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ASMS Workshop and User Meeting 2007

our seventh annual workshop and user meeting was held at the Indianapolis Marriott Downtown on Sunday June 3rd 2007, (Immediately
preceding the $5th ASMS Conference on Mass Spectrometry and Allied Topics.)

If you were unable to attend, or want to review any of the material that was presented, the following Acrobat files are available for viewing
or download.

E comprehensive suppart for quantitation (1.63 MB)
Fast and flexible bininformatics analysis of your search
results
John Chakel, Proxeon Biosystems

@ MCP Guidelines without tears (4,25 MB)

Keynote:

Enrichment, analysis, and database search strategies for
phosphopeptides
Steven Gygi, Harvard Medical School

E Getting to grips with Mascot 2.2 (0.78 MB)
E The Mascot LiveDWD (0.39 MB)

Reminder of Indianapolis: sara dancing (5.74 MB) by Julian ==
Opie
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MAS COT : Quantitation I © 2008 Matrix Science {fgﬁgﬁg

We talked about our strategy for supporting quantitation at last year’s ASMS User Meeting.
I want to give you an update, and concentrate on what’s new, so [ won’t be repeating the
material presented last year. You can find the slides and notes from last year’s talk, along
with all the other talks, on our web site. Search for Indianapolis



Quantitation - Overview

Protocol Basis Ratios Examples

reporter Specific reporter ion peaks within a Inter-sample | iTRAQ, ExacTag,
single MS/MS spectrum TMT

precursor Extracted ion chromatograms for Inter-sample ICAT, SILAC, 80,
related precursors within a single ICPL, AQUA,
dataset Metabolic

multiplex Pairs of sequence ion fragment peaks | Inter-sample | SILAC, 80

(Neubert et. al.) | Within a single MS/MS spectrum

replicate Extracted ion chromatograms for Inter-sample Label-free
identical precursors across two or
more datasets

empai Protein coverage from a database Intra-sample N/A

(Ishihama et. al.) | search result

Average Extracted ion chromatograms for Intra-sample N/A

(Silva et. al.) selected peptides per protein within
a single dataset
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11 just show three of the slides from last year, so as to provide the context for this talk

We described how we have classified the various quantitation strategies into six protocols. For details
of each protocol, see the 2007 talk.

The rows with a blue background are the protocols that were fully implemented in Mascot 2.2,
because they only require information from a standard peak list.

The rows with a white background require additional information from the raw data file. Information that is
not present in a standard peak list
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Workflow for methods that require additional
information from the raw data file, (precursor,
replicate, average)
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For these methods, the workflow looks like this. The raw data file is processed in Mascot
Distiller and the search submitted to Mascot. When the search is complete, the results are
returned to Distiller. The quantitation report can then be generated in Mascot Distiller,
which has access to both the Mascot search results and the raw data.

Although the Mascot Server side of things was released in March 2007, the Quantitation
Toolbox for Distiller is still under development. I wish I could say it was now released.
Unfortunately, this is not the case. The plan is to release the toolbox to a beta test group on
June 30™ with a general release date of August 30™. So, we are very close, and I can show
you how it works in some detail.
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The final review slide is to illustrate that one of the main goals in our implementation has
been to keep the user interface simple. Quantitation adds a huge number of choices and
parameters, but there is no point in exposing all of these in the search form.

The approach we have chosen is encapsulate these choices and parameters into named
quantitation methods. This means that the search form has just a single new control, which
replaces the old ICAT checkbox.

