Mascot Search Results
FAQ

MASCOT

{ MATRIX
SCIENCE.




{= Matrix Science - Help - ASMS Workshop 2005 - Windows Internet Explorer:

Q.‘- 4 @“http:jfwww‘matr\xscience‘mmfwnrkshﬂpfzﬂns‘html (=X | ‘ B~

(8 5naglt

Wk [ﬁMatrix Science - Help - A5MS tiorkshap 2005 I ] far - b - [Zhpage - G Tooks - @
-

ASMS Workshop and User Meeting 2005

Our fifth annual workshop and user meeting was held at the Henry B, Gonzalez Convention Center, San
Antonio, Tx, on Sunday June Sth 2005, (Immediately preceding the S3rd 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 Fast de novo sequencing and tag generation {1.07 MB)
E MNew features in Mascot 2.1, including security (2.76 MB)
Keynote:

Protein Identification with Near-Certainty
Professor Matthias Mann,

Director Center for Experiment Bioinformatics,
University of Southern Denmark

Frr
E Data mining with Mascot Integra (2,59 MB)

E @arch Results FAQ (1.13 M)
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We had a presentation with this same title at our 2005 user meeting. So much has changed
in the last 6 years that it seemed like a good idea to re-visit the topic. Just about everything
in the earlier talk is still relevant to the current version of Mascot, but three of the original

answers would benefit from being updated



Why are some peptide matches shown
in red or bold face?

Red indicates the top scoring peptide match for this
spectrum

= Not necessarily a significant match
Bold indicates the first time any match to this
spectrum has appeared in the report

< |f a protein hit doesn’t have any bold red matches, all the
assigned spectra have better scoring matches elsewhere or
the same matches have already appeared in the report,
assigned to higher scoring protein(s)
This is still true for Peptide Summary and Select
Summary reports
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We thought his was probably the most frequently asked question. The original answer,
given here, is still correct for the Peptide Summary and Select Summary reports.



Why are some peptide matches shown
in red or bold face?

Pepide Summany v Helo
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ol ] Require bold red [
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By dropping hits that have no bold red matches, we can largely eliminate two classes of
false proteins. First, proteins that would be sub-sets of other, higher scoring proteins except
for the presence of one or more low scoring, random peptide matches. Second, intersection
proteins, that are sub-sets of two or more protein. However, ‘require bold red’ doesn’t
always work. Here, for example, hit 34 is an intersection protein. All its matches are found
in hits 20 and 51. But, because of the order in which they appear, they all have bold red
matches.



Why are some peptide matches shown

in red or bold face?

Protein Family Summary

Red still indicates the top scoring peptide match for this

spectrum

Bold indicates a significant match (which is what a lot of

people assumed it meant all along)

14821 685.6485 1369.2825 1368.8737 0.4088 0 33 0.042 P31 U M  K.THILLFLPK.S

#17180 482.6954 1445.0645 1444.7796  0.284% 0 42  0,00036 W1 U R.DLDSLHSFVLR. Q

#8255 b2 742.4763 1482.9381 1483.7735 -0.8354 1 13 0.9z B1 U R.GGEKVGEHNGGR.D

#8271 b3 495.3530 1483.0373 1483.7735 -0.7362 1 12 1.2 B3 U R.GGEKVGEHNGGR.D

#1844z P17 745.8950 1489.7754 1489.8020 -0.0266 0 67 9.7e-06 W1 U W  R.EADDIVHWLK.K

#6550 Pa 748.0871 1494.1596 1493.8254 0.3342 0 83 1.4c-07 B3 U W  R.LITLEEEMTK.¥

#18790 P4 502.3231 1503.9474 1503.7925 0.1549 0 55 2.7e-05 P1 U W  K.SHFEEALARHK.Y

418970 P2 796.0795 1510.1444 1509.8204 0.3241 0 56 5.6e-05 b3 U W  R.LITLEEEMTK.Y + Oxidation (M)
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The Protein Family Summary, introduced in Mascot 2.3, was developed to present a more
rigorous minimal list of proteins, without the complication of worrying about bold red. We
described it in details at last year’s meeting, in a talk that can be found on our web site.
Proteins are grouped into families on the basis of shared peptide matches, and any
intersection proteins identified and eliminated. Low scoring matches cannot interfere
because grouping is based on significant matches only.

This means that the earlier use of bold is no longer required. In the new report, bold is used
for matches that are significant, which is what a lot of people assumed it meant all along.



How can | send a result report to a
colleague?

3 Matrix Science - Help - Sharing Result Reports - Microsoft Internet Explorer
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Sharing Result Reports

Mascot search reports are generated on the fly by the Mascot server. This provides great fleibility, allowing a repart to be re-formatted
easily. The reports also make extensive use of HTML hyperlinks, allowing you to 'drill down’ to other views of the data, such as the Protein
View or the Peptide View.

