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Introduction

This user guide takes you through a complete analysis of 6 LC-MS runs with 2 groups (3 replicate runs per
group) using the unique Progenesis LC-MS workflow. It starts with LC-MS data file loading then Alignment,
followed by Analysis that creates a list of interesting features (peptides) which are explored within
Progenesis Stats using multivariate statistical methods then onto Protein identity and Reporting.

To allow ease of use the tutorial is designed to start with the restoration of an Archived experiment where the
data files have already been loaded. However, the document covers all the stages in the LC-MS workflow,
therefore if you are using your own data files please refer to Appendix 1 (page 54) then start at page 6.

How to use this document

You can print this user guide to help you work hands-on with the software. The complete user guide takes
about 50 minutes (dependant on PC spec) and is divided into two sections. This means you can perform the
first half focused on LC-MS run alignment and analysis then complete the second half of analysis exploring
comparative differences and Protein identity at a convenient time. If you experience any problems or require
assistance, please contact us at support@nonlinear.com

How can | analyse my own runs using LC-MS?

You can freely explore the quality of your LC-MS data using Data Import and then licence your own LC-MS
runs using this evaluation copy of Progenesis LC-MS. Instructions on how to do this are included in a section
at the end of the user guide document. Alternatively if you would like to arrange a demonstration in your own
laboratory contact support@nonlinear.com and we will help you.

LC-MS Data used in this user guide

NLD would like to thank Dr Robert Parker and Prof Haroun Shah at the Health Protection Agency, London,
UK for providing the example data used in this user guide as well as invaluable discussion on the handling of
the data.
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Workflow approach to LC-MS run analysis

Progenesis LC-MS adopts an intuitive Workflow approach to performing comparative LC-MS data analysis.
The following user guide describes the various stages of this workflow (see below) focusing mainly on the
stages from Alignment to Report.

Review Experiment Aeview Peak Peptide Identify Refine Resolve Review Protein
Import Data Alignment Filtering Diesign Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report
@
Stage Description Page
LC-MS Import Data: Selection and review of data files for 5
Import Data ana|ySiS.
@
l Automatic Alignment: Automatic Reference selection and alignment 7
Licensing Licensing: allows licensing of individual data files when there 9
V is no dongle attached (Appendix 3)
Allgnment Review Alignment: automatic and manual run alignment 9
@
l Filtering: defining filters for peaks based on Retention Time, 13
Filtering m/z , Charge and Number of Isotopes.
@
l Review Normalisation: explains LC-MS normalisation 16
e Experiment Design Setup: defining one or more group set ups 19
@ for analysed aligned runs
oo Review Peak Picking: review and validate results, edit peak detection, 22
@ tag groups of peaks and select peaks for further analysis
Peptide. Peptide Statistics: performing multivariate statistical analysis on 31
@ tagged and selected groups of peptides
ey Identify Peptides: managing export of MS/MS spectra to, and import 35
@ of peptide ids from Peptide Search engines
Refine
‘de"“aca“'“"s Refine Identifications: manage peptide ids and filters 39
Conflicts Resolve Conflicts: validation and resolution of peptide id conflicts for 40
@ data entered from Database Search engines
"‘t; Review proteins: review protein and peptide identity 45
A
Protein
“““;i“ Protein Statistics: multivariate statistical analysis on proteins 48
Rzn Report: generate a report for proteins and/or peptides 49
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Restoring the LC-MS Tutorial

Open Progenesis LC-MS and download the Compressed (.zip) Tutorial Archive file from the the ‘View online
tutorial’ link shown below, placing it in a new folder on your desktop. Before restoring the tutorial in the
software you must first right click on the (.zip) file and extract it to the same folder.

Now you can restore the uncompressed LC-MS tutorial archive file. To do this, first locate the LC-MS Tutorial
Archive file using the Open button and press Open.

Progenesis LC-MS [==E=]
File
*00 g
Experiments I H
Py noninear

‘ Perform analysis | Combine analysed fractions Getting started with Progenesis

Here are some resources to help you

Recent experiments get started with Progenesis LC-MS:

+ Data analysis with Progenesis LC-

Open Experiment

@Qv‘ + Progenesis LC-MS41

Organize v New folder

£ | hsed proteome coverage

timise Gas Phase Fractionation

Name s experiment is a pilot run for gas oh,

A0 Favorites ber of fractions to see the optimal m/z

o >

B Desktop &l LC-MS Tutorial ProgenesisL cmsArchive
B Downloads ber of fractions: 5 %
] Recent Places tion Stertm/z End m/z 1
440 593
B Desktop
D el 33 e 1 —
“’Q’L'b'a”ﬂ ing your gas phase fractionation
5 Documents ogenesis LC-MS can
& Music e T— , pantly increase your proteome
ge.

4 LC-MS Tutorial ProgenesisLemsarchive Date modified: 19/02/2013 11:30

Progenesis LC-MS Archive Size: 280 MB
E blog posts.

 one reason you should join the
File name: LC-MS Tutorial.ProgenesislcmsAr + | Experiments and Archives (“Pre = one reason you should join the

lenesis Improvement Program
Open | Cancel ber of publications citing
kenesis for quantitative proteo..
ast! Pain-free reviewing in the
Other experiments Progenesis workflow
« Progenesis CoMet v2.0 released for

1 New \ LC-MS-based metabolomics

41479736561 o Happy Holidays from the Nonlinear -

This opens the 'Import from archive' dialog.

Select the Create a new experiment option and select the folder in which you placed the [:]
archive, using the icon (to the right) .

Import from archive @

Import LC-MS Tuterial from archive

Replace an existing experiment

@ Create a new experiment

Name: LC-MS Tutorial

Folder- C:\Users\andy.borthwick\Desktop\Progenesis_LC-MS 4.1

=

Then press Import.

Restoring tutorial

Note: use the Replace an existing experiment option if you want to over-write an existing version of the
tutorial.

Tip: at each stage in the software there are links to more information and help on the website.

*®0s
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Stage 1. Import Data and QC review of LC-MS data set

The LC-MS tutorial will now open at the LC-MS Import Data stage (see below).

LC-MS Tutorial - Progenesis LC-MS

Review Experiment Review Peak Peptide Identify Refine Resolve
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts
Import Data Al
Import your run data 500 1000

Select one of the available data formats then
click the Import button:

Format: ‘ mzXML files

v|| Import... ‘

I © About this data format | % Download others I

Start the alignment process gl ' "
While your runs are importing, click the button Al
below to:

® Select alignment reference candidates |

* Determine the best of the candidates

* Align all runs to that reference run

Start alignment process ‘

Review the chromatography

Look at all of the runs in the list below, checking
for any sample-running problems that might [}
affect analysis. Right-click to remove any runs

that have significant problems.

60

Imported runs:

C1 c2 c3

100

4 Retention Time (min)

[e[@]=]
Review Protein LA X X
Proteins Statistics Report non I | near
== © Help ~
| Actions > _|[>>] O Help
1500

About this run

m/z *»

Zoom: |£|

* MS/MS count: 8,983

* Peak count: 1,109,718

* Total ion intensity: 2.188e+009

* Masked areas : none

Section Complete \2)

Each data file appears as a 2D representation of the run. At this stage you
will be warned if any of the data files have been ‘centroided’ during the

data acquisition and conversion process.

Note: the Experiment Properties are available from the File menu. These

were selected when the experiment was created (see Appendix
54).

Tip: the 'Exclude areas from selected run' facility allows
you to examine and exclude areas (usually early and/or late
in the LC dimension (Retention Time)) that appear
excessively noisy due to capture of data during column
regeneration (see Appendix 2, page 59). This is not required
for this data set.

1, page

Experiment Properties

Runs in this experiment: 6

Machine resolutien: High resolution
peak processing: Profile data

Closz

Actions ~ ==

1500

Mask areas for peak picking...

>< Remaove run

Delete

 TOET TOTT TTENSITy 2T

8e+009

* Masked areas: none

Note: use the Remove Run to remove run(s) from the current experiment.

Now start the Alignment process

*®0s
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Stage 2: Automatic Alignment of your data

Start the alignment process
The process of alignment of your data can be started before the 'Elwlwile your runs are imperting, click the button
import of your data has been completed by clicking on Start slowte: .

* Select alignment reference candidates

a“gnment process. * Determine the best of the candidates
* Align all runs to that reference run

| Start alignment process ||

During this process the software will Align all your runs to a Reference run which can either be selected
automatically by the software or manually selected by you.

In this tutorial example you have 6 runs which have already been imported so to start the process click on
Start alignment process

L3 Start Alignment Processing EI@

Select an alignment reference
To compensate for drifts in retention time, all runs in the experiment must be aligned
to a single reference run.

How do you want to choose your alignment reference?

@ Assess all runs in the experiment for suitability
| Use the most suitakble run from candidates that [ select

I Use this run:

For information on choosing the alignment reference, and why you might want to
select your own candidates, please see the online guidance.

[ Mext = H Cancel

Progenesis LC-MS provides three methods for choosing the alignment reference run, as seen below:

1. Assess all runs in the experiment for suitability

This method compares every run in your experiment to every other run for similarity.

The run with the greatest similarity to all other runs is chosen as the alignment reference.
If you have no prior knowledge about which of your runs would make a good reference, then this choice will
normally produce a good alignment reference for you. This method can take a long time

2. Use the most suitable run from candidates that | select
This method asks you to choose a selection of reference candidates, and the automatic algorithm
chooses the best reference from these runs.
When you have some prior knowledge of your runs suitability as references:
runs from pooled samples
runs for one of your experimental conditions will contain the largest set of common peptides.

3. Use this run
This method allows you to manually choose the reference run.

Manual selection gives you full control, but there are a couple of risks to note:
e If you choose a pending run which subsequently fails to load, alignment will not be performed.
e If you choose a run before it fully loads, and it turns out to have chromatography issues, alignment
will be negatively affected (for this reason we recommend that you let your reference run fully load
and assess its chromatography before loading further runs).

*®0s
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For this tutorial we will select the first option (See Appendix 1, page 54 for more details on using the other
options).

You will now be asked if you want to Align your runs automatically or manually.

Start Alignment Processing EI@

Automatic alignment
After selecting the experiment's alignment reference, the software can also
automatically align all runs.

After the alignment reference is chosen, do you want to start automatic alignment?

@ Yes, automatically align my runs

) Me, T'll align my runs manually

< Back ||I Finish I! Cancel |

Select automatically and click finish.

The Alignment process starts with the automatic selection of C1 as the reference

Alignment Processing (7%) @

Alignment processing

Current step: Choosing an alignment reference...

+ Imported runs: 6/6

I “" Reference run:  pending... I
Aligned runs: pending... Hﬂrignment Processing (EU%]I @

I Alignment processing
Current step: Aligning "A3'...

+ Imported runs: 6/6
+ Reference run: Cl

# Aligned runs: 3/5

Alignment Complete @

Alignment processing complete.

Time taken: 2m 43s

« Imported runs:  6/6
« Reference run: CL
+ Aligned runs: 3/5

Review chromatography ||[ Review alignment \:)) ||

Once the Reference run has been chosen the automatic alignment is then performed. As the whole process
proceeds you get information on what stage has been performed and also the % of the process that has
been completed.

When the Alignment completes you can either review the chromatography or go to the Review Alignment
using the options on the Alignment Dialog.

Click Review Alighment.

proééﬁesis 8
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Stage 3: Licensing

This stage in the analysis workflow will only appear if you are using ‘Unlicensed’ data files to evaluate the
software and have no dongle attached.

Import Data

Review
Alignment

Licensing

Filtering

For details on how to use Licensing go to Appendix 3 (page 60)

If you are using the tutorial archive, this page will not appear as the data files are licensed.

Stage 4: Review Alignment

At this stage Progenesis LC-MS Alignment opens displaying the alignment of the runs to the Reference run

Current
Run
(Green)

N
el

Reference
Run
(Magenta)

(C1).
6
£ LC-MS Tutorial - Progenesis LC-MS =% =B =
File -

Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein A X L R
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n l i n e O r
Review Alignment [ #  Show Aligned -] [ # Show Unaligned ] [X Remove Vectors '] 82 Automatic Alignment l [ View ']
Align peptide ions to compensate for drifts in retention = i :
time by dragging them up or down in the Vector ‘ Vector Editing ] Transition 4] |
Editing window. i } T ' T

Run Include? Vectors Score ! |
) A | | B
Al 221 843% '
A2 20 822% ]' ] ! !
23 w 839% ' ! ) | '
h |
a v Ref C p ‘ Alpha Blend
Q 362 97.8% (1A |gnment ' | display animates ’ |
a 422 990% | Vector ' ' | between current ' |
| ’ and reference runs i)
_ o) ot
Table of Alignment |
Vectors and Scores
—~ U | ] 1
‘ Ion Intensity Map J Total Ion Chromatograms ] ‘
C
0
g
: -{". _!;":‘-‘v gl
\ % fid:gi. Vi
: et NS

Contrast

Ion maps: # Alignment target # Run being aligned

[7] Make box square

>[8le@6/o B2 e E

Focus grid size:

D1/e{2|/©|4

Current .
Focus

Alignment quality: @ Good OK @ Needs review

‘ Section Complete ()

Layout of Alignment

To familiarize you with Progenesis LC-MS Alignment, this section
describes the various graphical features used in the alignment of the LC-

MS runs

To setup the display so that it looks similar to the one above:

In the Run table click on Run A2 to make it current. You will now

be looking at the alignment of A2 to C1 in the Unaligned view.

*®0s
progenesis
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Al 221 B43%
A2 240 B22%
A3 244 B39%
1 v Ref
c2 362 97.8%
3 422 99.0%

9




Progenesis LC-MS User Guide

e Now adjust the size and position of the current focus. First select the size by clicking on the Focus
grid size. Darken or lighten the runs using the contrast buttons. Then click on the lon Intensity Map
to ‘locate’ the current focus. The other 3 views will update to reflect the new focus.

3|
\
|
|

| Ion Intensity Map 2]

Contrast

O NNEEEN :

2 EEEEm

Ion maps: # Alignment target % Run being aligned

Focus grid size: [] Make box square

112 ® 4 @ 8@ 1616 32 Alignment quality: @ Good OK @ Needs review

Vector Editing (Window A): is the main alignment area and displays the area defined by the current focus
rectangle shown in Window C. The current run is displayed in green and the chosen reference run is
displayed in magenta. Here is where you can review in detail the vectors and also place the manual
alignment vectors when required.

Transition (Window B): uses an alpha blend to animate between the current and reference runs. Before

the runs are aligned, the features appear to move up and down. Once correctly aligned, they will appear to
pulse. During the process of adding vectors, this view will change to show a zoomed view of the area being
aligned to help accurate placement of manual vectors.

Whole Run (Window C): shows the focus for the other windows. When you click on the view the orange
rectangle will move to the selected area. The focus can be moved systematically across the view using the
cursor keys. The focus area size can be altered using the controls in the bottom left of the screen or by
clicking and dragging out a new area with the mouse. This view also provides a visual quality metric for the
Alignment of the runs (note: this can be switched off using the options in the View menu) which focuses your
review of the alignment process.

Total lon Chromatograms (Window D): shows the current total ion chromatogram (green) overlaid on the
Reference chromatogram (magenta). As the features are aligned in the Vector Editing view the
chromatograms become aligned. The retention time range displayed is the vertical dimension of the Focus
Grid currently displayed in the Whole Run view (Window C).

This view assists in the verification of the feature alignment.

Note: the icon to the right of the 'Window' titles expands the view .

Total lon Chromatograms |]

prog}gﬁesis 10
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Reviewing quality of alignment vectors

After Automatic alignment the number of vectors and Quality Scores will be updated on the Runs panel

and the vectors will appear (in blue) on the view.

If the alignment has worked well then in Windows A and C the grid lines (option under View menu) should
show minimal distortion, Window B (Transition) will show features pulsing slightly but not moving up and

down.

£ LC-MS Tutorial - Progenesis LC-MS

File
Revizw
Alignment

Import Data Filtering

Review Alignment

Experiment
Design Setup

% This run is protected from editing

Review Peak
Picking

Align peptide ions to compensate for drifts in retention
time by dragging them up or down in the Vector

Q
a

Contrast

362
422

97.8%
99.0%

EgE',"Q window.
Run Include? Vectors Score
Al 3 21 843%
A2 8 240 822%
A3 3 244 839%
a v & Ref

3

3

fro-E )
°00e-

- nonlinear

Pptide
Statistics

Identify
Peptides

Refine
Identifications

Rescive
Conflicts

Review
Proteins

Protein
Statistics

[0 Show Aligned Remove Vectors ~

‘ Ton Intensity Map

vl [ # Show Unaligned X

Focus grid size:

Ion maps: # Alignment target &

Run being aligned

[7] Make box square

OK @ Needs review

Alignment quality: @ Good ‘ Section Complete@)

Note: you can use the icon to the right of the panel name to expand or contract each view

Reviewing Quality of Alignment

At this point the quality metric, overlaid on the lon Intensity Map as coloured squares, acts as a guide

drawing your attention to areas of the alignment. These range from Good (Green) through OK (Yellow) to
Needs review (Red). When reviewing individual squares set the grid size to 16, (and untick the Make box

square option) using the ‘Focus grid size’ control at the bottom left of the window. Three example squares

are examined here.

For a ‘green’ square the majority of the data appears overlapped (black) indicating good alignment. When

viewed in the Transition view the data appears to pulse.

Vector Editing ] ‘

*®0s
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For a ‘yellow’ square some of the data appears overlapped (black) indicating OK alignment. When viewed in

the Transition view some of the data appears to pulse.
Vector Editing %]

A
m(b"“ A A

For a ‘red’ square little of the data appears overlapped (black) indicating questionable alignment. When

viewed in the Transition view little data appears to pulse.
Vector Editing ]

Note: the coloured metric should be used as a guide. In cases where there are a few ‘isolated’ red
squares this this can also be indicative of ‘real’ differences between the two runs being aligned and should
be considered when examining the overall score and surrounding squares in the current alignment.

The weighted average of the individual squares gives the overall percentage score for each run alignment.

Note: a marked red area combined with a low score clearly indicates a ‘miss alignment’ and may require
some manual intervention (see Appendix 4, page 61).

Review Alignment

|# ShowAligned || # ShowUnaligned |
Align peptide ions to compensate for drifts in retention

time by dragging them up or down in the Vector Ion Intensity Map ] \
_Editing window.

| Run Include?  Vectors Score
Al 1 146%|
A2 240 822%
A3 244 839% S3%
a v Ref .
C2 362 97.8% - i
a 422 99.0%
Contrast

Ton maps: & Alignment target % Run being aligned

Focus grid size: [] Make box square

progenesis 12
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Stage 5A: Filtering

Now that you have reviewed your aligned Runs, you are ready to analyse them. Move to
the Filtering stage, by either clicking on Section Complete (bottom right) or on Filtering

on the workflow.

Peak Picking Parameters

Filtering

The Peak Picking Parameters dialog opens, showing all the runs in the current experiment and a tick against
each run. This is the default setting, where the peak picking algorithm uses information from all of the runs
to contribute to the pattern of feature outlines.

Peak Picking Parameters

=l

Runs for peak picking IPeak picking limits | Maximum charge | Retention time limits |

Choose runs for peak picking

You can tick or un-tick each run to 7| Run
control which will be used by the
peak picking algorithm. Although any Al
run which is left un-ticked will not -
affect the feature outlines, it will still A2
have outlines added to it and will be A3
available in the experiment design

setup. 1

Peak Picking Parameters

==

| Runs for peak picking I Peak picking limits I Maximum charge | Retention time limits |

Sensitivity

You can adjust the sensitivity of
the peak picking algerithm using
these different methods. Each
sensitivity method examines the
intensities of groups of M5 peaks
to judge whether they are likely to
form part of an ion or whether
they represent noise and so

! Absolute ion intensity

| % Base Peak

The automatic sensitivity method uses a

) 2 should be ignored. Peaks that are noise estimation algorithm to determine
Learn more about why you might not rejected as noise will not be used the noise levels in the data. The higher
want to select all runs. c3 to build ion outlines. the sensitivity value, the more features

will be detected.

fewer default more
3

Chromatographic peak width

The chromatographic peak width
gives the length of time over
which an ion has eluted. If you set
& minimum peak width, any ion
that has eluted over a shorter
period will be rejected.

[Z] Apply a minimum peak width

Minimum width: |0 minutes

[ start peak picking | [ cancel [ start peak picking | | Cancel

Tip: It may be appropriate only to pick peaks that are present in a limited number of your runs. In which case
un-tick the runs that you do NOT want to contribute to the feature detection pattern. This may be important
when one or more of the runs appear noisy due to non-optimal chromatography or sample handling.

