction of arrow 5, e.g. the variable
91.1/11.3.

AT
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Note that the variables in this direction show the opposite behavior to those in direction 4, i.e.
they are lowest in the 0 — 8 samples. In this case there may also be some difference between
the pre- and post-does samples.

8. Click on the variable furthest from the origin in direction 6 (353.3/20.7).
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At first sight, this variable appears to be present only in the rat 3 samples, and two of the rat 3
blanks have the largest negative PC1 scores, but there may be other explanations for this
behavior, for example a systematic variation.

To check this it is useful to switch the display so that the samples are arranged in index or
acquisition order.

In the Sort Order pull down list select Sample Index.

s s wE- TR
353.3/20.7 (340 v Sample Index Fat3_16-24h_vinpo - &
Group Crder _
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Sample [by index]

The graph illustrates that the samples were run in order, i.e. rat 1 followed by rat 2 and rat 3,
and that this variable appears to be a contaminant that occurs later in the analyses and is only
present in rat 3.

Hide the two tables and the scores plot by clicking in the Hide pane button ([z:]) in each of
these panes. This results in a display that consists of the loadings plot and the profile graph
making it easier to select variables.

Search for variables that have similar behavior by clicking on symbols in the direction of family
6, but closer to the origin. To make this easier, you may need to zoom the graph either by
dragging in the axes or by selecting a rectangle in the graph, right-clicking and selecting Zoom
Selection.

As the variables are encountered draw a small rectangle around them, right-click in the
rectangle and select Don’t use Selected Peaks for Subsequent PCA. The symbols will be
replaced by the symbol for excluded points (by default an open blue circle). The finished display
will resemble the one below.
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PC1 Loading

Repeat the PCA analysis by clicking the PCA button in the toolbar at the top of the window. The
resulting scores and loadings plots are very similar to those obtained earlier, the most obvious
difference being that the variance explained by PC1 has increased to ca. 61% (the exact value
will depend on the variables you excluded), and the 16-24 hour post-dose samples seem to be
grouped slightly more tightly.

5.3.1 Principal Component Variable Grouping Utility

The MarkerView™ software includes a utility which allows variables to be grouped in an automated
way to facilitate data interpretation.

Follow these steps:

1. First, select Options from the Edit menu and define plot symbols for groups numbered ‘1’
through ‘7’ as shown in the figure below. Note that you do not need to use identical symbols to
those shown here provided that you can distinguish these groups.
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2. Return the display to the state shown in step (4) above by closing the current window or by
activating the previous window. Ensure that the Loadings Plot is active.

3. Select the PC Variable Grouping menu item from the Utilities sub-menu of the Help menu
as shown below.

H MarkerView

File Edit Wiew #Analyze Window BEEE

= H oL [ E | o

Comman Metabalites, xls

Example Report Template, doc
Reference Manual,doc

IJser Manual, doc
Metabolite Mamer
able Grouping

The window shown below is presented.

4. Fill-in the parameters as shown in the figure. In particular set the Number of PCs to ‘3’ and de-
select the Only start a new group if PC with max. loading is used checkbox.

5. Click the Assign Groups button and close the window by clicking in its close box.
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The loadings plot should appear as shown below. The variables have been automatically
assigned to one of six groups (in addition to the ‘Default’ group for certain very small variables).
These groups roughly correspond to the numbered groups discussed in step (4) of the previous
section (section 5.3).

One reason that the grouping is not identical to the visually identified groups of the previous
section is because the automatic groups were assigned using information from the first three
principal components (as selected in the figure above), whereas the visual grouping was based
on only the two visible components. This is an important point since it allows a two-dimensional
display to be colored in such a way that additional variation not otherwise visible can be seen.

For a detailed discussion of this tool see the MarkerView™ Reference Manual. The concepts
underlying the grouping itself are discussed in the following paper:

Dimensionality Reduction and Visualization in Principal Component Analysis
Anal. Chem., 2008, 80 (13), pp 4933-4944

Which is available for download as a pdf file from:

http://pubs.acs.org/doi/abs/10.1021/ac800110w
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6. Use the magnifying glass tool (Q) so that the Scores Plot is also visible.

7. Select any variable in the Loadings Plot (by drawing a selection box around it) and click the Plot
Profile button to generate a Profile Plot to display that (arbitrary) variable.

8. Click on the color spot to the immediate left of the text for group ‘5’ in the Loadings Plot (you
can also double-click the '5’ text itself). The display should appear as shown below.

The Profile Plot will update so that all variables assigned to group 5 are overlaid. This is a very
similar display to that shown in step (5) for the previous section (section 5.3). The main
difference is that traces for a larger number of variables are overlaid since all group members
are used, rather than the subset which as chosen in the manual case.
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5.4 Working with the excluded and interest lists

The variables we have looked at so far seem to show 1) a diurnal variation, possibly somewhat
suppressed in the post-dose samples and 2) systematic variations that may be due to a

contaminant. We will now explore the variables with positive PC1 loadings that we believe are due to
metabolites of vinpocetin.

1. From the display which is the result of performing PCA with some variables excluded (you may
need to regenerate this plot if you closed it in the previous section), select a region of the
loadings plot containing variables in families 1, 2, 3, and 7 (earlier figure) and extending to a
PC1 loading of about 0.15, right-click and select Zoom Selection.
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Hide all panes except the loadings plot by clicking the Hide pane button, select one of the
variables with the largest negative PC2 loading (e.g. 359.1/10.8) and generate the profile plot.
Change the sorting to Group Order.

As we've seen before, these are the variables that demonstrate the diurnal variation. Some
other ‘families’ of variables are also apparent and are marked (A — F) in the figure below.
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4. As you click on other variable in the loadings plot, the profile graph will update to display the
selected variable. Check that Group Order is selected for sorting and explore the behavior of
other variables, such as those indicated with circles in the above figure; note that the intensity
pattern changes as you move counter-clockwise as shown below. (This figure was generated by
drawing selection rectangles around the variables, rather than clicking on them, and plotting the
profiles. The panes were arranged by dragging the moving truck icon).
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The different families illustrate the different kinetics for different metabolites. Those lying along
line A occur only in the 0 — 8 hour samples, while the relative amounts in the 8 — 16 and 16 — 24
hour samples increase in going from A to D. For E the 8 — 16 hour intensity is greater than the 0

— 8, and greater still in panel F.

Thus the radial lines correspond to different variables that illustrate the different temporal
behavior of the metabolites. Vinpocetin fragments easily so many of the correlated ions are
fragments formed in the orifice. A good way to check the correlation is to generate profile plots
and use a relative, rather than absolute, y-axis.

5. Delete any profile graphs, click on the Home button (T_":fr) in the loadings plot to restore
the full view, select some of the variables with the largest loadings in family C and
generate the profile plot. Click the % button in the toolbar.
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The similarity of the graphs shows that they have similar behavior in the different samples, i.e.
they are well correlated (as would be expected if they are all related).

In many cases we are interested in changes in the endogenous metabolites, rather than the
xenobiotic metabolites arising from the dosed compound, so we need to exclude the latter from
the display; these appear to be variables that have PC1 loadings greater than ca. 0.05.

6. Switch the profile display back to using an absolute scale by clicking the % button again.

7. Draw a selection rectangle that includes all of the variables with PC1 loading values greater than
ca. 0.005. The simplest way to do this is to start to the right, and slightly above, the point with
the largest PC1 loading and drag towards the origin. Right-click and select Don’t Use Selected
Points for Subsequent PCA. Note that the variables are now drawn with the excluded symbol
(and open blue circle by default).
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Y %
®-303.2/15.3(379)
0051 14069069 | ‘338.131 21[321)
| i
0104 5381.1."’10.8 [365)
IRIADEED, 1501108 (100)
0154 & 10504108 (22)
; Ak

005 000 005 010 015 020 05 030 035 040
PC1 Loading
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8. Select Show Excluded Peaks from the View menu and use the Truck icon to drag the
resulting list so that it is alongside the loadings plot. (When you are dragging the list pane, the
edge of the loadings plot pane will turn red to indicate where it will be drawn. Release the
mouse button when the right edge of the plot is red and the list will be drawn in the correct

position.)