However, these same features make it difficuit to share the result reports with colleagues or customers who do not have on-ine access to
the Mascot server. This help page discusses some of the options that are available if you want to share result reports with a third party.

Saving a report from the web browser

&ll web browsers allow you to save the current HTML document to a file, Unfortunately, if you save a simple HTML file, you lose linked items,

ch as the images, which often contain important information, To capture the images, you need one of the newer browsers that have the
option to save 3 "Web page, complets”, or similar. In addition to saving the HTML page, this creates a directory, in which al the linked files
are saved. This provides an exact off-ine copy of the original report. If you want to email this to a colleague, you just need ta zip up the
relevant files, so as to preserve the directory structure.

Mieroscft Incernet Explorer (verson 5 and ater), provides @ means of saving a complete web page to 3 sings i, called 3 web archive. This
is 3 Multpurposs Intemet fal Extansion HTML format fil, (MHTML), in which the reiative nks 1 the eb page are remapped and th
mbedded content is induded within the .mht file, rather than being saved in a separate director

One limitation of MHTML is that many browsers still don't support viewing of these files, though this is likely to change. A more serious
drawback is that it is still just a single level report, and you can't dril down to other reports by dlicking on the hyperlinks.

Printing to an Adobe Acrobat document

If you have Adobe Acrobat installed, you can print 3 Mascot result rEDDrt to an Acrobat (.pdf) file. This has the advantage of being

transportable to a wide range of platforms and can be imported by many software applications. On the other hand, you have to purchase the

"full" version of Acrobat, you can't create a document using the free reauer And, like MHTML, it is a single level report, and you can't drill

down to related reports by clicking on the hyperlinks.

Capturing a complete set of reports v

€] 0one © internet
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Another FAQ dealt with sending search result reports to colleagues or customers. The
answers discussed in 2005 may still be applicable in some cases, and are described on this
help page, but there are now two additional options.



How can | send a result report to a
colleague?

Mascot Security (new in Mascot 2.1) enables
you to configure users who can:

e View their own reports
= Not see reports belonging to users in other groups
= Not submit searches
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Often, the most versatile option is to allow the colleague to connect to the Mascot server,
but with restricted rights.



How can | send a result report to a
colleague?
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MASCOT search log
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S | Log rie [Togiemamsion 1| (ociines Mascot Search Results
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GETe:I™
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: Tan from Inmunology
a

et Ledu
: Submitted from Immunology 20050531 by Masoot Daemos
v

B c c c ra1-me .

. . v v sde  : \\galami, test_ Pt Mascot Security
se : IPT_human human_2.32 (11519 sequences; 19421139 residues)

el | —— : 31 Hay 2005 at 14:50:16 QT

Error: ian is not permitted to submit searches of type MIS
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Password: ||
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When such a user goes to the search log, they will see their own search results, but not other
people’s. Even if they have a link to someone else’s results, they cannot open them. If they
try to do a repeat search, or a new search, they are requested to log in as someone with the
rights to run searches



How can | send a result report to a
colleague?

Save and send a Mascot Distiller project
e |f Distiller is not registered, it acts as a read-
only viewer

e Can interrogate peak picking, search results,
and quantitation results without any connection
to the Mascot Server used for the search

e Mascot Daemon can create Distiller project files
automatically.

{ MATRIX
SCIENCE.
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If this isn’t appropriate, then why not save the search results to a Mascot Distiller project
and send the project file to your colleague? If Distiller is not registered, it is a free, read-
only viewer for existing projects. As well as search results, you can see the details of peak
picking and any saved quantitation results. If you have the Daemon Toolbox option for
Distiller, you can batch process files and automatically save Distiller projects.



Why are peaks that match to fragment
ions not labeled in Peptide View?
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In 2005, we explained that the peaks labelled in a Peptide View report are those used for
scoring. Mascot begins by selecting a small number of experimental peaks on the basis of
normalised intensity. It calculates a probability based score according to the number of
matches. It then increases the number of selected peaks and recalculates the score. It
continues to iterate until it is clear that the score can only get worse. It then reports the best
score it found, which should correspond to an optimum selection, taking mostly real peaks
and leaving behind mostly noise.

Mascot is not trying to find all possible matches in the spectrum. As in this example, many
spectra have "peak at every mass" noise, and can match any fragment ion from any
sequence if there is no intensity discrimination. So, you may look at a peptide view report
and see obvious matches that are unlabelled. However, if the peak selection was to be
extended to include these additional matches, it would also have to include a number of
additional noise peaks, and the score would decrease.

10



Why are peaks that match to fragment
ions not labeled in Peptide View?

Label all possible matches O Label matches used for scoring &

o
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You finally wore us down. After 10 years of giving this reply, we gave up arguing and made
it a user option. The default is to label the peaks used for scoring



Why are peaks that match to fragment
ions not labeled in Peptide View?

Label all possible matches @ Label matches used for scoring O
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And the radio buttons make it easy to switch to having all possible matches labelled.

