Progenesis LC-MS User Guide
Analysis workflow guidelines

for version 4.0

X X

progenesis




Progenesis LC-MS User Guide

Contents
[ oo [ ox 1o o PP PTPPPRRPTRI 3
HOW tO USE thiS OCUMENT ......eeiiiiic ittt e 3
How can | analyse my own runs USiNg LC-MS?........ccoiiiiiiiiiiiiiiiiee e 3
LC-MS Data used in thiS USEI QUIE.........coui ittt 3
Workflow approach to LC-MS run @nalySis .........cceeeiriiiiiiiiiiieiiiee e 4
ResStoring the LC-MS TULOFIAI .......cuuiiiiiiiiee ittt 5
Stage 1: Data import and QC review of LC-MS data Set .........ccccevvvveieiiiieieiniieie i 6
Stage 2: Reference RUN SEIECHION. ........cocuuiiiiiiiiii e 7
3 7= T (=T Al N Tt =Y 1 o [ RS 7
3 =T L3 S Y o | 12 1 =1 o | 8
S =T [T AN 11 =1 o [ RS 14
Stage 5B: Reviewing NOrmaliSation ...........c.uuuivireeiiiiiiiieiee et ee e e e 17
Stage 6: Experiment Design Setup for Analysed RUNS.............cccoooiiie, 20
Stage 7: Validation, review and editing of results ................ccccc 23
Stage 8: Peptide Statistics on Selected FEAtUres ..........vvvviiiiiiiiiiiiee e 32
Stage 9: 1dentify PEPLAES .....coiuiiiii s 36
Stage 10: Refine 1dentifiCationS...........oioiiiiii e 40
Stage 11: ReS0IVE CONFIICS .....ueeiiiiiiiiec e 41
Stage 12: REVIEW PIOTEINS ...couviiiiiiiieie ettt 47
Stage 13: Protein StatiStiCS ........coooeeveiiee e 50
Stage 14: REPOITING.....ccce i 51
Creating an INClUSION ISt ........ccooeiiii e 53
CongratulationS! ..o 54
Appendix 1: Stage 1 Data Import and QC review of LC-MS data set........cccccvvvvvvvvvennns 55
Appendix 2: Stage 1 Data QC review and addition of exclusion areas............cccccvvuveees 57
Appendix 3: LiICensing runS (STAG0E 3) ...eeeiiiiiiieiiiiiee ettt 58
Appendix 4: Manual assistance of AlIGNMENt..........ccoiiiiiiiiii e 59
Appendix 5: Within-SUDJECE DESIGN........uvviiiiiiie e 64
Appendix 6: Power Analysis (Progenesis StatS) .........cccveiiiiieeiiiiiee e 66
Appendix 7 (a): Search engine parameters (Stage 9) MasCOt ..........coccveevviieeeiiiieeeenns 67
Appendix 7 (b): Search engine parameters (Stage 9) PhenyX........cccooceeiiiiieiiiiiieennns 68

000 |
progenesis



Progenesis LC-MS User Guide

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 55) 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 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.

Reference Run Experiment  Review Peak Peptide Identify Refine Resclve Review Protein
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report
[
Stage Description Page
'm'mama LC-MS Import Data: Selection and review of data files for 5
analysis.
\ 4
e . .
PN Reference Run Selection: Select run to align to. 7
\ 4
Licensing Licensing: allows licensing of individual data files when there 7
o is no dongle attached (Appendix 3)
\ 4
““9"0’“"‘ Alignment: automatic and manual run alignment 8
A 4 Filtering: defining filters for peaks based on Retention Time, 14
F”‘eo"'f! m/z , Charge and Number of Isotopes.
Review Normalisation: explains LC-MS normalisation 17
v
Devan Senr Experiment Design Setup: defining one or more group set ups 20
_T_ for analysed aligned runs
e Review Peak Picking: review and validate results, edit peak detection, 23
@ tag groups of peaks and select peaks for further analysis
v
Stattic Peptide Statistics: performing multivariate statistical analysis on 32
@ tagged and selected groups of peptides
\ 4
dentit Identify Peptides: managing export of MS/MS spectra to, and import 36
@ of peptide ids from Peptide Search engines
\ 4
Refine
"’E"“Ea“"’"‘ Refine Identifications: manage peptide ids and filters 40
A
Contiicn: Resolve Conflicts: validation and resolution of peptide id conflicts for 41
@ data entered from Database Search engines
v
'”ow Review proteins: review protein and peptide identity a7
\ 4
;:gm Protein Statistics: multivariate statistical analysis on proteins 50
) 4
Rzn Report: generate a report for proteins and/or peptides 51
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Restoring the LC-MS Tutorial