= Excluded Peaks: LCMS Saved FEEX
REEBENRTIAEE : maAEBR
Loadings for PC1 (B2.4 %] versus PC2 [18.6 %), Pareto Fiow Index Peak Name méz Ret. Time Group Current 7‘

31.13113(101 o{g:ém‘gd] y Fi i TS T T304 | T B

03547 apb2n1.3(384) ¥ [Selected) 2 2 T49.0/211 (B8] | 1490202 | 21.08 ]

1941113 (111] = [lsotops] 3 3 T480/41 (70| 149.0211 | 415 O

0.30 4 ® [Moncisotopic] 1 1 143.0/9.4 (72) 1430217 | 9.45 @]

5 5 T531/47(82] | 153.0637 | 4.68 D

G 24 (258) B B TN3.3/20.7 (289) | 313.2763 | 2066 | (Mancisatopic) E

5 7 7 I252/201 (309) | 3252399 | 2014 | (Mancisatopic) &

V7614125 (224) 5 5 33137206 (313) | 331.2907 | 2063 O

o5 & 3602/125 (354] 9 3 3.3/21.2 (330) | 341.3007 | 2117 [Maonaisotopic) ]

” g ii=ulian ’ 10 10 381/10.3(33) | 3480717 | 1027 (@

5 ool %4\° ) i T F633/20.7 (340) | 53,2664 | 2066 | (Monoisotopic) 0

s 8 Cum2n268 0360 12 12 43206 (143 | 42716 | 2062 | (isolope] ]

g o] = 13 13 FE3/21.2(347) | 3593218 | 2109 @]

17 17 I67.3/209 (53] | 3672915 | 2095 0

80.1/12.7 [238] —

000 3o B e 15 15 |13/21.2(363) | 3813012 | 2113 | (Mancisatopic) &

= 16 16 W2 2(372) | W27 | 2115 | (sclope] [

0.05 338.1/121 (321) 7 7 TI/1.2 @03 | 4110170 | 1121 O

i 1430/8.9 (89 18 18 $33/211 (A07] | 4132738 | 2114 | (Mancisatopic) O

0104 36311108 (345) 13 19 EEE3/16.8 (427) | 655.2896 | 18.83 | (Mancisatopic) @]

E | 1s0108 000 20 20 F836/206 (430) | 6835534 | 2062 | (Mancisatopic) &

015 i Wisom0e 2 21 21 1181 (15) 930545 | 18.12

D'ED A " s 2z 2z T060/10.7 (24] | 100320 | 10.70 | (isclope]
I T W .

Note that the list contains a Current column which is checked for some variables and not for
others.

Each PCA plot maintains a list of the variables that were excluded when the display was
generated (these do not have a check mark in the Current column) and a list of the peaks that
are excluded in the display but were in use when the display was generated (these have a check
mark). In the figure above, the first 20 variables were excluded before the display was
generated (i.e. steps 12 and 13 in section 5.3 above), the rest correspond to the ones selected
after these plots were generated.

This is also reflected in the status bar at the bottom of the main window
412 Peaks 171 Currently Excluded Peaks 0 Interest Lizt Peaks 20 Previously Excluded Peaks

which, in this case, indicates that 20 variables were previously excluded and 171 have been
selected and excluded.

The Excluded Peaks list behaves as a normal table. You may sort on any column by clicking on
the column heading and then of one of the two sort buttons. You may select one or more
columns by dragging in the column headings and these can then be copied to the clipboard, by
typing ctrl-C or selecting Copy from the Edit menu, and pasted into another program such as
Excel.

9. Perform another PCA analysis and display the excluded peak list; verify that the new list has no
checkmarks indicating that all of the listed variables were excluded before generating the
display.

The analysis display will resemble the one shown below, however depending on exactly which
variables you have excluded, the display map flip about the PC2 axis..
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10.

11.

B | padings for PC1 (55.4 %) versus PC2 [14.2 %), Pareto: LCMS Saved

la T B B 0 Q 99| Ju Jlu o QE
— - |
Fiow Index Sample Name Sample D 7 Fow Index Peak Marme mi'z Fiet. Time !
» | 1 | 1 | Fat_0-8h_vinpo - A | LCMS Data.wiff jsa | 1 » | 1 | 1 | 2113301 | 21.0837 | 13.32 |
[2 [ [Rat nak Rk -2 [ 1 rMS Data witf lza | R Y [ 2 [ 2 IGEEERE [etnrar T1am I b
£ 2 < >
T EREB T QE DA TEBRBNTAEHE
Scores for PC1 (55,4 %) versus PC2 (14.2 %], Pareto Loadings for PC1 [55.4 &) wersuz PC2 [14.2 %], Pareto
Ratl_16-24h_blk - &4 |& 1 36321126 (354) [Default)
50 4 N2 3731125 (358 = [lsatope]
a2 & [Monoizotop
. 143.0/6.9 §3] (¥ saoalon)
40 ik L 14a0M30(7)
O blank2 0.2 Sy :
0 Ratl_16-24h_vinpn -4 | blank3 s PRI, 516
=—385.2/16.2 [381)
Rat1_816h_vinpo - & —a 014 83.0M11.5(7) -
204 S —— Natanzzn o 22514131 (141)
L E . o 1413
L Egite s Uk £ ‘ & 2761125 (224)
i 104 @0 Ratl_0-8h blk A E an 21.1138(2) 413.1/11.7 (408)
o B -
g . ® Fat? [0k bkl A o oL iy -
L ® 0 388.2M1.3(387)
O ; oo - i 5
- . Ralz 81 Bhevinpo:s 01 4 " g @ 911300 -
Rat?2_8-16h_blk - & 591 .EP‘I 23[426)
-20 4 Fiat3 8-16h_blk - & |
= SRR 0.2 4 BO7.1412.3 (278)
a0 Rat3 16-24h_blk - & i & 302171241268
; o] . i } h
Rl 0 A0 0.2 oo 0z
PC1 Score PC1 Loading

The 0 — 8 hour samples (pre- and post-dose) appear to be separated from the rest of the
samples with negative PC1 scores, and the majority of the remaining post-dose samples have
high positive PC1 scores. This suggests that the variables with high, positive PC1 loadings will be
more intense in the remaining (8-16 and 16-24) post-dose samples.

Select the variables with the highest positive PC1 loadings and plot the profiles.

fal &

@ 91.1/11.3(10)
@134.1/11.3(117)
@ 307.2/11.3 (384)

% B - U Q E

100% a R
Ratz_8-165 vin

rpo - A

at3 16-24h_vinpo - & Rat3 8-16h_blk - &

Rat?_0-Bh_vinpo -4 Ratd_B-16h_vinpa - &

Rat_0-Bh_blk - & Rat2_8-16h_blk - &

Sample (by group)

Rat?_16-24h_blk - &

These variables appear in most samples and the behavior is modified in those obtained post-
dose, being somewhat higher in the 8 — 16 and 16 — 24 hour samples and, perhaps, lower in the
0 — 8 hour samples. Since they all have the same retention time (11.3 min.) they are likely
related: m/z 387 is probably a dimer (2M + H*) of the ion at 194 (MH*) and 91.1 a fragment.

These may be variables that we want to process further, so we will transfer them to the interest

list.

The profile graph’s context menu allows some flexibility in editing the variables displayed and
adding them to the interest list. If you click on a data point in any trace, that trace will be made
active, i.e. it will appear at the top of the variable list at the left of the display and will be
labeled. You may remove it by selecting Remove Active Trace or add it to the list by selecting
Add Active Peak to Interest List. Removing traces in this way is useful if you have
accidentally displayed a variable that is not relevant, perhaps because its profile shows no

variation.

Right-click in the profile graph and select Add All Peaks to Interest List in the context menu.

MarkerView™ 1.2.1 Software User Manual

-45 -

Revision: February, 2010




@ s
91.1/11.3(10) 100%

941413 (111)

®
@1
@ 387.2/11.3[384)

50%

% B -| WA E

Fiat2_0-8h_vinpo

A dialog box will appear so that you may enter a comment; when you click OK the variables and

Rermove Active Trace

Display
Show

Don't Use Peaks for Analysis

Set aroup for Peaks

Add Active Peal to Interest Lisk
Add Al Peaks to Interest List

the comment will be added to the interest list.