Methods that have [MD] at the end are the ones that require Mascot Distiller

I’1l now talk in more detail about the reporter and precursor protocols
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Databage : SwieeProt 55.3 (366226 sequences; 132054191 residues)
Quantitation : ATRAQ Gplex method details
: Applied Biosysetems iTRAQ{TM} B-plex reagent
Timest amp i 23 May 2008 at DB8:351:16 GMT
Enzyme : Teypein/P
Fixed modifications : Methylthio (C),iTRAQBplex (N-term) ,iTRAQBplex (K)
Variable modifications : Carbamidemethyl (C) Oxidation (M}
Mass values : Monoisotopic
Protein Mass : Unrestricted
Peptide Mass Tolerance : + 0.3 Da (# *C = 1)
Fragment Mass Tolerance: + 0.6 Da
Max Missed Cleavages 12
Instrument type : MALDI-TOF-TOF
Humber of gueries 1 4624
Protein hits s 1147113 115/113  116/113  117/113 118/113 119/113 121/113
1.129 1.162 1.222 1.078 1.057 0.977 1.017 TLH2 HUMAN Talin-2 - Homo sapliens
1.007 1.128% 1.278 1.113 1.176 1.087 1.029 S41A3 HUMAN Solute carrisr family &
0.947 0.904 0.902 1.289 1.048 1.023 0.860 HDX_HUMAMN Highly divergent homeck:
1.285 1.189 1.279 1.340 1.093 1.250 0.834 KIF14 HUMAN FKinesin-like protein KID
1.142 1.144 1.306 1.082 1.288 1.039 1.074 AP2M1 HUMAN AP-2 complex subunit mu
1.062 1.275 1.292 1.z218 1.200 0.930 0.963 MED17 HUMAN Msdiator of FNA polymer:
1.054 1.046 1.150 1.142 1.251 1.293 1.170 KCNKS HUMAN Fotassium channel subfsg
1.056 0.999 1.211 1.093 1.235 1.041 0.996 EAAL HUMAN Excitatory amino acid t:
- — = - - - — ODPFP1_HUMAN Outer dense fiber prote
1.020 0.856 1.140 0.983 1.155 0.945 0.787 HUCL HUMAN Nucleolin - Homo sapien:
0.903 0.969 1.415 0.914 1.075 0.813 0.808 ZSWMS HUMAN Zinc finger SWIN domain
.
< >
£ B Intemet
. TPy MATRIX
MASCOT . Quantltatlon /] © 2008 Matrix Science {;‘CYEIVCE

First, reporter. Although we have kept the user interface as simple as possible, this isn’t at
the expense of flexibility. Nothing is hard coded, so you can easily create new methods for
new chemistries. For example, Applied Biosystems released their 8plex iTRAQ chemistry
last year. The only change that was needed in Mascot was to add a new method with the
new modification and reporter ion masses.

Also, remember that the ratios to be reported are defined in the method. Although this
example shows all ratios relative to 113, you could just as easily configure the method to
report four independent ratios, 114/113, 116/115, etc.
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In peptide view, the initial display shows the reporter ion region. We can see why there is no
reporter ion at 120 — this is the immonium ion of phenylalanine. Notice the high score. We

sometimes get asked whether strong reporter ion peaks cause any problems with scoring. [
think this shows that the answer is no.
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The Tandem Mass Tag chemistry from Proteome Sciences is now commercially available.
Again, just a matter of putting the correct modifications and mass values into a method.



-2 Select Summary Report (John Rogers TMT PQD extract_msn.exe) - Microsoft Internet Explorer

Fle Edt Vew Favoites Toos Help 5
Qﬁeck -9 \ﬂ @ )] /"‘sﬁrch 7 Faverites {E2) - & @' powermarks B 4 T4

Address ] & _quank_repart_detail=1¢_quant_outliers_method=aubai_quant_min_num_peptides=2#_min_precursor_charge=La_quant_pep_threshold_type=at-+east+homology | (£ G0

{ocivers Mascot Search Results

User
Email

Search title
MS data file

6plex TMT data from a collaborative demonstration by Proteome Sciences and
Thermo Scientific, (PQD on LTQ XL).

Database v ¥
Quantitation TMT 6plex method details
Proteome Sciences sixplex Tandem Mass Tag
Timestamp 4 Apr 2008 at 12:45:45 GMT
Enzyme Trypsin/P