Open Progenesis LC-MS and download the Compressed (.zip) Tutorial Archive file fromthet he 06 Vi
t ut olinkislroWwrdbelow, 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.

e w

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 [=[@] =
— some
B nonlinear
Perform analysis |Combine analysed fractions Fluantify, then identify

Recent experiments Lo |

O Ee— ===) u
Lockin: || LC-MS Titorial_3.0 - o Er " —
T Mame : Date modified Type Size
i 1l LC-MS Tutorial. Progen... 08/11/2010 15:06 Progenesis LC-MS... 25171
Recent Places n =
video to learn how you can
! @ta loss in your LC-MS analysis
Desktop
_ g posts
‘il L ogenesis LC-MS support all of
» 's instruments?
Andy Borthwick

3 support articles to help your
i ,.. sis LC-MS analysis

. sis LC-MS v3.0: fractionation
Computer simpler protein id...
- ate of publications using 2D and
[ ™ ots

- < i, »
Network increased protein coverage
File name: LC-MS Tutorial ProgenesisLems Archive - Open paenesis LC-MS

Fies of type Progenesis LC-MS Experiments and Archives  v| | Cancel |

Other experiments

8449

check for updates

This opens the 'Import from archive' dialog.

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

Import LC-MS Tutorial from archive

Replace an existing experiment

@ Create a new experiment

Name: LC-MS Tutorial

Folder: C:\Users‘Andy Borthwick*Desktop*LC-MS5 Tutorial 3.0

Import H Cancel ]

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).

E LC-MS Tutorial - Progenesis LC-MS
File

Refine
Identifications

Peptide
Statistics

Identify
Peptides

Review Peak
Picking

Experiment
Design Setup

Referance Run

ImportData  Selection  Alignment Filtering

Import Data A

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

Review the chromatography

Look at all of the runs in the list below, checking
for any problems with the chromatography that
might affect analysis. Remove any runs that you
think have significant problems. more »

goo

List style: 88 Ion intensity maps B= Import details‘

successfully

Imported successfully

Cc1
Imported

successfully

=)
@

100

4 Retention Time (mins)

About this experiment
® Runs in the experiment: 6
* Feature detection: Default
* Peak processing: Profile data

EEx

nonlinear

Protein
Statistics

Review
Proteins

Resolve

Conflicts Report

R @ Help v
Actions v ‘ l == l =
100 About this run
* MS/MS count: 8,983
* Peak count: 1,109,644
* Total ion intensity: 2.188e+009
* Masked areas: none

m/z *

Zoom: (& Section Complete ()

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 o6centroidedbo

dur i the dat a

ng

acqui sit

Note: as each data file is loaded the progress is reported in the Import Data list. The dialog below the Run

reports on the QC of the imported Data files. I
. [BlE
£
Note: the 'Data Processing Methods', selected when the About this experiment g
experiment was created, are reported on the bottom left of . E::;'r: tdh;eeé:ﬂoer:'fg:;;u ﬁ =
. . . L H [+
the app“catlon (See Appendlx 11 page 55) * Peak processing: Profile data -
Tip: the 'Exclude areas from selected run’ facility allows actions - || >~ |
you to examine and exclude areas (usually early and/or late 1500 Mask areas for peak picking...
in the LC dimension (Retention Time)) that appear
excessively noisy due to capture of data during column N S DE'E':E 1
regeneration (see Appendix 2, page 57). This is not required * Masked areas: none

for this data set.

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

Once all the files have been imported move to the next stage in the workflow by clicking Section Complete.

*®0s
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Stage 2: Reference Run selection

This stage in the analysis workflow allows you to review and select the most appropriate Reference LC-MS

run to align all the other runs to.

£ LC-MS Tutorial - Progenesis LC-MS
9
File

Reference Run
ImportData  Selection  Alignment

Choose reference run

of the runs in your experiment.

and have a minimum of distortion.

the best results.

For experiments such as time series or dose
response, choosing the middle point tends to give

Reference

Experiment

Filtering  Design Setup

The reference run will be used when aligning each

Choosing a good reference run will help during the
alignment stage. Ideally, the reference run should
show a clear and representative feature pattern,

Use as reference run

Review Peak  Peptide Identify
Picking Statistics Peptides

Refine
Identifications

Resolve Review

Conflicts Proteins

Protein

Statistics

Report

=8 EeN =)

nonlinear

Section Complete )

To select a Reference run either click on the run in the list and then click Use as reference run or double
click on the run in the list.