Get Peak Comment

| winpo - A

Rat3_8-16h_blk - &

Rat?_5-16h_blk - &

0-8h_blk - &

RatZ 816 bk -4 Rat3 1628k blk - &

ple by group)

Specify a comment [or leave empty for nonej:

|F'c:tentia||_l,l interssting

[ Only show thiz dialog again if the shift key iz down

o]

Cancel

&

12. From the View menu select Show Interest List.

You may manipulate the interest list (sort, copy, etc.) as with other tables. Unlike the exclusion
list, there is only one interest list.

mQ
Row Index Peak Mame mz Fiet. Time Group Charge  Mono Mazz Excl Cormment
pil 1 113010 91.061 11.29 [Maonaizatopic) 1 90.0433 [} Patentially interesting
2 2 1941113 111) 1940739 | 11.28 [Monoizotopic) 1 193.0711 O Potentially interesting
3 3 387.21.3(384) 371567 [ 11.29 [Maonaizatopic) 1 3861488 O Patentially interesting

The interest list contains other peak metrics such as the assigned variable group, charge state,
calculated mass (cf. m/z) etc. The calculated mass is obtained from m/z and charge assuming
that protons are gained in positive mode and lost in negative mode; isotope peaks have their

own mass not that of the monoisotopic peak.

Since displays are not removed as hew ones are generated, it is possible to ‘back up’ to an
earlier display and continue exploring the data. Close the current window and the previous
window, including the selection region used to exclude variables will be revealed. Right-click in
the selection rectangle and select Use Selected Peaks for Subsequent PCA to restore those

variables.

If you save the data, probably with a different file name, the excluded samples and variables are
remembered so that the exclusion process does not need to be repeated.

5.5 Using Principal Components Analysis — Discriminant Analysis

(PCA-DA)

Discriminant analysis (DA), like the t-test, is a supervised method that is used to find differences
between known groups. The MarkerView™ Software allows DA to be combined with PCA by clicking
on the Perform PCA-DA (supervised) checkbox in the PCA Options dialog box (see section 5.3,
Performing PCA and interpreting the results).

When this box is checked, the software first performs PCA as normal using the weighting and scaling
parameters specified, which reduces the dimensionality of the data by generating a few PC's that are
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combinations of the original variables. The PC’s are then combined with the group information to
find combinations that maximize the variance between groups while minimizing the variance within
groups. This can often dramatically enhance the appearance of the separation as shown by the
scores plot; the results are interpreted as before.

1. Close all open windows and open the data table that was saved in section 5.2.

2. Perform PCA with no weighting and Pareto scaling but click on the Perform PCA-DA
(supervised) checkbox to select it. The result is shown below.

| oadings for D1 (32.0 %) versus DZ (17.0 %), Pareto (DA): LCMS Saved

[ T TG R A O W o LS I T R e i R W |
— |
Fiow Index Sample Mame Sample D Fiow Index Peak Hame miz Ret. Tin #
b |1 |1 | Riat1_0-8h_vinpa - & LCMS D ata. wiff v K K EAGEET | ;10837 1332 E
= T~ T 2 ~c 1 T T i~ v = T~ T e a 1w o T na mmm LI
< > £ >
AT EE U4 E BIFTEBRTQ]E
Scares for D1 [32.0 %) versuz D2 (17.0 %), Pareto [DA) Loadings far D1 [32.0 %) WErsus D2 [17.0 %). Pareto (D)
Rat?_816h_vinpa - & . 11113 (10) [Defaul)
50 L i = [lsotope]
1 a3 1341/11.3111) # [Monoizotopic)
an ] Fatl_5-16h_vinpo - & O blank1 0z b 399.2/13.0(396)
& O blark2 s ® |
309 Rat? 16-28h_vinpo - A O blank3 b : 387.2/11.3 (384)
a8
201 p‘—ﬂat1_1s-24h_vinpc. - 0.1 p 323.2/13.0(301) —=
i o ®-Rat2 8-16h_virpo - & 1 gt 5
2 ] Fiat3_|5-24h_vinpo - & 5 0y
o 0 TEREZ §TER KA 3 IR Wy
= ] Rat1_s1eh bk -A & - 2B0.2A27 (179)
: _, Rat2_0-Bh_vinpo - A M 2511127 (181)
20 feRbhbk-A T g BE oL 3501124 [33)
30 4 Ratl_O8h_vinpa -4 o 180.1/10.3 (100)
Rat?_(8h bk - & 55 r
01 U danbk-a ' @ 105.0/10.8(22)
e ; ; L ;
] 100 200 0o 05
D1 Score D1 Loading

Note that the labeling is now shown as D1, D2, etc. in order to distinguish this type of analysis
from normal PCA, and that only five discriminants are needed.

In this particular example the grouping in the scores plot does not change greatly (compare the
figure above with the scores and loadings plots in section 5.3). However members of the
individual groups are closer together and the separation between the 0 — 8 hr. samples and all
others is enhanced.

The loadings plot has changed to reflect the new processing but is interpreted as before.

By constructing artificial groups, PCA-DA can be used to determine and exclude variables that
correspond to changes that are not relevant to your study, for example the diurnal changes that
result in the 0 — 8 hr samples being separated from the others.

5.6 Summary

In this section you have learned how to

e Import LCMS data and perform sample alignment

e Assign multiple groups and symbols to allow better visualization of the results

e Perform a PCA analysis and interpret the results
e Detect and exclude variables that appear to arise from a systematic experimental variation
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Detect and exclude variables that appear to be xenobiotic metabolites (a careful examination
would require more detailed knowledge of the compound as well as its metabolic and
fragmentation behavior).

Review the excluded peaks and copy them for further processing
Add selected variables to an interest list for additional processing
‘Back up’ to an earlier state and continue processing

Use PCA-DA to enhance the separation of known groups

These sections have described the most common operations; more advanced topics are covered in
the following sections and more details on the various parameters, dialogs, etc. can be found in the
reference manual.
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6 Miscellaneous

This section describes some of the many additional features of the MarkerView™ Software. It
assumes that you have worked through the rest of this manual so only new material is described in
detail.

6.1 Generating and importing Peaks files

When you are working with large, complex LCMS data sets, the process of importing, aligning and
normalizing the data may be slow. The program allows you to divide this into two separate steps so
peak finding, which is the slowest part, need only be performed once and you can experiment more
easily with the alignment and normalization parameters. In addition, both steps have separate
minimum intensity parameters so you can use a very low threshold to find the peaks initially and
later reject small peaks that may be due to noise.

6.1.1 Generating peak list files
1. Select Create LC/MS Peaks Lists (from wiff) from the File menu.

B MarkerView
FEN Edit  Wiew Analvze ‘Window Help

Create LC/MS Peak Lists (From wiff}

Impart L4
Qpen Cerl+0
Recent Files >
Save As Chrl+5
Export Peaks Table L4
Page Setup

A dialog box will explain the purpose of the command. Click OK to dismiss it.

2. In the Select Samples dialog select the LCMS data files, removing the first, as described in
section 5.1 and click OK.

3. The program will ask for a folder to receive the peak list files. In the Browse For Folder dialog,
locate a convenient folder (for example the original LCMS Data folder), click the Make New
Folder button and change the name of the new folder to LCMS Peaks. Click OK.

4. In the Peak Finding Options dialog, fill in the parameters as shown below.

Peak Finding Options

Data to Process

Mare

W Aszsign Charge States

o]

Erperiment: |F'eriod 1, Experiment 1 ﬂ

Minimum retention time: (200 min ™ Maximum retention tme — [000 min
‘Enhance’ Peak Finding

[~ Subtraction offset l— 2CaNE Minimum spectral peak width: ,5— m

Subtraction mult. factor: l— Mirimum BT peak width: ,20— 3Cans

Muoise threshold: ,5—

Cancel

|

5. Click OK. The files will be processed individually and a peak list file generated for each.
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Note: the folder named 'Peaks’ already contains the peak lists for these samples so you can skip the
last step if you wish by clicking Cancel instead of OK.