12



I’ve accidently deleted the search log,
what can | do?

= Command Prompt

IC:%\>cd “Inetpubdmascot:\hin

IC:~Inetpubsmascotsbin>ms—makesearchlog.exe_

Also useful for pruning the search log after deleting
unwanted result files

{ MATRIX
SCIENCE.
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Now for the new questions!

Losing the search log isn’t a disaster. Mascot includes a utility that crawls the files under
the data directory and re-creates the log file, searches.log. The utility is called ms-
makesearchlog.exe and lives in the Mascot bin directory. If there are a lot of result files, this
can take a long time, so maybe run it over the weekend. This can also be useful if you’ve
deleted unwanted result files and want to create a clean search log

13



What are the figures in parentheses
after matches and sequences?

Score Mass Matches Sequences emPAIL
7.1 #RPOB_ECOLI 1769 150937 84 (66) 66 (57) 2,93 DMA-directed RNA polymerase beta chain - Escherichia coli

» 2 samesets of RPOB_ECOLI

¥7.2 APTa_ECOLL 97 77466 25 (19) 19 (15) 0,94 Phosphate acetyltransferase - Escherichia coli
F7.3 ADCP_ECOLI 393 77581 20 (13) 14 (9) 0.51 Peptidyl-dipeptidase dep - Escherichia coli
7.4 AFEP&_ECOLI 128 g2171 7L 4{4) 0,17 Ferrienterobactin receptar precursor - Escherichia coli

Numbers are:
1. Count of spectrum matches
2. (Count of significant spectrum matches)
3. Count of distinct peptide sequences
4. (Count of distinct peptide sequences with significant matches)
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The first number under matches is the count of MS/MS spectra that have been matched to
peptides from this protein. The number in brackets is the count of significant matches. That
is, matches with scores above the significance threshold. The number under sequences is the
count of matches to distinct peptide sequences. If multiple spectra match to the same
sequence, even if the charge state or modification state is different, this only counts as one
sequence. Again, the number in brackets is the count of sequences with significant matches.
When making a list of protein IDs, its often advisable to have significant matches to at least
two distinct sequences before accepting a protein ID as safe.

14



Where do the peptide sequences come
from in the unassigned list?

Proteins (482) H Quantitation (513) H Unassigned {26931} |

Unassigned peptides, 1-100 (out of 26931)

100 v per page 1 Sort by Decreasing score ¥

Peptide matches not assigned to protein families (no details means no match)

Queryr Observe d Mr{expt) Mr{calc) Delta M Score Expect Rank Peptide
17701 731.5877 1461.1608 1460.7932 0.3677 0 34 0.064 ’1 VLPAPMLOVGGR + Oxidation (M)
6333 555.0061 1107.9977 1107.6168 0.3809 0 33 0.053 ’1 VEAETWK
9461 603.8887 1205.76z29 1205.7086 0.0544 0 32 0.0%9z ’1 VMIWELK
1256 451.3809 900,747z 200.5514 0.1858 0 3z 0.063 ’1 ELQIVR
#6550 558.5968 1115.1791 1115.7158 -0.53687 0 3z 0.064 ’1 LOLLDVK
966 443.8478  BOS.6810  E95.5518  0.1283 0 32 0.058 B1  LLGGNIR
6602 559.3689 1116.7232 1116.6634 0.0538 0 3z 0.056 ’1 EPLETLEK
#2360 450.4273 958.8400 958.5569 0.2831 0 32 0.079 ’1 EGELLVE
ef2613 456.8810 971.7474 971.6623 0.0852 0 3z 0.077 ’1 ILITPK
#2600 456.3951 970.7817 970.5933 0.1884 0 31 0.079 ’1 IIEFSLR
£20756 790.5842 1579.1538 1579.8705 -0.7167 0 31 0.069 ’1 SFIQSAHLIQHR
15301 693.4837 1364.95zZ8 1354.9009 0.0519 1 31 0.069 ’1 ALVAVLREVE
#7019 566.3740 1130.7334¢ 1130.715% 0.0180 0 31 0.069 ’1 LLVEEIK
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The way this question is worded indicates a common misunderstanding. Unassigned doesn't
mean unmatched. The unassigned list contains peptide matches that are not assigned to
proteins in the body of the report. Its the overflow, if you like. If you reformat the report,
asking for more and more protein hits, all of the unassigned matches will eventually get
pulled into the body of the report. Conversely, if you specify that you only want a single
protein hit for a result which should have many hits, you will find a lot of high scoring,
significant matches pushed onto the unassigned list.

There may be some unmatched spectra on the unassigned list, but these are the entries with
nothing apart from the experimental m/z and Mr values.

When you load a Peptide View report by clicking on a query number in the unassigned list,
it refers to the first protein containing the matched peptide. This may or may not be the
protein that would be the anchor protein if more hits were specified and the peptide match
was pulled into the body of the report.