Fixed modifications
Mass values

Protein Mass

Peptide Mass Tolerance

Carbamidomethyl (C),TMT6plex (N-term),TMTéplex (K)
Monoisotopic

Unrestricted

£ 2.5 Da

Fragment Mass Tolerance: + 0.35 Da

Max Missed Cleavages 2

Instrument type ESI-TRAP

Humber of gueries 8131

Protein hits 1 127/126 128f126 129126 130/126 1317126
1.880 2.576 4.305 1.958 0.679 OVAL CHICK Ovalbumin — Gallus gallus (Chicken)
1.877 2.754 3.881 1.908 0.512 ALBU BOVIN Serum albumin precursor - Bos taurs
2.027 3.339 4.409 2.621 0.793  TRY1 _BOVIN Cationic trypsin precursor — Bos te
z.227 3.030 %.318 2.291 0.619 LY¥SC CHICK Lysozyme C precursor - Gallus gallv
2.082 2.965 4.078 z.022 0.735 M¥G EQUBU Myoglobin - Equus burchelli (Plains
2.213 3.186 1.211 2.276 0.779  CAH2 BOVIN Carbonic anhydrase 2 - Bos taurus |
1.708 2.693 3.259 2.451 0.626  G3P_PIG Glyceraldehyde-3-phosphate dehydrog

Select Swmmary Report

Select Summary (protein hits) Help
R . . —— - S v ™
< >
&) ® Intermet

MAS COT : Quantitation I © 2008 Matrix Science {Sﬂgﬁgﬁ;ﬁg

Here we have a report for the 6plex TMT tag, courtesy of Proteome Sciences and Thermo
Scientific. This data is from an LTQ XL using Pulsed Q Dissociation
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Here is the reporter ion region. This sample was a test mix with ratios 1:2:3:4:2:0.5
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Now lets turn to the precursor protocol. This is where we have to use the Mascot
Distiller Quantitation Toolbox. I’m going to illustrate the workflow using one of the
QStar sample data sets that can be downloaded from the MSQuant home page. This
is a SILAC sample with three components: unlabelled, Arg labelled with 13C(6),
and Arg labelled with 13C(6)15N(4). First, we open the Wiff file in Mascot
Distiller, and process it into peak lists

11
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The peak lists are submitted to a Mascot Server to be searched
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There’s an opportunity to tweak the search conditions, but most of the important

settings, including the modifications, are
method

embedded in the selected quantitation

13
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We get progress reports while the search is running

14
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When the search is complete, the results are imported into Distiller. All the required
information is now available, so Distiller is in a position to generate a quantitation
report
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The quantitation results are displayed in a grid control, spreadsheet-style. More
about this on the next slide

Below the grid is a chromatogram window. This is displaying the TIC plus extracted
ion chromatograms for the three components, light, medium, and heavy.

When you click on an XIC, the scan window at the bottom shows the precursor
region of the survey scan. The observed spectrum is in red. This is overlaid with
black traces showing the isotope distributions calculated for the ratio being reported.
You can make a visual judgement about the quality of the fit. The overlay can be
turned on and off using a context menu.

To the left is an explorer tree showing the search results. If you are familiar with the
explorer trees in Distiller, you might notice that this tree is a new one, which shows
the peptide matches grouped into proteins, like the standard Mascot Peptide
Summary report

However big your screen, its always difficult to find enough room to display
everything. To try and make best use of limited space, the grid and tree can be
unpinned, so that they fly out when required and disappear when you move the
mouse away.