6.1.2 Importing peak list files
1. From the File menu select LC/MS Peak Lists (*.peaks).

B MarkerView
HEN Edit View Analyze Window  Help

Create LCIMS Peak Lists (Frarm wiff) A

Open Chrl+0 LiZ{MS Data (From wiff)

Recent Files v McA Spectra {From wiff)

Save As Chrl+5 MALDT Spectra (From T20)

Export Peaks Table 4 400 LC-MALDT Peak Lists {From kext)

MRM Chromatograms (From wiff)

P Set
e Exported Analyst Results Table

Er!nt ErBVfEW ES\?“Z) ; Text Spectra
r!n TEIE (AIndom Generic Text File
Print Pane Chrip

P i

2. Locate the Peaks folder in the MarkerView\Example Data\LCMS data (or the folder you
created in section 6.1.1) and drag it to the right side of the display. Click OK.

[® Select Peak Lists
Select Folder. . C:AProgram Filesh&B-Sciex\Markerview 1.045 ample Data
Available Selected
=-[2 Sample Data = [:l Sample Data -~
=-[2] LCMS Data =123 LCMS Data
] Peaks =] Peaks

-2 MALDI Spectra LC_MS_Datawiff (zample 002).peaks
LC_MS_Datawiff (zample 003).peaks
LC_M5S_D ata.wiff (sample 004). peaks
LC_MS_Datawiff (zample 005).peaks
LC_MS_Datawiff (zample 00E). peaks
LC_M5S_D ata.wiff (sample 007).peaks
LC_S_Drata.wiff (zample 005).peaks
LC_MS_Datawiff (zample 009) peaks:
LC_M5S_D ata.wiff (sample 010).peaks
LC_MS_Datawiff (zample 011).peaks
LC_MS_Datawiff (zample 012).peaks o

[+ | K < |®

Ok | Canicel I
A

-
n
ACECEC A W W W

3. The dialog box that appears resembles that seen in section 5.1 but has some additional
parameters to control the way the data is filtered. Fill in the fields as shown below and click OK.
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Alipnment & Filtering

Aligrment

Retention time tolerance: 1.00 min V] M ass talerance: 25 ppm V]

Filtering
Intenzity threshold: 5 I Retention time filtering
[ Remove peaks in < samples I Use exclugion lizt

Marimum number of peaks:  |8000

Area Reporting

[~ Use area integrated from raw data, not from original peak. finding

Intemal Standards

I Perform retention time comection I Perform sample normalization

When the import process is complete the sample table (as in section 5.1) will appear.

Since importing peak lists is much faster than importing from the original data files, you may
want to experiment with the different parameters and observe the effect on the PCA displays.
Particularly important are the alignment parameters since these determine if peaks that are
close in m/z and or retention time will be combined or not. The intensity and minimum retention
time parameters can also have a significant effect, but will have no effect if set to values that
are less than those used to import the peaks initially.

6.2 Reviewing peak finder performance

Peak finding is a critical part of the program and it is important to set the parameters correctly to
generate the best results. This is invariably a compromise since including small noise peaks will add
no value to the calculations and may confuse the displays, while small real peaks may be critical to
the separation desired.

A good way to evaluate the peak finder is to import a small range of the data from a single sample
and observe the behavior using chromatograms and contour plots as described in this section.

1.
2.

From the File menu select Import -> LC/MS Data (from wiff).

Locate the LCMS data folder, expand the LCMS Data.wiff file by clicking on the '+’ sign
adjacent to the file name, drag the second sample to the right side of the display (Selected),
and click OK.
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¥ select Samples

Project: |Browse... [C:%Program FileshAB-S ciexhM arkefview 1.085ample Data) LJ
Ayailable Selected
=-[Z] LCMS Data.wiff ~ E1-{E3 Sample Data

W Ratl_0-8h_vinpo -4 F =-{Z LCMS Data

W Fatl_0-8h blk-& =[] LCMS Datawi

W Fatl_5-16h vinpo - & W Fatl_0-8h_vinpo - &
W Ratl_8-16h bl -4 =
W Fatl_16-24h_vinpo - &

W Ratl_16-24h bk -4

W Fat? 0-8h_vinpo - &

W FRat2_0-8h blk - & {=
W Fat?_B-16h_vinpo - A

W Fat? 616k bk -4

W Rat?_16-24h_vinpo - &

W Fat? 1624k bk -4

W Fat3 0-8h_vinpo - &

W Rat3 0-8h bk -4 v

Led | S

(] 4 | Cancel I

A

3. Set the Minimum retention time to 12 min, click to check the Maximum retention
time check box and enter 14 min. Set the other parameters as shown below (these are the
same settings as used in section 5.1) and click OK.

Peak Finding Options

Datato Process

Experiment: |Period 1, Experiment 1 j

Minimum retention time; mir IV Maximum retention time {w mir

—'Enhance’ Peak Finding

[~ Subtraction offset scans Minirurn spectral peak width: 5 ppm ¥

Subtraction mult, factar: : Minirurn BT peak width: 20 scans
Moize threshald: 5
tore

W fssign Charge States

(] | Cancel J

4. The next dialog box allows you to set the alignment and filtering parameters. While the
purpose of alignment is mainly to ensure that peaks in separate files with similar m/z and
retention time values are assigned to the same variable, it is also applied to the peaks within
one sample. Set the Retention time tolerance to 1 min. and the Mass tolerance to 25
ppm. Click OK.
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Alignment & Filtering

Alignrient

Retention time tolerance: 1.00 mn ¥
Filtering

[ Remove peaks in < zamples

Marirmum nurnber of peaks:  |8000

Area Reporting

Intemal Standards

[~ Perform retention time comection i

< Back to Peak Finding |

[T Use area integrated from raw data, not from original peak finding

Maszs holerance;

2 poin |

o |

[~ Use exclusion list

[ Perform zample nomalization i
)8 |

Cancel |

When the import process is complete, a data table with a single sample column will be
generated. With the parameters given the table will contain 88 rows (peaks).

BaQ = &
Fiow Index Feak Mame mi'z Ret. Time Group Uze  Ratl_0-Bh_vinpo - :‘

p |1 1 N300 90512 | 1298 5.561e0
2 2 NAM3IT[Z) 91,0545 | 13710 1.5390
13 3 13014125(3) 1300614 | 1248 3.332el
14 4 131.0413.8(4] 1310456 | 1382 E.016e0
] ] 144.1/13.0(5] 1440781 | 1300 1.166e0
G g 1490132 (8] 1450174 | 1324 1.649e1
17 7 145.0412 2 [7] 145.0193 | 1218 4 571el
a & 145.0/13 58] 1450227 | 1345 5.155e0
B g 16214121 (9] 1620606 | 1211 1.321el
10 10 164112 5(10] 164.0696 | 1245 2. 80Rel
11 1 170.1414.0([11) 170.0564 | 13498 1.928e1
12 12 181.14130[12) 181.0835 | 124597 1.070ed
13 13 193.14129([13) 1930854 | 1295 1.012el
14 14 184.1/130(14] 1840923 | 12498 [t oroizotopic] 1.688e1
15 15 195.14130[15) 1950991 |13 [lzotape] 73060
16 1B 206.14129[16] 206.0934 | 1294 [M oroizatopic] 2241el
17 17 20714130([17) 2071038 | 1296 5.080e1
18 18 208.14130018] 2081122 | 1297 [t omoizotopic] 1.06e2
19 15 209.14130019] 2091181 | 1297 [lzotope] 5.658e1
20 20 210.14130(20] 2101238 | 1297 [lzotope] 3.287el
21 21 218.141239(21) 2180922 | 1294 1.010e1

22 &2 21911301221 219.0985 11300 [l zotope] [v] | 9.745e0 ¥

5. Close the table and re-import the data using a Retention time tolerance of 0.5 min. and a
Mass tolerance of 10 ppm. The resulting table will contain 104 rows indicating that there are
several peaks that are very close and were merged in the first operation.