15



How can | get hold of the raw result
file?

. Mascot searchton

MASCOT search log

Version: 2.3.01.241 - Loggedin as Joln Cottrell - logout
LogFile: | flogs/searcheslog | Start at: (-1=end, 1=start) -1 |howmany [50 | 487011inlog, 487011 after filiers. Data dir GETs?: 0
Job#  PID dbase User Name Email Ti In starttime Dur Status Br
® [¢] o] [e] [¢] o O O [e] [¢] [e]
[m]
16704826 24633 NCBIr = - . TueMay 1017:57302011 8 User read res
16704825 24524 NCBIr - =— . TueMay 1017:5607 20117 User read res
16704224 24522 MSDBNCB My . TueMey1017:5607 2011 36 User read res
16704823 24497  NCBlr = - 77 . TueMay1017:560120117 User read res
16704222 24495  NCBlr = — - wowwF4 . TueMay1017:5609 2011 49 User read res
16704821 24455  NCBlr SP . TueMay 10 17:5549 2011 11 User read res
16704820 24453 SwissPro = —= = BS . TueMay1017:554320116 User read res
16704310 24396 NCBlr - =— . TueMay 1017:55052011 12 User read res
16704817 24373 SwissPro = ¥ . Tue May 10 17:5501 2011 11 TUser read res
16704816 24334 NCBIwr SP . TweMay 10 17:5421 2011 10 User read res
16704815 24298 MSDB.NCB My . TocMay1017:5359 201143 User read res
16704814 24269 NCBIr = - 77 . TueMay1017:534520119 User read res
16704813 24240  NCBlr = D . TueMey1017:53322011 17 User read res
16704812 24180 SwissFro = = = 05 . TueMay1017:522920117 User read res
16704211 24156 NCBInr . TueMay 1017:5207 2011 15 User read res
16704810 24093 NCBlr = - 76 . TueMay1017:514920119 User read res
1AFNARNG 24NN N RTar RO Tue WMas 10175145 2011 10 TTepr read rec L |
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Some software packages, such as Scaffold, work off the Mascot result file. If you don’t have
file share access to the Mascot server, there are two ways to download a result file. One is
from the link in the search log. If you’ve ever wondered what the mysterious column

headed ‘In’ containing two dots was, try checking the box at the top and reloading.

16



fl I e H
{.. Mascot SearchLog

Version: 23.01.241 -

1ATN4R1T 24373
<

MASCOT search log

How can | get hold of the raw result

Loggedin as Jokn Cottrell - logout

LogFile: | Jogsisearcheslog | Startat (-1=end, I=start)[-1  |how many:[50  |487019 inlog, 487019 after filters. Data dir. GETs: 0
Job#  PID dbase User Name Email Ti  Intermediate file start time Du
® [e] [e] [e] (o] o O [e] [e]
[m]
16704835 24952 SwissPro /data/20110510/F 16704835 dat Tue May 10 12:02:44 2011 7
16704834 24932 NCElnr 81 _/data20110510/F16704834 dat Tue May 10 18:02382011 7
16704833 24863 SwissPro = BS  ./data/20110510/F16704832 dat Tue May 10 18:01:27 2011 5
16704832 24856  NCElnr ' /data/20110510/F 16704832 dat Tue May 10 12:01:24 2011 8
16704831 24836 MSDB.NCB My ./data/20110510/F16704831 dat Tue May 10 18:01:21 2011 32
16704830 24813 NCBlar 81 _/data/20110510/F16704830.dat Tue May 10 18:01:00 2011 8
16704829 24790 NCBlar ' Jdata/20110510/F 16704820 dat Tue May 10 12:00:35 2011 7
16704827 24687 SwissPro = BS  /data/20110510/F 16704827 dat Tue May 10 17:58:16 2011 6
16704826 24633 NCBInr /dataf20110510/F16704826 dat Tue May 10 17.57:30 2011 8
16704825 24524 NCBInr i /dataf20110510/F16704825 dat Tue May 10 17:56:07 2011 7
16704824 24522 MSDBNCE My ./daw/20110510/F16704824.dar Tue May 10 17:56.07 2011 36
16704823 24497  NCBInr 77 Idatm/20110510/F 16704823 dat Tue May 10 17:56:01 20117
16704822 24495 NCBInr ©F4  Jdata/20110510/F 16704822 dat Tue May 10 17.:56:09 2011 49
16704821 24455  NCBInr SP /data20110510/F16704821.dat Tue May 10 17:55:49 2011 11
16704820 24453 SwissPro = BS  ./data/20110510/F16704820 dar Tue May 10 17:5549 2011 6
16704819 24396 NCBInr 1 /data/20110510(F16704819.dat Tue May 10 17:55:05 2011 12
SwriesPro Y- {Aatal?NTINSTNF1RTNARTT dat

Tie Mav 10 17-5501 2011 11 ¥
>

MASCOT : Search Results FAQ

© 2011 Matrix Science
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Some columns are displayed in full by default, others are collapsed to the width of a
checkbox, and this is one of them. The full header is ‘Intermediate file’ (don’t ask me why)
and the contents are links to the result files



How can | get hold of the raw result
file?