Note: features outlines will be added to 'un-ticked' runs; although these runs will not contribute to the peak
picking pattern.

Tip: depending on run quality, a suggested minimum number of ticked runs should include at least one
replicate of each experimental condition.

The sensitivity of the peak picking can be controlled by adjusting settings under the Peak picking limits tab.

Chromatographic peak width

The chromatographic peak width
gives the length of time over
which an ion has eluted. If you set
a minimum peak width, any ion
that has eluted over a shorter
period will be rejected.

Note: for all 3 Sensitivity modes a Chromatographic peak
width (Retention time window) for the peaks can be set by
applying a minimum retention window or peak width in
minutes.

Apply a minimum peak width

Minimum width: 015 minutes

For the runs in this user guide we will use the default settings for the Automatic method and NOT
apply a minimum peak width (as shown above).

The third tab allows you to set the maximum charge of the peptide ions, which will be detected. The default
setting is a charge state of 20. For this example leave this set as default.

Note: you can either, leave this set as default and remove the high charge state peptide ions at the Filtering
stage or you can choose not to detect them in the first place by reducing the charge state threshold here.

proééﬁesis 13
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Finally you can set Retention time limits for the detection. The default limits are displayed in the unticked
boxes and detection will use these values whenever the box(s) are unticked. Enter values of 10 and 75 min

and tick the boxes as shown below.

Peak Picking Parameters

[ Runs for peak picking | Peak picking limits | Maximum charge | Retention time limits |

(=l

Peak Picking Parameters

(=)

| Runs for peak picking I Peak picking limits | Maximum chargal Retention time limits I_

Maximum allowable charge
You can set the maximum charge

Retention time limits
You can set the minimum and

of ions to be detected. Tons with a
charge greater than this value will

be rejected. Maximum ion charge: | 20

maximum retention time for peak
picking. Ions that elute before or
after these values will be ignored.

Ignore ions before 10 minutes

Ignore ions after | 75 minutes

Start peak picking I l Cancel

Start peak picking | [ Cancel

Click Start peak picking to start the detection process.

On completion of detection, the Filtering stage will open displaying the number of features detected, in this

example there are 14624 features.

LC-MS Tutorial - Progenesis LC-MS

File
Review Experiment Review Peak Peptide
Import Data Alignment Filtering Design Setup Picking Statistics
Filter Features 5]

You can filter features that you do not wish to include
in your analysis by using the criteria below.

Select all features matching the following filters:

v ) Inside area

v ) With charge 207

v ) Number of isotopes

l Delete 0 Matching Features ‘

{ Delete 14624 Non-Matching Features ‘ 417
(14624 features in total) E
o
£
€
.9
£ 628
Y
o .
o
9 L}
87 4
103 —

Normalisation

Note that all remaining features will be used in the
normalisation calculation. If deleting a substantial

fole e

Identify Refine Resolve Review Protein °e , o
Peptides Identifications Conflicts Proteins Statistics Report n O n I I n ea r
™

number of features, you should review the
normalisation afterwards.

|

Review normalisation >> ’

200C

Section Complete ()

m/z

If required you can remove features based on position, charge state, number of isotopes or combinations of

these feature properties.

®ees
progenesis
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As an example we will filter the features based on charge ‘charge state’. Filter Features

You can filter features that you do not wish to
include in your analysis by using the criteria
below.

Select all features matching the following filters:

When With charge is selected the number of features present at each ¥ Inside area
charge state is displayed, these can be selected accordingly. In this case ) With charge

we will retain features with a charge state of 2 to 7. T Charge 1 (811 festures)

Charge 2 (5904 features)
Charge 3 (5357 features)

Area limits, charge state and number of isotopes can be combined to refine Charge 4 (1725 features)

the feature selection. Charge 5 (483 features)
Charge 6 (73 features)
. o . Charge 7 (46 features)
Tip: when filtering on one property of the feature i.e. charge state, make

sure you have 'collapsed' the other filters (see right) ) Charge 8 (29 features)

[C] Charge 9 (22 features)

Therefore all features with a charge state of 1 or 8 and above will appear on the main view.
LC-MS Tutorial - Progenesis LC-MS =1 EGH 5
Fil
£ Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein °090o0-
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n I i n e a r ‘
y @
Filter Features 9 Undo ||| ™

You can filter features that you do not wish to include
in your analysis by using the criteria below.

Select all features matching the following filters: 4

v ) Inside area

~ ) With charge 207

[¥] Charge 2 (5904 features)

[¥] Charge 3 (5357 features)

[¥] Charge 4 (1728 features)
[¥] Charge 5 (483 features) 417
[¥] Charge 6 (73 features)

[¥] Charge 7 (46 features)

v ) Number of isotopes 628 — | \mu‘\
& S

iy
g, "".

Retention time (min)

[ Delete 13592 Matching Features J

| Delete 0 Non-Matching Features l 1

| (13592 features in total) I &

. 103 —
Normalisation

Note that all remaining features will be used in the
normalisation calculation. If deleting a substantial
number of features, you should review the T T T T T T T T T T T T T T T |

normalisation afterwards.
500 1000 1500 200C

Review normalisation >> ‘ m/z Section Complete O]

To remove these features press Delete 1032 Non Matching Features.

You can use the Undo button to bring back deleted features, however, when you move to the next section
you will lose the capacity to undo the filter. Before moving on from filtering you can review the normalisation
of the data.

Tip: When you have reached the filtering stage, it is good practice to close the experiment and save an
archive. This can be used to restore the unfiltered state if the filtering you have performed is too ‘stringent’.
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Stage 5B: Reviewing Normalisation

Normalisation review is accessed from the button at the bottom right corner of the filtering page.

Normalisation

Mote that all remaining features will be used in

the normalisation calculation. If deleting a n
substantial number of features, you should

review the normalisation afterwards.

440

Review normalisation ==

If you have filtered out a number of features from the original detection pattern then the normalisation will
update.

Recalculating normalisation...

The Review Normalisation page will open displaying plots for the normalisation of all the features on each
run.

This page in the workflow does not allow you to alter the Normalisation of your data but provides you with
individual views for each run showing the data points used in the calculation of the normalisation factor for
the run.

Alternatively, if you do not believe normalisation is necessary, you can opt to ‘not use any normalisation’ for
the rest of the analysis (Normalisation Method tab).

16
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Normalisation factors are reported in the table to the left of the plots.

LC-MS Tutorial - Progenesis LC-MS =R E=R=
File _
Review Experiment Review Peak Peptida Identify Refine Resolve Review Protein *o0 LR
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Repart n O n | in e Cl r
Review normalisation MNormalisation Graphs | Normalisation Method
Mormalisation is required to allow comparisons across Al A2 - |
different sample runs.
By assuming that a significant number of features are 6 04—
unaffected by experimental conditions, we can use -
the factor by which the sample as a whole varies to -
normalise back to its reference.® *
=] o 02
Mote: for each sample, only the features falling within ‘g ‘E
its robust estimation limits (see graphs) are used to .‘Li u
calculate the normalisation factor. Further details of IS £
how it is calculated are available online. E B 0
* Normalisation reference: E E
AZ g 3_02—
Normalisation factors: N 3
Run factor Log(factor) . . 04—
Al 115 0.06 .
h I T I [ I I
A2 100 0 0 3000 6000 9000 12000 0 4000 8000 12000
A3 191 0.28 feature feature
Cc1 0.72 -0.14 23 1
c2 0.50 -03
38— L
c3 0.63 -0.18 . =
5
g s L4
& § o
o £ 2
g g
-A—
_8_
e T T | T T r
0 4000 8000 12000 0 4000 8000 12000
feature feature =
— * Feature Log abundance ratios
Graph size: J — Mormalisation facter
<< Continue filtering featwres (| = . Robust estimation limits
. . - A3
Calculation of Normalisation Factor: o
.
L
. . . 4 . <
Progenesis LC-MS will automatically select one of . 2 .
the runs that is 'least different’ from all the other oL 3
. ' ‘i 3 e 2 Feature: 5145
runs in the data set to be the 'Normalising e e . .
reference’. The run used, is shown above the table AR Reference abundance: 280.6 | * * lo
. . Pl e * $| Abundance: 0.0846 '
of Normalisation factors. : 79 o o IR e
g 1]
H
3
8]
For each sample run, each blue dot shows the log -1
of the abundance ratio for a different feature
(normalisation target abundance/run abundance). -2
-3
.
-4

4000

I T | T
6000 8000 10000 12000
feature

The details for individual features can be viewed as you hold the cursor over the dots on the plot.

*®0s
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On the graph the features are shown ordered by ascending mean abundance. The normalisation factor is
then calculated by finding the mean of the log abundance ratios of the features that fall within the ‘robust
estimated limits’ (dotted red lines). Features outside these limits are considered to be outliers and therefore
will not affect the normalisation.

A3
S5 .
. °
.
4 . °
o .
.
L . .
",
3 .. 2 p Feature: 5145
o | Abundance ratio: 3423 ® o
®e ” - Reference abundance: 289.6 | * ® (X
2 e ¢ 8| Abundance; 0.0846 2 e e,
“g :.."" Upper robust-mean estimation limit: log(13.03) = 1.115
1 : |
-3
8
§ | Normalisation factor: log(1.91) = 0.2811
8"
o —
< | Lower robust-mean estimation limit: log(0.2412) = -0.6176
-1 .
.
. . L .n i ~ . . 9
.
-2 e 2 o * . .
.
. z . - . .
3 e o o
L]
.
-4
I I I I | I | I
0 2000 4000 6000 8000 10000 12000 1400
feature
Finally, if you do not wish to work with normalised data then Select ‘Don’t use any normalisation’.
LC-MS Tutorial - Progenesis LC-MS (=N =R
File
Review Experiment Review Peak Peptide Identify Refine Resclve Review Protein R ¥ ] .
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no n I in eq r

Mormalisation Graphs | Nermalisation Method
INDrmaIise to all proteins *

Mormalise to all proteins

Review normalisation

Normalisation is reguired to allow comparisons across
different sample runs.

By assuming that a significant number of features are
unaffected by experimental conditions, we can use
the factor by which the sample as a whole varies to
normalise back to its reference.®

Norma o2 g k
Don't use any normalisation

Note: once you have identified a set of proteins, you can then apply the Normalise to a set of
housekeeping proteins by using this option to locate and select the features.

For this experiment, you should leave the Normalise to all features option selected.

‘ ST
-
Now return to filtering by clicking on the button
on the bottom left of the screen [ <= Continue filtering features l

For this example, we DO NOT do any additional Filtering so click on Section complete.

Note: if you do any extra filtering then Normalisation recalculates as you move to the next stage in the
Workflow.

prog.éﬁesis 18



Progenesis LC-MS User Guide

Stage 6: Experiment Design Setup for Analysed Runs
At this stage in the workflow you can setup one or more experimental designs for your data.

There are two basic types of experimental designs:

Between-subject design: here samples from any given subject appear in only one condition. (i.e. control
versus various drug treatments).The ANOVA calculation assumes that the conditions are independent and
applies the statistical test that assumes the means of the conditions are equal.

L2y LC-MS Tutorial - Progenesis LC-MS [E=H =R
File s
Rewview Experiment Review Peak Peptide Identify Refine Resolve Review Protein LY ] L K
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n 0 nI | n ea r
New @ help~

Which experiment design type do you want to use for this experiment?

Cco -0
0 o/ Between-subject Design o-o| Within-subject Design
00 00
Do samples from a given subject appear in Have you taken samples from a given
only one condition? Then use the between- | A Delete subject under different conditions? Then Before | During After
subject design. At merove use the within-subject design.
To set up this design, you simply group the 52 Remove Note: you must have a sample from every
runs according to the condition (factor level) < = subject for every condition to use a within- Patient X e e 15
of the samples. The ANOVA calculation A3 Remove subject design.
assumes that the conditions are independent .
and therefore gives a statistical test of c Delete For example, you would choose this type of
whether the means of the conditions are all e design forl gitimelseries o mariment where? Patient ¥ v G 3
equal. €1 Remove every subject has been sampled at each time
€2 Remove point. S| S S|
= To set up this design, you tell the software 7 o -
not only which cendition (factor level) each Patient Z
Eeaitotot run belongs to but also which subject it came
from. The software will then perform a — — —

repeated measures ANOVA.

A standard ANOVA is not appropriate because
the data violates the ANOVA assumption of
independence. With a repeated measures
ANOVA individual differences can be
eliminated or reduced as a source of between
condition differences (which helps to create a
more powerful test).

The within-subject design can be thought of
as an extension of the paired-samples t-test
to include comparison between more than two
repeated measures.

Within-subject design: here samples have been taken from a given subject under different conditions (i.e.
the same subject has been sampled over a period of time or after one or more treatments). Here a standard
ANOVA is not appropriate as the data violates the ANOVA assumption of independance. Therefore by using
a repeated measures ANOVA, individual differences can be eliminated or reduced as a source of between
condition differences. This within-subject design can be thought of as a extension of the paired samples t-
test, including comparison between more than two repeated measures.

Additional information on how to apply the Within-subject Design is in Appendix 5 page 66

This experiment contains 2 conditions: A and C and uses the Between-subject design to group the
analysed runs to reflect the Biological conditions in the original study.

To create a new Between-subject Design move the cursor over this option and click to open the dialog.
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Pregenesis LC-MS @

Create a new experiment design
MName: | AC I

@ Start with an empty layout

Copy layout from:

O Import design from a file:
What file formats can I use?

Group by: no valid groups)

|| Create design || | Cancel

Give the new experimental design a name and then click Create design.

LC-MS Tutorial - Progenesis LC-MS =n =R
File
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein .o ! e
Import Data Alignment Filtering Cesign Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no n I En ea r
AC 1 X | New © Help ~
Setup conditions Runs Add Selected Runs to Condition ¥
Setup the conditions that you want to pare below .
(e.g., control, drug &, etc), and then assign each of Add to new condition..
your samples to the correct condition. Cc2 C3
A Delete A
Al Remove
A2 Remove
A3 Remove

Add condition...

Section Complete ()

To create a new condition
1. Select the runs for the condition by clicking on the required icon in the Runs panel, as shown.
2. Press the ‘black triangle’ next to the Add Selected Runs to Condition button on the main toolbar.
3. Select Add to new condition... from the drop down menu.
4. A new condition will appear in the Conditions panel on the left.
5. Rename the condition (e.g. C) by over typing the default name.

6. Repeat steps 1 to 5 until all the required runs are grouped into conditions.
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An alternative way to handling the grouping of this set and other larger
(and more complex) experimental designs is to make use of sample
tracking information that has been stored in a spread sheet at the
time of sample collection and/or preparation.

AC New

Which experiment design type do

00
00
o0

Between-subject Design

For this example there is a Tutorial Groups.csv file available in the
Experiment Archive you restored at the beginning of this tutorial exercise.

To use this approach select the Import design from file option from the New Experiment Design dialog.
Then locate the Tutorial Groups file and select what to Group by, for example: Conditions.

Progenesis LC-MS
Create a new experiment design
Mame:
7 Start with an empty layout

2 Copy layout from: | AC

@ Import design from a file: | Tutorial Groups

What file formats can I use?

Group by: [Conditions

Date of Collection
Location

EX

[«

When Create design is pressed the new tab refreshes to allow you to adjust the conditions.

Use Delete on the Conditions panel to remove conditions that are not required in this particular design.

e - utorial - Progenesis LC-
g LC-MS Tutorial - Prog, is LC-M5S

File
Review Experiment Review Peak Peptide Identify Refine Resolve Review
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins
AC:2 1 X [ New

Protein
Statistics

f=lie ==
*0Q9 o

nonlinear

Report

@ Help ~

Setup conditions

Runs Add Selected Runs to Condition ¥

Setup the conditions that you want to compare below
(e.g., control, drug &, etc), and then assign each of
your samples to the correct condition. C3

A Delete
Al Remove
A2 Remove
o=
c Delete
C1 Remove
2 Remove

Add condition...

Section Complete ()

Note: On deleting a condition the runs will reappear in the Runs window.

Note: both designs are available as separate tabs.

To move to the next stage in the workflow, Review Peak Picking, click Section Complete.

*®0s
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Stage 7: Review Peak Picking and editing of results

The purpose of this stage in the Workflow is to review the list of features using the visual tools provided and
edit features if required.

The review stage has 4 display modes: 1D, 2D, 3D and Feature Details controlled by the tabs on the bottom
left of the display and the expander bar to the right of the table. Each display has multiple views to allow
comparative exploration of the detected features on the aligned LC-MS runs.

Exploring analysed data using the Data displays

Window A: shows the list of features ranked by the p value for the one way Anova using the current
grouping.
Note: a value of ‘Infinity’ in the Fold column indicates ‘Presence/Absence’

LC-MS Tutarial - Progenesis LC-MS = =
File N
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein A X ] L R J
Import Data Alignment Filtering Design Setup Picking Statistice Peptides Identifications Conflicts Proteins Statictics Report no n | [ n ea r
Review Features Experiment design: [AC -
No filter applied Mass spectrum (25.179 min) Chromatogram (m/z = 1099.5684)
Create... | ’ :
# Anova (p) Fold Tag * Motes * 330000 300000+
|
6314  BATE-11  Infi Adc—
iinity ] Ade 300000 B c
10970 G.75E-11  Infinity o] Ade 2500004
1767 737611 Infinity A L] Ade 550000+
1455  901E-11  3.5E+08 | Ade 200000
8761  1E-10 Infinity la] Ade .E‘ZUOUOU' t;‘
8045 1.01E-10  Infinity L] Ade g 5150000+
£ i £
— k| =150000 £
|1391 1.01E-10  Infinity | &{
1142 1.21E-10  Infinity ko] Adc 100000 100000
14023 1.27E-10  Infinity la] Adc
11985 1.36E-10  Infinity L] Ade 50000+ 5000
7057 148E-10  Infinity la] Ade i
- Iy T T T T T T T T T ¢ T T T T
8028 136B-10 Infinity ] Adc 1099 10995 1100 11005 1101 11015 1102 11025 11¢ 245 ki 255 %
A — ol m/z Retention time (min)
[ Delete 1 selected feature Run Expression Profile
Run: D " 0.01
A it
SdaEeste || 22 E
Bt SO e 1
E E RN
= = 248324 - 418854
[5Add ||[ZDelete | 5 253114 £
1D Display | 2D Montage | 3D Montagel ¥ Undo ™ Redo E 25 6874 ;ﬁ; 25,966
S U E—
Key: Ioncharge=1 1099 1100 1101 1102 500 1000 1500 2000
lon charge =2 mz mz

lon charge =3
Ion charge = 4

Section Complete (3)

Note: by default all the features are included in the selection for the next section of the analysis.

To highlight a group of features drag out a selection on the table.
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The 1D DISplay Mass spectrum (25.179 min)

350000
300000

2500001
Window B: displays the Mass spectrum for the current feature on the selected |, o0
Run (in window D).

Intensi

1500004
100000

500004
A

1099 1099.5 1100 1100.5 1101 11015 1102 11025 11C
miz

Chromatogram (m/z = 1099.5684)

300000+

250000

Window C: displays the Chromatogram for the current feature on the selected | **™
Run (in window D). '

ity

Intens

150000+

100000+

50000+

2453 23 235 26
Retention time (min)

Window D: displays the details of the currently selected run. By default the selected run is an Aggregate of
all the aligned runs.

Run:

% Aggregate .

Details of individual runs can be viewed by using the ‘Run’ link and selecting the run I
you wish to view.

T

i

Spli 2

[:[:E,Md rE aq
H . . . . ¥} Und a
The feature editing tools are located in this window (see page 26 for functional )

[

explanation). Find 3

Mo lon chavos — A

Clicking on the Expression Profile tab in Window D shows the comparative behaviour
of the feature across the various biological groups based on group average normalised volume. The error
bars show +/- 3 standard errors.

| Run I Expression Profile I

12_85(+8 2%=-002)

ArcSinh Hormalised Abundance

Wwindow E: shows where the current feature is located on the LC-MS run 0017
by means of the ‘Green’ rectangle. [mm] T}
To change the current location, click on the image of the run (note: the E 41895 F L
retention time and m/z values update as you move the cursor around this £ I
view). %

2 86.966-

o
Note: doing this updates the focus of all the other windows.

T T T T
500 |1 DB?.MMI 500 2000
1
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You can also drag out a larger area on this view that will refocus the other windows.