6. In order to see these peaks, select Check Peak Alignment from the Analyze menu, enter a
Mass tolerance of 25 ppm and a Retention time tolerance of 1 min. and click OK.
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B MarkerView

File Edit Yiew BGEFEEN Window Help

- |
E | A, PefomPca Clrl+a
Compare Groups with t-Test Chrl+T

Naormalization Check Peak Mignment El

Mass tolerance: 280 ppm
Retention time tolerance: W m

Apply Global Exclusion List
Make Peaks Appeating in Few Samples Unused

Replace Zera Yalues QK | Cancel I

Awerage Replicate Samples

Rows in the table that are within these tolerance values will be highlighted in bold so you can
locate them and determine if they are separate peaks or not.

7. Scroll the table so that the rows containing the variables with m/z 399.2 are visible. In this case
the m/z values are very similar but the retention times are different by 0.79 min (47 sec.).

8. Select one of the cells in the only sample column, right-click and select Show XICs.

EEX
w10 &
Fow Index Peak Mame mdz Fiet. Time Group Usze Fiatl_0-Bh_vinpo - A 7‘
g2 82 323.21130082) 3231720 12.9% [M onoisotopic) 3.1153 =
83 83 323.21132(83) 323.1778 13.16 8.094e1
84 84 3242130084 3241761 12.97 [Isotope] 5.6292
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The system will generate the extracted ion chromatogram (XIC) for a small mass window around
the selected m/z value; the region between the blue arrows in the x-axis indicates the range for
the peak selected. In this case it is clear that not only are the peaks at 12.35 and 13.1 min.
correct, but there is an additional peak at ca. 12.6 min. that was merged with the peak at 12.35
min.!

9. Click the Link to Table button at the top of the chromatogram pane and select another row in
the variable table, e.g. one of the rows for the peaks with m/z 381.2, and the chromatogram will
update to show the behavior of this variable.

While it may be possible to find parameters that separate closely eluting peaks (in this case a
retention time tolerance of 0.1 min. will allow the peak at 12.6 to be retained), this may not be
wise when there are several samples since small retention time shifts between the runs may
cause different peaks to be aligned. In complex samples it is definitely an advantage to
introduce an internal standard to allow the retention times to be corrected so smaller tolerances
can be used.

10. Click the trash can icon to delete the chromatogram window, right-click in any sample column
cell and select Show -> Contour. Drag in the x axis to select the 12 to 14 min range (as
imported) and in the y axis to select a region roughly 5 amu wide around m/z 400. If the color
selection tools are not visible, right-click in the contour and select Show Color Selection
Tools; set the max% value to 3 — this will change the way color and intensity are mapped so
that the smaller peaks are more visible.
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11. Right-click in the contour plot and select Show Peak regions for All Peaks. Ellipses will be
drawn around the areas where peaks were located and the extent will indicate the time duration
and m/z width of the peaks found. (The same command is available when more than one peak
has been imported, but in this case the ellipses will indicate the combined extent of the peaks in
all samples).

RTEB @]
‘Rat1_0-8h_vinpo - &' from LCMS Data.wiff [sample 2]
no data
401.0
< min
= 400.5 4
. o
min % nao g
min _::'E 400.0 4
=]
w EE 0
max k|3 399.0 4
>z [ 396.5
I Log Scale 122 124 126 128 130 132 134 136 13m 140
Time, min

The display shows that for m/z 399.2 the peaks at 12.35 and 12.6 min. were found as a single
peak (the ellipse covers both) and the peak at 13.1 min. was also found. For m/z 400.2 only the
peak at 13.1 min. was found and there appear to be several other small peaks in the area that
were not found.

12. Right-click in the contour and select Show Tooltips. As you move the cursor in the contour plot
a tool tip will appear indicating the m/z, retention time and intensity (z) of the point under the
cursor. In this case, the intensity of the peaks in this area do not exceed 5, the value that we
initially used as a threshold when importing the data.

In addition to the intensity, there are a number of other reasons why small peaks may be
rejected by the peak finder, for example:
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= The mass peak does not appear in enough contiguous scans (less than the Minimum RT
peak width defined when importing the data).

= The m/z width of the peak is less than the Minimum spectral peak width.

= If Subtraction offset was checked, for any given peak there may be another peak ahead
of it by the offset value used; when subtracted this may cause the target peak to be less

than the specified intensity thresholds.

The operation of the peak finder is described in detail in the reference manual and you are
encouraged to experiment with the parameters and observe the results using the tools and approach

described here.

6.3 Aligning, normalizing and filtering data

6.3.1 Aligning and normalizing

As indicated in the previous section, aligning peaks is essential for best performance.

If you have added one or more internal standards to the samples, you may specify these in the RT
Correction and Normalization sub-dialogs of the Alignment & Filtering dialog box. The
tolerances in these dialogs refer to the windows used to locate the internal standards and are
typically wider than the values used to actually align the data.

E RT Correction

Carrection Type
{+ Canstant Dffzet

" Linear

Tolerances

Fiow

mdz

Mass Taolerance: [0500  [amu =
RT Talerance:  |0.50 min v

Enter the m/z walues and retertion times of the intemal standards:

Fietention Time [rin)

= | wf oo~ o] | =] ] ora| =

=

oK

Cancel

i
Fas

When importing data you select Perform retention time correction and/or Perform sample
normalization and the data will be aligned and normalized as it is being read.
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Alignment & Filtering gj

[ Alignrment

Fetertion time tolerance: 1.00 min " Mass tolerance: 25 ppm

1~ Filtering
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Marimum nurnber of peaks:  |8000

Area Reporting

[T Use area integrated from raw data, not from original peak finding

Intemal Standards

[I— Perfarm retention time corection ] (I— Ferfarm zample normalization |]

< Back to Peak Finding |

The alignment process is described in more detail in the reference manual, but if using more than
one retention time standard it is best to have them well separated and use Linear offset. With this
mode the program will calculate the offset as a function of retention time; standards that are close
in time can cause the slope of this function to be incorrect.

While alignment can only be performed as the data is imported, normalization (with or without
internal standards) can be performed on an existing data table. If you have used internal standards,
you can normalize the data by selecting Normalize LC/MS Using Internal Standards from the
Normalization sub-menu of the Analyze menu.

If you have not used internal standards you can still normalize the data, but this should be done
carefully since there is no real way to ensure that the selected peak(s) should indeed be constant for
all samples. The following describes the process for the vinpocetin data used in earlier sections.

1. Open the LCMS data file you saved in section 5.2, step 8.
Here are some tips for picking peaks to use to normalize in this way

= The peak should appear in every sample and preferably be a single peak (i.e. have no close
isomers that may be picked incorrectly)

= The intensity should not be very small (noise) or very large (possibly saturated)

= There should be no, or little, dependence on the group

= There should be no systematic variation (click the Sort Order button and select Sample
Index to look for this)

Examination of the data shows that the peak at m/z 384.1 and 10.5 min. appears in all samples
and although it may have some group dependence, this is not large and we will assume it is
suitable.

2. Select the row containing this peak and plot its profile using the Plot row button. Verify that
there is no systematic variation and the group dependence is relatively low.

3. Make sure the data table is the active pane and the 384.1/10.5 row is selected and select
Normalize Using Selected Peaks from the Normalization submenu of the Analyze menu.
A new data table will be generated containing the now normalized values.
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4. Select Show Samples Table from the View menu and note that the Scale Factor column
now contains a value for each sample. Ideally these values will all be close to one, indicating
that the peaks used for the normalization were of comparable intensity in all samples. If any of
the values seems abnormally large you should check that the reference peak is present in that
sample and has been selected correctly. You may need to adjust the tolerances in the
Normalization dialog.

5. Perform a PCA analysis.

T | oadings for PC1 (62.0 %) versus PC2 (13.0 %), Pareto: LCMS Saved 9 [=1E3]
e T Bl @ Q E e IR wE
—_ —
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a0 ] W2.1412.4 (268)
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|
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8 401 Rat3_0-8h_vinpo - A 5 0wy W7N23(27
o] 30 : z o0 ®413.3/211 [407]
o HatZ_0-8h_vinpo - & —@ : 015
o 209 Ratz 816k blk -4 o : _.;—1 49.0/24 5 [E7)
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0 - Fratt-0-Bh--virpo DI04 i 1430441 (70)
123 7 B Etfa 3 0 b4 ® 0.05 | ﬁ;m A28 [209)
20 4 -
_ % 2531/12.8(186]
Ratl_1&-24h_blk - &
=30 1 i - 0.00 i PAPEREN T ]
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Rat2 | 0-8h_blk - A 005 &
-a0 4 Ii_‘Ha.I 08k blk - & i 1901108 (100)
501 = i i 33814121 (321)
a 100 200 01 00 01 0z 03
PC1 Score PC1 Loading

Explore the data using the techniques and tools described in section 5 and confirm that while
the scores and loadings plots look different, and the amount of variance explained by the
principal components is also different, the conclusions drawn earlier still apply.

