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Why are some peptide matches
shown in red or bold face?
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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
* So, if 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)

FomatAs | |Feptide Summary v

Significance thresholdp< 005 | Max. mumber offits 50|

Standard scoting @ MudPIT scoting O Tons st o] Btk

o
Show pop-ups @ Suppress pop-ups Require boldred []
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Interpretation of the results from an LC-MS/MS search can be complex,
because it 1s not always clear which peptide "belongs" to which protein.
The use of red and bold typefaces is intended to highlight the most
logical assignment of peptides to proteins. The first time a match to a
spectrum appears in the report, it is shown in bold face. Whenever the
top scoring peptide match for a spectrum appears, it is shown in red.
This means that peptide matches which are both bold and red are the
most likely assignments of the best matches. Conversely, if 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 means that the
protein hit is likely to be spurious, and would collapse into a higher
scoring hit except for the presence of one or more weak, noisy matches.
Such hits can be filtered out of the report by ticking the ‘require bold red’
checkbox.



What is the difference between the
identity threshold and the homology
threshold?

* The identity threshold is calculated from the
number of trials

If there are 5000 precursor matches, a 1 in a 20
chance of getting a false positive match is a
probability of

P=1/(20 x 5000)

which is a score of

S =-10LogP = 50
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If a score is a true probability, then assigning a significance threshold is
very simple ... its just a function of the number of trials - the number of
times we test for a match.

If we are comfortable with a 1 in a 20 chance of getting a false positive
match, and we are doing a MS/MS search of a database that contains
5000 peptides that fit to the precursor molecular weight , then we are
looking for a probability of less than 1 /(20 x 5000) which is a Mascot
score of 50

If we could only tolerate a false positive rate of 1 in 200 then the
threshold would be 60, 1 in 2000 70, etc.



What is the difference between the

identity threshold and the homology
threshold?

e The
homology
threshold

is an
empirical
EEENIE
of whether
the match
is an
outlier
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Unfortunately, mass spectra are often far from ideal, with poor signal to
noise or gaps in the fragmentation. In such cases, it may not be possible
to reach this statistical threshold score, even though the best match in
the database is a clear outlier from the distribution of random scores. To
assist in identifying these outliers, we also report a second, lower
threshold, the ‘homology’ threshold. This simply says the match is an
outlier.

In practice, from measuring the actual false positive rate by searching
large data sets against reversed or randomised databases, we find that
the identity threshold is usually conservative, and the homology
threshold can provide a useful number additional true positive matches
without exceeding the specified false positive rate.



What is an expectation value?
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What is an expectation value?

* The number of times you could expect to get
this score or better by chance

E= |:)threshold . (10 - ((Sthreshold_ SCOFG) / 10))

If I:)threshold = 0.05 and Sthreshold =30
» score = 40 corresponds to E = 0.5
» score = 50 corresponds to E = 0.05
» score = 60 corresponds to E = 0.005
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The expectation value does not contain new information. It can be
derived directly from the score and the threshold. The advantage is that
1t tells you everything you need to know in a single number.

It is the number of times you could expect to get this score or better by
chance.

A completely random match has an expectation value of 1 or more

The better the match, the smaller the expectation value.



Why does it say that the Protein
Summary is deprecated?
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Why does it say that the Protein
Summary is deprecated?

* The Protein Summary is intended for peptide
mass fingerprint results
 Limited to 50 hits

» Protein score and expectation value for a search
containing MS/MS data may be misleading
because the matches of the precursor masses are
being scored as a PMF

» Not available for large searches (> 1000 queries)
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Peptide Summary is the default for any search containing MS/MS data.
Unfortunately, some older, third party software specifies a Protein
Summary report when submitting an MS/MS search. This means that
you have to switch formats yourself. A lot of people didn’t realise this, so
we have made the warnings more prominent.



What is MudPIT scoring?

» Standard protein score
— the sum of the ions scores

— excluding the scores for duplicate matches, which are shown
in parentheses

correction to reduce the contribution of low-scoring random
matches

183. IPTOO0141647 Mass: 3011421 Score: 47 Queries matched: 5
Tax_Id=89606 titin isoform Ni-E

[]cheek to inelude this hit in error tolerant search or archive report

Query Ohserved Mr{expt) Mri{calc) Delta Miss Score Expect Rank Peptide
76  424.6860 §47.3575 845.4333 1.9220 1 17 27 8 HDGGSRIK
1 446.7500 §91.4854 889.4691 2.0164 o 17 25 4 GGIQIMAGK
366.3330 1095.9773 1092.6179 3.3594 o 23 5.7 YISSLEILR
439.3649 1315.0730 1313.6615 1.4115 o 26 2.9 EPVLYD THVHE
870.8864 1739.7583 1741.8886 -2.1303 o 15 27 VTAVHEYGP GVP TDWVPK
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With standard peptide summary scoring, the protein score is the sum of
the 1ons scores of all the non-duplicate peptides. Where there are
duplicate peptides, the highest scoring peptide is used.