16



“ Mascol Distiller - lripleacelyl 4

|| 7 =3 i
= lz]Seaence x| Mt | s [x| we | st | resction |correlition| wtensdy
> T v avomavolsn | 1078 omsier g 1043 006 0arm
§ I+ eniiomsie: | I 00555 09007 004904 05798 09210
: S|+ ammaccavan [l 111 ooaslpl 1000 o0sese 06w s
T4 aemmciowne | sz onzl OUNS 00| osow oss
H T |eammdcoaveR @ s ooies Pl 0AWL GoisE oA s 4
g ] v )
e e G =)
J ehla
g [~ 7 0 T v G5 RTS8 prgmnypeck cevdrons emarase 8 prosuesie (0] (riomase) (Cyeinphan
lz] Sequewe || ML | SwEn [x]| WU | Stwb | Fraction | Coelition] ktensdy
i PTG Pt 00175 | 11680 DOAWS  0sem 0%
T+ 2 ievmeR B omi7 oo [P 08 00IA 08T 03860
S|+ nviewens T = 000000 e ance, D
|+ zviEEnR @ 1003 ooovis|p  0ses0  omses  0ssr3|  0ssm 7451 (5) Qratan )
5 |+ 200PMGGOFTR (@ 1141 0070 [P D06 D068 08w 03 71
W[+ 2voMGoo0FTR || Ga1TT obiso || 0B ooita  osas  osm 5737 (5 o )
|4 e vicemGooorE ([ 0os  amens ) 06081 o o o0 3018 (6) O )
5] ais () oA =3 3 ) TiEe ] preceeain 1 [Fomn sopions]
1 Sequence  [X| My | sakn x| no st | rraction | Correlation| mtes
Tw v ovoene I I L A
T+ 2 avecetr @ vsw  omaolF MM 0SS owee 0w
| | 3lsmomaowes  |p|  oseie  aoeisF a0t 001s33| oo 0se0
R a 755 [E] 1o 3 ossrs 1072813 Gl A Crystl Sructre Q1 Hun Ghdlrore S Transterase P1- 1101 Co..
H lz] Seauence [x| Mt | st [x| we | st | resction |correlition] wtensty
T [+ apvTonEevE @ s oowe B OG0B 0t 08
Tle wwvtevrion ([ toa omesp 10199 0089 0wt 0% 006 (17 Graben ]
| | 3]+s-cooessvomv. Bl osers  ommslEl  0ssrs  ooisss|  orse osm 2143 (10) Qe
5] - gavin a8 23888 (e o 3 o873 10728 3 gdlhwen S hosferass o sopers]
m [z] Goquence || 1| g [x| Wi | Gddr | s otaion
T+ 2-FPVTANFPYR |7 08778 O0med b 069 00| 08an  Osee
T |a M TR (@ i0e7 Oeas P AOIGY  GO4IE Gests| 4 6 (1 Crntion 4]
| | 3]+socosuvomy Bl oses  ooiuisp  Dssrs  ooisss|  orse osen 2143 (10) Ot |
(] - ety 7 ar [ eI TAZAT 5 hwn &, Troredonn Perondase D1 1om Hed Excd Cete
[ 2| Goguense %] ML | Sufn |x| WL | Sdfir | Foetion | Corelmion| bnensiy
|+ = ocomvr 7 Tm ;e 0990 D025 [ [E7
Tlenmesmvoan P nme  omwrp 0B 006 0ses  0aar
Tl araeoor ([ osas  omnolpl 0% 00 osms s
4 |e nECOlCRNPLA P 060 0mrs B 00381 0868 0o
| e nrcasue. |F [E) 00605 7 09180 DOSIT 00008 09911
[T+ obizens ™ o) 12102 ] 12700 1508] 3 tanboen e dsomns]
[8_|+ aisiaranes 83 2836 08803 12071 5 05582 TATEE 8 hyontteboal proten o sapers]
[3] 4+ aenns ™ 2zt 550 Ta7 3 o0 uze 3 3 143 [, b, PEc608, 05 38
101+ at1a7513 s w0 0s68s 1oes 3 oss01 TATAT. 3 RABT, e RAS ety Homa sops| >
RS RIT |
109)
W0 ED s B0 D W JEl A0 B0 @0 S0 W00 ED T TR0 A0 1A 1@ @0 W0 1@ me
MASCO I . Quantltatlon n © 2008 Matrix Science {;‘CYEIV('E‘

Here, the grid has been unpinned and is being displayed over the top of the other windows.
Some protein hits have been expanded to show individual peptides. One peptide has been
expanded to show the corresponding Mascot matches. There’s a lot going on here. If you
want to study the numbers, this is the place to look. If you don’t, then you can hide many of

the columns to make the display simpler.

Because this is a three component experiment, two ratios are reported: M/L and H/L. These
labels come from the method, and could equally well use sample IDs or whatever you

prefer.

The checkboxes allow you to over-ride the decisions made by the software. If a checkbox is
cleared, the peptide ratio is rejected and does not contribute to the protein ratio
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You can spend many happy hours devising different ways to arrange the Windows.

With the tree and quant grid unpinned, we can see the chromatogram and scan
windows more clearly. A tooltip for each scan provides mass and charge
information.