6.3.2 Filtering data

In many case the data will contain variables that are suspect (e.g. too small), artifacts (e.g. arising
from contamination) or not wanted in the analysis. This section briefly describes some methods of
identifying and removing such peaks.

1. Close all open windows, re-open the saved LCMS data and perform a PCA analysis.

2. One useful way to filter data is to exclude variables that do not appear in a certain minimum
number of samples. This is particularly relevant in data such as this since there are three
samples for each time point and dose, so variables appearing in just one are likely noise,
individual variation or misaligned.

Select Make Peaks Appearing in Few Samples Unused from the Analyze menu, and select
2 in the combo box in the resulting dialog.
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Number of Required Samples g|

Make peaks appearnng in fewer than |2 | zamples

with responze less than aor equal to (0.0 unLzed.

Ok, | Cancel |

In the loadings plot a number of variables close to the origin will now be drawn as open circles
to show they have been excluded (you may need to zoom to see this). Since these are small
peaks a new PCA analysis will show little change.

3. Close all windows except the peaks table and select Show Peak Info from the View menu; the
peak info table appears in the lower part of the window:

B Peak Info: LCMS Saved

e &
Frow Index Peak Mame miz Ret. Time Group Use  Ratl_0-8h winpo- | Ratl_0-8h blk -A | Ratl_8-16h_vinpo - Ratl_8-16h bk -A  Ratl_16-2dh_vinpo F!alL:‘
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g ] 85.0/12.5(5) 850286 1251 0.000e0 0.000e0 0.000e0 0.000e0 0.000e0 0.000e
3 [ 85.0/12.4 (6] 85,0280 (1242 0.000e0 0.000e0 1.288e0 0.000e0 1.48%0 0.0002
7 7 B3.0/115(7) B9.0346 [ 11.51 1.388e1 1.465e1 2032e1 2.330e1 2.168e1 3.864e
8 8 90.6/11.3(8) 06161 [ 11.34 0.000e0 0.000e0 0.000e0 0.000e0 0.000e0 0.000e
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Pl 1 1.1/133(1] 81.0637 (1332 M2 [3] | WA 0.064 5.437e-2 | 0.000e0 | 2307e-1 | 424362 | 0.000e0 | 9.787e1 |1
2 2 B1L1M38(2) 81.0697 1381 Ma [B] | M 0.070 E210e-2 | 0.000e0 | 26351 | 424322 | 0.000e0 | 1.118e0 |1
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4 4 83126 (4] 83.0880 [1262 [P [E] | M 0.085 8309e-1 | 0.000e0 | 21590 | 25382 | 0.000=0 | 7.806e0 |3
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This table contains detailed metrics for each of the variables in the data (these are explained in
the Reference Manual) and can be used to filter the variables.

4. Another way to exclude peaks appearing in only a few samples is as follows:

= select the Samples > column
= sort in ascending order
= select the unwanted variables
= right click and select Don’t Use Selected Peaks
5. You can also select and use any variable groups(s). For example, to use only the monoisotopic

peaks (this can also be performed directly from the peaks table) right click in the table and
chose Select Peaks For Group.
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6. The resulting dialog shows all the assigned variable groups; select (Monoisotopic) and click
OK.

Group Name

Flease enter the desired group name:

|[None] ﬂ

7. This automatically selects all the peaks assigned to the Monoisotopic group; right-click in the
table, select Use ONLY Selected Peaks and perform a PCA analysis. The resulting display is
similar to those obtained earlier but with a much simplified loadings plot since there are far
fewer variables:
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8.

10.

The Peak Info table also contains a column for mass defect — the difference between the
measured m/z and the nearest integer. Simple metabolic changes made to xenobiotics tend to
shift the m/z value without substantially altering the defect, so looking for compounds with
similar mass defects to the parent drug can help identify metabolites. The table can be used to
filter compounds based on their mass defects.

Mass defect can be expressed in two ways:

= Relative to the nearest integer. In this case some values will have negative values relative to
a higher integer, e.g. 300.8 would have a defect of -0.2.

= Relative to the lower integer. In this case the defects are always positive, i.e. 300.8 has a
defect of 0.8

To change between the two modes, right click in the Peak Info table and click Signed Mass
Defect.

The Peak Info table also allows columns to be plotted, either individually or one may be plotted
against another. This can help visualize characteristics of the data or select particular variables,
for example, in choosing variables to use for normalization it might be appropriate to select
variables with relatively high values (mean or median) that are relatively constant (low standard
deviation); plotting sigma against mean can help select such variables.

In the peak Info table select the Mean column and drag to include the Median column; click the
two-way plot icon to get the following display (the sample table has been hidden for clarity):

I Peak Info: LCMS Saved
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9 9 91113209 91.0507 1319 NAA [E] | M 0.051
10 10 A3 (10) [ 91.0511 [11.29 [Moncisatapic) 1 90.0433 | 0.051 BN 3301e2
J< 11 11 a1 11249111 a1 NR24 12309 =1 [AERY =1 [AERY nne2 il
RrTERE TAEE
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If the variables are normally distributed we expect the mean and the median to be identical, i.e.
the plot should be a straight line with a slope of one. While there are many variables that meet
this condition, there are also several that have a lower median than expected (zero in some
cases). This arises when the data is not normally distributed, for example there may be two
groups with the variable absent (zero) in one group; in this case, depending on the number of
samples in each group, the median may be zero while the mean is not. In any case these are
likely to be interesting variables.
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11. Make a selection rectangle around the variable 266.1/12.8, right-click and select Show
Selected Points In Table, and then click the Plot Profile tool in the table’s toolbar. In the
profile plot click the Sort Order tool to get the following display

®766.1/12.8 (209): LCMS Saved

e w o B B 0 QEBE i
Row Index Peak Mame miz Ret. Time Group Use  Charge  Mono tass tass Defect:l
209 209 2B6.1/12.8(209) 2BE.1190 [ 1277 [Moncizatapic) 1 2651112 [ 0119
210 210 2BE.1/15.3(210) 2BE.1200 [ 15.32 M2, [E] | N 0120
21 211 26E6.1/413.8(211) 2BB.1352 [ 13.77 N/, [E] | N 0135
212 212 266.1/11.4(212) 2BE.1492 [ 11.42 M2, [E] | N 0143
a el e PRITART AN PRF11R7 | 1R 72 1 [ -l KA niig Bt
< ¥
T EB*»E-TQAEE

266.1/12.8 [209)

} -8k winpo - &

1000 Rat3_B-16h_vinpao - A

Fesponse

Fiat2_0-8h_vinpo - &
Fat1_8-16h_vinpa - A
1 1 | | | o | i | 1
RatZ 0-8h_vinpo - & Rat3 8-16h_vinpo-A  Rat1_0-8h blk -4  Rat? 816h_blk -4  Fat3_16-24h_blk - &
Sample [by group)

fTeETABE

tean versuz Median

91.111.3010)

223.2412.0(301)
380.1/12.3 (325
2 021124 [2[58]] 72113300 0108122 266.1/12.8 (209)
o % ot I S« - A e
B 0 _A - ® 734111 31 FFAR
100 200 200 400 50D EO0 700 800 500 1000
tean

This is clearly a drug metabolite and the number of samples in which the variable is zero is the
same as the number where it is non-zero and the overall number of samples is even. Hence the
median will be the average of zero and the smallest non-zero value while the mean will be the
average of all samples; in this case the latter is higher. If the variable was zero in more samples
(for example because it is metabolized quickly) then the median would be zero.