L. PRG2008 SwisPrt Mouse..

€ C & | © www.matrixscience.comjcgi/master_restits_2.pl?fle=F361139.dat % A

fitie) MASCOT Search Results

user
E-mail
Search title : PRG2008 SwissProt Mouse
MS data file : D:\PRG2008\mgf\merged. mgf
Databases : 1:CRAP 20090731 (111 sequences; 37,180 residues)
issProt 57,14 (514,769 sequences; 181,163,771 residues)
Taxonomy : 1: (none;
2: Mus. (16,273 sequences)
Timestamp : 5 Mar 2010 at 14:04:48 GMT
Warning  : No taxonomy indexes for CRAP, taxonomy Mus.' ignored. Searching all entries in cRAP

® All O Non-significant O Unassigned  d[help] As [Mascot DAT File v
XML

Not whst you expected? Try Fthe select summary,

»Search parameters
»score distribution DTASelect
Legend

MGF Peak List

Protein Family Summary

Significance threshold p< (005 | Max. number of families [auTo | [help]
fons score or expect cut-off [ | Dendrograms cut at
Show Percolator scores o

»Decoy search summary

[ proteins (482) || quentitation (513 | [ nassigned zs931) | [Slink to]

Protein families 1-10 (out of 482)

le]...[s] omst) (Srgmnsn) _(Golipe) .

10 ¥|per page 1
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If you don’t have access to the search log, and you are running Mascot 2.3, you can also get
a result file by loading the result report in a browser and choosing Mascot DAT file as the
export format

18



How can | export a very large search
result without a time-out?

& \ce.com/cgifexport_dat_2.pi?_server_mudpit_switch=0.0000000018fle=., % 2Fdatath2FFoB1139 datiex v | N
ber of hits [AUTO 2]

standard O mMudPIT ©

Require bold red []

Show Percalator scores []

Optional Protein Hit Information

Description®

Matched Fragment lons []
Export data for all Queries [J
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The topic of exporting brings us to our next question: How can | export a very large search
result without a time-out?

Processing a large result to create some of the export formats takes so long that the browser
connection times out. We should make the script more sophisticated, and have it do
something to keep the connection alive until the file is ready to download, but right now the
fix is to perform the export at the command line. To make this easy, you can ask the export
script to display the arguments corresponding to the options in the export form

19



How can | export a very large search
result without a time-out?

MA’ TRIA;(
SCIENCE.
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Here’s an example



How can | export a very large search
result without a time-out?

= Command Prompt

matrixscience-ldn. dyndns.org - P
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Open a command window and change to the Mascot cgi directory. Copy and paste the
arguments after the name of the script and pipe the output to a file name.

The command line is also the way to go if you need to export a large number of files. Use a
text editor or Excel to create a file with a line such as this for each of the result files. Save
and execute as a DOS batch file in Windows or a shell script in Linux. It is also possible to
write a short script that takes the result file path as an argument and executes the export
script, as here. This can be called from Mascot Daemon as an external process to export
search results automatically. Just email support@matrixscience.com if you want more
details.
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How can | get the old-style result
report that my software requires?

€« C' A © www.matrixscience.com/cgi/master_resuits.pl?fie=..%2Fdatad%2FF98 1139.dats_queryist=aleREPTYPE=selectd_sigthrest v | W

Target Decoy False discovery rate
Peptide matches above identity threshold 2024 47 232%
Peptide matches above homology or identity threshold 2471 82 332%

Select Summary Report

Hep

Max. aumber of hits |AUTO Show Percolator scores [

Whring ® Tons score or expect cut-off [0 Show sub-sets [0

p
Show pop- uppress pop-ups O Require bold red [

@ Al qeries O Unassigied O Below homology threshold O Below identity threshold

57 Matches: 74(45] Sequences: 3(6) emPAI: 2.34

MASCOT : Search Results FAQ © 2011 Matrix Science {;:'ngﬁ;%gg

If someone is developing a software application that processes Mascot results, we always
advise using Mascot Parser to take the information from the result file. However, there are
applications out there that try to ‘screen scrape’ the search results from the HTML report.
When the report format changes, such applications are likely to break. So, we sometimes
get asked whether it is possible to create a Mascot 2.2 - style report in Mascot 2.3.

In most cases, the problem is that software assumes that the report will be a particular
format, such as a Peptide Summary, even though Mascot switches between formats
according to the type of search. If the application requires you to save the report to a file
from the web browser, you can easily fix this by selecting the required format in the
controls near the top of the report.
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How can | get the old-style result
report that my software requires?

mascot.dat switches (Mascot 2.3)
SelectSwitch 1000

If the number of queries in an MS/MS search is less than or equal to this
number, the default report is the Peptide Summary. Otherwise, the
default report is the Select Summary.

