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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 50) 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.


mailto:support@nonlinear.com
mailto:support@nonlinear.com
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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.

Experiment

Cata Import Alignment Filtering Diesign S=tup Wiew Results  Progenesis Stats  Peptide Search  Peptide Filter Protein View Report
@
Stage Description Page
o It LC-MS Data Import: Selection and review of data files for 6
@ analysis.
Refereln::e Fun
S'a Reference Run Selection: Select run to align to. 7
A 4
Licensing Licensing: allows licensing of individual data files when there 7
v is no dongle attached (Appendix 3)
A 4
““9”0“"‘ Alignment: automatic and manual run alignment 8
h 4 Filtering: defining filters for features based on Retention Time, 14
Filsering m/z , Charge and Number of Isotopes.
@
Review Normalisation: explains LC-MS normalisation 17
A 4
e Experiment Design Setup: defining one or more group set ups 20
@ for analysed aligned runs
visw Results View Results: review and validate results, edit feature detection, 23
@ tag groups of features and select features for further analysis
R Progenesis Stats: performing multivariate statistical analysis on 31
o tagged and selected groups
4
Paptice Search Peptide Search: managing export of MS/MS spectra to, and import 36
@ of peptide ids from Peptide Search engines
Pem'"jalﬁte' Peptide Filter: manage peptide ids and filters 39
A
Pratein Visw Protein View: validation and resolution of peptide id conflicts for 41
@ data entered from Database Search engines
\ 4
P Report: generate a report for peptides and/or proteins 46
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Restoring the LC-MS Tutorial

Open Progenesis LC-MS and downloaded the Compressed (.zip) Tutorial Archive file from the 'Download
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 Browse button and press Open.

Progenesis LC-MS [=l[E][=]
File
E T
Experiments ] i
Py nonilinear

‘ Perform analysis \Combine analysed fractions
Recent experiments Online content

Getting started

* Progenesis LC-MS Tutorial

. : quantify, fy:
X Gpen Bxpenment ) Video: quantify, then identi
Look i LC-MS_Tutorial_2.0 -~ @2 e
T Name ° Date medified Type Size
'&}’ 8| LC-MS Tutorial 3.0.Pro... 20/10/2010 15:35 Progenesis LC-MS... 278,76,
Recent Places
Desktop

i

Wl
Andy Borthwick

* Frequently asked questions
.. * Who else is using Progenesis LC-MS?
N o Published papers

Comput
S © Conference posters
A © Customer quotes
- « I ’
Network
Latest blog posts
- ep
 Getting increased protein coverage with
Files of type: Progenesis LGS Brpetments and Achives ¢ v| [ Cancel | Pronencels Lo MS
Frogenesis LC-MS
+ Establish and maintain 2D qgel quality
within your lab
+ Wine and proteomics at Proteomlux -
Other experiments
3
\iew online tutorial 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.BorthwickDesktop"LC-MS Tutorial 3.0

[ mponJ|[ o]

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.
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Stage 1: Data import and QC review of LC-MS data set

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

£ LC-MS Tutorial - Progenesis LC-MS =N Nom %)
File °
Reference Run Experiment , ®
Data Import Selection Alignment Filtering Design Setup View Results  Progenesis Stats  Peptide Search  Peptide Filter Protein View Report n O n l I n ec] r
Import Data Data processing methods:
|rr|ZXMLf1les v‘ Add Files... Feature detection method: Default

Peak processing method: Profile data

= NO problems found .

& About this data format...

Al
Al
|A2 E_I
A3 Pending...
1 Pending... 3
c2 Pending...
C3 Pending...
A2
0 Pending...

e i

No problems found

The data file was imported with no problems.

The data appears to be in the correct format to be analysed by this software.

+ Include run in analysis

. Don't include run in analysis

[m| Exclude areas from selected run 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 6centroidedd durings.the data acquisit

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 n thi

Note: the 'Data Processing Methods', selected when the experiment was created, are reported next to the
Add data files button (see Appendix 1, page 50).

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 52). This is not required for this data set.

Once all the files have been imported move to the next stage in the workflow by clicking Section Complete.
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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 =8 Ecn (<)
File PP
Reference Run Experiment ©000e
Data Import. Selection Alignment Filtering Design Setup View Results Progenesis Stats  Peptide Search  Peptide Filter Protein View Report n O n I I n e G r

Choose reference run

The reference run will be used when aligning each of the
runs in your experiment.

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

For experiments such as time series or dose response,

choosing the middie point tends to give the best
results.

Run Reference

IM I

) e

‘l‘.lri“_v, ‘HT' :_ [t W

\

i
c3 © Hla ' ’
wi Mo o

Use as reference run

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.

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 you are using 6Unl
software and have no dongle attached..

Refersnce Run
Oata lmport Selection Licensing Alignmsnt

For details on how to use Licensing go to Appendix 3 (page 53)

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

cens
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Stage 4: Alignment
At this stage Progenesis LC-MS Alignment opens displaying your data.