Tip: choice of a Reference run is usually dependant on the visual quality of the Chromatography avoiding
runs that show visual gaps in the chromatography.

Now move to the next stage in the workflow by clicking Section Complete.

Stage 3: Licensing

This stage in the analysis workflow willonlyappear i f
software and have no dongle attached.

Import Data

Reference Run
Selection

Licensing

Alignment

For details on how to use Licensing go to Appendix 3 (page 58)

us

ng

6Unl

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

*®0s
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Stage 4: Alignment

At this stage Progenesis LC-MS Alignment opens displaying your data.

LC-MS Tutorial - Progenesis LC-MS

[E=8 EoB =)
File
: - : : : 5 LAY F X
Reference Run Experiment  Review Peak Peptide Identify Refine Resolve Review Protein .
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications  Conflicts Proteins Statistics Report n O n | I n e O r
Ahgnment # Show Aligned - [ # Show Unaligned } [X Remove Vectors v l Q/’ Automatic Aignment l [ View ~ ]
Align peptide ions to compensate for drifts in

retention time by dragging them up or down in the

Vector Editing window. Vector Editing ] Transition ]
= OB
Run Include?  Vectors p oA ' ) i) T L4 )
| iy ] |
M v Ref AN \ ! ! n !
R j
~ 0 a | : ) i b
g : R b
i (] '
c1 0 l \ ! ’
2 0 L ' bt
/ ' |
1! | RN ) ! ) ! |
c3 0 | |. | Vit 1! .
| | ' 1
| ; ; " ! | I " |
! R O L 1] (L I T R L Y
i ! } ) (] ) {
ot P ' | I )
L , ! h | \
g 1) |
= Lachd o
lon Intensity Map ] Total lon Chromatograms ﬂl
s | =,
R T ——
L N R R — —
1 e j P —
A ' ! —_—
lf’ "_' 1 ’U‘ » - Eag/—/_'_
' wi"j.F 1l ‘|w‘ o -
[’ —
Contrast e
EEEEERN —
[il [] Rotate Chromatograms
Focus grid size: E Make box square

1/e/2]/o/4]e/8|olt6l0 320 =

; Aignment target :\‘ Run being aligned Section Complete ()

Generation of alignment vectors

The alignment of LC-MS runs is required in the LC (retention time) direction, this is key to correcting for the
variable elution of peptides during the chromatographic separation.

Resolve Rewiew Prrot
Coniflicts Proteins Stati

The Alignment algorithm will gene 10

retention time direction for each run, to enable the alignment of all the
LC-MSrunstothe6 Ref er ence Runbo.

by mitomatic Mignment
@

The alignment vectors are generated automatically for allthe LC-MS r uns by wusing the
wi zar dbd access @dtonbatic Atignmenkon thetopdool bar.

prog.éﬁesis 8
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Select (tick) the runs you require to generate vectors for and click OK.

Automatic Alignment [==3]

Select the runs for automatic alignment vectar generation

Add  Run Motes Vectors
Al this run does not need to be aligned as it is the alignmert reference Ref
AZ automatic alignment will be peformed for this run ]
Al automatic alignmert will be peformed for this run ]
C1 automatic alignment will be peformed for this run ]
cz2 automatic alignmert will be peformed for this run ]
C3 automatic alignment will be peformed for this run ]
ok |l cancel

The following pages in this user guide explain in more detail the views and functions of the Alignment stage
in the Progenesis LC-MS Alignment, focusing on the Program layout.

These pages act as a useful guide and reference to the Alignment Stage that you can return to after having
generated the Alignment vectors automatically.

Taking a detailed approach to alignment

I n some cases, where the misalignment i s severe, usi n

each run and then using the Automatic vector wizard to generate the rest of the vectors for each run can give
better results.

For more details on manual assistance of Alignment refer to Appendix 4 page 59

proééﬁesis 9
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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 below:

1 Click on the features shown in the current focus (orange rectangle) in Window C, this will update
windows A,B and D as shown below.

1 Inwindow A click and hold the left mouse button on a green feature.

If the green and magenta features (immediately above) have not aligned automatically then drag the
green feature over the magenta feature and release the mouse button.