This example shows how we can get a protein score of 47 even though
none of the peptide matches are significant



What is MudPIT scoring?

— Even if you only have random matches, you can
still get multiple matches to a protein.

— The distribution of random matches depends on
the ratio between the number of spectra and the

number of entries in the database

— Poisson distribution
.II‘| hllll-.
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Even if peptide matches are random, you can still get multiple matches
to a single protein. How likely this is depends on the ratio between the
number of spectra and the number of entries in the database. We can
predict whether this will be a serious problem or not using a function
called a Poisson distribution.

If average number of events per interval is m, then the Poisson
distribution gives us the probability of observing a events in a particular
interval.
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What is MudPIT scoring?

160000 -

« Shotgun / MudPIT
— 20 SCX fractions
— 160,000 scans total
— 80,000 after processing 100000 1

— 40,000 random matches 80000 |
in search of Swiss-Prot
(180652 entries) .

40000

140000

120000

20000

04
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For this MudPIT search, 262 proteins are expected to pick up 3 random
matches by chance. 1 protein will pick up 5



What is MudPIT scoring?

« Small database
— 30 minute run
— 1500 scans total
— 1200 after processing

— 550 random matches in
search of Swiss-Prot
using drosophila
taxonomy filter (2727
entries)
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The problem isn’t limited to large searches. It is the ratio between the
number of spectra and the number of entries in the database that
matters. So, a small search against a small database can give similar
numbers
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What is MudPIT scoring?

* MudPIT protein score

— The sum of the excess of the ions score over the
identity or homology threshold for each query

— Plus 1 x the average threshold

176, IPTOOO01639 Mass: 90420 Score: 46 Queries matched: 3
Tax_Id=8606 Importin betsa-1 subunit

[]check to include this hit in error tolerant search or archive report

ODhserved Mr{expt) Mr{calc) Delta Miss Score Expect Rank Peptide

386.4956 770.9767 770.4256 0.5451 a 22 5.5 3 DPIVVVR

779.7214  1557.4252 1555.8Z05  1.e8077 1 Z3 4.9 2 TVSPDRLELEAAQE
918.3068 1634.5991 1832.8839 1.7152 o 46 0.024 1 GDQERVHPDVMLVQFR
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For MudPIT scoring, the score for each peptide is not its absolute score,
but the amount that it is above the threshold. Therefore, peptides with a
score below the threshold do not contribute to the score. Finally, the
average of the thresholds used is added to the score. For each peptide,
the "threshold" is the homology threshold if it exists, otherwise it is the
identity threshold.

You shouldn't see proteins with a large number of weak peptide matches
getting a good score. If there are no significant peptides, the protein score
will be 0.

By default, MudPIT protein scoring is used for searches with more than
1000 spectra. You can also choose which scoring to use in the format
controls at the top of the report
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Can we calculate a probability that
a match is correct?

* Yes, if it is a test sample and you know what the
answer should be

— Matches to the expected protein sequences are defined to
be correct

— Matches to other sequences are defined to be wrong

 If the sample is an unknown, then you have to define
“correct” very carefully:
— The best match in the database?
— The best match out of all possible peptides?

— The peptide sequence that is uniquely and completely
defined by the MS data?
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Probability based scoring tells you the probability that the match is
random. This is, the probability that the match is meaningless. Many
people would prefer a probability that the match is correct. Is this
possible?

It is certainly possible if you are analysing a known protein or standard
mixture of proteins. If you know what the sequences are, or think you
know, then the matches to the known sequences are defined to be correct
and those to any other sequence are defined to be wrong.

If the sample is an unknown, then it is difficult to define what is meant
by a correct match.

Is the correct match the best match in the database? Certainly not ... this
would be a false positive if the correct sequence was not in the database.

What about the best match out of all possible peptides. Yes, a reasonable
definition, but not a very practical one. This is what we try to find in de
novo sequencing. The reason for searching a database is that the data
quality are not good enough for reliable de novo, so we reduce the size of
the search space to the content of the chosen sequence database.