ProteinFamilySwitch 300

If the number of queries in an MS/MS search is less than this number, the
search engine links to the ‘old’ script, which will give either a Peptide
Summary or a Select Summary. Otherwise, the search engine links to the
‘new’ script, which will give a Protein Family Summary.

MASCOT : Search Results FAQ © 2011 Matrix Science {;:'ngﬁ;%gg

If the software tries to capture the result report HTML directly, you may not have this
option. The other approach is to change the settings in mascot.dat so that the required report
type becomes the default in all cases. These switches vary between versions, as new report
types are added. There is quite a lot of complexity to this, and you need to read the manual
to get a complete picture, but if you wanted to get the Peptide Summary for all MS/MS
searches, you would set ProteinFamilySwitch to a high value, e.g. 1 million, to ensure the
‘old” script (master_results.pl) was always called at the end of a search. You would also set
SelectSwitch to a high value to ensure that the report format defaulted to Peptide Summary.
In general, this is not a good idea, because you are likely to run into time-out or memory
problems with large searches. But, it may be the only way to get the results into an old
software application.
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Should I look at score, expect value,
PEP, FDR, or what?

MASCOT : Search Results FAQ © 2011 Matrix Science {S%?E’ﬁg

Or, in other words, what do all these numbers mean?



Select Summary Repart

« cf O i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A

~

Target Decov False discovery rate
Peptide matches abowe identity thresheld 2024 47 2.32%
Pephide matches above homology or identity threshold 2471 32 332%

Select Smmmary Report

[ Forrnat As ] \ Select Sumrmary (protein hits) V\ Help
Significance threshold p<= Max. number of hits Showr Percolator scores [
Standard scoring O MudPIT scering @ Tons score or expect cut-off D Show sub-sets D
Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 21 1.7 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o 73 4.4e-06 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] {51} 0.00074 1 u K.SSGISYPDVLK.C 17067
Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK. C 17034 17042 17048
Locus:5.397.3 1 U K.VCHYVSHIK.(Q 17164 17173 17174 1
S Gotaias s 90 St AGam LU K.LOGIVSWOSGCADK.N 24300 25904 21
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976
732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥

wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

I’ll be the first to admit that there are a confusing number of ways to measure the quality of
search results.



& Select Summary Repart (iP...

« cf O i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A

~

Target Decov False discovery rate
Peptide matches abowe identity thresheld 2024 47 2.32%
Pephide matches above homology or identity threshold 2471 32 332%

Select Smmmary Report

Select Summar

Fornat As Help
Significance thresheld p< |0.025 Baz. number of hits | AUTO Showr Percolator scores [

Standard scormg o uabll scoring @ Tons score or expect cut-oﬁ'lCl Show sub-sets D

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 21 1.7 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o 73 4.4e-06 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] {51} 0.00074 1 u K.SSGISYPDVLK.C 17067
Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK.C 17034 17042 1704
Locus:5.397.3 1 v K.VCHYVSWIK. 0 17164 17173 17174 1
S Gotaias s 90 St AGam LU K.LOGIVSWOSGCADK.N 24300 25904 21
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976

732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥
wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

The significance threshold is a goal. It tells Mascot the approximate false discovery rate we
would like to see. In this case, 2.5%. To find the actual false discovery rate, we need to run
a target decoy search. Hopefully, we’ll find that the numbers are reasonably close to the
goal. If not, we can adjust the significance threshold to achieve the desired false discovery
rate by trial and error.



& Select Summary Repart (iP...

« (R @] i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A

~

Target Decov False discovery rate
Peptide matches abowe idenflty thresheld 2024 47 2.32%
or identity threshold 2471 32 332%

Peptide matches above home!

Select Smmmary Report

[Format As | [ Select Summary (protein hits) '~/ Help

Significance thresheld p< |0.025 Max. number of hits | AUTO Showr Percolator scores [
Standard scoring O MudPIT scering @ Tons score or expect cut-off D Show sub-sets D

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 21 1.7 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o 73 4.4e-06 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] {51} 0.00074 1 u K.SSGISYPDVLK.C 17067
1708 Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK. C 17034 17042 17048
1715 Locus:5.397.3 1 v K.VCHYVSWIK.( 17169 17173 17174 1
S Gotaias s 90 St AGam LU K.LOGIVSWOSGCADK.N 24300 25904 21
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
3151| Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976
732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥

wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

Mascot calculates two score thresholds and reports a false discovery rate for each. The
identity threshold is calculated from the number of trials. That is, the number of candidate
peptide sequences in the database. Often, this is over-conservative, and the false discovery
rate from the target decoy search will be lower than this. The homology threshold simply
looks at whether the top match is an outlier from the distribution of random scores. Usually,
this will give better sensitivity for a given false discovery rate. The main reason we still
report the identity threshold is that you can’t always calculate a homology threshold.
Particularly when you combine very tight mass tolerances with a small database; there may
be only one or two candidate peptides, so you can’t tell whether the top match is an outlier.
You can always calculate an identity threshold.