1 Theviewwi Il O6bounced back and a red vector, starting
magenta feature will now appear as shown below in window A.

The experiment structure is displayed on the left of the screen in the Run panel.

£33 LC-MS Tutorial - Progenesis LC-MS = Bl )
File o0
Reference Run Experiment Review Peak Peptide Identify Refine Resolve Review Protein 5 ’ LK
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications  Conflicts Proteins Statistics Report n O n I n eo r
o
Reference A“gnment l # Show Aligned vl [ # Show Unaligned ‘ l)( Remove Vectorsvl Q}Au!omalic Aignment ] l View v]
Run Align peptide ions to compensate for drifts in 2
retention time by dragging them up or down in the
(Mag enta) Vector Editing window. W\ m
\ Run Include?  Vectors ! ‘ ! |
Al v Ref A B
| ' !
/ n 1 » ') ] |
A3 0
Current = : } w
Run
(Green) - 2 ( | ‘
c3 0
b IAdded | Alpha Blend
) ﬂ ' al\?nment \ ’ display animates
) ) ector | } between current
' I ’ ] and reference runs
I I
lon Intensity Map ] Total lon Chromatograms E]l
C
Contrast Current
EER E] . . Focus
- . - @ . . [] Rotate Chromatograms
Focus grid size: [?] Make box square
) 4 ) = :
1l®|2]€ D 18|@[16/©|32/€ & werment target b un eing atgnes Section Complete ()
Run Include? Vectors
A W Ref
The Runs: panel shows the run that is currently being aligned in green, " 1
and the run it is being aligned to in magenta. This is the reference run 0 0
you chose at the previous stage, in this case Al. ct q
cz 0
C3 0

proééﬁesis 10
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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 place the alignment vectors.

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.

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.

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).

Note: the orientation of the TIC view can be changed according to individual preference

Total lon Chromatograms é]|

Total lon Chromatograms rf]‘

£ =

—

[7] Rotate Chromatograms [ Rotate Chromatograms

This view assists in the verification of the feature alignment.

Note: the icon to the right of the 'Window" titles expands  [Totat jon chromatograms |E| the view

prog};ﬁesis 11
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Reviewing generation of alignment vectors

After applying Automatic alignment the number of vectors 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 [l E ===
Eile
- s 2 200900
Reference Run Experiment  Review Peak Peptide Identify Refine Resolve Review Protein .
Import Data  Selection Alignment Filtering ~ DesignSetup  Picking Statistics Peptides  ldentifications  Conflicts Proteins Statistics Rt NON l near
Allgnment H # Show Aligned ~ ]l [ # Show Unaligned ‘ [ X Remove Vectors ~ ] Qj Automatic Aignment \ [ View ~ ]
Aign peptide ions to compensate for drifts in
retention time by dragging them up or down in the
Vector Editing window. Vector Editing ] Transition ]
T
Run Include? | Vectors NP' ’ i l It l ’ ’ ’ " ' \ ' it | ’
At v Ref ' ] | ! ' | i1 | I ."
) | | / ' |
n 426 |
W @N T B il
2 - TRRUOMTN B¢ ) AR LRI
c1 209 i | ' |
| \ | )
c 208 )| S AT ) | \ ) A T | |
a3 211 ' D ® | \ [ , )
\ \ A '
| | | |
H
| ) ! ' |

Contrast

[] Rotate Chromatograms
Focus grid size: Make box square

H1/©|2/©|4/©8/©/16/© |32/@ =2 = -
5 Aignment target :\1 Run being aligned Section Complete 2)

At this point, you should check the automatically placed (blue) vectors. This will be easier with a larger grid

size. Make sure the grid size is setto 4 usingthe 6 F o ¢ u s g rcdntcol asthebatdm left of the window.

In each square, you can, if required edit the vectors to improve the run alignment (for more information refer

to Appendix 4 (page 59).

*®0s
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Vector Editing ]

The Total lon Chromatogram view allows you to

further verify alignment of the two runs.

Vector Editing ]

Transition ]

-

When show aligned is pressed you will see the

corresponding effect on the alignment of the 'Total

lon Chromatograms'.

progenesis

Total lon Chromatograms ] |

L)

el

Rotate Chromatograms

Transition ]

Total lon Chromatograms ] |

Rotate Chromatograms

3
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Stage 5A: Filtering

Now that you have reviewed your aligned Runs, you are ready to analyse them. Move to Filzering
the Filtering stage, by either clicking on Section Complete (bottom right) or on Filtering 0
on the workflow.