Run | Expression Profile|

Run:
Aggregate

[l Select | [ I2Edit |
|E= split. | [ Merge |
|C3Add |2 Delete |

¥} Undo | | ™ Redo

Key: loncharge=1

0.014

416954 .:::_ D

Ratention time [ min|
Ratention time [ min|

86.966+

T T T T
500 1000 1500 2000
mz

lon charge=2
lon charge = 3
lon charge =4
lon charge 2 5

The 2D Display
Windows A, D and E: perform the same functions across all 4 display modes.

In the 2D Montage mode, Window B displays a montage of the current feature across all the aligned LC-MS
runs.

LC-MS Tutorial - Progenesis LC-MS =8 (Een ="
File
Review Experiment Review Peak Peptide Identify Refine Resgolve Review Protein e L ] L R
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n 0 n | i n ea r
Review Features Experiment design: [AC Rd
=y Mo filter applied A c
Y Create ‘ ‘ ‘ ‘
TTT LERLL T T e 11 H I LRI
| z Anova (p) Fold Tag ~ MNotes =
6314  647E-11  Infinity kel Ad(IJ 1] 0 oL - ler] . i | . 0
10970 6.J5E-11  Infinity o] Ade D D m IE]
11767 7.27e-11  Infinity la| Adec
1455 9.01E-11  3.5E+08 o] Ade | | | |1
&761  1E-10 Infinity o] Adc
8045 1.01E-10  Infinity | Adc N . i . T
1391 1.01E-10  Infinity | Ade
1142 1.21E-10  Infinity | Ade | ) .
14023 1.276-10  Infinity o] Adc il "
11985 1.36E-10  Infinity | Adc D IE'
7057 148E-10  Infinity k| Adec ||
8028  1.56E-10  Infinity o Ade _
« [m] 3
[ Delete 1 selected feature Run Expression Profile
|_ 1 J 0.014
24484 - - =
5 T Lo
E ep0- E sl
= Delete | § 253114 2
£ £
1D Display | 20 Montage | 3D Montage ) Undo | [ ™ Redo Ec% 5687 e é 86.966
[7] Show all outlines i
o
Multiple columns per condition = T T T e T T T T
Key: Ion charge =1 1099 1100 10 1102 500 1000 1500 2000
Contrast: lon charge =2 mz mz
lon charge =3
EEEEE@E| o0
Ion charge = 5
Mantage size:

@ © e Section Complete ()

The appearance of the Montage (window B) is controlled by the panel on the bottom left of the display.
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Using the the various views in the 2D display one can examine the feature detection in detail to validate the
correct detection of even fully overlapping features as shown above.

A C
I T Tl I RALE | T
™ m TR 1 T
(| | l
|11 [
I | i
] TR
I
|11 Il
Run Expression Profile
Run: 30124 0,014
Aggregate i
E £ b -
|l
5 5
¥} Undo || ™ Redo E 31,814 — D‘Ew__' 26.966 -
Find... 32235 R
T T T
Key: Ioncharge=1 850 851 852 500 1000 1500 2000
lon charge= 2 miz mz
Ion charge = 3
lon charge = 4

The 3D Display

Window B changes into a 3D view by selecting the 3D Montage tab on the bottom left of the display.

LC-MS Tuterial - Pragenesis LC-MS [E=n o=
File _
Review Siperiment  ReviewPeak  Peptide Identify Refine Resolve Review Protein A X 23
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Confiicts Proteins Statistics Report no nl in e a r
Review Features Experiment design:
No filter applied A c
P Create.. |
# Anova (p) Feld Tag v Notes *
8567 0936 106 ] Adc
12383 0937 819 L] Adc
7550 0937 102 ] Adc
9139 0937 103 il Adc q
34 0937 102 il Ade -~ - e
098 0937 112 Bl Ade ¥
463 0937 101 ol Ade J \
12320 0837 11 ] Adc o~ N
14575 0937 123 ] Adc { )
9639 0937 188 k] Adq ol
4492 0938 103 ] Adc -
< [mj C
>
[ Delete1 selected feature Run Expressien Profile
0184 0.0t
30588
= = i
E 39 =
s T e
= 31403 £
[ Add | [2Delete | § £
- s e £
1D Display | 2D Montage | 3D Montage ¥) Undo | [®™ Redo | = 3 86.965
[7] Showll outlines = s =
s
] Rotate T T T T T T T 1
Key: lon charge =1 850 851 852 853 500 1000 1500 2000
Peak scale: 8 Ion charge = 2 mz
Ton charge = 3
[7] Contour map: Ton charge = 4

Select runs...

Section Complete 3)

The number of 3D views displayed in the montage is controlled using the Select runs link on the 3D Montage
tab. The views can be set to Rotate automatically or you can rotate them manually by clicking and dragging

them with the mouse.

*®0s
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Editing of features in the View Results stage

As an example of using the editing tools which are located on the left of the LC-MS Run view, we will remove

and add back the ‘monoisotopic peak’ for the detected feature selected below. A feature can be selected

from the ‘Features’ list or located using the various views.

LC-M5 Run | Expression Profii|

Run:
Apgregate

S

Retention time [ min|

Key: loncharge =1

lon charge =2

lon charge = 4

lon charge = 5

&
g
;
e
ce—
—

31.306

Retention time [ min|

31,739

32.1359

T T
1004 1005

T T
1006 1007
mz

0.0099

42.643

84.7834

T T T
500 1000 1500
mz

T
2000

1. Locate the feature at approx 1004.77 m/z and 30.453 min using the Find tool.

Find specified lecation [
Mass 1004.7700 = omz
Retention time on:  Alignment reference 30.453 2 minutes
or |select a sample - ||30.453 minutes

2. Select the Edit tool and click on the feature to reveal the ‘edit handles’

Run:
Aegregate
29.612+
e i
30.044
E
¥} Undo (¥ Redo 2 30,7564
= Su.eslA
=
g
T 31.306
Key: lon charge =1 =
lon charge =2 31734
lon charge =3
lon charge = 4 32,1354
lon charge 2 &
T T T T
1004 1004.7727 05 1006 1007
mz

3. Click on the ‘minus’ handle over the monoisotopic peak to remove it.

Ll

4. Click outside the boundary of the feature to update the view.

*®0s
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5. To add a peak to an existing feature, ensure that Edit is selected then click inside the feature to

reveal the handles.

] Ll L Ll L

)

Click on the ‘plus’ handle on the peak to add it.

Then click outside the feature to update the view.

Note: If you are not satisfied with the editing use the Undo button and retry.

Finally note: that a tag is automatically added to the edited feature in the table and the features id
number is changed to the next available one at the end of the list.

Review Features Experiment design: |AC

Ne filter applied

z Anova (p) Fold Tag v MNotes =
9345 0556 114 | Adc
202 0.556 113 ko] Adc
13468 0557 153 | Adc
9753 0557 135 ko] Adc
[182 0557 1.08 | Add
7524 0558 119 ko] Adc
4290 0559 139 | Adcd
6110 0559 118 o] Adc _
<« [m 3

Review Features Experiment design: |AC

Mg filter applied
Create... |

z Anova (p) Fold Tag v Notes =
9345 0.556 114 | Adc
202 0.556 113 | Adc
13468 0.557 1.53 | Adc
9753 0.557 1.35 e | Adc
|14626 0557 108 Cl N
7524 0.558 119 — | Adc
4290 0.559 1.39 | Adc
6110 0.559 118 o] Adc _
4 | [

The other tools: split, merge, add and delete behave in a similar fashion and their use can be combined to
achieve the desired results.

Selecting and tagging features for Peptide Statistics

Ne filter applied

Review Features Experiment design: | AC

z Anova (p) Fold Tag v MNotes *
There are a number of ways to ‘refine’ your ‘Ranked List’ of analysed 28 3Bl Infinity o] Ade
features before examining them with the Statistical tools in Peptide 828 635611  Infinity ] Ade
Statistics. These make use of simple ‘Selection’ and ‘Tagging’ tools 6314 647E11  Infinity o] Ade
that can be applied to the various groupings created in Stage 6 (page 10870 6.75E-11  Infinity ] Ade
19). An example is described below. 1767 7.27E-1L - Infinity sl Ade
1455 9.01E-11  3.5E+08 | Ade
§761  1E-10 Infinity o] Adc
8045 1.01E-10  Infinity | Ade
1391 1.01E-10  Infinity o | Ade
1142 1.21E-10  Infinity o] Adc
14023 1.27E-10  Infinity o] Adc
First expand the 'Features' table to show all the details by clicking on the | 11985 136610  Infinity o] Ade
‘Expander bar’ to the right of the Review Features table. 7057 148E-10  Infinity o] Ade
8028  1.56E-10  Infinity o] Ade il
e -
[1 Delete 1 selected feature
LY I
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Then order on Abundance and select all features with an Abundance of 1E+05 and greater, (the exact

number is not important).

LE-MS Tutorial - Progenesis LC-MS = (5]
File _
Review Experiment Review Peak. Peptide Identify Refine Resolve Review Protein i XX
Impert Data  Alignment Filtering Design Setup. Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Report nonl EneCI r
Review Features Experiment design:
“ Nofilter applied
# Anova (p) Fold Tag v Notes Highest Lowest m/z 2 Mas RT (mins)  RTwindow Intensity Max CV =
2 0159 1.09 .| Add note.. A c 805.441 3 2413301 54875 765 125608 108Es08 815
18 0463 105 L] Add note.. c A 12076552 2 241329 54899 49 900E+07  504E+07 852
4 318606 5726404 ] Add note... c A 11005867 3 3298738 44928 243 B30E+07  TSTE+07 534
78 341E06  115E+03 l] Add note... A ¢ 1176.227 3 3525659 4323 944 6OLE+07  2226:07 231
14 437607 8% lu] Add note... A c 656.8612 2 1311708 44137 [%i1 6A0E+07  117E+08 15
20 22607 786 l] Add note.. ¢ A 988.9849 2 1975055 50,605 465 514E+07  O19E+07 144 .
7 831E-08 130 lu] Add note... c A 663.8603 2 132574 46,507 414 SE+07 160E+08 668
22 208806 5156403 l] Add note... C A 9009713 2 1799928 20272 202 4STE07  BAGE+07 375
56 58506 379E+03 lu] Add note... A c 1061.007 2 2119999 53288 675 436407 2526407 336
41 SSTE06 1336403 ] Add note... A C 9974477 2 1992881 31814 257 424E:07  381E:07 243
o4 0050 234 lu] Add note... C A 976.8129 3 2027417 54357 133 372E+07  158E+07 553
47 733E06 353E+03 ] Add note... C A 10324669 3 3094379 32959 263 353E+07  305E:07 328~
< i | »
[ Delete 1 selected feature Run
Run: — L 0.01
Aggregate i [] =r— A .
_ 5017 = 1 _
E - — £ o] it
2 54315 2 L= 2 H e
g g '
H - = g
1D Display | 2D Mentage | 3D Montage ¥) Undo 2 58.007 = 5 86966
[] Show all outlines -
62827 -
[¥] Multiple columns per condition — ; i = : [ . . . .
Key: loncharge=1 804 805 805 807 808 809 500 1000 1500 2000
Contrast: Ton charge = 2 me mz
Ion charge = 3
EEEEEE O
Montage size:
@ Section Complete
H H H 1 H H 1 1
With the features still highlighted right click on them and select 'New Tag'.
LC-MS Tutorial - Progenesis LC-MS =N
File -
Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein LY F T
ImportData  Alignment  Filtering  Design Setup  Picking Statistics Peptides Identifications  Conflicts Proteins Statistics Report non I E near
Review Features Experiment design:
"= No filter applied
2 Anova (p) Fold Tag ~ Notes Highest Lowest m/iz z  Mass RT (mins)  RTwindow Abundance Intensity Max CV =
2929 0003712 681 .| Add note.. ® A 630366 5 3149204 312 13 101E+05  442E+05 408
1833 00187 303 A c 6818701 2 13617326 52984 0,666 101E+05  415E+05 428
4035 00203 174 C A 11069362 3 3587.787 93 0921 1E+05 257E+05 208
5464  285E-08  Infinity C A 15855178 3 4753532 46.597 0359 1E+05 17E+05 169
1636 00798 262 .| Add note.. 706.6327 4 2822502 63.027 126 1E+05 539E+05 626
Ne tags to ass
471 00177 540 .| Add note.. DA 11576035 3 69789 46561 0,808 1E+05 24E+05 126 .
941 00748 149 .| Add note.. New tag.. 10810327 2 2160051 36.226 0.754 1E+05 196E+05 254
3391 0000569 303 o] Add note... Quick Tags | 703845 2 1405675 45.667 194 999E+04  253E+05 177
5631 000365 208 ] Add note... A Edittags 10194452 3 3055314 53762 0925 909E-04  104E+05 693
8312 0000149 68 ] Add note... Add ta clip gallery... 6433413 2 12845663 18939 132 909E-04  237E+06 160
2381 000089 449 k] Add note... X T 8179225 2 163383 39.467 0743 908E-04  287E+05 224
2379 00448 150 o] Add note... c A 8148726 4 3255461 37.56 07 Q0BE+04  4TE+05 118 o
0 m 1 v
[ Delete 2342 selected features Run Expression Profile
Run: —_— 001
Aggregate — - T —
_ 5017 C I
z £ 41695
£ 5315 e g H d
g 5 !
1D Display | 2D Montage | 3D Montage g 58.007 2 5965
& &
[] Show all outlines
62827
Multiple columns per condition — T [ T T T T
Key: lon charge =1 804 209 500 1000 1500 2000
Contrast: Ion charge = 2 mz
Ion charge = 2
P EEEEN fon charge = 4
Montage size:

Give the Tag a name. i.e. ‘Most abundant’.
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Review Features Experimentdesign: |AC
Create new tag == = No filter applied
-
E] Most abundant
# Anova (p) Fold Tag * MNotes
oK | Concel | 2929 000372 681 = | Addne
1833 0.0187 3.03 ™ - | Add nof
4035  0.0203 174 ™ | Add nof
5464  285E-08  Infinity [l | Add nof
On clicking OK the Tag is added to the features highlighted in the 1686 00798 262 ™ =] Add nof
table (signified by a coloured square). 4771 00177 540 ™ | Add nof
2041 00748 149 ™ | Add nof
3391 0000569  3.03 .| Addno
5681  0.00365 208 .| Addno
8312 0000149 638 | Addno
2381 000089 449 | Addno
2379 0.0448 150 | Addno
4| 1
[Z1 Delete 2342 selected features
Now right click on any feature in the table and select Quick
Tags this will offer you a number of standard tag options. Review Features Experiment design: [AC -
Select Anova p-value.... Then set the threshold as —
required and adjust default name as required and click A
Create Tag. :
& Anova (p)  Fold Tag * Notes Highest
5464  285E-08  Infinity () .| Add note... C
1686  0.0798 262 ™ | Add note... C
- -
S New Quick Tag =) R Yt p— | Add note.. c
Where a feature has: 2941 007 IE‘ Most abundant || Add note... A
Anova p-value: |2« | 005 3391 0.00 || Add note... A
Mew tag...
. 5EE1 0.00 - | _Add note il
Apply the following tag: @212 000 Quick Tags 3 Anova p-value...
@ Anova p-value = 0.05 2381 000 f Edit tags Max fold change...
2379 0.4 Add to clip gallery... Mo M5/MS data
[ Create tag J|[ Cancel | 1720 033 132 WD relHE
2212 0000678 129 | Add note.. A

Once this tag appears against features in the table right click on the table again and create another Quick
Tag, this time for features with a Max fold change 2 2

Review Features Experiment design: |AC
New Quick Tag @ v No filter applied
Where a feature has: -
Max fold change: [2_'] 5 & Anova (p) Fold Tag * Motes
2 0.159 1.09 ™ | Add note..
Apply the following tag: 18 0463 105 [~ ] Add note..
r@ Max fold change 2 2 24 318606 572E+04 | [ .| Addnote..
78 341606 1156+03 | [ | Add note...
| Create tag |: Cancel 14 437E07 856 = | Add note...
0 22607 78 [ | Add note...
7 831E-08 130 = ] Add note...
22 20806 5156402 | (@ | Addnote..
56 585608 379E+03 | (@ | Addnote..
The table now displays features with multiple tags. g ssieos 133603 | @ ] Add note..
94 00589 284 | Add note...

The tags can be used to quickly focus the table on those features that display similar properties.
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For example: to focus the table on displaying those features that . No filter applied
have an Anova p-value < 0.05 click on Create on the filter panel Create...

above the table.

Drag the tag on to the panel Show features that have all of these tags and press OK.

Filter the features 5] Filter the features (=5
Create a filter Create a filter
Show or hide features based on a selection of their tags. Move tags to the appropriate boxes Show or hide features based on a selection of their tags. Move tags to the appropriate boxes
to create the filter. For more guidance, please see the online reference. to create the filter. For more guidance, please see the online reference.
Available tags: Show features that have all of these tags: Available tags: Show features that have all of these tags:
Most abundant (2342 features) @ Most abundant (2342 features) Iu Anova p-value £ 0.05 (7965 features) I
(@l Anova p-value < 0.05 | u.esj:| @ Max fold change = 2 (9881 features) I |
Max fold ch 2 2 (9881 features)
#xfolo change ; © ° Show features that have at least one of Show features that have at least one of
these tags: these tags:

Hide features that have any of these tags: Hide features that have any of these tags:

Now order the current features in the table by the Highest mean so that all the features showing the highest
mean for condition C are at the top of the list.

Then highlight all the features with the highest mean for condition C and create a new Tag for them.

# Anova (p) Fold Tag * Motes Highest Lowest # Anova (p) Fold Tag * Notes Highest Lowest
1440 204E-05 745 i | Add note.. C A 1440 2094E0D5 745 a | Add note... T A
951 000113 138 i -] Addnote.. d A 951 000113 138 [ -] Addnote.. C A
623 0.000379 126 a | Add note.. C A 623 0.000379 126 E | Addnote... C A
3206 00224 11.3 i . | Add note... C s 3206 00224 |@ Mostabundant C A
643 173E-05 112 & .| Add note... c A |::> 643 173E-05 @ Anova p-value < 0.05 c A
692 0.000628 411 i | Add note... C ' 692 0.000628 @ Maxfold change=z 2 C ry
853 7.89E06 518E-05 (O | Add note... C A 853  7.80E-06 New tag.. < A
11868 0.0289 499 g o | Add note... A C 11868 0.0289 Quick Tags ¥ A C
5801 0000122 213 i .| Add note... A C 5801 0.000122 'ﬁ-‘“ Edit tags A C
13055 9.77E-08  Infinity g o | Add note.. A C 13055 9.77E-08 Add to clip gallery.. A C
1842 0.00615 299 i o] Add note.. A C 1842 0.00615 - d note... A C
5030 0000154 322 [ .| Add note.. A C 5030 0000154 322 [} o] Add note... A C

Create a tag for them called Significantly up in C, tagging 3959 features.

Finally view the tags you have just created by clicking on Edit in the Tag filter panel, above the table.

Filter the features | 2 \
( - - Create a filter
Tﬂg ﬂ ltEr ﬂp pl'lﬁ'd . _ Show or hide features based on a selection of their tags. Move tags to the appropriate
features may be hidden Edit... boxes to create the filter. For more guidance, please see the online reference.
h Avyailable tags: Show features that have zll of these tags:

[ Anova p-value < 0.05 (79 b
' Max fold change = 2 (9881 feat
Significantly up in C (39

IU Most abundant (2342 fatulss_\l ‘

59 features)
ol ! Show features that have at least one of

these tags:

Hide features that have any of these tags:

Make sure that only the tag for the Most abundant features
is shown and press OK.

To move to the next stage in the workflow, Peptide Statistics, click Section Complete.
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Stage 8: Peptide Statistics on selected features

The user guide now describes the functionality of the Multivariate Statistics.

“z Calculating PCA results...

With 2342 of 13552 features selected.

Peptide Statistics opens calculating the Principal Components Analysis (PCA) for the active 'tag' in this case
the Most abundant features.

As an example we will start by examining the behaviour of the Most abundant features from the previous
stage, Review Peak Picking.

The statistical analysis of the selected data is presented to you in the form of interactive graphical
representation of answers to questions asked of the analysed data.