The light purple region is the XIC peak. These are the scans that have been
integrated to determine the ratios. The grey bands, which look dark purple when
within the XIC peak, are the scans for which we have Mascot matches. In this
particular case, there is no match for the medium. The precursor is inferred from its
mass and co-elution.

Whenever isotope distributions overlap, as happens here for the medium and heavy,
this is accounted for in all calculations, as is incomplete enrichment. Obviously, in
an individual scan, the fit is unlikely to be perfect. However, I hope you’ll agree that
we can immediately judge that the ratio isn’t too bad and we can see there are no
serious interferences or other problems in this particular scan
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This is O-18 data from an LTQ-FT, courtesy Christopher Mason, Mayo Clinic. The sample
is part of a dilution series and this one is particularly tricky because the ratio is 10:1, light to
heavy. Obviously, with only a 4 Da separation, the isotope distribution for the heavy is
smoothly overlapped by the tail of the light distribution, particularly for larger peptides. At
the protein level, the ratios come out around 0.08, which we think isn’t too bad.
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This is the C-terminal peptide of BSA, which should be unlabelled, so reassuring to see the
ratio is indeed close to zero
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Sometimes, XIC peak detection is a challenge. The starting point is set of scans for which
we have Mascot matches. You can hardly see, but in this case, there is a grey band way out
here for a match obtained some 3 minutes before the main peak came through. The XIC
peak detection algorithm has decided that the bulk of the signal is within the much narrower
region to the right, as shown by the purple highlight. This, by the ways, is still O-18, but the
sample is now 1:10 light to heavy.
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Now some metabolic data, courtesy of Rainer Cramer’s group at the Reading Biocentre. In
the heavy component, all the nitrogens in the proteins have been replaced by N-15. The
calculated distributions (black) fit reasonably well to the observed peaks (red). Notice the
peak marked with a red star. This is due to the 1% isotope impurity.

For this particular ratio, there is evidence for some interference between the light and heavy
precursors, and also something happening off to the right, but in general, this is a clean
spectrum and can be expected to give a good ratio. We expect that most people will want
the software to make this judgement, most of the time. In the quantitation grid, the figures in
the columns headed standard error, fraction, and correlation are measures of the quality of
the spectrum in the precursor region. The software compares these numbers with thresholds
to decide whether to accept or reject a ratio. If you want, you can over-ride these decisions
using the checkboxes. I’ll describe briefly how each of these criteria work
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Fraction is the fraction of the peak area in the precursor region accounted for by the
components. Here is a spectrum where there are a lot of interfering peaks. When we add up
the areas, the expected precursors only account for 44% of the area, so the ratio is rejected.
This threshold, like the others, is set as part of the quantitation method.
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What about a case where the interfering peaks come right on top of the precursor peaks? A
test on the matched fraction won’t help. This is why we have a second test on the shape of
the distribution. This uses the correlation coefficient between the predicted and observed

precursor isotope distributions. Here is a case where a ratio fails the test, because the
correlation coefficient is only 0.49
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Another column reports the estimated standard error for the calculated ratio. Each ratio
comes from making a least squares fit to the component intensities from the scans in the
XIC peak. Here, for example, each point represents the heavy and light intensities in one
scan. The gradient of the fitted line is the best estimate of the ratio. The standard error for
the fit is a good measure of the reliability of the ratio, and can simply be tested against

another threshold.
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Of course, as always, garbage in means garbage out. Here is a case where the raw data are
centroids, not profiles. Although we have good strong MS/MS, when you look at the survey
scans, there are no proper isotope distributions. The monoisotopic peaks are approximately
in the right place, but the spacings to the isotope peaks are almost random. The charge state
is 2+, and the calculated overlay shows what the distributions should look like. Presumably,
there was something seriously wrong with the original peak picking. We simply cannot
expect to get decent quantitative information out of data like this.
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So, just like with protein ID, the better the data, the better the quantitation results. Precursor
resolution is clearly a good thing, because it makes peak detection easy and delivers high
signal to noise ratios. This is ICAT data from an Orbitrap courtesy of Steve Gygi. Because
this is deuterium ICAT, the components do not precisely co-elute, and the software has to
try and align the chromatograms. This makes data quality especially critical.
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