Peak Picking Parameters

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 EI@ Peak Picking Parameters EI@
Runs far peak picking I Peak picking limits | Maximum charge | Runs for peak pick.ingl Peak picking limits IMax\mum charge ‘
Choose runs for peak picking Sensitivity
You can tick or un-tick each run to Al You can adjust the sensitivity of
control which will be used by the the peak picking algerithm using - i
peak picking algorithm. Although any A2 these different methods. Each ) Absolute ion intensity
run which is left un-ticked will not sensitivity method examines the s
; M not V| A3 : vl 13
affect the feature outlines, it will still intensities of groups of M5 peaks % Base Peak
have outlines added to it and will be C1 to judge whether they are likely to
available in the experiment design c2 form part of an ion or whether
setup. they represent noise and so The automatic sensitivity method uses a
c3 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. to build ion outlines. the sensitivity value, the more features

will be detected.

fewer default more
3

Minimum retention time window

The retention time window is the
period over which an ion has
eluted. If you set a retention time
window limit, any ien that has
eluted over a shorter period will RT window limit: | g minutes
be rejected.

] Apply a retention time window limit

[ Start peak picking l [ 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 detection can be controlled by adjusting settings under the Peak picking limits tab.

For the runs in this user guide, we will use the default SEttings [z e cting Parameter e
for the Automatic method.

| Runs for peak picking | Peak picking limits | Maximum charge |

Maximum allowable charge

You can set the maximum charge
of ions to be detected. Tons with a

The third tab allows you to set the maximum charge of the e tron e valse il fvsimum on charge: 20
ions, which will be detected. The default setting is a charge
state of 20.

Press Start Peak Picking to start the detection process.

During the few minutes that the automatic analysis requires, a
progress bar will appear telling you that it is Analysing.

Analysing...

|[ Start peak picking || Cancel

proééﬁesis 14



Progenesis LC-MS User Guide

On completion of analysis, the Filtering stage will open displaying the number of features detected, in this
example 15884.

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

File
E A X YT
Reference Run Experiment  Review Peak Peptide Identify Refine Resolve Review Protein .
Import Data  Selection  Alignment Filtering  DesignSetup  Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics rRet  MONIINEear
W @ (%) @ ™) v @ @ & o (@) W . RCCRETE A
Filter Features | ¥ undo ||  Redo |
You can filter features that you do not wish to include ©.00943
in your analysis by using the criteria below.
Select all features matching the following filters:
nside area 12.2
_v) With charge
\\; ) Number of isotopes 21
[ Delete 0 Matching Features ]
[ Delete 15874 Non-Matching Features ]
(15874 features in total)
42.6
= '
E
W
B
]
<
S65.4
3
&
7 I
84.8 — 1
- | ‘
- |
R ]
100 —
Normalisation i
Note that all remaining features will be used in the 7
normalisation calculation. If deleting a substantial el
number of features, you should review the
normalisation afterwards. Uil X y ’ ) I 7 g 3 ¥ I J i Y ' 1
451500 1000 1500 20
Review normalisation >> ‘ m/=z ’ Section Complete.@l
For example, to delete features with eamsHown and | ate
All features contained within the masked area are selected.
Ll T 15

progenesis
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As you release the mouse button, the ranges for the masked area will appear on the top left.

£ LC-MS Tutorial - Progenesis LC-MS fol o=
File
: ; g 5 5 E €000
Reference Run Experiment  Review Peak  Peptide Identify Refine Resolve Review Protein .
Import Data  Selection Alignment Filtering  Design Setup Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Rt MON l inear
. @
Filter Features ¥) Undo & Redo
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:
~ ) Inside area
m/z from 441.496 to 2001.438
Minutes from 12.048  to 78.646 2
v ) With charge
v | Number of isotopes
[ Delete 15831 Matching Features J e ’
. ¢l ﬁ Iy e '\ o | .I
\ Delete 43 Non-Matching Features J ! ; - .-
£ k L Hpuy et
(15874 features in total) E ke’ ” l #M 'f’ﬂl “" ' "' { v " el I ¢
o o 1 e '| "o
: g BT i s
o= ¥ j ¥ |l i \ W ' : ' 3
5 ki A TR
‘265.4 ) “l ! ,"‘»M Al 1
H Wl rig' W
g | ! I
4 ) il l . '
It
1
|
84.8
100
Normalisation
Note that all remaining features will be used in the
normalisation calculation. If deleting a substantial
number of features, you should review the
normalisation afterwards. T S Y Y ) I Z g & E T 2 y i 8 1
500 1000 1500 20
1 Review normalisation >=> ' m/z Section Complete )

Tip: the limits can be adjusted by entering the required values in the boxes.