LC-MS Tutorial - Progenesis LC-MS. (=N Eol =<5
File N
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein A X L ]
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no nI i n ea r

[

Question: | Principal Components Analysis
Are there any outliers in my data? = 08 . . . ) . . . . . .
Does my data cluster according to my experimental 2
conditions? = 06 23]
What's this? -~ T 5
Principal Components Analysis produces a simplified, o~
graphical representation of your multidimensional data. E 04 1+
More.. c
F]
:EL 02 1+
<
S (R
Ask another question ¥ 2
I
"? Tag filter applied a
features may be hidden Edit. |
v
04
# Anova qValue Power Tag v Cluster *
141 213612 154E-09 = 9995 F o + + + + + t t + + +
1971 318E-12 154609 » 9995 F -0.5 -0.4 03 02 0.1 0.0 0.1 02 03 04 05 0.6
3818 11E-11 38E-09 ; 9905 [ Principal Component 1 2. 76427
2228 3.78BE-11 6.28E-09 = 9995 = =
= Standardised Expression Profiles -
5243 5098E-11 7BE-09 = 9995 g
284 B3E11 78E-09 >.9995 [ b =
828 635E-11 78E-09 > 9905 () i
1455 901E-11 9.43E-09 = 9935 (¥ -
0 10 — 5 4
1391 101E-10 9.43E-09 = 9935 (7 2 F
2
1142 121E-10 1.09E-08 = 9995 a g .
2579 196E-10 143E-08 = 9995 F E
3242 459E-10 242E-08 = 9995 a 'Té 20
1582 6E-10  255E-08 = 9995 (7 2
T
3953 6.38E-10 261E-08 = 9995 g é 0.5 |
3462 111E-09 3.74E-08 = 9995 F E
1713 1.29E-09 4.01E-08 = 9995 F - & .10 [} = =l 4
] 1, ¥
Experiment design 45

Review your data from a different perspective:

Current design: | AC - Section Complete -;))|

Note: the LC-MS runs (samples) are displayed as solid coloured circles on the plot. To identify the runs, a
tooltip is displayed when the cursor is held over each circle.

Principal Component Analysis (PCA)

In Peptide Stats the first statistically based question asked of the data takes the form of a Quality Control
assessment:

Are there any outliers in my data? And does my data cluster according to my experimental conditions?

It answers this question by:
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‘Using Principal Components Analysis (PCA) to produce a simplified graphical representation of your
multidimensional data’.

PCA can be used to determine whether there are any outliers in the data and also look at how well the
samples group. The groupings that can be observed on the 2D PCA plot can be compared to your
experimental conditions and conclusions can be drawn regarding possible outliers in your data. Selecting
features in the table will highlight the features on the 'Biplot' and their expression profiles will appear in the
lower panel.

LC-MS Tuterial - Progenesis LC-MS E@
File _
Review Experiment Review Peak. Peptide ldentify Refine Resolve Review Protein A X LR
Import Data  Alignment Filtering  Design Setup Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Report non | | near
Question: Principal Components Analysis
Are there any outliers in my data? = 08 . . . ) ; . . . . .
Does my data cluster according to my experimental =4
conditions? “ 06
What's this? ~ T
Prindpal Components Analysis produces a simplified, ~
graphical representation ofyour multidimensional data. E 04 +
More.. E-
£ 02
8
— = 00 i)
Ask another question = 2 Fo
I
“r Tag filter applied a
features may be hidden Edit. |
v
04t
#  Anova | qValue Power| Tag = Cluster *
141 313612 154E-09 = 9995 [ 3 : . : : : : t . . :
1971 318E-12 1.54E-09 > 9905 F 0 -05 04 -03 02 -01 0.0 01 0 27 5 03 04 0.5 06
Principal Component 1 | # 7642%
3|18 11611 38609 = .9095 [ 3
2228 3J8E-11 6.28E-09 = .9995 = 5
w < Standardised Expression Profiles -
5343 598E-11 78E-09 = .9995 (W) Q
284 63E11 78809 =995 [0 ) . &
828 635E-11 78E-09 ».9995 (W) ) e
1455 901E-11 943E-09 = 9995 [ P
g 10 L ]
1391 LOLE-10 9436-09 = 9995 [ Q s
1142 121E-10 109E-08 = 9995 [ P 3 o5
2579 196E-10 1436-08 = 9995 [ Q 3
i
3242 4.59E-10 242608 > 9995 [ Q T oo
1582 6E-10  2.55E-08 = 9995 F 2
7
3953 6.38E-10 261E-08 =2 .9995 g iogs 1 B
2
3462 111E-09 3.74E-08 = 9995 F é
5
1713 1.29E-09 4.01E-08 =2 .9995 F - @10 1
] . r
Experiment design 45
Review your data from a different perspective:
Current design: | AC - Section Complete QJ|

Note: the Table in the Stats view contains additional columns:

g value: tells us the expected proportion of false positives if that feature’s p-value is chosen as the
significance threshold.

Power: can be defined as the probability of finding a real difference if it exists. 80% or 0.8 is considered an
acceptable value for power. The Power Analysis is performed independently for each feature, using the
expression variance, sample size and difference between the means.

Also, for a given power of 80% we can determine how many samples are required to ensure we find a
difference if it actually exists.

Note: Power analysis is discussed in Appendix 6 (page 68)
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Correlation Analysis

Filter the features @
Use the tags, created in Review Peak Picking, to filter Create a filter
the featu res |n the table Show or hide features based on a selection of their tags. Move tags to the appropriate
boxes to create the filter. For more guidance, please see the online reference.
Available tags: Show features that have all of these tags:
We are going to explore the Correlation Ana|ySiS fOI‘ a” u Most abundant (2342 features) ) II[‘ Anova p-value = 0.05 (7965 features) I

h f h d h . | a Max fold change = 2
the features that were tagged at the view results stage Siqrificantly up inC. (3950 fentures) | smow femture that have o lonct ome of

for having an Anova p-value<0.05. these tags:

Hide features that have any of these

On pressing OK the PCA will recalculate using these tags:
8618 features, you can (to save time) stop this
calculation by pressing Cancel calculation and then set

up Correlation Analysis for the 7965 features.

Clear the filter | Cancel |

To set up the Correlation Analysis using this filtered data set click on Ask another question (above the
table)

A selection of 3 tools will appear in the form of questions.

Are there any outliers in my data?
Does my data cluster according to my experimental conditions?

:| Principal Components Analysis

ol Correlation Analysis
Group my features according to how similar their expression profiles are.

Power Analysis
I~ How many replicates should I run?
What is the power of my experiment?

Select the second option to explore ‘feature correlation based on similarity of expression profiles’

llf

< Performing correlation analysis...

With| 7965 of 13592 features selected |
Cancel calculation

This time the statistically based question(s) being asked is:

‘Group my (selected) features according to how similar their expression profiles are’

The question is answered by:

‘Using Correlation analysis to evaluate the relationships between the (selected) features’ expression
profiles’.
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The answer is displayed graphically in the form of an interactive dendrogram where the vertical distance,
between each feature can be taken as indicative of how similar the expression profiles of each cluster of

features are to each other.

Correlation Analysis enables the grouping of features together according to how similar their expression

LC-MS Tuterial - Progenesis LC-MS

File
Review
Alignment

Experiment

Import Data Filtering Design Setup.

Question:

Group my features according to how similar their
expression profiles are.

What's this?

‘We have used Correlation Analysis to evaluate the
relationships between the expression profiles of your
features.

The results are shown in the dendrogram.
More...

Ask another question ~
Lo

Tag *  Cluster *
|

Tag filter applied
features may be hidden

#  Anova qValue Power

5300 1.92E-10 143E-08 2 9995 T
2579 1.96E-10 143E-08 2 9995
7921 2.03E-10 143E-08 2 9995
12.. 207E-10 143E-08 = 9995
3163 216E-10 145E-08 = 9995
10.. 243E-10 1.59E-08 = 9995
13.. 2.82E-10 179E-08 > 9995
9616 2.88E-10 179E-08 = 9995

COC O OO

13.. 3.07E-10 186E-08 > 9995
3957 3.36E-10 196E-08 2 9995
9522 3.39E-10 196E-08 2 9995
7113 366E-10 207E-08 2 9995
5176 4.21E-10 229e-08 2 9995
9788 4.26E-10 229E-08 = 9995
3242 4.59E-10 242E-08 = 9995

refEfpEFrRDNENSE

10.. 4.69E-10 242E-08 = 9995
4 n

= hd N

Experiment design
Review your data from a different perspective:

Current design: | AC -

profiles are.

To highlight all the features demonstrating Increased expression in the C group click on a 'node' for a
branch of the Dendrogram (as shown above). As before right click on the highlighted features in the table

Picking

Distance

Standardised Normalised Abundance

25

20

15

10

0.5

00

Review Peak

TR TN T T T O S ST M R MR |

Peptide
Statistics

Review
Proteins

Resolve
Conflicts

Refine
Identifications

Identify
Peptides

Dendregram

Protein
Statistics

Report

Standardised Expression Profiles

c

(o= ]

nonlinear

and create a Tag for these features (Up regulated in C).

Also create a tag for those features showing Increased expression in A by first clicking on the other 'main
node then right click on the highlighted features in the table and creating the New tag (Up regulated in A).

Create new tag

@ Up regulated in C

()

[ ok || Ccancel

|

Create new tag

D Up regulated in A

[l

[ ok || Cancel

)

Section Complete [©)

Comment: When you review the tags using Edit you can see that the Magenta and Yellow tags have been
assigned to the same number of features. This shows how tabulated information about features can be used
alongside interactive graphical plots of multivariate statistical analysis to explore your data.

Note: two groups is a special case, for more groups this will not be the case additional tagging will be

required.
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Filter the features

Create a filter

Show or hide features based on a selection of their tags. Move tags to the appropriate boxes to
create the filter. For more guidance, please see the online reference.

=l

Available tags:

Show features that have all of these tags:

ﬂ Most abundant (2342 features)
! Max fold change = 2 (9881 features)

u Anova p-value £ 0.05 (7965 features)

Significantly up in C
[‘ Up regulated in C (3959 features)

(3959 features)

tags:

Show features that have at least one of these

Up regulated in A (4006 features)

Hide features that have any of these tags:

Clear the filter

| QK | [ Cancel

B

Tip: when reviewing the tags (see above) if you are not applying a new filter then use the Cancel button to
return to the main view, this prevents unnecessary recalculation of your data.

To move to the next stage in the workflow, Identify Peptides, click Section Complete.

Stage 9: Identify peptides

Progenesis LC-MS does not perform peptide identifications itself. Instead it supports identifications by
allowing you to export MS/MS peak lists in formats which can be used to perform peptide searches by
various search engines. The resulting identifications can then be imported back into Progenesis LC-MS,

using a number of different file types, and matched to your detected features.

LC-MS Tutorial - Progenesis LC-MS E@
File
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein cee L R
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n I i n eCl r

Identify Peptides
Bun ms/ms ign searches by exporting peak list files to a
protein identification program. Search results files may

MS/MS Spectra
« | Batch inclusion options for creating export list of ms/ms spectra

then be imported back in to link protein [Ds to detected [¥] Exportt  Rank # Run  Scanrnumber Exported Feature intensity = Precursor intensity (%) Charge Precursorm/z |
- ot
Fostures ---EI — I -
- 2 7 a1 6.82+005 Bde+004 2 663.8716
Jlag e e |[—]| 5 7 a1 5648 N 6 86+005 65e:005 857 2 eeazess
‘ features may be hidden Edit.. ° a o
Filter the features @ 245 2 663.8635
| # M5/MS |~ Proteins Score  Tags  * 15.1 2 663.8696
) 1| Create afilter e ) eEa8510
Show or hide features based on a selection of their tags. Move tags to the appropriate B
EL 58 0 i boxes to create the filter. For more guidance, please see the online reference. 179 2 663.8693
! . . - Available t Show features that have all of these t Bz z B
wailable tags: ow features that have all of these tags:
L & L G = 337 2 663.8638
78 52 0 E [ Most abundant (2342 features) I' Anova p-value £ 005 (7965 features) I
01 50 0 G ' Max fold change = 2 (9881 features) ‘ | 165 2 G63.8701
ignifi i (3959 res) 20.8 2 663.8683
64 46 o G ; Significantly up in (3958 features) Show features that have at least one of
i - e [ Up regulated in C (3959 features) these tags: 956 2 663.2688
59 45 0 G Up regulated in & (4006 features) ‘ 258 2 563.8638
94 2 663.8707
135 |43 0 B
20 41 0 i Hide features that have any of these tags: 02 z 663.8739
n a1 0 G 05 2 663.8705
30 40 0 E 8.2e-00z 2 663.8713 _
32|38 0 ] = o - T,
4 [ | 2
. Clear the filter OK Cancel I
Performing the search o]
Select the search program you're using:
[Mascot '] 2784 20+
Help = (]
< 622 2
[ Export 20769 ms/ms spectra ] 2 2
= &
MSMS Preprocessing g 7983 E 404
= 47
(] Limit fragment ion count |40 %
o _ 20
Deisotoping and charge deconvelution 017 |
o4
663 664 665 666 667 668 0 500 1000
Import search results e mz e

Clear all identifications

Section Complete )
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Determining protein identification is dependent on the availability of MS/MS data for the LC-MS runs. This
data may be available but limited if the LC-MS was performed in a data dependant MS/MS detection mode
due to under sampling. Under these conditions MS/MS data acquisition is dependent on thresholds and
parameters set prior to the acquisition of the LC-MS run.

For this example we are using LC-MS runs containing MS/MS data where the data was acquired in a data
dependant mode (DDA).

The Peptide Search page shows the number MS/MS that have been matched to each feature in the Feature
list (see above). MS/MS scans are matched to a feature if their precursor m/z and aligned retention time fall
within the area of one of the isotopes of the feature. The MS/MS scans which are matched to the displayed
features are shown in the MS/MS spectra list on the right.

The first step is to decide which MS/MS scans you wish to export to be identified. By default this is all the
available spectra for the features displayed in the Features list (in this case all the features that have an
Anova p-value< 0.05. This number is visible on the Export button.

Performing the search
Select the search program you're using:

The set can be targeted using the tags and also refined with respect to

quantity and quality of the spectra being sent to the search engine. [Mﬂmt 'l
Help
. . . Ex| 20769 ms/
Filter the table to show only the features tagged Significant p<0.05 as I’ — — II
M35MS Preprocessing

shown.
[T] Lirnit fragment ion count |40

Note: by default the table is ordered on the number of MS/MS spectra
available for each feature.

Deisotoping and charge deconvolution

The total number of spectra included in this set is 20769 as shown on
the Export button. [

Import search results

Clear all identifications

Before exporting the spectra, the set can be further refined.

Note: many of the abundant features have a large number of spectra associated with them.

LC-MS Tutorial - Progenesis LC-MS =R
File _
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein oo L R J
Impert Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no nl i n e a r

Identify Peptides

Run ms/ms ion searches by exporting peak list filesto a
protein identification program. Search results files may then
be imported back in te link protein IDs to detected peaks.

Features:

MS/MS Spectra

I | Batch inclusion options for creating export list of ms/ms spedml

|F€ank greater than ~| 5 |

Tag filter applied

Feature ID [jass than =

Performing the search

Impaort search results

Clear all identifications

Pracursor intensity @‘

‘ ? features may be hidden Edit... ‘ ‘
Charge (|ess than - Precursor intensity (%) [legs than -
# MS/MS Proteins Score  Tags <~ @~
ﬁ s ] Scan number [|ess than -| Runmname |zontaing -
4 58 0 =] N
7 54 0 = B Bxporied [equalto = | - Peplide sequence | contains ~|
127 54 0
G | Isotope [less than - Protein accession | contains -
78 52 0 B ks
a 50 0 G s ID score @| Protein dascription @‘
64 46 0 =] s
8045 0 F - I Include in export | I Exclude from expnrtl I Clear all filters
59 45 0 =] s
135 43 [i] ﬁ ™ Export |Rank # Run  Scannumber Exported Feature intensity  Precursor intensity (%) Charge Precursorm/z  Isotope Id
20 41 0 G = 4 132 A3 4540 es 9.0e+006 3.8e+008 417 2 980.9709 1 <
21 41 0 g ™ 5 132 A2 4602 ‘es 1.4e+007 5.5e=008 3938 2 980.9717 1
30 40 0 ﬁ ™ ] 4 132 A1 4461 No 1.1e+007 37e=006 43 2 980.9718 1
32 39 0 F s =] 7 132 A3 4580 No 9.0e+006 1 5e+006 163 2 980,971 1 =
25 0 e = =Y D | C

Feature number 129, m/z 952.7989, retention time 53.245 min, charge +3

Run:C1 Scan number584

Select the search program you're using:
BE+(5
[Mascot - 51.945 3
Help T 5282 44054
E '
= 2
Il Export 11544 ms/ms spectra ] g §1535 @ l * ! ' l T 3E+054
= g
- = £
MSMS Preprocessing ._g 54.315 = 2g.054
[7] Limit fragment ien count 40 ‘g_‘
© 54569 1E+05]
Deisotoping and charge deconvolution
55.503 0 wal el Ilu lu . .
B o 0 1000 2000 3000
mz

mz

Section Complete ()
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To control the number of spectra for each feature, expand the Batch inclusion options.

For example: We will make use of the 'Rank’ value to reduce the number of Spectra being used for each
feature to a maximum of 5.

The 'Rank’ of each MS/MS spectra is determined by comparing its % value against all other spectra
matched to the same feature.

Exp-ortlF{ankI B Run Scan number ExportedIFeatureintani‘b_.' Precursor intensity (%) IChalge Precursor méz  lsotope Irlsoc::rftl':l

D 23 Tul A4 A D b i ] [aTulr] 41 4 faTalad 10 A fad ol ke N 4

B 21 | The rank of each MS/M3 spectrum found by comparing its "%’ values against all other spectra matched to the same feature.

(] 25 9 A3 5042 No 9.3e+007 8.8e+005 10 2 656.8614 1

| 26 9 Al 5373 Mo 1.2e+008 1.0e+006 03 2 £56.8610 1

[} 27 9 A2 5374 No 9.3e+007 7.7e+005 0.3 2 656.8615 1 B

m | b

Note: the % value for each spectra is the Precursor intensity as a percentage of the Feature intensity

Set the Rank filter to 'greater than' 5 and click Exclude from export this reduces the number to spectra to
export to 11544

Limiting the 'fragment ion count' (FIC) for the spectra being exported can improve the quality of the spectral
data being used in the search by removing noisy peaks.

For example for the current spectra, reduce the FIC from 1000 to 40.

Feature number 336, m/z 901.462, retention time 33.697 min, charge +2

Performing the search
Run:C2 Scan number.3762

Select the search program you're using:

[Ma_'-cnt v]
Help

[ Export 11585 ms/ms spectra ]

Intensity

1004
MSMS Preprocessing

Limit fragment ion count

Deisotoping and charge deconvolution

Retention time [ min|

04 |II\I||“ Ly | [ 1
501 %02 303 %04 905 0 500 1000 1500
miz

mz

[ Import search results ]

l Clear all identifications ] Section Comple

B | (52

Feature number 356, m/z 901.462, retention time 33.697 min, charge +2

Performing the search
Select the search program you're using:

Run:C2 Scan number:3762

[Mascut v]
Help

[ Export 11585 ms/ms spectra ]

Intensity

MSMS Preprocessing

Limit fragment jon count

Deisotoping and charge deconvolution

Retention time [ min |

l .
901 902 903 904 905 0 500 1000 1500
] me

[ Import search results mz

[ Clear al identifications ] Section Complete (3)

Note: the effect this has on the number of peaks in the spectra. This 'limitation’ is applied to all the spectra
being exported; hence the export file size will be reduced.

For this example we will not limit the fragment count, so leave it un-ticked (the default setting).
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Performing an MS/MS lon Search

Having chosen 11544 spectra to export, as described above:
1. Select appropriate search engine i.e. Mascot
2. Click ‘Export current query set’ to save search as file
3. Perform search on appropriate search engine and save results file
4

Click ‘Import search results’, locate results file and open

Please refer to Appendix 7 (pages 69) for details of the 'Search Engine'

parameters used in this example

Note: the blue link provides you with details on the appropriate formats for
exporting search results and access to additional formats

Note: an example Search Results file, from a MS/MS lon search, is available in
the folder you restored the Archive to (Protein Search Results.xml). Select the

'‘Mascot' method and import this file to see results like those below.

Performing the search

Select the search program you're using:

[Mascut - ]

Peaks (.mgf & .pepxml)

MSPepSearch (tsv)

PLGS (*xml)

PLG5 v2.3 (final peptide report)
ProteinPilot (group2xml)
Protecme Discoverer (xls;xlsx)
Scaffold Spectrum Report
SEQUEST (dta & out files)
SEQUEST (dta & pepXml files)
SEQUEST (sqt and .ms2)
SpectrumMill (*.tsv & .pkl)

Phen
TTear all Tdentnicatons

yolution

Performing the search

Select the search program you're using:

| Mascot V]
Help!