How about the peptide sequence that is uniquely and completely defined
by the MS data? This is equally impractical. One rarely, if ever, sees a
mass spectrum perfect enough to meet this criterion

15
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| Peptide Summary Report (Annexin) - Microsoft Internet Explorer
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This is a typical MS/MS search result, where we see a series of high
scoring homologous peptides. The sequences of the top four matches are
very similar, and their expectation values vary from random through to
very unlikely to be random. The best match has an expectation value of
2E-5. However, we cannot be sure that this is an identity match to the
analyte peptide. It is simply the best match we could find in the
database. There is always the possibility that a better match exists, that
1s not in the database, so to call it the correct match can be misleading.

The important thing is that we can recognise and discard matches that
are nothing more than random matches. I guess we aren’t even sure how
to define correct, never mind calculate a probability for a particular
match being correct



How can I send a result report to a
colleague?

» Save a single report as web page complete
or web archive

Save Web Page ZIx)
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Saving as “Web page, HTML only” is no good because graphics like the
score histogram will be missing.
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How can I send a result report to a
colleague?

» Print a single report to an Acrobat PDF file

» Capture a complete set of reports using an off-line
browser utility

HSP70,1pp - Telepart Pro
Be Praject Yiew tich

B D@MEE & @
=] ot repert

() Proec Completec 25 fes e requesed, 2 ware recend, and 25 s saved 10 dk "

=
[ TFRARTT 50

[lmeptide_view,plfise. -data F981 123, dateaquery=3ha=165dei=CIXZI260x=1 hm

[ iocoooe.sz2166

!
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How can I send a result report to a
colleague?

2 Matrlx Sclance - lalp - Sharing Result Repurts - Wicrasaft Intarnet Explorer

Qus - O A ¢ J " Povermaris Bt 4 %
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Sharing Result Reports

Mascot earch reports are generated on the fiy by the Mascot server. This provides great flesibilty, sllowing a report ta be re-formatted
£asiy. The repores also make extansive usa of WML hyerinks, allowing you to ‘il down &0 other views of the data, suth as the Protsin
Wiew or the Pepbede Vie,

However, these sama features make it difficult to shara the resuit reports with colleagues or customers who do not have on-ine access to
the Mascot server. This helo page discusses some of the options that are availsble if you want 2 share result reports with a third party.

Saving a report from the web browser

Allwab browsers allow you ko savo thy o HTL document t 3 fl, Unfortung o MTHAL i, po &
sueh i th p0rtant information, 1o Gt &, you e of thee
e STmiar I e 50 $3vig e HIML Sagh, T3 838  GacEars, o which S8 the hrked ﬁles
re save: i capy of the original report, If you want ta email this ta a colleagus, vou ust need to 2ip up
el sans s, 55 85 52 braserve the direccory sEutre.

vicraoft Intemet Explore, (version 5. nd latar), rovidas & maans of saving & complste web aga to 8 single i, callad & web archiva. This
& Multipurese internet ifai Eutension HTML (armat fle, (AT, in which the relative lnks nthe Web page ard remapped and ¢
Embadaed concant 15 OUdSE within the mNE e, rather than Being $aved in 8 separate drecco

ne limization of MHTML is that many browsars still don't suppart viswing of these filas, though this is likely to changs. A mors serious.
drawback is that it is stil just 3 single level report, and you can't drill down ko other reports by cicking on the hyperlinks.

Printing to an Adobe Acrobat document

1 you have acobg Ateobat inataled. you o it & Mastot esuitreeortto e Acrsut o haz the advantaga of bei

bl o) ) widee ronge by many soitware appic: ‘onr th ko hand, ye
oA ekl "461v0 the {16 raader. And, ke MHTML it 5 3 single level rapGit, and you can dri
down te relatad reports by clicking on the hyperinks.

Capturing a complete set of reports

€] oo

MATRIX

ASMS 2005 SCIENCE

A detailed answer to this question can be found at
http://www.matrixscience.com/help/sharing_results.html



Why can’t I get a Protein View
report for some hits from an old
search?

2 Fatal Lrvor - Wicrosofi In plo =]
"
B

C v T @ s i A%
s [ e hor - | Do B &

[2005.05.30 181045 protein_view pl stopped at e 42 2 F045201 dat umable to continae withow sequence for QICTA4

Fatal Error

umable to contimue without sequence far QICYAL
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Mascot cannot save complete protein sequences to the result file. To do so
would make each result file enormous. When you request a Protein View
report, the script gets the protein sequence from the current Fasta file.