False discovery rate measures the quality of the search results as a whole. Here, it tells us
that 2 or 3% of the matches with scores above threshold are likely to be wrong, but it
doesn’t tell us which ones.
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& Select Summary Repart (iP...

« cf O i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A

~

Target Decov False discovery rate
Peptide matches abowe identity thresheld 2024 47 2.32%
Pephide matches above homology or identity threshold 2471 32 332%

Select Smmmary Report

[Format As | [ Select Summary (protein hits) '~/ Help

Significance thresheld p< |0.025 Max. number of hits | AUTO Showr Percolator scores [
Standard scoring O MudPIT scering @ Tons score or expect cut-off D Show sub-sets D

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 1.7 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o @4.4&706 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] 0.00074 1 u K.SEGTSYPDVLE. C 17067
Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK.C 17034 17042 1704
Locus:5.397.3 1 U K.VCHYVSHIK.(Q 17164 17173 17174 1
G e P KLumvsvosecauon ien s o
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976
2318 732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥

wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

For each match, we have a Mascot score and one or two score thresholds, one for the
identity threshold and one for the homology threshold. These scores are not fixed, they can
be slightly different from match to match within a search and very different between
searches. So, the score by itself doesn’t tell you the quality of the match. You have to
compare it with the chosen threshold score.



& Select Summary Repart (iP...

« (R @] i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A
L
Target Decov False discovery rate
Peptide matches abowe identity thresheld 2024 47 2.32%
Pephide matches above homology or identity threshold 2471 32 332%

Select Smmmary Report

[Format As | [ Select Summary (protein hits) '~/ Help

Significance thresheld p< |0.025 Max. number of hits | AUTO Showr Percolator scores [
Standard scoring O MudPIT scering @ Tons score or expect cut-off D Show sub-sets D

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] 1 u K.SEGTSYPDVLE. C 17067
Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK. C 17034 17042 17048
Locus:5.397.3 1 U K.VCHYVSHIK.(Q 17164 17173 17174 1
S Gotaias s 90 St AGam LU K.LOGIVSWOSGCADK.N 24300 25904 21
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976
732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥

wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

We also display an expect value. The expect value reports the quality of an individual
match using a single number. It is the number of times in the search we could expect to get
a match with this score or higher by chance. Low values are good, and an expect value of 1
or more is likely to be a random match. This match, with the score of 73, is a very strong
match, and has a 1 in 200,000 chance of being a random match. The expect value is not new
information; it could be calculated from the score and the identity threshold. It is a cleaner
way of presenting the quality of a match because you don’t have to keep looking at the
difference between the score and the threshold
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Select Summary Repart (iP...

« cf O i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A

~

Target Decov False discovery rate
Peptide matches abowe identity thresheld 2024 47 2.32%
Pephide matches above homology or identity threshold 2471 32 332%

Select Smmmary Report

[ Format As ] \ Select Summary (protein hits) V\

Significance thresheld p< |0.025 Max. number of hits | AUTO

Standard scoring O MudPIT scering @ Tons score or expect cut-off _

Show Percolator scores [

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ All queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 1457 Matches: 74(45) Sequences: 9(6) emPAT: 2.34
TRY1_BOVIN
Query Observed Mri{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
402.26350 802.5154 802.4783 0.0371 o 7 32 7 U K.SGIQVR.L
475.2905 948.5665 948.5110 0.0555 o 8 23 4 u K.SAARSLHSR.V
447.2009 1338.5810 1337.8033 0.7777 1 21 1.7 1 K.HKPGVYTK.¥V
678.0036 1353.9927 1353.6876 0.3052 o 73 4.4e-06 1 L K.APILSDSSCK.S 14331 14332 14337
481.3459 1441.0158 1440.7704 0.2454 1] {51} 0.00074 1 u K.SSGISYPDVLK.C 17067
Top scoring peptide matches to guery 14350 1 u K.SSGTSYPDVLK.C 17034 17042 1704
Locus:5.397.3 1 U K.VCHYVSHIK.(Q 17164 17173 17174 1
S Gotaias s 90 St AGam LU K.LOGIVSWOSGCADK.N 24300 25904 21
1 u K.LQGIVSHESGCAQK.H B585 0608 243¢
Score Expect Delta Hit Protein Peptide 1 u K.SAYPGOITSHMF CAGYLEGGK.D 22976
2318 732 4.4e-06 0.3052 1 TRY1l _BOVIN K.APILSDSSCK.3 1 u K.SAYPGOTTSHMF CAGYLEGGK.D 31563 ¥

wiwwy, matrixscience. com/cgi/peptide _view.plFfile=,  /datajFo961 139, datBguery=143508hit=18index=TRY1_BOVIMNApx=18section=58&ave_thresh=358&_ignoreionsscorebelow=08repart=08.,, ¥

In Mascot 2.3, for large searches that include an automatic decoy search, we also have the
option to process the results through Percolator. This was described in some detail in last
year’s meeting and the talk can be found on our web site.