[ Export 11544 ms/ms spectra l

MSMS Preprocessing
[T Limit fragment ion count |40

Deisotoping and charge deconvelution

Import search results

Clear all identifications

On importing the Search results the Features table updates to reflect the identified proteins and the relevant

score for each searched feature.

r
LC-MS Tutorial - Progenesis LC-M5

[==]r=]
File
Review Experiment  Review Pesk  Peptide Identify Refine Resolve Review Protein *090 e
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics n O nI E n ea r
Identify Peptides MS/MS Spectra
Bun ms/ms ion searches by exporting peak list files to a ) Batch inclusion options for creafing export list of ms/ms spectra
protein identification program. Search results files may then
be imported back in to link protein IDs to detected peaks. Rank 5 Feature intensity
Features:
Tag filter applied Festure 1D |less than hd Precursor intensity
features may be hidden
' Chere Prcusor sty
# MS/MS Proteins Score  Tags ~ %
B seennurter
34 58 12 9i|2549763... B7.7 G b
7 5 b gilli2ieiL., f25 (g & Exported [equalto =] - Peptide sequence
127 54 -
G _| Isotope [less than - Protein accession
78 52 13 i|2551019... 111 9 b e @
a5 D gil2540763... f25 gl b Py Protein description
64 46 Q Y ‘0' 6978 search hits have been imported and assigned to features
380 45 e b - [ Include inexpod] [ — expnrtl l Clearall ﬁ\m]
59 45 =] N
135 43 4 gi|2170250... B2.3 E ™ Precursor intensity Charge  Precursorm/z  lsotope  Id:
n o4 1 gi3661641... 45 gl & 817 2 5953196 1
30 40 13 gi|2170250... 0.9 E ™ 4 10 A1 3852 Yes 1.1e+008 EE.7 2 595.3195 1
2 2 b gij2170250... 7.5 E B .—.|| an an a0 [ 24_nns ran o coc nana .
45 39 = N . - — - E
. Feature number 10, m/z 595.319, retention time 36.921 min, charge +2
Performing the searc : ’
Select the search program you're using: Run:A3 Scan number 3370
4E+{05+
(Mascor ) 3BET3
Help = 3E+05+
E 36569 -
l Export 11543 ms/ms spectra ] 2 g
= 3743 2 2E+054
MSMS Preprocessing S =
5 33304
1 Limit fragment ien count |40 = 1E+05]
Deisotoping and charge deconvelution 38,158 l ‘ ‘ ‘
0 Lalind Lu” | I | I1||\
595 596 597 598 539 0 1000
mz
I[ Import search results ]I i
[ Clear all identifications ] Section Complete @

In order to review, and refine the quality of the Peptide Search results click on the next stage in the

workflow, Refine Identifications.
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Stage 10: Refine Identifications
In this example the organism under study is Clostridium difficile

Note: before removing any identifications, make sure there are no tag filters applied at the Identify peptides
stage

As an example 'Acceptance Criteria' on which to base the sequential filtering of the Peptide results, the
following thresholds will be applied:

e Remove identifications with a Score less than 40
e Remove identifications where less than 2 hits were returned
¢ Remove all identifications where the Protein Description Contains 'hypothetical’

¢ Remove all identifications where the Protein Description Doesn’t contain ‘Clostridium difficile’

LC-MS Tutorial - Progenesis LC-MS ol a2 =

File

Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein * 90 0

Import Data Alignment Filtering Design Setup Picking Statistics Peptides ]dertmaitlons Conflicts Proteins Statistics Report n O nl in e a r
Features Peptide Search Results

# TotalHits  m/z  RT(mine Cha * Batch deletion options

71 esEr s 2 = [5co fesman ] 20 | Sequence leng®h [isathan <)

0 16 59532 3692 2

11 18 573.80 2419 2 Hits @‘ Charge ||ess than -

1255 57332 4174 2

1425 656.86 4414 2 Mass | jess than | Sequence | contains |

16 55 57332 4071 2

7 3 49826 2538 2 Mass errar (ppm) | less than - Accession | contains |

0 25 98898 S061 2

a5 50183 4152 2 MZ (lessthan ] Description (doesn't contain. 7]

i ;3 f‘l’gjs jji i Retenon Time [jezstan 7] Mesifications [contams

3B 5 50183 4058 2

0 o 51435 1034 2 |[ Delete matching search results \l [Delete non-matching search results [Clearal\ﬁlters ||
115 50008 3930 3

22 48426 2415 2 #  Score Hits  m/z RT(ming) Charge Mass Massern  Sequence Accession  Modifications

1“1 94179 5829 3 580 3498 1 57329 3042 3 17168¢ 038 @ VNTNVSALIA @ gi|12669781C [14] Oxidatic flagellin C [Clostridium difficile 63
a2 99745 3181 2 582 6607 5 54731 5036 3 1638.8¢ -043 @ IGVAQGVDA @ gil12669012¢ rubrerythrin [Clostridium difficile {
46 20 98048 4230 2 582 6607 5 54731 5036 3 1638.8¢ -043 @ IGVAQGVDA @ gil326204727 Rubrerythrin [Clostridium papyros
49 25 70236 4300 3 501 5342 2 49727 3070 2 90252 080 @DELTFGADK (@b gilL2669797C alpha-subunit of electron transfer
56 20 106100 5329 2 503 909 1 207.98 4348 2 18120 540 @ MSEGEIVQVI @ gij227877281 [1] Oxidatior H(+)-transporting two-sector ATP
62 5 62383 3774 2 506 8421 5 61123 2665 2 12206° -060 @ TAATGFGVA\ @ gill2669775: NAD-specific glutamate dehydrog
7150 61199 2557 3 607 8569 5 73262 5209 4 292641 010 @ TYNNGYSNA @ gil25510196: cell surface protein (5-layer precu
7% 15 55764 4239 3 607 8569 5 73262 5209 4 292641 010 @ TYNNGYSNA @ gil254976387 cell surface protein (5-layer precu
78 15 11762 4824 3 6286 3210 2 44291 4662 3 13257; -058 W@ IFFEGTLASTI @ gilg7239956 s-layer protein, partial [[Clostridiu
82 5 76000 3925 2 6286 3210 2 44291 4662 3 13257; -058 W@ IFFEGTLASTIF @ gil20672502¢ S-layer protein A, partial [Clostrid
8¢ 25 1053.0: 4300 2 6286 3210 2 44291 4662 3 13257; -058 W IFFEGTLASTI @ gil20672503] S-layer protein A, partial [Clostrid
8 30 11705t se31 2 6286 3210 2 44291 4662 3 13257; -058 W IFFEGTLASTIF @ gil254976387 cell surface protein (5-layer precul
91 10 97648 5204 3 628 3210 2 44291 4662 3 13257; -058 W@ IFFEGTLASTI @ gi[92280860 s-layer protein, partial [[Clostridiu
9% 10 83218 S448 4 628 3210 2 44291 4662 3 13257; -058 W@ IFFEGTLASTIF @ gilll218113¢ s-layer protein, partial [[Clostridiu
% 5 52682 3980 2 630 6059 5 63335 2002 2 136466 -047 @ TVDPSDNTVI @ gil20057123¢ cell wall protein V [[Clostridium] d
101 20 82569 4480 4 630 6059 5 63335 2002 2 136466 -047 @ TVDPSDNTVI @ gil25509961¢ cell surface protein (putative hem. _
109 15 88242 4824 4 i m y

T e 1846 search results. 486 matching batch delete options. | Section Complete (3)

On the Batch detection options panel, set the Score to less than 40, then Delete matching search results.

Note: the search results matching the filter criteria turn pink and the total is displayed at the bottom of the
table (486 matching out of 1846)

Delete 486 search results? £3

. IOI Are you sure you want to permanently delete 486 peptide search results?
Note: a dialog warns you of what you are about to delete

Now Clear all filters and then apply the next filter (Hits: e [ e ]
less than 2) followed by the remaining two filters (page 39)

Having applied all 4 filters the Peptide Search Results should be reduced to 1129.

To validate the Peptide search results at the protein level select the next stage in the workflow by clicking on
Resolve Conflicts.
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Stage 11: Resolve Conflicts

This stage al
various pepti

lows you examine the behaviour of the identified peptides and resolve any conflicts for the
de assignments at the protein level.

The Resolve Conflicts stage provides a number of interrelated graphical and tabular views to assist you in
the validation of the peptides that have been assigned to proteins and also to review the relevance of the
data returned from the search.

Open Resolve Conflicts and order the data in the Proteins table (A) on the basis of Conflicts.

Note: the look of the tables (with regards to ordering) in the following section may vary slightly.

LC-MS Tutorial - Progenesis LC-MS =N EER=<=|
File _
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein AL LR
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no nI in ea r
Experiment design: | AC ']
Proteins No filter applied Peptides of gi| 234976387 Mo filter applied
Create... ‘ Create... |
Accession Peptidesl Cunﬂ\ct:IScUre Tags ~* # Score Hits  Mass Mass ervor fp... RT (mins) Charge Tags = Abundance Confiict: PeptideS *
@ 9il254976387 (+6) 33 (18) 7 3.75E+03 607 85.7 5 2926431 0.0963 521 4 - 6.56E+05 1 @ 1IN
@ gil255101963 (+4) 30 g 7 3.32E+03 91 725 5 2926432 o 52 ER L.09E+07 1 @ 1IN
@ gil234976385 (+1) 1) A 7 1.06E+03 5672 102 4 1800.388 ﬁ 19 2 9 2.88E+04 1 @ vET
@ 9il255636776 (+1) ol 7 786 12 731 5 1144634 . a7 P 2.28E+07 1 @ s&LL
@ 9126700407 911) 16 886 16 731 5 1144634 0371 107 2 B 2.60E+07 1 @ sin
@ gij209571234 (+3) 22(12) 1 2.25E+03 1097 67.8 5 1144633 -0.576 38 2 E 2.69E+05 1 @ ciL
@ 384359782 (+8)  21(11) 11 L.88E+03 < 566 125 5 183203 -0.565 243 2 B 9.91E+05 1 @ 1w~
< 1 » < n (2
1 Protein: gi|254976387 cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-66c26]
§ Peptides of selected protein
Peptide Views I Protein Re;olut\onl
C Standardised Expression Profiles - | oot
18.537+ | D
A C L
5 l'IE. ny
z e <] b
: 5 18984 Ehi }I W
E s £ 1 £ 9 J. ‘
2 E 5 e LR
2 = = 1
2 oo s 2
E 3 =
E [ [
5 s L 86966
3 19.43
4
5
i 15 T T T T T 1 1
501 502 503 500 1000 1500 2000
20 mz mz

Protein options... |

Section Complete 3)

Depending on the ordering, make 'cell surface protein precursor etc ' the current protein by clicking on it in
Window A (a circular orange symbol indicates current protein).

LY I .
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This protein has 33 peptides assigned (window B) which have a total of 27 conflicts. To view the conflicting

assignments click on the Protein Resolution tab (window C).

LC-MS Tutorial - Progenesis LC-MS =B
File
Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein *e0 e
Import Data  Alignment Fitering  Design Setup  Picking Statistics Peptides  Identifications Cogm Proteins Statistics Report non I l near
Experiment design: | AC -
Proteins w No filter applied Peptides of gi|254976387 No filter applied
Accession Peptides Conflict: Score Score  Hits  Mass Mass error (p...  RT(mins)  Charge Tags ~+ Abundance  Conflict: PeptideS
o gij254976387 (+6) 33 (18) 27 375E+03 857 5 2926431 00963 521 | 6.56E+05 1 @ T
@ gil255101963 (+4) 305 7 3326402 725 5 2926432 0427 52 R~ 1.09E+07 1 @ TYN
@ gil254976385 (+1) 1@ 17 1.06E+03 102 4 1800.388 0523 19 2 288E+04 1 @ vET
@ 9il255656776 (+1) 90 7 7806 731 5 1144634 013 417 2 228E+07 1 @ cLL
@ gi[126700407 9@ 16 836 731 5 1144634 0371 207 2 B 269E+07 1 @ eIl
@gil209571234 +3) 202 1L 225803 618 5 1144633 0576 S 2 B 269E+05 1 @ cLL
O‘Q\IEEGEQTSZ (+8) 2 (11) 1 | 1.88E+03 125 5 1832936 -0.565 243 | 2 IR 9.91E+05 1 @ 1IN
< i i ,
1 Protein: gi|254976387 cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-66¢26]
4 Protein: gi|255101963 cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-63q42]
Peptide Views | Protein Resolution |
Conflicting proteins for feature 607 Peptides of gi| 255101963
Accession Peptides Conflict: Protein Score #  Score  Hits Mass Mass eror (p..  RT(mins)  Charge Tags ~ Abundance  Conflict Peptide Sec *
@ 254976387 (+6) © 33(18) 27  375E+03 607 857 5 2926431 00963 521 4+ 6.56E+05 1 @ TYNN| =‘
@ gil255101963 (+4) 12 731 5 1144634 013 a7 2 o 2.28E+07 1 @ cI L)I;
16 731 5 1144634 03711 407 2 B 2.69E+07 1 @ GILD
1097 673 5 1144633 -0.576 B 269E+05 1 @ ciim
91 125 5 2926432 0427 53 D [~ 1.09E+07 1 @ TYNM
C 1205 85 5 2926429 -0.452 5. =] 64E+05 1 @ TYEm
5672 102 4 1800888 0.523 19 2 [ 288E+04 1 @ VETs!
646 541 5 2765483 0682 633 +« 6.25E+04 1 @ psvnl
34 817 5 2822351 171 583 3 & 215E+07 1 @ TIND!
228 3 5 2822345 -0.154 583 P 383E+06 1 @ rINDI
736 765 5 2822346 0236 51 3 & 49E+05 1 @ TINDI.
« i i ] v

Protein options...

Section Complete

In this case the conflicting peptide assignments are with ‘The same protein’ (from a different strain) which
also contains 27 conflicts. A simple resolution to these conflicts is to right click on the conflicting protein and

turn off all its peptides (based on lower number of peptides and score).

Note: as you un-assign the peptides the number of conflicts update ‘on the fly’ in all the windows.

LC-MS Tuterial - Progenesis LC-MS ===
File _
Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein LXK T
Import Data  Alignment Filtering Design Setup Picking Statictics Peptides  Identifications  Conflicts Proteins Statistics Report non | l near
Experiment design: | AC -
Proteins w No filter applied Peptides of gi|254976387 No filter applied
Accession Peptides Conflict: Score Tags ~ #  Score  Hits Mass  Massemor(p.. RT(mins) Charge Tags <~ Abundance  Conflict: Peptide =
(@ gi[254976387 (+6) 33 | 0 | 3.75E+03 = 857 5 2926431 0.0963 521 4 6.56E+05 o @ n‘—‘
4255101963 (+4) 0 o] 0 ] 725 5 2926432 0427 52 ER ] 109E+07 0 @ 1Y
@ il254976385 (+1) 1@ 17 1.06E+03 102 4 1800.888 -0.523 19 2 A 288E+04 0 @ ve
@ gil255656776 (+1) 9@ 17 736 731 5 1144634 013 417 | 2.28E+07 0 @ cL
@ gil126700407 () 16 336 - 731 5 1144634 0371 407 2 B 269E+07 0 @ cL~
< I, | » . | +
1 Protein: gi|254976387 cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-66¢26]
4 Protein: gi|255101963 cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-63q42]
Protein Resolution
Conflicting proteins for feature 607 Peptides of gi|255101963
Accession Peptides Conflict: Protein Score #  Score  Hits Mass  Massemor(p.. RT(mins) Charge Tags <~ Abundance  Conflict: PeptideS *
@ 4i[254976387 (+6) 33 m 375E+03 Ol s07 857 5 2926431 0.0963 521 4+ @
|® sitzssi0106z (-4 0o Jo] o [ @ 5 013 a7 : @
&} 5 407 : B @
&) 5 38 : B @
&) 5 52 ER | @
&) 5 52 : @
&) 102 4 19 : A @
&) 541 5 . 633 + B @
[ Y a7 3 n8nn aE1 174 (2% - [(==] Aaer nT =
« I » < I ]
Section Complete

In this case the conflicting peptides are unassigned from the 'precursor' protein.
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In some cases you can resolve the conflicts between 2 proteins on the basis of consistent peptide

expression. In the example below the proteins share 11 conflicts. For the protein showing 2 clear patterns
of expression you can un-tick all the peptides with conflicts in the corresponding peptides table

LC-MS Tutorial - Progenesis LC-MS =l ===
File _
Review Experiment  Review Pesk  Peptide Identity Refine Resolve Review Protein L X X3
ImportData  Alignment Filtering Design Setup Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Report no nl l near
Experiment design: | AC -
Proteins No filter applied Peptides of gi| 209371234 No filter applied
Create.. Create...
Accession Peptides Conflict: Score Tags #  Score  Hits Mass  Masseror(p.. RT(mins) Charge Tags ~ Abundance  Conflict: Peptide *
Qi84359782 (+8)  21(11) 11 188E+03 L 133 5 2046223 00965 623 2 & 1.56E+05 1| @ NaH
gi|209571234 (+3) 22(12) 11 2.25E+03 989 5 1502794 -0167 289 P, | 8.17E+05 1| @ ce
@ gilL26699078 (+2) ELY) 3 307 17 5 1732899 -0452 21 ER, | 6.66E+05 1| @ =2r
@ gill26699128 3@ 3 328 773 5 1732899 -0.502 291 2 o 5.09E+05 1| @ ar
@ gil254076383 (+1) 5 0 428 523 5 1051555 -0192 234 P, | 4.82E+05 1] @ o
@ gil255656774 (+2) 1 0 136 il 127 5 1692929 -0187 454 PR, | 8.22E+05 1] @ vy
1 (T o b T . B S
1 Protein: gi|209571234 cell wall protein V [[Clostridium] difficile]
4 Peptides of selected protein
Peptide Views | Protein Resolution
Standardised Expression Profiles - 001
A c
2 62332 B
£ E 416354 .
g : £ F :
S 52807 = e
H 5 s d
H g g
g 3 &
] 62323 26.965
30
3
5
g -
& 63.827 . . .
630 691 32 500 1000 1500 2000
2 mz mz
Protein options... Section Complete ©

This leaves the peptides with the same expression pattern assigned with the appropriate protein thus

resolving the conflicts.

LC-MS Tutorial - Progenesis LC-MS == (3]
File _
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein te LA
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report nO n I E n ea r
Experiment design: | AC -
Proteins No fitter applied Peptides of gi|209571234 No filter applied
Create.. Create..
Accession Peptides Conflict: Score Tags Score  Hits Mass  Masserror(p.. RT(mins) Charge Tags ~ Abundance | Conflict:| Peptide *
@ 0ij384359782 (+8) E 0 1.88E+03 = = 4 2 B 9E-04 ¢ @ v
@ 0ij209571234 (+3) 12 0 1.25€+03 ] 5 ER | 1.48E+05
@ gi[L26699078 (+2) E[] 3 207 @] 5 61. E"] 5.68E+04
@ gil126699128 3w 3 328 5 1708867 46.2 3 B 1.38E+05 1
@ gil254976383 (+1) 3 0 428 5 1708871 46.1 : B 1.54E+06 TV,
@ gil255656774 (+2) 1 0 136 5 5 2039964 301 3 B 493E+05 AG. _
;| — . - - - » 4| [ - 4
1 Protein: gi|209571234 cell wall protein V [[Clostridium] difficile]
4 Peptides of selected protein
Peptide Views | Protein Resolution
Standardised Expression Profiles - 00t
A C
25 £2.332
20 £ £ 41685 ]
) Fl 2 *
‘é : £ 227 = '
2 i 2 g o '
2 g 3
E o5 o= 2
: 62,323 86,966
3 o0
z
‘é 4.5
& -1.0 i 63,8274 T T T T T T T
0] 691 592 500 1000 1500 2000
RT3 mz

Protein options..

Section Complete (3)

Note: the number of conflicts you have to resolve will depend on the scope and stringency of the filters you
apply at the Refine Identifications stage.
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Note: the default Protein options for protein grouping and Protein quantitation are set as shown

X5

Edit protein building options

Protein grouping

You can choose to to simplify the protein list by grouping together
proteins which have been identified by similar sets of peptide
sequences. A protein will be grouped with another if its identified
peptide sequences are a subset of the identified sequences of the
other.