» | Inside area » | Inside area

to 2001.438 my/z from 440

—>

m/z from 441.495

Minutes from 12.048 to 7E.645 Minutes from 10

to 2000

to 75

To remove the features outside of the selected area, (in this case 33), press the Delete 33 Non-Matching

Features button.

I n addition to setting | imits for
also be selected based on charge or the number of isotopes present.
This allows you to refine the selection through a combination of feature
properties.

For example, when With charge is selected the number of features
present at each charge state is displayed, these can be selected
accordingly.

Area limits, charge state and number of isotopes can be combined to
refine the feature selection.

Tip: when filtering on one property of the feature i.e. charge state, make
sure you have 'collapsed' the other filters (see right)

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:

+ | Inside area

G:l With charge
[[] charge 1 (934 features)
Charge 2 (6344 features)
Charge 3 (5874 features)
Charge 4 (1863 features)
Charge 5 (545 features)
Charge 6 (72 features)
Charge 7 (39 features)
[[] charge 8 (21 features)
[[] charge 9 (1% features)

[C] charge 10 (17 features)

progenesis
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For this user guide, we will filter the area as shown above and also delete a further 1110 features with a
charge state of 1 or 8 and above by ticking the various options.

Hence all features with a charge state of 1 or 8 and above will appear on the main view.

To remove these features press Delete 1110 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 should review the
normalisation of the experiment.

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 s

Stage 5B: Reviewing Normalisation

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

Mormalisation

Mote that all remaining features will be used in

the normazlisation calculation. If deleting & |
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 use un-normalised feature
abundances for the rest of the analysis.

proééﬁesis 17
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Normalisation factors are reported in the table to the left of the plots.

LC-MS Tutorial - Progenesis LC-MS

o= s

log abundance ratio

File LR X ]
Reference Run Experiment Review Peak Peptide Identify Refine Resolve Review Protein . . L4
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications  Conflicts Proteins Statistics Report n 0 n I I n eG r
o S MNormalisation Graphs | N lisation Method
Review normalisation P Srmaiseron Tethe
Mormalisation is reguired to allow comparisons across Al AZ il
different sample runs. . 1
5 - N
By assuming that a significant number of features are .
unaffected by experimental conditions, we can use 0.8
the factor by which the sample as a whole varies to 06—
normalise back to its reference.® !
=l 2 0.4—
Mote: for each sample, only the features falling within E ﬁ
its robust estimation limits (see graphs) are used to P o 0.2
calculate the normalisation factor. Further details of = 2
how it is calculated are available online. - = 0
c <
* Normalisation reference: JE -:—0.2—
Az 3 2op.4—
Normalisation factors: -0.6— £
factor Log(factor) 0.6
Al 1.17 0.066
. 1
a2 - ’ oy T | T T T T |
A3 1.85 0.27 0 4000 8000 12000 0 4000 8000 12000
C1 0.74 -0.13 feature feature
cz 0.5z -0.29 A2 c1
Cc3 0.67 -0.17 &=
. .
5] .

log abundance ratio

A - -10— *
I T T T | I T |
o 4000 8000 12000 [ 4000 g0o0 12000
festure feature -
. * Feature Log abundance ratios
_ Graph size: J = Mormalisation factor
<= Continue filtering features ... Robust estimation limits
Calculation of Normalisation Factor: i
a &
Progenesis LC-MS will automatically select one of Feature: 12873
. . \ 4— * Abundance ratio: 1.19e+05
the runs that is 'least different' from all the other . Reference abundance: G895
runs in the data set to be the 'Normalising X, Abundance: 0.008317 *
' . 3 o - .
reference’. The run used, is shown above the table ot o L .
of Normalisation factors. W “ o

For each sample run, each blue dot shows the log

of the abundance ratio for a different feature

(normalisation target abundance/run abundance).

log abundance ratio
-
|

c....:. S'? l':

0—

1 o . 2
-1 = o
b y Mg ® ik . . . L}

& fp. e SN . s L]

'. e . L4 .

-2 = 2
o .
.
-3 . .
.
I [ | | I [ [ |
0 2000 4000 6000 8000 10000 12000 14000
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 featurest hat f al | wi t hi
estmat ed | i mitsod (Fehturesostside thesellimitsiare eossjdered to be outliers and therefore
will not affect the normalisation.