£ LC-MS Tutorial - Progenesis LC-MS o |5
File oo
Reference Run Experiment 22000
Data Import Selection Alignment Filtering DesignSetup  ViewResults ProgenesisStats Peptide Search  Peptide Filter  Protein View Report non | inear
Alignment ® ShowAigned [ # Show Unaligned ] [)(_ RemoveVeclnrsv] [P}mtomauc Aignment ] [ View v]
Run Include? Vector§
A v Ref Vector Editing ] Transition =]
T T
n 0 R Bl
: Y| R L]
ct 0 ) 10 ‘ ! T (R .
/ '
2 0 | ) ] ! ' l"'
) \ )
[&] 0 ) ) ! \
| \ ' I )
| l l \ | ’ ‘I \
bl 1 iie ] '
, | (il {
] ' \ '
N A !
|
! 1 b A IS
] Iq | | I | ' l
| |
i U )
| | | | | [
) | ) |
| ) | | | | 'l
! { | ) ! '
; (N} ! ) | I\ ' ! )
N1 i | | !
‘ | ' ) A | \
haoad ! ' ' ! A
Whole Run ] Total lon Chromatograms ]
L3 F
+ Include run in analysis
X Don't include run in analysis
Contrast
@ [] Rotate Chromatograms
Focus grid size: [¥] Make box square
)11/©12/©0]4/@]8|©16/©(32/© X2 . g X
§ Agament 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.

de Search Peptide Filter Protein

The Alignment algorithm will gen
retention time direction for each run, to enable the alignment of all

the LC-MS runs to the O6Reference Rua Wi
Transition ]

The alignment vectors are generated automatically for allthe LC-MS runs by wusing t
wi zar dbd access @dtonbatic Atignmenkon thegtopdool bar.

vec
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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

Motes Vectors

£
(=%
)
1=
3

=

this run does not need to be aligned as it is the alignmert reference

B

automatic alignment will be peformed for this run

=
L

automatic alignmert will be peformed for this run

automatic alignment will be peformed for this run

(]
[t

automatic alignmert will be peformed for this run

EEEEE
Q
GGGGGE

o]
[}

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 placedwectomon 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 54
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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.

LC-MS Tutorial - Progenesis LC-MS F=n|Ech )
File
Reference Run Experiment *000-
Reference Data Import Selection Alignment Filtering Design Setup View Results  Progenesis Stats Peptide Search  Peptide Filter  Protein View Report non | | near
Run (]
(Magenta) Alignment [ ® Show Aigned v} [ # Show Unaligned ] [)(_ Remove Vec(orsv] @7 Automatic Alignment ] [ View v]
\ Run Include?  Vectors
Al v Ret | Vector Editing ] Transition ]
A2 1 ‘ !
|« 0 A B
1 0 ' | h ’ |
Current & i ‘ ( ‘ [T |
Run ) 0 '

:
‘ N | .

r o
(Green) 3) i
N

Alpha Blend
Added display animates
}| alignment || between current
' ' Vector i ) ' and reference runs
|
) y | v } — ’
"” M H'l' !
S cazer , '
Whole Run 1] [Fotat lon Chromatograms |
c D
s
Ll B )
ki
g !‘JL X —
1“]“" B —_—
e i [ " T —
Wbt v " i f_i—H,_i-
it Y p' y1'|.|' G E .::_
 Include run in analysis "N e —
L=
' KS-
X Don't include run in analysis Current ‘\‘8
Focus I
Contrast

EEEEnN s

EEEEEN ;
| Rotate Chromatograms
Focus grid size: [7] Make box square

i 4 4/ol8 /e 1je 320 “s Aignment target & Run being aligned

Run Include? Vectors

The Runs: panel shows the run that is currently being aligned in green, and | v Ref
the run it is being aligned to in magenta. This is the reference run you Az {
chose at the previous stage, in this case Al. - 0
C1 1

Ccz ]

C3 0

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 the view

Total lon Chromatograms |

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 should show minimal distortion,
Window B (Transition) will show features pulsing slightly but not moving up and down.

£33 LC-MS Tutorial - Progenesis LC-MS (=1 [oh =)
Eile
Reference Run Experiment 4 X B3

Data import Selection Alignment Filtering Design Setup View Results Progenesis Stats  Peptide Search Peptide Filter Protein View Report n O n I I n eo r
Alignment |[ ® ShowAigned ~ ]l | # Show Unaligned J 1 X Remove Vectors ] [P; Automatic Aignment J [ View ~ ]

Run Include? Vectors
Al v pef | | Vector Editing ] Transition ]
" 426 |

A3 406
c1 209
c2 208
L] m

+ Include run in analysis

X Don't include run in analysis

Contrast

EEEEEEN e
——
EEEEEN
Focus grid size: Make box square
it L gesieienes § Aignment target S 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 Fo c u s g rcadntcol asthe batdm 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 54).

12
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Vector Editing ]

The Total lon Chromatogram view allows you to

further verify alignment of the two runs.

When show aligned is pressed you will see the
corresponding effect on the alignment of the 'Total

lon Chromatograms'

Transition ]

|

Total lon Chromatograms 5| |

'3l

Rotate Chromatograms

13