12. Select one of the points with a large mean but close to the median = 0 axis. Since the table and
both plots are linked, the variable will be selected in the table and the profile plot generated.
Click the Sort Order button to get the display shown below.

In this case the variable corresponds to some contamination that appears late in the run and is
therefore most obvious in Sample Index order. Because the number of zero values is greater
than the number of non-zero values, the median is zero while the mean is still positive.

Zooming the display to better view the points that are close to the median = 0 axis and clicking
on variables, quickly reveals variables that belong in the above classes. If the sort order is left as
Sample Index the contamination peaks are very obvious and can be quickly excluded.
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B Mean versus Median: LCMS Saved EJEJEI

BN EELEEE =
Index Peak Mame mdz Ret. Time Group Use | Charge Mono M ass M ass Defect tean :‘
340 35337207 [340] 353.2664 | 2066 [Monoizotopic) 1 352.2586 | 0.266 ]
a1 353.3/220 (341 353.2664 | 21.98 WA, [E] | M 0.26E 1.145e0
342 354.2/12.5(342] 3541743 [ 1250 N/, M/, 0174 4.742e0
343 354.3/200F [343] 354.2716 | 2062 [Isotope] 1 [] | 3532638 | D.272 3.415el
J?dd SRR CNR 441 ARR PRAT [ PNEA Mentnnel [l 1 m R4 RO LN PRR R M 9e1 ot
< | b4
T ER*»E-D0QEE =
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o o
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2232/12.0[201]
40112.3 (326
L 21124 [2[53 b sramia R T B2 266.1412.8 (209)
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6.4 Selecting discriminating t-test variables

The metric columns and plotting capabilities associated with the t-test table provide a number of
ways to asses the quality of variables and to select those that best differentiate groups.

1. Open the MALDI data that was saved in section 3.4, make sure that the anomalous sample
A9_MS_1.t2d is not used and perform a t-test.

The plot two columns button (IIL“ ¥ ) allows you to select any two columns and plot one against
the other, but it also contains a combo-box that is accessed via the small downward pointing
arrow and provides quick access to some pre-defined plots.

2. Click the small arrow and select ‘Plot Log(Fold Change) vs. p-value’ from the context menu:

&*JM ﬁQ

I Compan

F'|| ok Logr] 'Fi |||:| |'|:|r||:|_.. 5, |:|-'-.-'-E||IJE=
Plat Delka vws, p-valus

Plakt Mean 1 ws, Mean 2
3

This generates a plot that is similar to the one shown below
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| og (Fold Change) versus p-value for A to C: Saved

- HE QB
Compare: {.& taC ﬂ nl=9n2=10
Fiow Index Peak Mame miz Fet. Time Group Usge t-walue p-value Mean 1 Mean 2 h:l
r |1 1 70015 7007481 | WAA 010 091935 E.811el 7.025e1 BEs=
2 2 700.43 004328 | NAA 0.36 072345 9EETE 8.645¢1 1.:
3 3 700,73 F007335 | MAA -1.33 020116 21361 £.5597e1 0.
4 4 701.00 701.0044 | W24 [Monoisotopic) 0.0z 094517 £.21Bel £.032e1 1.0
L7 5 701.29 012919 | MAA 237 0.03m3 28881 8.900e1 0.
E 3 701.49 707.4851 | WiA [Monaisotopic) 0.34 0.74M5 7.EEdel E.633e1 1.0
7 7 701.80 J01.7969 | WAA 0.30 076623 871261 78371 1.1
] g 702,04 020412 [ MWAA 1.34 019650 B 7971 33691 gk
9 9 702,25 T022480 | MAA -2.09 0.05177 1.490e1 £.586e1 0.0
IEs | >
RTEHEB A FEE
Log [Fold Change) versus p-value ford to C
[Default)
= [lzatope)
# [Monoizotopic)
na4 92811
[l Te o 104128
o 064 88618 | : g
= e C=——936.20
n
% - 1210295 £° *% 145,26 B02.80 —
: g1a.12 81212 _ @ L &
80E.22 o "
024g. TIE04 2 e II‘ e 271318 gr7 73 100323 g73.20
1018.20 g65.95 g & 227 qq49 61 \]
| @ r " . g . 97125
DD d % 7 - A ’ - F 5 ]
-1.0 05 [IR1] 0& 1.0 15
Log [Fald Chanae]

Here the x-axis is the log of the fold change (the ratio of the means of the two groups) and the
y-axis is the p-value. Variables that appear in one group but not in the other, i.e. that have an
infinite fold change, are drawn slightly beyond the real values (819.12 on the left and 774.18 on
the right for example).

Since small p-values indicate variables that distinguish the groups well, the most significant are
those that have low p-values but high fold changes — those that have high p-values and low fold
changes are not useful. If the variables are colored according to their isotopic status, you can
select the monoisotopic peaks, or ignore those that are unassigned.

Click on a variable with a large positive change to select it in the t-test results table and, in that
table, click the Plot Profile button to get the following:
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N V== =
Compare: ]A taC _:j nl=9n2=10
Fiaw Index Peak Hame mi'z Ret. Time Group Usze t-value p-value Mean 1 Mean 2 l‘:‘
30 30 F08.13 FO3.1354 | MiA 1.08 0.30508 20241 0.000e0 0=
kil kil 708.39 TOB.3851 | M/A (lsatope] -6.82 2.9976e-5 | 3.485e2 4.987e2 3¢
32 32 708.87 VOBBEFD | M/& -0.26 0.79762 4.381el 5.0291 0
33 33 709.05 709.0540 | MN/& 01 0.91556 3781el 4.033e1 0.0
IE3 i | >
NrsB«E-BAES =
| 70819 100%
A3_ME N .12d
50%
Dz i 3 T i i ? i i T . . T = = ? . i
A2 M5_1.t2d A5 _M5_1.12d A8 M5_1.12d C2_MS5_1.t2d Co_M5_1.t2d C8 MS5_1.t2d
Sample [by index) [
RTreEawdEE
Log [Fold Change) wersus p-value ford ta C
867,64 1MM5.98 80079 ¢ (Default]
78211 104125 H (Selected)
& 7ELI ¥ o
E - 219,12 o RHE . : 145626 —— @ [Maonaisatopic]
2 9u0622 s e, B p  “sa—71605 145029 79112
- : -, aa ¥ a 194181
- Gl i <. s S LU ~4
1.0 -05 A ] 05 1.0 15
Log [Fold Change)

In this particular case (708.19 Da) the variable clearly represents only noise. Since the peak was
not detected for the ‘C’ samples the fold change was reported as infinite.

The plots and the table are linked so the profile plot will update as you select different variables
in the lower display.

By zooming the vertical axis of the p-value vs. log(fold change) display you can quickly select
the variables that provide the greatest discrimination between the two groups.

Delete the profile plot and zoom the p-value axis. Select all points with a p-value less than 1e-4
as shown below, right-click in the graph and select Show Points In Table.
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T | og (Fold Change) versus p-value for A to C: Saved

vl fu-EE B @ QEE = Erm

Compare: |.ﬂ i ﬂ nl=9n2=10
Fiow Index Peak Mame méz Ret. Time Group Usge t-value p-value Mean 1 Mean 2 r-:'
22 22 705,38 05,3789 | MeA [Monoizotopic) .30 9.549e2 1.206e3 91 =
232 23 705,94 05,9425 | MAA 017 0.96915 72681 E.812e1 8.4
24 24 70B.39 70B.3859 | M/A [lzotope] -4.54 0.00023 4.979e2 B.230e2 4%
1= 25 7084 706.8509 | MsA 0.a0 0.43672 5.357el 33731 B.7
26 26 707.06 F07.0603 | MeA 016 0.8v292 2.022e1 2.367el 0.c
27 27 707.40 FO7.4049 | MAA (lsotope) -4.27 0.00052 4.228e2 5.495:2 4z
28 28 70776 FO7.FEES | MsA 0.76 0.45896 1.219e1 2.640e1 0.
29 23 707.94 7079417 | MsA [Monoizotopic) 1.40 017923 8.0E5e1 48491 1:0
an 30 708.19 708.1884 | MeA 1.06 0.30506 2.024e1 0.000e0 0.0
U< | >
FESY-IE EY=1= A
Log [Fold Change) wersus p-value ford to C
. -\
1833.90 874,47 [0 efault)
S R |
i W 35508 = lsotopel,
1\" 521.45 # [Monoizotopic)
34 -
2.5e-4 ¥ [Selected)
177277 231813
250626 —=
2 a4 4 S @40 F
& : 1001.51 Tpg 41 209096
T 1504 2 o218 L g
= 1E675.81 18773 " po9gq2
1.0e-4
4 211503
5.0ef 4 214100 E 183148 364260
e 2503.33 5 I
0.0e0 4 . ¢ ™ iy e pe ety
-1.0 0.5 0o 05 1.0 15

Log [Fold Change]

5. Right-click in the table (without making any other selection), select Use ONLY Selected Peaks
and perform a PCA analysis.