I @ Group similar proteins I

) No protein grouping

Protein quantitation

You can choose to have quantitation based on either only features
which have no conflicting protein identifications or on all features
identified as part of & protein.

I @ Quantitate from non-conflicting features I

) Quantitate from all features

| oK | [ Cancel

With protein grouping switched on protein groups and the additional members are indicated by a bracketed
number located after the Accession number. Taking flagellin subunit as an example, when the cursor is
held over the accession number the group members (9 in total) appear in a tool tip.

Experiment design: | AC v]

Protein’ . No filter applied Peptides of gi|260682017 = Nofilter applied
- -
Accession Peptides Conflict: Score o # Score Hits  Mass Mass error (p...  RT (mins) Charge Tags + Abundance Col *
@ gi[254976385 (+1) u 0 106E+03 || 76 639 5  1669.388 -0.0985 424 3 B 482E+06 |
‘o) 0i|260682017 (+8) 12 0 1.35F+03 138 103 c 1RADERT 0.663 424 2 ﬁ 4.32E+06 =
YRR D gi|260682017 - flagellin subunit [Clostridium difficile CD196]
@92 ! | qij357548088 - putative flagellar filament core protein [Clostridium difficile 050-P50-2011] (0407 23 : B 311E+06 o
a gi|126700407 gi|10281487 - flagellin subunit FIC [[Clostridium] difficile] 167 38.0 2 E 5.6E+06 |
o gi[126697810 - flagellin C [Clostridium difficile 630]
@ 9i126697969 (+1) | 10281485 - flagellin subunit FiiC [[Clostridium] difficile] d=] B2 3 @ E12E05 '
g 2
@ 9i[126697970 gi|5668937 - flagellin [[Clostridium] difficile] 0.445 305 2 ﬁ 1.75E+06 [
@ qill26700790 (+1 gi[73745726 - flagellin subunit FIiC [[Clostridium] difficile] |
° ol ¢ | 122086299 - FIiC [[Clostridiurn] dificile] ik 2 3 @ ZEEES '
@ gil126698640 gi|22086309 - FIiC [[Clostridium] difficile] 11.21 348 2 B 7.54E+05 I
1 | [ T T ™ " | +
1 Protein: gi|260682017 flagellin subunit [Clostridium difficile CD196
g g
¥ No protein selected
Peptide Views | Protein Resolution
Conflicting proteins Peptides of conflicting protein
Accession Peptides Conflict: Protein Score # Score Hits  Mass Mass error (p...  RT (mins) Charge Tags + Abundance Conflict
4| 11 | F 4 1] F
Section Complete >

Having performed the conflict resolution with Group similar proteins and Quantitate from non-conflicting

features now switch off the protein grouping.

*®0s
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As grouping is switched off the grouped proteins appear with conflicts to the other group members and the
number of unique peptides that are used for quantitation appear in brackets after the peptide number.

Note: flagellin has no unique peptides (brackets after the peptides field) as they are all present in flagellin
subunit protein hence the reason for grouping. As a result all the conflicts are internal to the group.

Experiment design: |AC V]
Protein No filter applied Peptides of gi|260682017 N filter applied
Create... Create...
Accession Peptides Conflict: Score Tags * # Score Hits Mass Mass error (p...  RT (mins) Charge Tags ~ Abundance Col =
d 9il5668937 120 75 135€+03 3 3358 847 4 1423549 -0431 227 2 7.256+04 i
J 9260682017 12 (0) 5 1356403 49 933 5 1676838 12 348 2 B 754E+05 =
J 0i[126697810 9 65 1.07E+03 1845 99 4 1407.656 0.593 387 2 E 1.28E+05 Iy
P i[10281485 80 60 867 477 474 5 1692835 -0.238 207 3 B 5.61E+05 |
P gil357548088 70 56 81 888 109 5 1692833 -102 207 2 B 4.67E+05 i
 gij10281487 20 55 887 00 438 5 1676838 -119 348 3 B 7.66E+05 i
P gi[73745726 5 (0) 46 662 157 125 5 2317115 0167 389 2 B 5.6E+06
@ 0209570719 10 (0) 37 816 175 609 5 2317115 0157 389 3 B 312E+06 52
4 [ | b 4| 1 | +
1 Protein: gi|260682017 flagellin subunit [Clostridium difficile CD196]
4 Protein: gi|5668937 flagellin [[Clostridium] difficile]
Conflicting proteins for feature 3358 Peptides of gi| 5668937
Accession Peptides Conflict: Protein Score # Score Hits  Mass Mass error (p...  RT (mins) Charge Tags + Abundance Conf
] gi[5668937 12 (@) 75 1.35E+03 [ 3358 847 4 1423649 -0.431 22.7 2 a 7.25E+04 6
@ gi|260682017 12 (@) 75 1.35E+03 [ 448 933 5 1676838 -1.21 348 2 E 7.54E+05 6=
@ gi[l 266875810 90 65 1.07e+03 [ 1845 99 4 1407 656 0.593 387 2 E 1.28E+05 6
@ gi[l0281487 80 55 887 [ 477 474 5 1692835 -0.238 0.7 3 E 561E+05 6
@ gi[l0281485 80 60 867 [ 888 109 5 1692833 -1.02 0.7 2 ﬁ 457E+05 6
@ gi[357548088 70 56 81 [ 300 438 5 1676838 -1.19 348 3 9 7.66E+05 6
@ gi[73745726 5(0) 46 662 [ 157 125 5 2317115 0.167 389 2 E 56E+06 5
175 G0.9 5 2317115 0157 389 3 ﬁ 312E+06 5
7 _7mm 577 2 13®RT -0l 780 178 I ARIF+Nd 5T
4 [ b 4 | i | b
Protein options... Section Complete @

Now set the Protein Options back to Group similar proteins

Now move to the Review Proteins section by clicking on Review Proteins icon on the workflow at the top of

the screen.

*®0s
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Stage 12: Review Proteins

The Review Proteins stage opens displaying details for all the proteins. You can now create tags at the
protein level by right clicking on the table and selecting Quick Tags...

LC-MS Tutorial - Progenesis LC-MS =N =
File
Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein LA S X X3
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no n I I n eq r
. 7 B @) Help ~
™ MNofilter applied Protein options... | | AC -
p s 4 | : ‘
ssion Peptide count  Confidence score Ano\:ra (p) Tag |~ Maxfold change Highest Mean Lowest Mean Description
|254976387 (+6) 33 375E+03 5.33E-06 ¢ 206 C A cell surface protein (S-layer precursor protein) [Clostridium difficle QCD-6 *
126701103 1 517 T.17E-06 * [} A C ribose-3-phosphate isomerase 2 [Clostridium difficile 630]
|54?81345 (<1} 5 1E-05 8.26 C (R)-2-hydroxyisocaproate dehydrogenase [Clostridium difficile ATCC QEBQH
s |5 e II—_ hredorin2 12 oo i 50
|12669?590 5 Anova p-value = 0.05 0! "] 6,01 A C ferredoxin/flavodexin oxidoreductase subunit gamma [Clostridium difficile
1126700634 3 E‘ Max fold change 2 2 Los H 641 A C PTS system mannase-specfic transporter subunit 118 [Clostridium difficile €
126629140 1 Mew tag... 05 ] 124 A C ferredoxin-NADP(+) reductase subunit alpha [Clestridium difficile 630]
126699840 1 Quick Tags 3 Anova p-valug. A C transketolase, N-terminal (Sedoheptulase-7-phosphate:D-glyceraldehyde-
1260682017 (+8) 12 ‘& Edit tags Max feold change... A C flagellin subunit [Clostridium difficile CD196]
126697752 5 filel:3 ;) Sequence... A C MAD-specific glutamate dehydrogenase [Clostridium difficile 630]
1126698435 1 489 4.38 Modification... C A ABC transporter oligopeptide-family extracellular sclute-binding protein [t
|126697684 3 158 5.19 Peptide tags contain... A C phosphate butyryltransferase [Clostridium difficile 630]
126697583 1 793 5.3E-05 ] 4 A C DMNA binding protein [Clostridium difficile 630]
126701233 1 449 6.3e-05 "] 3.63 A C ferredomin [Clostridium difficile 630]
1384355782 (+8) 21 1.88E+03 7.52E-05 & 343 C A hemagglutinin/adhesin [Clostridium difficile BI1] .
< [ m ] v
Selected protein: thioredoxin 2 (Trx2) [Clostridium difficile 630]
View peptide measurements
A C
c ot
H
a
=L
o
0
2
E
G
=
=
£
2 51
=T

»

Total number of displayed proteins: 135 Section Complete ()

As an example let us explore Thirodoxin 2.

The table indicates that this protein is most highly expressed in Condition A by 11.8 fold over the lowest
condition (C).

To view the corresponding peptide measurements for the current protein either double click on the protein in
the table or use the View peptide measurements below the table.
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Review
ImportData  Alignment

@ @

Accession: @ gi|126699971
Peptides
sz

Experiment  Review Peak  Peptide
Design Setup  Picking Statistics

Identify Refine Resolve Review Protein

Peptides Identifications

Score  Anova (p) Max Fold Change Highest Mean Lowest Mean Abundance m/z

@ @ @

Protein: thioredoxin 2 (Trx2) [Clostridium difficile 630]

EREZTI

Conflicts Proteins

@ @ @

Charge Retention Time Mass error (ppm) Peptide Sequence

Statistics Report

) VLGLPTMAIYK

amom |- vosoomvmene|
1ot

. VDEVTKDDATVPNIENMIK

* VIGLPT ' AIYK
| DDATVENIENMIK
" VDEVTKDDATVPNIEN IK [17] Oxidation (M)

Standardised Expression Profiles

Modifications

nonlinear

STANGANGISEd NoMmallsed AbUNdAnce

Note: by selecting all the peptides you can compare the pattern of expression across all the samples
allowing you to identify ‘atypical’ behaviour of peptides assigned to the current protein.

Modified proteins can be located by specifically searching for proteins containing modified peptides. Use the
Back button to return to the Proteins List and right click on it and select Modification from the list of Quick

Tags.

@ 5i[54781345 (+1)

5

1E-05 - 8.26

o ||

Anova p-value = 0.05
@ gil12659769 @ 3 1.32E-05 & s
li‘ Max fold change = 2
@ gil12670063 163E-05 & s4
@ gij12669914 New tag.. 1.92E-05 104
0 g|'|12569994] Quick Tags 4 Anova p-value...
@ gilz6058201 |§ Edit tags Max fold change...
@ gi[126697752 5 408 Sequence..
. Modification...
@ gij126698435 1 489 peifieation.
~ Peptide tags contain...
@ gil126507684 3 158
@ gil126507583 1 70.3 5.3E-05 & =

To find those proteins containing peptides with Oxidation on Methionine residues enter Oxidation (M). This
will automatically provide a named tag when you click Create tag.

progenesis

ENmQuic‘kTag E

Where any peptide of a protein has

Modification with: l Oxidation (M) I

Can I use wildcards?

Apply the following tag:

(@) [ Modification with Oxidation (M)

I Create tag | [ Cancel
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To reduce the table to displaying only these proteins with modified peptides (Oxidation on methionine) use

the tag filter to focus on these proteins.

Filter the proteins

Create a filter

Show or hide proteins based on a selection of their tags. Move tags to the appropriate boxes to
create the filter. For more guidance, please see the online reference.

Available tags: Show proteins that have all of these tags:

O Anova p-value < 0.05 (124 proteins) . Madification with Oxidation (M) (9 proteins)
0 Max fold change = 2 (99 proteins)

Show proteins that have at least one of these
tags:

Hide proteins that have any of these tags:

The proteins table will now only display those proteins containing modified peptides.

LC-MS Tutorial - Progenesis LC-MS =8 Ech
File
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein LAl ¥ E
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts. Proteins Statistics Report n O n I i n ea r

i i : . .| @ Help-~

W T (| | (g )
Accession Peptide count  Confidence score Anova (p)| Tag | ~ | Max fold change Highest Mean Lowest Mean Description
0 gi|254976387 (+6) 33 3.75E+03 5.33E-06 & 8.06 C A cell surface protein (S-layer precursor protein) [Clostridium difficile QCD-66c

s  Jma  Jizees " ms | c thioredoxin 2 (Tnc2) [Clostridium difficile 630]
0 gi|126697690 5 491 1.32E-0% ) 601 A C ferredoxin/flavodoxin oxidereductase subunit gamma [Clostridium difficile 6
@ 5il260682017 (+8) 12 135E+03 333E-05 [ "] 3.87 A C flagellin subunit [Clostridium difficile CD196]
0 gi|384359782 (+8) 21 1.8BE+03 7.52E-05 ") 343 C A hemagglutinin/adhesin [Clostridium difficile BI1]
@ gi[126700790 (+1) 8 688 9.71E-05 [ ] 241 C A enolase (2-phosphoglycerate dehydratase) (2-phospho-D-glycerate hydro-ly
0 gil126700129 3 267 0.000199 & 24 A C translation inhibitor endoribonuclease [Clostridium difficile 630]
O gi[126697654 3 215 0.000219 ") 253 A C 305 ribosomal protein 58 [Clostridium difficile 630]
@ gil54781347 4 341 0.00222 [ 247 A c 2-hydroxyisocaproate-CoA transferase [Clostridium difficile ATCC 9689]

Selected protein: thioredoxin 2 (Trx2) [Clostridium difficile 630]

View peptide measurements

(2]

ArcSinh Normalised Abun...

I
Ta

b

Total number of displayed proteins: 9 Section Complete ()

Note: the Sequence Quick tag can be used to locate Proteins containing peptides with specific motifs.

Now move to the Protein Statistics section by clicking on Protein Statistics icon on the workflow at the top

of the screen.

progenesis
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Stage 13: Protein Statistics

Protein Statistics opens with a Principal Components Analysis (PCA) for all the proteins displayed.

LC-MS Tutorial - Progenesis LC-MS =8 =)
File s e
Review Experiment  Review Peak Peptide Identify Refine Resolve Review Protein - . LA
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications. Conflicts Proteins Statistics Report n O n I [ n e a r

Question: Principal Components Analysis
Are there any outliers in my data? ﬁg 08 . . .
Does my data cluster according to my experimental =
conditions? 08T 1
' thic?
What's this? & pq I ]
Principal Components Analysis produces a simplified, €
graphicalrepresentation ofyour multidimensional data. E o2 T ]
More... E-
g oo gilt
T
’% 02 + 4
I Ask another question ¥ £
£ 04T ]
M filter applied > o8 I ]
Create.. | 08
038 ' ; ' ' ; ; ;
Accession Anova qValue Power Tag v Clust * 08 06 04 0z 0.0 02 04 06 08
gi[12669... 3.09.. 25605 = 9995 () o i Principal Component 1 | 2| 91.01%
gi|20957... 4E-07 25E-05 = 9995 G
gili2660... 123.. S11E05 = 9905 ) Standardised Expression Profiles -
gill2670.., 2.02.. 632E-05 = 9995 G A c
gi[l2669.., 3.53.. TAE-05 = .9995 G 1.5
gill2670.., 3.81. 7AE-05 = 9995 G o
s —
gi[12669... 462.. 74E-05 = 9995 G g
qil12669... 481.. TAE-05 = .9995 ) 3 o5
]
gij25497... 533.. TAE-05 = 9995 @ &
gi[L2670... 717.. 8O7E-05 = 9995 ) i N
AN
gil54781... 1E-05 0000114 = 9995 () i, k
g N
gi[12669... 1.2E-.. 0.000125 = 9995 e ﬁ: AN
nill2AA0 133 NNON37 > oaas = LR N = o
o n v
Experiment design 45

Rewview your data from a different perspective:

Current design: | AC - Section Complete (3 ‘

The Multivariate Stats can now be applied to all or subsets of proteins as determined by the current Tag
filters (in this example none). Allowing you to identify similar paterns of expression using the Correlation
Analysis.

LC-MS Tutorial - Progenesis LC-MS == ==
File .
Review Experiment  Review Pesk Peptide Tdentify Refine Resolve Review Protein - . L RS
Import Data  Alignment Filtering. Design Setup Dicking Statistics Peptides  Identifications  Conflicts. Proteins Statistics Report no n | ln ea r

Question: Dendrogram
Group my proteins according to how similar their 25
expression profiles are,

What's this?

We have used Correlation Analysis to evaluate the 20
relationships between the expression profiles of your

proteins.

15
The results are shown in the dendrogram.

More...

Ask another question ~
No filter applied
Create...
[ome ]

Accession Anova gValue Power Tag v Clust *

gij12669.. 2.09.. 25605 29995 (@

Distance

10

TN T T Y T O RO OO W |

e =

00 Ao
gij20957... 4E-07 25605 = 9995 Y
gif12669.. 123.. SIIE05 = 9995 () [standardised Expression Profiles h
gil2670.. 202.. 632E-05 = 9995 () A c
gi[l2669.. 253.. T4E05 29095 @ :
gi12670... 28L. T4E-05 = 9905 (@
gi[l2669.. 462.. TAE05 29995 () I
gi[12669... 481. T4E-05 > 9995 @ '

gil25497... 533.. TAE-05 > 9995 @&
gi[12670... 717.. 897E-05 > 9995 @
gil54781... 1E-05 0000114 > 9995 @
gi[12669... 1.2E-.. 0000125 > 9995 @

nil2AAQ 137 nONMI7 > coas @l
< | I ’

Experiment design
Review your data from a different perspective:

Current design: | AC - Section Complete \:_)) |

Now move to the Report section to report on Proteins and /or peptides.

*®0s
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Stage 14: Reporting

The Report Design stage allows you to select what views you want to include in a report based on the list of

currently selected proteins.

Filter the proteins

Create a filter

Show or hide proteins based on a selection of their tags, Move tags to the appropriate boxes to
create the filter. For more guidance, please see the online reference.

==

Available tags:

Show proteins that have all of these tags:

@ Anova p-value < 005 (124 proteins)
@ Max fold change > 2 (39 proteins)

O Medification with Cxidation (M) (9 proteins)

Show proteins that have at least one of these
tags:

Hide proteins that have any of these tags:

Clear the filter

As an example we will create a report for only the proteins containing peptides with Oxidation of Methionine

residues enter Oxidation (M).

1. First reduce the proteins to report on by selecting the ‘Modification with Oxidation (M)’ tag. In this
example it reduces the number of proteins in the table to 9.

Expand the various Report Design options (by default they are all selected)

Un-tick as shown below
4. Click Create Report

L3 LC-MS Tutorial - Progenesis LC-MS
File

Review
Alignment

Experimant

Import Data Filtering  Design Setup

Protein report I Peptide repor‘tl

Review Peak
Picking

Peptide
Statistics

Identify
Peprides

Refine
Tdentifications.

Resolve Review Protein

Conflicts Protein: Sratistics

Report

=5 E=E 5
Al XX

nonlinear

Proteins

Experiment design: [AC vl

Report Design

Title  LC-MS Tutorial

Select the sections you wish to include in your report:
v | [] Qwerview run
~ | [[] Data processing methods
~ ) [ Experiment design

I G-toovteor B wo-rrvem |
Accession »’-\nova/ p) Fold Tag ~ [
gi|254976387 (+6) 5.33E-05 81 (™) <
gi|126699371 1.2E-05 11.8 (™) tl
gi|126697630 132E-05 6.0 ¢ fi
gi|260682017 (+8) 3.33E-05 39 ¢ fl
gi|384359782 (+8) 7.52E-05 34 ¢ h
gi|126700790 (+1}) 9.71E-05 24 ¢ e
gi|126700129 0.000199 24 (] ti
gi|126697654 0.000219 25 (] 3
gil54781347 000222 25 ¢ :

m 3

This opens a dialog to allow you to save the report, after which it will be opened in the form of a web page.