A3

a I

Feature: 12873

4 ® Abundance ratio: 1.19e+05
Reference abundance: 989.5
. Abundance: 0.008317 *

«| Upper robust-mean estimation limit: log(11.35) = 1.055

I Mormalisation factor: log(1.853) = 0.268

log abundance ratio
"
|

0_
; | Lower robust-mean estimation limit: log(0.2621) = -0.5815
-1—
_2_
- ©
. .
.
.3— L °
.
| | | [ I [ | |
0 2000 4000 6000 8000 10000 12000 14000
feature

Finally, if you do not wish to work with normalised data then you can use the raw abundances by switching
off the normalisation.

L3 LC-MS Tutorial - Progenesis LC-MS ===
File a
*00es
Reference Run Experiment  Review Peak Peptide Identify refine Resolve Review Protein .
Import Data selection Alignment Filtering Design Stup Ficking Statistics Peptides Identifications Conflicts Protsins Statistics Repart n O n I n eG r

Normalisation Method

Mormalisation Graphs

I ) Normalise to all features () Normalise to a set of spike features @ Don't use any normalisation I

Review normalisation

MNormalisation is required 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.™

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

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

| ol
-
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.
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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.

LC-MS Tutorial - Progenesis LC-MS [= ===
File .
Reference Run Experiment Review Peak Peptide Identify Refine Resolve Review Pratein ! LR
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications Conflicts Proteins Statistics Report n O n ] I n eo r
New @ Help ~

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

o0 o0
Between-subject Design o-0 Within-subject Design
[e]{e] o0
Do samples from a given subject appear in Have you taken samples from a given subject
only one condition? Then use the between- A Delete under different conditions? Then use the Before | During After
subject design. o — within-subject design.
To set up this design, you simply group the runs P Note: you must have a sample from every .
according to the condition (factor level) of the “ = subject for every condition to use a within- patient x | e es)
samples. The ANOVA calculation assumes that A3 Remove subject design.
the conditions are independent and therefore .
gives a statistical test of whether the means of c Delete For‘example,_you wo_uld ChDDS,e this type of
the conditions are all equal. » design for a time series experiment where every T w1 Y2 ¥3
Cl Remove subject has been sampled at each time point.
C2 Bemove To set up this design, you tell the software not
C3 Remove only which cendition (factor level) each run - - -

belongs to but also which subject it came from. Patient Z
The software will then perform a repeated
measures ANOVA.

Add condition...

A standard ANOVA is not appropriate because
the data violates the ANOVA assumption of
independence. V/ith 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 64

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 hold the cursor over this option and click to open the dialog.
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Give the new experimental design a name and then click Create design.

Progenesis LC-M5

Create a new experiment design

Mame:

AC

@ Start with an empty layout

Copy layout from:

‘ Create design ‘

‘ Cancel ‘

L3 LC-MS Tutorial - Progenesis LC-MS
File

Import Data Selection Alignment

AC T % New

Setup conditions

=0 e (X
) ) i i ) ) LA N X
Reference Run Experiment  Review Peak Peptide Identify Resolve Review Protsin G
Filtering Design Setup Picking Statistics Peptides Conflicts Proteins Statistics Report n 0 n | I n e G r
@) Help ~
Runs Add Selected Runs to Condition =~
Setup the conditions that you want to compare below -
(e.g., control, drug A&, etc), and then assign each of Add to new condition...

your samples to the correct condition.

A

Add condition...

Delete

Al Remove

A2 Remove

A3 Remove

1A

c2

C3

[ Section Complete -.;))l

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. Pressthe 6

bl ack

3. Select Add to new conditioné 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 runs are grouped into conditions.

*®0s
progenesis
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To create another Design, for example comparing only two replicates
for each condition, A and C, click on the New tab and click on

Between-subject Design again.

AC

| Newl

o0
0o
o0

Which experiment design type do

Between-subject Design

Give the new design a name, then tick the Copy layout from option and select the AC design.

)

Progenesis LC-MS

Create a new experiment design

Name: |AC_2|

O Start with an empty layout

2

| @ Copy layout from:"Ac

When Create design is pressed

| Create design | Cancel

the new tab refreshes to allow you to adjust the conditions.

Use the Delete link on the Conditions panel to remove replicates and/or conditions that are not required in

this particular design.