¥ | padings for PC1 (B9.5 %) versus PC2 (6.4 %), Pareto: Saved

ThkEEHSQRES I EEEER Y= =
| —
Row Index Sample Name Sample [D fa Row Index Peak Mame m'z Ret. Time %,
v |1 | | #1_M5_1.t2d |4 [« |[»]1 | | 705.38 =GRS
|z [z | A2_MS_1.12d [& [~ |2 [2 | 70835 [ 7083851 [N | (lsotc
& | X & | R4
AT BAEE BT sBrEAES =
Scores for PC1 (895 %) versug PC2 (6.4 %), Pareto Loadings far PC1 (895 %) versuz PC2 [6.4 %), Pareto
A10_M5_1.t2d 1296.69 [Default]
£ MS 1.42d Fy = [lsotope]
M5 _ i i
a0 45 MS_1.12d 0.20 4 B [Maonaisotopic)
1299.64 :
0184 4
150 4
5 MS_1.t2d 016 {8 108352 904,47
G A8_MS_1.t12d fnn.sa
1 014 4 129869
C4_M5_1.2d 4 e 0 asar
& < A1_MS_112d 5 1o :
8 C10_M5_1.t2d M3k k=] - 209410 ™
20 e i 2 010 l' 1058.55 157169
b C9_MS_1.t2d A2 M5 12d @ Q 008 ] 1.41.. " Losan
50 l & CE_MS5_1.12d 8. 2095.11
C2_M5_1.12d A5 M5_1.t2d 0.06 4 g
-100 1360.62
& C7_M5_1.t2d 0.04 4 3
A A7 MS 1t2d 1553.68
450 1 ®-C3 MS_1.12d i o 4 554 £0
o 43 M3 1.2d 0.00 {7p550 i a2
400 200 0 200 400 oo 01 02 03
PC1 Score PC1 Loading
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Since the small variables with minimal separation power have been removed, the distinction
between the groups — and the variables responsible — is now very clear.

6.5 Combining t-test and PCA

In some cases the t-test can be used to remove, or select, variables before PCA is performed. For
example, in the LCMS data we have noticed that there is a significant diurnal variation and we may
wish to remove the variables that segregate the 0 — 8 hour sample (pre- and post-does) from all the
other samples. One way to do this is to create one group for the 0 — 8 hour samples and a second
group for all the other samples and use the t-test to determine the distinguishing variables.

1. Open the data table saved in section 5.2 as LCMS Saved and show the sample table by
selecting View -> Show Samples Table.

2. Click the heading of the Group column and select Edit -> Copy or type ctrl-C. This will copy
the settings for this column to the clipboard so we can retrieve them later.

3. Change all the 0 — 8 hour samples to be group 1 and the rest to group 2

St
Fiow Indesx Sample Mame Sample |0 Group Usze A, Time Scale Factor RT Comrection
1 1 Fat1_0-8h_vinpo - & LCMS Datawiff [za |1 Mow 10, 2004, 212 | 1.000e0 Mone
2 2 Fat1_0-8h_blk - & LCMS Datawiff [sa | 1 Mow 10, 2004, 2:38 | 1.000=0 Mone
|3 3 Rat1_8-16k_winpo - & LCMS Datawiff [za | 2 Mow 10, 2004, 3:08 | 1.000e0 Mone
4 4 Fat1_8-16h_blk - & LCMS Datawiff [za | 2 Mow 10, 2004, 3:39 | 1.000=0 Mone
3 5 Rat1_16-24h_virpo - A | LCMS Datawiff [za | 2 Mow 10, 2004, 4:09 | 1.000=0 Mone
g 5 Fat1_16-24h_blk - & LCMS Datawiff [za | 2 Mow 10, 2004, 4:39 | 1.000=0 Mone
7 7 Rat2_0-8h_vinpo - A LCMS Datawiff [za |1 Mow 10, 2004, 5:10 | 1.000e0 Mone
i g Ratz_0-8h_blk - A LCMS Datawiff [sa |1 Mow 10, 2004, 5:40 | 1.000=0 Nane
9 9 Rat2_8-16h_winpo - & LCMS Datawiff [za | 2 Mow 10, 2004, 6:11 | 1.000e0 Mone
10 10 Rat2_8-16h_blk - & LCMS Datawiff [sa | 2 Mow 10, 2004, 6:41 | 1.000=0 None
" 11 Rat2_16-24h_wirpo-& | LCMS Datawiff [za | 2 Mow 10, 2004, 7:11 | 1.000e0 Mone
12 12 Rat2_16-24h_blk - A LCMS Datawiff [sa | 2 Mow 10, 2004, 7:42 | 1.000=0 Nane
13 13 Rat3_0-8h_vinpo - A LCHS Datawiff [za | 1 Mo 10, 2004, 8:12 | 1.000=0 Mone
14 14 Rat3_0-8h_blk - A LCMS Datawiff [sa |1 Mow 10, 2004, 8:43 | 1.000=0 Nane
15 15 Rat3_8-16h_winpo - & LCMS Datawiff [sa | 2 Mow 10, 2004, 3:13 | 1.000e0 Mone
18 16 Rat3_8-16h_blk - & LCMS Datawiff [za | 2 Mow 10, 2004, 3:44 | 1.000=0 Mane
17 17 Rat3 16-24h_winpo-& | LCMS Datawiff [sa | 2 Mo 10, 2004, 10:1 | 1.000=0 Mone
18 18 Rat3_16-24h_blk - A LCMS Datawiff [za | 2 Mow 10, 2004, 10:4 | 1.000=0 Mahe

4. Perform a t-test; the resulting table will contain one comparison indicating the variables that
distinguish group 1 from group 2. The variables that best differentiate these two groups are
likely those arising from the diurnal variation.

Sort the p-value column in ascending order, select the row with the lowest p-value and click the
Plot Profile button to review the profile of this variable. Use the arrow keys to review some of
the other top variables and notice that they are larger in one group than the other.

5. In the t-test result table select the variables with the lowest p-values, for example less than
0.001, right-click and select Don’t Use Selected Peaks.

6. Display the sample table, select the Group column and type ctrl-v. This will restore the original
group assignments. Perform a PCA analysis.

MarkerView™ 1.2.1 Software User Manual - 68 - Revision: February, 2010



I Scores [Pareto): LCMS Saved
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704th O blank1 0.5
o0 ] Fata_8-16h bk -4 O blank2 481.3/21.2 (369]
[ blank3
50 . 0.4
Fiat3 8-16h_vinpo - &
40 4
o 0.3
] a0 £
a k] 354 3/20.6 (343)
o 20 1 S 0.2 ‘:31 3.3/20.7 (269)
= Rat3_0-8h_vinpo - & - : . ; :
104 Ratl_0-Bh_vinpa - A @ = & M33/211(407)
0 o W (e 011 % w520201 (309)
O o T - s ®
10 -
i e 0.0 4. 3232443 04304-
] & Fiatl_16-24h_vinpo - & ® e 1428 (a0
-30 1 Eﬂan_u-e blk - A a9 ! 149.0/15.1 [62)
0 i R0 100 180 00 01 02 03 04
PC1 Score PC1 Loading

Note that the scores and loading plots have changed and that the samples from rat 3 are now
well separated in the positive PC2 direction. The corresponding variables with large positive PC2
loadings are from the contamination that we noted earlier and can easily be excluded.
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