*®0s
progenesis

- Protein report

Include tables showing protein abundances and peptides identified for each protein

Protein table
Peptide tables

~ Protein Details

Reports the full details of every protein which matches your current filter

Tags
Expression profile

+ | [[] Feature table
w | [[] Feature details

CreeteRepnrl
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Click on the Accession No. in the proteins section of the Report and this will take you to the Assigned

peptides for this protein

LC-MS Tutorial

Experiment: LC-MS Tutorial
Report created: 18/02/2013 09:39:30

Proteins

Protein building options

Protein grouping Group similar proteins

Protein quantitation Using only features with no protein conflicts

Accession Peptides | Score | Anova (p) | Fold | Tags | Description Average Normalised
- Abundances
A [c
11254976387 33| 3752.13 | 5.33e-006 | 8.06 ﬁ cell surface protein (S-layer precursor protein) [Clostridium difficile 5.359+00?| 4.32e+008
£i1384359782 21|1879.25 N
- gi|126699971
211260682017 12| 1352.16
2] 126700750 8| 688.34 . . L L
thioredoxin 2 (Trx2) [Clostridium difficile 630]
i 126697690 5| 49099[| 3 peptides
254781347 4| 34112 Sequence Feature | Score | Hits | Mass Charge | Tags | Conflicts | Modifications In quantitation | Average Normalised Abundances
| gil 126699971 5| 333.68 A C
2l 126700129 3| 266.82 DDATVPNIENMIK 1429 | 60.28 5| 1458.7019 2 E o yes 2.29e+005 1.37e+004
il 126657854 3 21479 VDEVTKDDATVPNIENMIK 1157 | 66.32| 4] 2130.0505 [ @ 0 yes 5.708+005 9.092+004
VDEVTKDDATVPNIENMIK 366 | 45.25 4(2130.0508 3 ﬁ ] ves 1.40e+006 1.38e+005
VDEVTKDDATVPNIENMIK 1730 | 44.06 2| 2146.0465 3 E 0 | [17] Oxidation (M) yes 2.17e+005 1.74e+004
VLGLPTMAIYK 263 | 69.09 5[ 1204.68%0 2 ﬁ ] ves 2.29e+006 1.40e+005
VLGLPTMAIYK
Accession gi| 126699971
Tags
[ | Most abundant Description thioredoxin 2 (Trx2) [Clostridium difficile 630]
(@ | Anova p-value = 0.09 Peptides 5
(i | Max fold change = 2 Seore 333.68
Significantly up in C Anava 1.20e-005
i Fold 11.77
(@ | Up regulatedin € @ Anova p-value = 0.05
]| up regulated in A -
L @ Max fold change = 2

eMudiﬁcﬂtiun with Oxidation (M)

A

Mt

ArcSinh Normalised Abundance

Having closed the report it can be reopened by double clicking on the saved html file.

Note: you can also copy and paste all or selected sections of the report to Excel and/or Word.

Exporting Protein Data

Protein data can be exported

in a csv file format. You can either export the Protein and/or peptide

measurements using the options in the File Menu which are available at the Review Proteins stage.

As an example of Data export use the Tag filtered set from the previous section. Where you are only going to
export measurements for those proteins that a have Oxidised Methionine residues.

®ees
progenesis
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First set the tag filter as shown below. Then select Export Protein Measurements from the File menu.

LC-MS Tutorial - Progenesis LC-M5

Filter the proteins

(el | File |

@ Max fold change 2 2 (2

Create a filter “ment Review Peak Pep
Show or hide proteins based on a selection of their tags. Move tags to the appropriate boxes to H save setup Picking Stat
create the filter. For more quidance, please see the online reference. 25 Close
Available tags: Show proteins that have all of these tags:

@ Anova p-value < 0.05 (124 r. Modification with Oxidation (M) (2 protein) | Export Peptide Measurements...

tags:

Show proteins that have at least one of these

Export Protein Measurements...

Import Additional Protein Data.. im Ancva (p) Tag | v

‘ Import Protein Accessions as Tag...

1.2E-05 o
Hide prateins that have any of these tags:
Experiment properties 1.32E-05 -
Show Clip Gallery 3.33E-05 (]
7.52E-05 -
x | o
@ «il 2A700129 3 267 0.0001499 w

The Export Protein Measurements dialog opens. Select the required fields and click OK. Save the file and
then open the exported data file using the dialog that opens.

Arccession

Anova p)

Description

[ Tags

Peptide court
[] Peptides used for quartitation
[] Corfidence score

Max fold change
[T] Highest mean condition
[] Lowest mean condition

Export Protein Measurements

Choose properties to be included in exported file

Momalized abundance
[7] Raw abundance
[T Spectral counts

=i

Export Protein Measurements @

Export complete

|| Open File I![ Open Felder ] [ Close

[ ok [ cancel |

Excel will open displaying the exported protein measurements

Al - I ©
A B C D E F G 7y
1 Normalized abundance
2 A
3 |Accession Peptide count Anova (p)  Max fold change Description Al A2 A3
4 |gi|254976387;gi| 112 33 5.33E-06 8.063180835 cell surface protein (S-layer precursor protein) [Clostridium 55837799 57754081 470]=
5 |gi|126699971 5 1.20E-05 11.7737882 thioredoxin 2 (Trx2) [Clostridium difficile 630] 4357161 5277038 51
6 |gi|126697690 3 1.32E-05 6.011328857 ferredoxin/flavodoxin oxidoreductase subunit gamma [Clos 1778402 2084321 16
7 |gi|260682017:gi| 102 12 3.33E-05 3.872261726 flagellin subunit [Clostridium difficile CD196] 27038907 24794152 301
8 21 7.52E-05 3.430214543 hemagglutinin/adhesin [Clostridium difficile BI1] 2614529 2673778 31:
9 | gi| 126700790;gi | 296 8 9.71E-05 2.414242661 enolase (2-phosphoglycerate dehydratase) (2-phospho-D-gl 404610.9 387979.1 441
10 gi| 126700129 3 0.000198776 2.398837692 translation inhibitor endoribonuclease [Clostridium difficile 5557391 5446163 61¢
11 gi| 126697654 3 0.0002192 2.532221342 30S ribosomal protein S8 [Clostridium difficile 630] 1014579 1149285 12(
12 |gi| 54781347 4 0.002217665 2.469813207 2-hydroxyisocaproate-CoA transferase [Clostridium difficile 1581089 1205546 13i
v
&34 » | My Oxidised Proteins %31 [T il | » [

Note: where there are multiple group members the other accession numbers

are also exported.

I Import Additional Protein Data... Iﬁ
Import Protein Accessions as Tag..
At each stage in the Work flow there are a number of Export and Import
options available from the File Menu. This includes the option to Import Experiment properties
Additional Protein Data which can be used to increase the Protein meta e
data and also be used to sort the existing tabular data. % Edit

*®0s
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File

ent
gl Save etup

3 Close

Export Peptide Measurements...

Export Protein Measurements...

@ cil126700129 3 267
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Creating an Inclusion list

Inclusion lists can be used to try to increase the number of identified peptides you have in your experiment.
They are used to control your mass spectrometer to try and concentrate the collection of MS/MS scans from
specified m/z — retention time positions. Runs made using the inclusion list can then be imported into the
Progenesis LC-MS and the extra MS/MS scans added to the experiment.

As an example we are going to create an inclusion list for all the features that show a Significant difference
between groups A and C (Anova p<0.05) and have no MS/MS spectra.

Review Experiment Review Peak Peptide Identify Refine Resaclve Review Protein
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report
First return to Review Peak Picking using the Workflow icons.
Review Features Eperiment design: [AC -
Mo filter applied
(o versopted] Come ]
# Anova (p) Fold Tag * Notes Highest L
4022 113E12  Infinity (e o] Add note... C A
3631 184E-12 TeE- L Ltdd note.., C A
; ; ; ; ; ; 300 24762 |@  Mestabundant note. c A
With no filters applied right click on a feature in the table, 7 |@ Anova p-value <005
. . 141 313E-12 note... C A
select Quick tags and click on No MS/MS data. [@ Maxfold change 2 2
1921 318E-12 note... C A
Significantl C
n eq  |I Serficantly upin note... A c
3818 11E-11 New tag... note... C Al
7793 141E-11 Quick Tags 3 Anova p-value... c
11083 1.66E-11 :T Edit tags Max fold change... A
801 1.J1E-11 Add to clip gallery... No M5/MS data -
10123 273E-11  Infinty T Ad No protein ID i
Filter the features ==
Create a filter
Shew or hide features based on a selection of their tags. Move tags to the appropriate
boxes to create the filter. For more guidance, please see the online reference.
Available tags: Show features that have all of these tags:
(@ Most abundant (2342 features) (@ Anova p-value = 0.05 tures
(@ Max fold change 2 (B Mo MS/MS data (220
Significantly up in C
Show features that have at least one of
. P . . these tags:
Filter the table so that it is only showing features with an Anova ‘
p-value <0.05 and No MS/MS data. To do this click Create and
drag the two tags on to the Show features that have all these tags Hide features that have any of these togs:
and click OK.
Clear the filter | Cancel |
Select all of the features that are displayed, right click and create a New tag called Inclusion 1
Review Features Experiment design: [AC vl
"=y Tag filter applied -
? features may be hidden I Edlit... I‘
2 Anova (p) Fold Tag ~ MNotes Highest Lowest miz z  Mass RT (mins)  RTwindow Abundance Intensity Max CV MS/MS *
4022 11312 Infinity [ .| Add nete... © A 15267795 2 3051544 39156 0.204 479E+04  276E+05 13 0
141 3j=ean= — | Add note... c A 901.2218 2 1800420 39344 113 407E+06  143E+07 235 0
&  Most abundant
12141 1E- Add note... A c 980.4783 2 1953042 30.245 0232 105E+04  54E+04 195 0
@ Anova p-value = 005
88 11 Add note... T A 14411479 5 7200703 30344 0.484 251E+05  296E+05 173 0
W Maxfold changez 2
7793 14 Add note.. A c 847.7614 3 2540262 55142 0.202 BB4E+03  TASE+04 209 0
Significantly up in C
11083 1.6( Add note... © A 10110473 2 202008 41,307 022 545E+03  516E+04 209 0
No MS/MS data
8201 17 Add note... © A 10020215 2 2002028 32829 021 865E+03  DO1E+04 219 0
10123 27 New tag... | Add note.. © A 11572779 3 3468812 53,605 0368 203E+04 930404 268 0
7553 27 Quick Tags * || Add note... A c 12070705 2 2412127 34551 0.566 301E+04 SAE+04 286 0
5343 580 % Edittags Add note... A c 13724025 4 5485581 32829 0379 225E+05 2326405 39 0
6314 64 Add to clip gallery.. Add note.. c A 12938406 4 5171333 30462 0479 48E+04 1.62E+05 356 0
10070 675E11 Infingy = | _Add note A C £91.0449 3 07213 33464 0566 503 A.09E:04 209 0 o
Create new tag | &= |
Call the new tag Inclusion_1. [ Inclusion_1
ok || Cancel |
*®0s
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Now use the new tag to filter the table to display only those
features that show a Significant Change and DO NOT have any

MS/MS spectra.

Then select Export Inclusion List... from the file

menu and select the appropriate format.

Finally save the file to an appropriate location

Filter the features.

==

Create a filter

Show or hide features based on a selection of their tags. Move tags to the appropriate
boxes to create the filter. For more guidance, please see the online reference.

Available tags:

(@ Most sbundant (235

(I Max fold change = 2
Significantly up in C

Show features that have all of these tags:

(5305 features) ‘

Inclusion_1

Show features that have at least one of

(@ Anova p-value < 0.05 these tags:

[0 Mo MS/MS data (348! ‘
Hide features that have any of these
tags:

Clear the filter | Cancel |
LC-MS_Tutorial - Progenesis LC-MS
= “—nt Review Peak Peptide Identify Re
.H Save up Picking Statistics Peptides Identi
EJ Close o
Eiport Fesire Do, I
Import Feature Numbers as Tag.. ’: ‘
Export all identifications... I:l
Export Thermo Finnigan inclusion list | Highest Lowest miz
I Export Inclusion List DI ABlinclusion list 1
[Beta] Bruker Maxis inclusion list
ErrTER eIt Thermo Finnigan 4 d.p. inclusion list g
Show Clip Gallery Thermo Finnigan inclusion list 1
- i1
% Bt MassLynx mass inclusion list
8201  L7IE-IL  Infinity l/? ! Ad More Inclusion List Formats... i
10123 27341 Infinity | sl " 11972

Export Inclusion List =
Savein: |, Inglusion Lists - @F > oE-
T Name ‘ Date modified Type Size
b This folder is empty.
Recent Places
Desktop
=
[T
Andy Borthwick
A
Computer
_ ] i v
[ "
- File name: - Save
Nk T
Saveastype: | Themo Finnigan inclusion I files (") v [ Concel ]
Help

Inclusion list retention time windows
Do you wart to widen the retention time windows

by |0.00 minutes?

-
-

Yes Mo

) (

Note: with certain MS machines it is possible to widen the retention time windows being used, this can be

controlled using the following dialog.

If you require further information on the inclusion list file formats then click Help.

Note: The new LC-MS runs can then be added to the original experiment to increase the MS/MS coverage
using the Add files facility at the Data Import Stage.

Congratulations!

This document has taken you through a complete analysis using Progenesis LC-MS, from Alignment through
Analysis to generating lists of interesting features using powerful Multivariate Statistical analysis of the data.

Hopefully our example has shown you how this unique technology can deliver significant benefits with

e Speed
e Obijectivity
e Statistical Power

If you would like to see the benefits of running Progenesis
SameSpots using your own runs and explore the Progenesis LC-
MS workflow please go to Appendix 3: Licensing Runs (page 60).

*®0s
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Appendix 1: Stage 1 Data Import and QC review of LC-MS data set

You can use your own data files, either by directly loading the raw files (Waters, Thermo, Bruker and Agilent)
or, for other Vendors, convert them to mzXML or mzML format first.

To create a new experiment with your files select New give your experiment a name. Then select data type,
the default is ‘Profile data’.

Note: if you have converted or captured the data as centroided then select Centroided data and enter the
Resolution for the MS machine used.

Click Create experiment to open the LC-MS Data Import stage of the workflow.

Create Mew LC-MS Experiment

Create a new label-free experiment named:

LC-M5_Tuterial

Data type

) Profile data

() Centroided data
2000

Resolution (full width at half maximum)

Machine type

High resolution mass spectrometer

. Themmo LTQ Orbitrap, Bruker Maxis, Waters SYNAPT, Agilent QTOF, AB SCIEX TripleTOF

|l High resolution mass spectrometer

Thermo LTQ Iontrap in Enhanced mode.
Experiment folder

I“ Save experiment in the same folder as the run data I Low resolution ion trap

e.g. Bruker HCT, Bruker HCT Ultra, Thermo LTQ XL
Thermo FT-ICR

() Choose an experimant folder

| Create experiment | Cancel ]

Select the ‘Import Data file format’, in this example they are mzXML files

Then locate your data files using Import...

LC-MS_Tutorial - Progenesis LC-MS ol o =]
File
Review Experiment  ReviewPesk  Peptide Identify Refine Resolve Review Protein =, oo
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report no n I I n eq r
Import Data @ Help~
Import your run data
Select one of the available data formats then
click the Import button:
Farmat: | mzXML files <] impert.. |
Waters .Raw folder
@ abd 11.0.4780.45805 [nload others
ersion Select files =)
Start 4] Adilent Q-TOF/TOF
Version: 2.0.4780.30257 CI) ] X - [+ earch LC-MS 4.1
Whie e button uv\ |« LC-M5 » LC-MS41 » [ 43| search LC-M5 4.1 o]
below Bruker Daltonics (.d)
Version: 1.0.4780.30276 Organize v New folder =y O @
* Sell oM Files dates
* De R ates - B A
s VTR L) 3¢ Favorites Name
ig n L S LU TuLUTaLAalys
mzXML files B Deskis =
Version: 1.0.4728.23855 esktop | LC-MS_Test Inclusion B
NetCDF files &8 Downloads | ] ALmzml
\ : G
Review] VErEion: 1.0.4623.23369 0] Recent Places [} Azemzoml
Thermo .Raw Files - =
'F'U"k 3 version: 1.0.4703.18798 [V C.h';d"“g | L A3.maami
or an t might Deskt
affect af Thermo FT-ICR Raw Files | oy Tuns — Tb i | L cL.mzmi
that hay Version: 1.0.4703.18798 i Libraries | ] c2.mami
[ Dacuments DS m
Imported runs: J\ Music | e S
* 6 items selected Date modified: 20/05/2008 08:25
Size: 2.08 GB
File name: "C3.mzuml” "Almzeml” "A2mzn v | mzXML files (.mpml) -

No runs have been imported yet

progenesis

54



Progenesis LC-MS User Guide

Locate and select all the Data files (Al to C3).

On loading the selected runs your data set will be automatically examined and the size of each file will be
reduced by a ‘data reduction routine’, which reduces the data by several orders of magnitude but still retains
all the relevant quantitation and positional information.

Note: For a large number of files this may take some time.

Note: as the loading process starts you can also start the automatic alignment before the loading has
completed. This is a 2 stage process that involves the selection of an Alignment Reference (either
automatically or manually then the automatic alignment of all your runs to this Reference run.

Click Start alignment process to start the automatic alignment of your runs.

LC-MS_Tutorial - Progenesis LC-MS.

File
Review Experiment  ReviewPeak  Peptide
ImportData  Alignment Fitering ~ Design Setup  Picking Statistics
Import Data Al

Import your run data
Select one of the available data formats then
click the Import button:

Format: | maxL files | [ import..

@ About this data format | # Download others

Start the alignment process
While your runs are importing, click the button
below to:

o Select alignment reference candidates

« Determine the best of the candidates

« Align all runs to that reference run

Start slignment process |

Review the chromatography

Look at all of the runs in the list below, checking
for any sample-running problems that might
affect analysis. Right-click to remave any runs
that have significant problems.

Imported runs:

TmpOrhng-l| i, Pending...
AL A2 A3
Pending...  Pending..  Pending...
Cc1 cz2 c3

=8 [E=E =
Identify Refine Resolve Review Protein ° e ! L R J
Peptides Identifications Conflicts Proteins Statistics Report nO n I I n e G r
@ Help ~

Actions = | [>> |

About this run
* MS/MS count: -
* Peak count: -
* Total ion intensity: -
* Masked areas : none

Section Complete (3) ‘

Progenesis LC-MS provides three methods for choosing the alignment reference run, as seen below:

Start Alignment Processing

E=N Eol =)

*®0s
progenesis

Select an alignment reference
To compensate for drifts in retention time, all runs in the experiment must be aligned
to a single reference run.

How do you want to choose your alignment reference?

@) Assess all runs in the experiment for suitability
! Use the most suitable run from candidates that I select

) Use this rur:

For information on choosing the alignment reference, and why you might want to
select your own candidates, please see the online guidance.

Mext = H Cancel
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1. Assess all runs in the experiment for suitability

This method compares every run in your experiment to every other run for similarity.

The run with the greatest similarity to all other runs is chosen as the alignment reference.
If you have no prior knowledge about which of your runs would make a good reference, then this choice will
normally produce a good alignment reference for you. This method can take a long time

2. Use the most suitable run from candidates that | select
This method asks you to choose a selection of reference candidates, and the automatic algorithm
chooses the best reference from these runs.

L3 Start Alignment Processing EI@

Select your alignment reference candidates
To mark a run for assessment as an alignment reference candidate, double-click it or
use the button below to mark multiple runs at once.

Clear all |

A3

6 of & runs marked as candidates

[ < Back |[ MNext > H Cancel |

When you have some prior knowledge of your runs suitability as references:
runs from pooled samples
runs for one of your experimental conditions will contain the largest set of common peptides.

3. Use this run
This method allows you to manually choose the reference run.

Manual selection gives you full control, but there are a couple of risks to note:
e If you choose a pending run which subsequently fails to load, alignment will not be performed.
e If you choose a run before it fully loads, and it turns out to have chromatography issues, alignment
will be negatively affected (for this reason we recommend that you let your reference run fully load
and assess it's chromatography before loading further runs).

Once you have selected how to handle the choice of Reference run you will now be asked if you want to
Align your runs automatically or manually.

Start Alignment Processing EI@

Automatic alignment
After selecting the experiment's alignment reference, the software can also
automatically align all runs.

After the alignment reference is chosen, de you want to start automatic alignment?

@ Yes, automatically align my runs

) Na, T'll align my runs manually

< Back H Finish ]I[ Cancel
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Select automatically and click finish.

The Alignment process starts with the automatic selection of C1 as the reference

Alignment Processing (7%) @

Alignment processing

Current step: Choosing an alignment reference...
+ Imported runs: 6/6 i L

I " Reference run:  pending... I

Aligned runs: pending... H.Al'ignment Processing (EU%]I @

l Alignment processing

Current step: Aligning "A3'...

+ Imported runs: 6/6
+ Reference run: Cl Iﬂ

# Aligned runs: 3/5

¢ Alignment Complete
&3 Alig pl (]

Alignment processing complete.

Time taken: 2m 43s

« Imported runs:  6/6
+ Reference run: C1
+ Aligned runs: 5/5

Review chromatography ||[ Review alignment 'C)) |I

Once the Reference run has been chosen the automatic alignment is performed. As the whole process
proceeds you get information on what stage has been performed and also the % of the process that has
been completed.