£ LC-MS Tutorial - Progenesis LC-MS =R E=R(=
File -
. . . . : ) ; A X X
Reference Run Experiment Review Peak Peptide Identify Refine Resolve Review Protein .
Import Data Selaction Alignment Filtering Design Setup Picking Statistics Peptides  Identifications  Conflicts Proteins Statistics Report n 0 n i | n e G r
AC lac2 1 x| New | LD

Setup conditions

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

A Delete

Al Remove

A2 Remove

Delete

C1 Remove

C2 Remove

| C3 Remove

Add condition...

Runs [ Add Selected Runs to Condition ~

A3

Section Complete )

On deleting each replicate 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 click Section Complete.

*®0s
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Stage 7: Validation, review 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:aval ue of O IFagidcionliunynd iinnditchaet es O Presence/ Absencebd

ﬂ LC-MS Tutorial - Progenesis LC-MS EI@
File -
Reference Run Experiment  Review Peak Peptide Identify Refine Resolve Review Protein .o ! L R
Import Data Selection Alignment Filtering Design Setup Picking Statistics Peptides Identifications  Conflicts Proteins Statistics Report n O n ] I n ec] r

#

Review Features Experiment design: [A{ .]
No filter applied
Create... | Mass spectrum (24.984 min) Chromatogram (m/z = 1099.5685)
250 T T T . - . .
" 241
Anova (p)  Fold Tag + HNotes = 242
243

3908 9.46E-12  Infinity o k] Addr 300 244
3306 1.53E-11  Infinity o] Addr B 245 C
246
1615 1.79E-11 Infinity A _J Add 1 250 257
7180 3.87E-11  Infinity o] Addr T 8
— E 243
307 4.15E-11 Infinity b _J Add g 200 E 25.0
4299 4.25E-11  Infinity v k| Addr = = 251
T 6 252
2443 4.39E-11  Infinity v kol Agar |, g 150 J TR
15092  5.64E-11  Infinity e ko] Addr - 5 o254
255
4256 T.04E-11  Infinity o kel Addr 100 256
6424 9.83E-11  Infinity 4 ko] Addr 257
- 253
|1¢.57 1.04E-10  Infinity & ] Addl 50 254
3650 1.2E-10  Infinity & kel Adds 26.0
261
7868 1.34E-10  Infinity  + kel Addr 0 | i, 262 ; ; ;
1404 1.48E-10  Infinity e | addr = L 1085.0 10995 1100.0 11005 11010 1101.5 1102.0 11025 0 50 100 150 200 250 300
< [m] F miz Intensity (1043)

Run
+" Include 1 feature in results Expression Profile

Run:

X Don't include 1 feature in results — D 24054 : 00094 E
[C= Delete 1 selected feature n
|3 select | | [=2 Eqit 24,480 e =
B ‘£ 42843 ¢
1D Display | 2D Montage | 3D Montage | E £
¥} undo (¥ Redo Z g
£ 253021 £
- 2 @
key: loncharge =1 25.747
lon charge =2
lon charge =3 26.162
T T T T T T T T
lon charge = 4 1099 1100 101 1102 500 1000 1500 2000
lon charge = 5 m miz
Section Complete ()

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

Window B: displays the Mass spectrum for the current feature on the selected

Run (in window D).

Window C: displays the Chromatogram for the current feature on the selected

Run (in window D).

Intansity (1043)

Mass spectrum (24.984 min)

10990 10895 11000 11005 1101.0 11015 11020 11025
mr

Retention time (min)

211
242
243
244
245

Chromatogram (m/z = 1089.6685)

246 £

247
248
249
250
251

53
254

255%

257
258
259
260

S N
50 100 150 200 250
Intensity (10°3)

300

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

all the aligned runs.

Details of

you wish to view.

can b engtherenwe I

The feature editing tools are located in this window (see page 27 for functional

explanation).

Run:

% Aggregate .

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.

(1 see ]
E= spii 0
[:[:3 o - l4q
¥ Und 1
c2
Find.. c3 8

Mo lon chavos — A

| Run I Expression Profile I

ArcSinh Hommal ised Abundance

13.68{+8_27e-002,

Window E: shows where the current feature is located on the LC-MS run by

means of

6Greenod

rectangl e.

To change the current location, click on the image of the run (note: the
retention time and m/z values update as you move the cursor around this

view).

*®0s
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Note: doing this updates the focus of all the other windows.

You can also drag out a larger area on this view that will refocus the other windows.

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.

The appearance of the Montage (window B) is controlled by the panel on the bottom left of the display.

*®0s
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