& Select Summary Repart (iP...

« (R @] i, matrixscience.com/caifmaster_results plrfle=. Se2Fdatate 2FFO8 1139 dats.querylist=alzREFTYPE=sclectz_sigthresh 9% A
~

Target Decoy False discovery rate

Pephide matches above identity threshold 1985 19 0.96 % —

Select Smmmary Report (scores adjusted by Percolator)

[Format As | [ Select Surmary (protein hits) | Help

Significance threshold p<= Max. number of hits | AUTO Show Percolator scores
Standard scoting O MudPIT scering @ Tons score or expect cut-off D Show sub-sets D

Show pop-ups @ Suppress pop-ups O Bequire bold red [

@ Al queries O Unassigned O Below homelogy threshold O Below identity threshold

1. 1::TR¥1 EOVIN Mass: 235266 Score: 2826 Matches: 74(45) Sequences: 9(6) emPAT: 1.9¢6
TRY1_BOWIN
Query Observed HMr{expt}) Mr{calc) Delta Miss Score Expect Rank Unigue Peptide
7 402.2650 802.5154 802.4783 0.0371 i} o 1 7 U K.SGIQVR.L
2153 475.2905 948.5665 948.5110 0.0555 o o 1 4 u K.SAARSLHSR.V
1117 447.2009 1338.5810 1337.8033 0.7777 1 8 0.15 1 K.HKPGVYTK.¥V
676.0036 1353.9927 1353.6876 0.3052 o 101 Ge-11 1 L K.APILSDSSCK.5 14331 14332 14337
X X 1 u K.SSGTSYPDVLEK.C 17042 17043 17050
Ezgu:?:f;;g.geptmle matches to guery 14350 1 v K.SSGTSYPDVLE. C 17067
Score greater than 13 indicates identity 1 u K. WCHYVSHIK.Q 17164 17173 17174 1
1 U K.LOGIVSWGSGCAQK.H 8585 243686 247
igzrg ngﬁ D]?:;;; Hi: P;;;?igovm f:glt?;:;DSSCK. s * v E.LOBIVSWRSGCAQE. N 23300 24304 2.
16,1 D.025  0.3425 - K. TCGSSDVLAGVR. C N U K.SAYPGOITSHMFCAGYLEGGK.D 22576
G.9 0.13 0.1561 R.APLFALLFRGR.E 1 U K.SAYPGQITSHMF CAGYLEGGK.D 31563
8.8 0.14  -0.7674 K. SVVHSAPGWE. L 1 U K.STVHPSYNSHNTLHHDIMLIK.L 23401 2

a4 0.33  -0.6719 K.GSRPAEHMNGR. R a i v cTmmcwrormnmma TE T e
vk, matrizscience. com/cgi/peptide _view.plFfile=,  /datajF961 139, datBguery=143508hit=18index=TRY1_BOVIMN&px=18section=58&ave_thresh=138_ignoreionsscorebelow=08repart=08.,, &

If we check the box and choose ‘Format As’, Percolator calculates something called a
Posterior Error Probability (PEP) for each match, and this is displayed in the expect value
column. To avoid breaking software that parses Mascot results and expects to get a score
and a threshold for each match, we calculate a fake score from the PEP relative to a fixed
score threshold of 13. The default FDR for results after running Percolator is initially 1%

31



Should I look at score, expect value,
PEP, FDR, or what?

Posterior Error Probability (PEP)

e If you run Mascot search results through
Percolator, the expect value column is used to
report the PEP

e PEP is defined as the probability of a random
match being classed as significant

MASCOT : Search Results FAQ © 2011 Matrix Science {;:'ngﬁ;%Eg

What is Posterior Error Probability? It is defined as the probability of a random match being
classed as significant. This is not the same as an expect value, which is the number of times
in the search we could expect to get a random match classed as significant, but there is little
difference between the two for values < 0.1
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(2008).

Should I look at score, expect value,
PEP, FDR, or what?

Executive summary

The significance threshold control allows you to adjust
the FDR

For an accurate FDR, perform a target decoy search

Usually, you will get best sensitivity for a given FDR by
using the homology threshold or Percolator

Expect value (from Mascot) or PEP (from Percolator)
measures the quality of an individual peptide match

False Discovery Rate (FDR) measures the quality of a
collection of matches

Further reading: Kall, L, et al. Assigning significance to peptides identified by
tandem mass spectrometry using decoy databases. J. Proteome Res. 7(1): 29-34

MASCOT

{ MATRIX

: Search Results FAQ © 2011 Matrix Science SCIENCE

To summarise.
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