Note: At this stage you have the option to Review the Chromatography or go straight to the review of the
Automatic Alignment of your data.

Review Chromatography

Each data file appears as a 2D representation of the run. At this stage you will be warned if any of the data
files have been ‘centroided’ during the data acquisition and conversion process.

You can delete run(s) by left clicking on the run in the list.

Al AZ A3

5o,

S

C1 cz C3

X_0 % Remove run

At the Import Data stage you can examine the quality of the imported runs using the 2D representation of the
runs
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LC-MS_Tutorial - Progenesis LC-MS ol E ==
File
i o g . . 5 z 2009
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein >
ImportData  Alignment Filtering ~ Design Setup  Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Rt NON I near

(]
Import Data c1 |EJ m] E| © Help ¥

Import your run data | 500 1000 1500 =
Select one of the available data formats then m/z * About this run
click the Import button: * MS/MS count: 9,542
® Peak count: 1,182,000
Format: LszML files 'l leport.. * Total ion intensity: 3.643e+009
@ About this data format | % Download others * Masked areas : none
“} Start the alignment process 4
. While your runs are importing, click the button & Alignment reference
below to: This run is being used as the experiment's
e Select alignment reference candidates v o alignment reference.
” Dgtermlne the best of the candidates v/ v If you want to use a different run as the
* Align all runs to that reference run v/ alignment reference, you'll need to discard
l = any analysis and restart the alignment
(& Restart alignment process process:
" () i I
Review the chromatography | S Restart alignment process

Look at all of the runs in the list below, checking
for any sample-running problems that might

affect analysis. Right-click to remove any runs
that have significant problems.

Imported runs:

3
A3
<
E
L3
8|E
el =
| c
S
=
c3 2
- < = = 3 ~
g Zoom: @ 3 Section Complete 2

Note: details of the current run appear on the top right of the view.

Once you have reviewed the imported runs click on Review Alignment or Section Complete to move forward
to the Review Alignment Stage.

Note: you will be offered the automatic alignment if you have not performed it automatically already.

Now move to the next stage in the workflow (page 9 in this user guide) by clicking Section Complete.
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Appendix 2: Stage 1 Data QC review and addition of exclusion areas

During the process of Data QC you may identify areas of the raw data for a particular run that appear 'noisy'

yet still have identifyable 'isotopic patterns'.

For example if the run is part of a 'replicate set' of runs it is possible to exclude such areas on the noisy run
by applying a mask to the area. By doing so this area is excluded during the initial part of the detection
process in order that it does not ‘interfere’ with the detection of the features in the replicate group.

. |_| Actions ~ .-:>>
To do this select Masked areas from selected run on the — —
| 750 Mask areas for peak picking...
bottom left of the screen.
X Remaove run Delete
TorarTormrensy 2ol Se +009
Drag out an area over the noisy part of the run to create the * Masked areas: 1
mask.
| LC-MS_Tutorial - Progenesis LC-MS
Fil
= Review Experiment. Review Peak Identify Refine Resolve Review 208 ’ L8 )
Import Data Licensing ‘Alignment. Filtering Design Setup Picking Peptides Identifications Conflicts Proteins. Report n o n I I n ea r
. L) () W/ (W v (W) v L () v 3 Mg
Mask areas for peak picking Sample_006
Drag out a rectangle on the run to create a mask. 0021+

Masks are used to prevent noisy or contaminated areas
from influencing peak picking.

Selected mask

m/zfrom 4077129 :::’j: to [1898.8666 E\
=

| to 173178 B

Tk Remove selected mask

All masks
The following areas of this run will not contribute any
data to peak picking:

time from 107.579

! JWf{HJ
69504 [ ‘H ‘ "m'

i hil |

]
| "
,| N

HW"

. yl, N "'.." i ‘
AV T

[;‘
|
|. |

Retention time (min|

141413

R R 0T

gl

[Q Zoom J [Q Zoom out ] [E Zoom to fit

1000

Note: Click Done to return to the Import Data view where you can zoom into the masked where you will see

the isotopic features in the noise.

Note: if the level of noise is high and
affecting many of your runs a preferred
approach would be to re-optimise the
chromatography to improve the levels of
noise in your data.

Review
ImportData  Licensing Alignment Fiitering  Design Setup

. L4 v v

Import Data

1 Import your run data
Select one of the available data formats then
click the Import button:

@ About this data format | % Download others

2 Start the alignment process
While your runs are importing, click the button
below to:
 Select alignment reference candidates v
« Determine the best of the candidates v
* Align all runs to that reference run v

(& Restart alignment process

3 Review the chromatography
Look at all of the runs in the list below, checking
for any sample-running problems that might
affect analysis. Right-click to remove any runs
that have significant problems.

Imported runs:

c2 c3

sample 7 B

Experiment  Review Peak

Identify Refine Resolve

Picking Peptides  Identifications  Conflicts
v v v [ A 4
sample 7

1500

m/z »

I35

|+ Retention Time (min)

L. A

Review
(@]
| About this run

* MS/MS count: 804
5,424,728

e e noNlinear
e DNO!

gsity: 2.118e+009

Section Complete (3)

=== |

@ Help ~
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Appendix 3: Licensing runs (Stage 3)

When setting up a New experiment if you are evaluating Progenesis LC-MS with unlicensed runs then the
licensing page will open after Import Data section.

Review
Import Data Licensing Alignment Filtering

If you already have a programmed dongle attached to your machine then the License Runs page will
not appear.

To use this page to License your Runs you must first either obtain an ‘Evaluation’ Licence Code from a
Nonlinear Sales Person or purchase alicence code directly from Nonlinear.

Each code will allow you to license a set number of runs.

The runs in your experiment will be listed as shown below.

To activate license(s) for the selected runs enter the code in the space provided and click Use Licence
code.

Note: you will need an internet connection to use this method.

LC-MS_Tutorial - Progenesis LC-MS =]
File a
Review Experiment Review Peak Identify Refine Resolve Review o0 L R
Import Data Licensing Alignment Filtering Design Setup Picking Peptides Identifications Conflicts Proteins Report nO nI in e G r
License Runs
This install 1is currently restricted to analyse Licence License
licensed runs only. Run name state this un
) D:\Customer Data\LC-MS\LC-MS 4.1\A1mznld Unlicensed
To license your runs, you need an evaluation
licence code which can be obtained from a sales  D:\Customer Data'\LC-MSWLC-MS 4.1'A2 mznld Unlicensed
representative D:\Customer Data'\LC-MSYLC-MS 4.1\ A3 mznld Unlicensed
Once licensed. your runs can be analysed on D:\Customer Data\LC-MS'LC-MS 4. 1\C1.mznid Unlicensed
any installation of the software. The licence is D:\Customer Data‘\LC-MSYLC-MS 4. 1\C2.mznld Unlicensed
automatically included when archiving an D:\Customer Data\LC-MS\LC-MS 4.1\C3manld Unlicensed

experiment.

If your runs have been licensed on another
computer. click here to make the licences
available on this computer.

If you have one, you can open a licence file to
install.

If you have just installed a dongle, click here.
Run licence code:  XO40006000600( Use Licence Code
Section Complete (2

A message confirming successful installation of your licences will appear.

Installation complete (=3

Click OK, the view will update and Alignment, the next stage in the workflow, will open with the licensed files.
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Appendix 4: Manual assistance of Alignment

Approach to alignment

To place manual alignment vectors on a run (C2 in this example):

| Contrast I
1. Click on Run C2 in the Runs panel, this will be highlighted in
green and the reference run (C1) will be highlighted in magenta. i EE |:| N
2. You will need approximately 5 - 10 alignment vectors evenly H . . EI . .
distributed from top to bottom of the whole run. Ion maps: & Alignment target = Run being aligned
3. First either drag out a focus area or set the focus area to 8 or 16 Make box square
using the Focus grid size on the bottom left of the screen. el1/e(2le|4e n 32|

Click on an area (see below) in the Whole Run view (C) to refocus all the windows. Adjust Contrast as
required.

£ LC-MS_Tutorial - Progenesis LC-MS =2 EcE =
File .
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein ? LA
Import Data Alignment Filtering Design Setup Picking isti Pepti it i Conflicts Proteins Statistics Report n O n | I n ea r

Review Alignment # ShowAligned ~ [ # Show Unaligned l [)( Remove Vectors '}
Align peptide ions to compensate for drifts in retention

time by dragging them up or down in the Vector Vector Editing 4]
Editing window. i I ]
Include?  Vectors Score ! ' '
0 79.0%
0 437% L
0 377% ! ' N | U
v Ref |
0 386%
0 823%

P; Automatic Alignment ]

Transition ]

eEE & B[z

— — T —

|

Total Ion Chromatograms ] ‘

Contrast

Ion maps: # Alignment target & Run being aligned

Focus grid size: [¥] Make box square

11®2 ®|4 @\ 8 @16|® 132 ® ik Alignment quality: @ Good OK @ Needs review Section Complete ()
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4. Click and hold on a green feature in Window A as shown below.

Vector Editing ] Transition ]

5. As you are holding down the left mouse button drag the green feature over the corresponding magenta
feature of the reference run. The red circle will appear as shown below indicating that a positional lock
has been found for the overlapping features.

Vector Editing ] Transition ]

Note: as you hold down the mouse button, window B zooms in to help with the alignment.

6. On releasing the left mouse button the view will ‘bounce’ back and a red vector, starting in the green
feature and finishing in the magenta feature will appear.
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Vector Editing ]

Transition ]

9

|

|
l

|
|
)
| AN

|
'
l"
|

Note: an incorrectly placed vector is removed by right clicking on it in the Vector Editing window

7. Now click Show Aligned on the top tool bar to see the effect of adding a single vector.

Vector Editing ]

8. Additing an additional vector will improve the alignment further. Note this time as you click to add the
vector it jJumps’ automatically to the correct position using the information from the existing alignment

vector.

Vector Editing ]

Transition ]

LY I .
progenesis

Transition =]

t'.
N | ,
H' '
' '
» '
N /
Wl B |
!
! .
|
0, ' .
' .
|
| ' '. "'
i i |
|
R
) '
) '
" St
|
l
i ' '
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Repeat this process moving the focus from top to bottom on the Whole Run view

L LC-MS _Tutorial - Progenesis LC-MS =5 o 5|
File
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein LR ? e
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n | I n e G r
Review Alignment [ #  Show Aligned '] [ # Show Unaligned ] [X Remove Vectors 'l [Q,/ Automatic Alignment l

Align peptide ions to compensate for drifts in retention
time by dragging them up or down in the Vector

Vector Editin 2 ‘
Editing window. 9 & L

Transition ]

Run Include?  Vectors Score ! ‘ Py | Mil ' PNy .
AL 0 790% ' ! ' '
v 0 437% ! i '
A3 0 377% hn oy ” 1
a v Ref !
[ 5 964%| § "*’. i
£3 0 823% I
' W ' [ "y
| ' "
Ion Intensity Map ] Total Ion Chromatograms %]

Contrast

Ion maps: # Alignment target & Run being aligned ——
Focus grid size: [¥] Make box square
M1® 24 @8 @16/® 32 ® i Alignment quality: @ Good OK @ Needs review

| Section Complete ()

Note: the number of vectors you add is recorded in the Runs table also with each vector addition the Score
and alignment quality updates. This can help guide the number of manual vectors you need to add before
applying the automatic alignment.

10. Repeat this process for all the runs to be aligned.

The number of manual vectors that you add at this stage is dependent on the misalignment between the

current run and the Reference run. In many cases only using the Automatic vector wizard will achieve the
alignment.

Also the ‘ease’ of addition of vectors is dependent on the actual differences between the LC-MS runs being
aligned.
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LC-MS_Tutorial - Progenesis LC-MS
File °0
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein ? LA
Import Data Alignment Filtering Design Setup Picking isti ptil i ions. Conflicts Proteins Statistics Report n o n I l n ea r
Review Alignment { #  Show Aligned x l [ # Show Unaligned ] [)( Remove Vectors ~ ]I Q/’ Automatic Alignment l
Align peptide ions to compensate for drifts in retention
time by dragging them up or down in the Vector Vector Editing 4] Transition 4] ‘
Editing window. . .
— T S TR = . | 1
| Run Include?  Vectors Score | A |
; = '
Al 5 799% ! ; |
¥ 5 432% " # i ‘ o
A3 5 357% !
|
a v Ref ”’I’: i } ’ ' ”'»‘ i
Q2 5 964%
Pt oot
a 5 99.0% |
Ion Intensity Map %] Total Ion Chromatograms %]
-
Contrast i
Ion maps: # Alignment target & Run being aligned
Focus grid size: Make box square
1 |®|2 ® 4 @ 8 @16 32 @ i Alignment quality: @ Good OK @ Needs review | Section Complete @)

11. Then select Automatic Alignment to bring up the Automatic Alignment dialog and click OK. The
automatic alignment process will begin, using the manual vectors you have added to aid in automatic
vector placement.

Automatic Alignment @

Select the runs for automatic alignment vector generation

Add  Run Motes Wectors

Al run has user vectors ]
AZ run has user vectors ]
A run has user vectors ]
c1 this run does not need to be aligned as it is the alignment reference Ref
c2 run has user vectors ]
c3 run has user vectors ]

| oK I Cancel

Note: the tick boxes next to the ‘Run name control’ which control whether vectors will be generated for each
run.

To review the vectors, automatic and manual return to page 11
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Appendix 5: Within-subject Design

To create a Within-subject Design for your data set select this option on the Experiment Design Setup
page and enter the name of the design.

In this example there are 3 Subjects (i.e. patients A, B and C) who have been individually sampled:
Before(1), During (2) and After (3) treatment

LC-MS_Tutorial - Progenesis LC-MS IEIENES
File _
Review Experiment Review Peak Peptide Identify Refine Resolve Review Protein A X K30
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report nO n I i n ea r
New @ Help ~
Which experiment design type do you want to use for this experiment?
0 o » » O-O 2 » » »
o o| Between-subject Design o-0| Within-subject Design
(o)) o0
Do samples from a given subject Have you taken samples from a given
appear in only one condition? Then A Delete subject under different conditions? Before | During After
use the between-subject design. i a Then use the within-subject design.
- Smove
To set up this design, you simply group T Note: you must have a sample from
the runs according to the condition — every subject for every condition to patient ¥ L) eid 2
(factor level) of the samples. The -
ANOVA calculation assumes that the faasladad EX3)
conditions are independent and e . . _
therefore gives a statistical test of Create a new experiment design Patent v IR vz 3
whether the means of the conditions F
are all equal. Name: |Before During and After Trea‘[mentl & — = ||8_S|&__
1 £2 3
5 . Patient Z
a
Add cond Start with an empty layout Lt
he — — —
Copy layout from: ed
Create design || | Cancel ‘ e
A
ASSLUTTTPLIOT OT TMOEPETTUETICE. WIT0T a4

repeated measures ANOVA individual
differences can be eliminated or
reduced as a source of between
condition differences (which helps to
create a more powerful test).

The within-subject design can be
thought of as an extension of the
paired-samples t-test to include
comparison between more than two
repeated measures.

When the design page opens use the Add Subject and Add Condition buttons to create the matrix that fits
your experimental design, over typing the names as required.
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Then Drag and drop the Samples on to the correct 'cell' of the matrix.

LC-MS_Tutorial - Progenesis LC-MS = ===
File e
Rewview Experiment Review Pesk Peptide Identify Refine Resolve Review Protein - ! ae
Import Data Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n I E n ea r
Before During and After Treatment 1 X | New | @ Help ¥

Setup conditions and subjects
Setup the conditions and subjects for your Before During After

experiment design on the right, and then assign each
of your samples to the correct subject/condition cell
in the grid.

Add Cendition

1. Add a column for each condition.
2. Add a row for each subject.

3. Drag each of your samples to the correct location . Al A2 A3
in the grid. Patient A

Filter samples:

. Bl B2 B3
2 Patient B

—

Subject 1 [~

C3

ect Sample Select Sample

Add Subject

Section Complete O]

You can create additional Experimental Designs using the New tab

All of these Experimental Designs are available at all the following stages in the LC-MS workflow.
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Appendix 6: Power Analysis (Peptide Stats)

Power analysis is a statistical technique that is used to gauge how many replicates are needed to reliably
see expression differences in your data. It is available through the Progenesis Stats section of the workflow.

To perform a power analysis of the data click on
Ask another question at the top of the table in the
Progenesis Stats screen. A selection of 3 tools will
appear in the form of questions.

Select the option

Principal Components Analysis
Arethere any outliers in my data?
Does my data cluster accerding to my experimental conditions?

Correlation Analysis
Group my features according to how similar their expression profiles are.

Power Analysis
How many replicates should [ run?
What is the power of my experiment?

‘How many replicates should | run and what is the power of my experiment?’

It answers this question by informing you:

‘How many replicates you need so that at least 80% of your features with a power >0.8’

Using the Significant p<0.05 features (7965), as an example, view the power analysis.

LC-MS Tutorial - Progenesis LC-MS

Refine Resolve Revisw Protein

Identifications Conflicts Proteins Statistics Report n O n I i n e G r

B8 8ok =3

Power Analysis

File
Review Experiment  Review Peak Peptide Identify
Import Data Alignment Filtering Design Sstup Picking Statistics Peptides
@
Question:
How many replicates should | run? 100
What is the power of my experiment? a0 L
What's this?

*fou have 78.6% of your data with power =0.8, 4 replicates
would give you 96.4% of your data with power =0.8.
Maore...

Ask another question

Percentage features with power > 0.8
£y
(=]
t

-‘Y Tag filter applied
features may be hidden

I

# Anova qValue Power Tag v Cluster = !

4022 113E-12 1.54E-09 = 9995 0
3631 184E-12 1.54E-09 = 9995
3509 247E-12 1.54E-09 = 9995

141 313E-12 154E-09 = 9935

3 4 E
Number of replicates

Standardised Expression Profiles -

1921 318E-12 1.54E-09 = 9935
12.. 1E-11  38E-09 = 9935
3818 11E-11 38E-09 = 9935
7793 141E-11 414E-09 = 9935
11.. 166E-11 414E-09 = 9995

8201 171E-11 414E-09 = 9935
10.. 273E-11 553E-09 = 9935

standardised Normallsed sbundance

PEdJIPERPEEIDLD

7553 2.73E-11 5.53E-09 = 9935
4 L 3

Experiment design 15

Review your data from a different perspective:

Current design: [AC -

Section Complete () |

This is displayed graphically showing that 78.6% of the 7965 features have a power of 80% or that 4
replicates would give you 96.4% of your data with power > 0.8.

- The power of a statistical test reflects our confidence in the experimental data’s ability to find the

differences that do actually exist

« The power is expressed as a percentage, where 80% power is an accepted level, therefore allowing
you to assess the number of sample replicates that would be required to achieve a power of 80%.
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Appendix 7 Search engine parameters (Stage 9) Mascot

The parameters applied to the Mascot search that yielded the search results used in this user guide are
shown below:

MASCOT MS/MS lons Search

Your name andy.borthwick Email andy.borthwick@nonlinear.com

Search title Search_full_LC-MS_4.1

Database(s) | apoE ~ Enzyme Trypsin -
MSDB =|
NCBInr E Allow upto 1 ~ missed cleavages
MNIST_Yeast_Sigma
SwissProt = Quantitation None -
Taxonomy ....Firmicutes (gram-positive bacteria) hd
.. Fixed | carbamidomethyl (C) MTRAQ:13C(6)15N(2) (N-term) -
modifications mTRAGQ:13C(6)15N(2) ()

NIPCAM (C)

Oxidation (HW)

Propionamide (C)

Display all modifications [} Pyridylethyl (C)
Pyro-carbamidomethyl (N-term C)

modifications | Shecplo (o1 ) !
Phospho (¥) TMT2plex (N-term) E
TMTEplex (K) =
Peptide tol. £ 9 ppm v @i13c 0  MS/MStol. £ 0.6 Da -
Peptide charge 2+ - Monoisotopic @ Awverage O
Data file D:\Customer Data\LC-MS\LC-MS
Data format Mascot generic Precursor m/z
Instrument EEEEEN ~ Error tolerant [
Decoy [] Report top AUTO - hits
[ start Search.. |

Database : NCBInr (circa 02/13) was used with the Taxonomy restriction set to Fermicutes

Fixed modifications: Carbamylation(C) and variable modifications: Oxidation (M), Phospho (ST) and
Phospho (Y)

Peptide Tol: 9ppm

Instrument: ESI-Trap
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