Unfortunately, database accessions are not nearly as stable as one might
expect. A percentage disappear in each update because the entry is
revised and gets a new accession. Even Swiss-Prot suffers from this
problem

One fix would be to retain old database files on your Mascot server by
creating a new database definition for each update, rather than just
replacing the file. Alternatively, if the result is important, it may be
easiest to repeat the search against the current Fasta file. I prefer the
second route. You just have to choose "Search selected" from the Master
results report
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Why can’t I get a Protein View

report for some hits from an old
search?

3 UniProtKD What's new? - Micreseft Internet Caplorar
Be L Wew Faworkes Jod beb

Qui - O 3 [A D P Srrvens €

duiress | @8] g s ety cenispectireinotes)n_neses himiareds §

Extension of the Swiss-Prot entry name format

We endeaver to assgn that facilnate i it proteins and the species of angn. Swiss-Prot ures lg:n«llpumou narming
conention that cim be symbolized as XY, whers X is a mmemaric cods of alphanmeric characters seprecenting the protei name, the *_'
separator, and the ¥ is a muemvonic species identification code of at most 3 alphanumenic characters representing the biological source of ﬂ\z ;7mlen

The ety nacue used 2o consist ofup 7o ten uppeccase aphameric characters. We now elongated the mnemmonic code for the protein namme &om vp o 4

chizcters to up to 5 eliaractess. o eniry names can from n wn consistof up to 11 diaracters

have an smpct . wre mbroduced in thas release only one Swiss-Prod entry with an eniry namne in the new formal

TINAL DROME <Q9wum Wi UniProtkB relexst 4.0 a6 begiaaing of Februay, we will cange the oty namwes of mazy Swiss Bror entiss,

We strongly advise users to cite Swiss-Frot entries by their unique and stable identifer, which is the first (primary) accsssion manber of an entry. It happens
at-casuumlg that eefres are unvymzmd 1o by the iy name. A3 we sl s00n change the enty name o thovsands of entes, we provde the tosl [tracker,
to race th

Cross-refirences have been added to the Enserbd database, a bioiaformatics project that organizes bislogieal informiation arouad the sequences oflarge genomes
Ensernbd iz avalable at bitp fwww. cosenbl org,

“The format for the expbeit beks are:

l}-ea ank wdentifier Erserb|

adentifier  Ensembl's ursque identier for a gene
Secondary identifier Species name
Example o434az:

PR Ensembl: ENSGOOD00O1Z17%; Homs sapiens.
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Why do some protein hits in a
Peptide Summary not have a mass
and description?

3 Paptice summary Raper /NS Exampla) - Microsoft Intarnat Explorer

PR Y

e P

AFOSESTA NID:
Ta3zen

BAGOODIZ NIB: - VibE
©24120_cosin

caagsaze
EGIIPOR NID: -
£AG42504
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The Mascot result file includes title strings and mass values for all the
proteins it "expects" to display in a standard report. However, in a large
search, it may miss a few. If this information is missing for a primary hit,
(the first one listed for a given hit number), the report uses a utility (ms-
getseq.exe) to retrieve this information from the Fasta file. For non-
primary hits, it does not do this because it would greatly increase the
time taken to load the report.

22



Why do some protein hits in a
Peptide Summary not have a mass
and description?

ProteinsinResultsFile 2

Determines the number of protein title lines saved to each
results file.
1. Asin Mascot 1.7 and earlier, only proteins that appear in
the Summary section will appear in the Proteins section
. Include proteins with at least one top ranking peptide
match to a peptide of length greater than
MinPepLengthInPepSummary

3. Include all proteins

ASMS 2005 s,

This behaviour is controlled by a setting in the Options section of
mascot.dat. You can force the title and mass for all proteins to be stored
in the result file, so that they are never missing. The down side is that
this will cause the size of the result files to increase.

The setting is ProteinsInResultsFile in the options section of mascot.dat
(see chapter 6 of the Mascot installation and setup manual).
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Why are peaks that match to
fragment ions not labelled in
Peptide View?

B3V 632.34| 31668 61532 308.16| 614.33 30767

U6 T | 533.18| 267.14) 516.25 258.63) 51526 25814 5
B8 M 43223 21662 415.20] 208.10
Ha| G ‘151 10) 284.16| 142.58
‘]f" A4.17| 122.5%) 227.14| 114.07

<K | 14711 7406| 13008 €555
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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
1s 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, 1t would also have to
include a number of additional noise peaks, and the score would
decrease.

There are no user parameters to influence this behaviour.
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