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Very large searches present a number of challenges. These are the topics we will cover
during this presentation.



Data files
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The smartest way to merge files, like fractions from a MudPIT run, is using Mascot
Daemon. Just tick the box at the bottom left.

The batch can be peak lists or raw files

Note that Mascot Daemon 2.1 had a file size limit of 2 GB. This was lifted in 2.2, and we
have successfully merged and searched a 6 GB file, although note that some web servers
cannot accept uploads larger than 4 GB



Data files

Concatenating peak lists:
«DTA or PKL
Download merge.pl from the Matrix Science Xcalibur help page
http://www.matrixscience.com/help/instruments_xcalibur.html

Retains filename as scan title
BEGIN IONS
TITLE=raft3031.1706.1706.2.dta
CHARGE=2+
PEPMASS=1243.577388
451.1228 5080
487.4352 3283
550.4203 5087
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If you don’t want to use Daemon, you can merge peak lists manually.
For DTA or PKL, you can download a script from our web site.

A nice feature of this script is that it puts the filename into the scan title, so you can tell
which fraction a particular spectrum came from. The scan titles are displayed in the yellow
pop-ups on the Mascot result report



Data files

Concatenating peak lists:

« MGF

LYY

= matrix@frill:-

Unix: cat
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As long as MGF files contain only peak lists, you don’t need a script. Just use copy or cat

If the MGF files have search parameters at the beginning, you’ll need to remove these
before merging the files. Because a number of third party utilities add commands to MGF
headers, and these cause a merged search to fail, Mascot Daemon 2.3 and later strips out
header lines when merging MGF files.



Data files

» Average spectrum might contain 100 real

l"\ﬂ‘!llll"
PTans

« Each peak might require ~ 20 bytes
967.41590 [tab] 470.20193 [newline]

e A

e 2 GB should be sufficient for ~ 1 million
spectra

o If your peak list is orders of magnitude
larger than 2kB / spectrum, then something
is not right!
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In talking to Mascot users, it is clear that peak lists files are often much bigger than they
should be. In other words, the peak detection is not very good. If you do a back of the

envelope calculation, you can see that 2 GB should be enough for approximately 1 million
spectra.

If you intend to do a lot of large searches, its worth getting the peak detection right.
Shipping unnecessarily large files around wastes both time and disk space



Performing large searches

32 bit platforms: maximum process size 2GB

Mascot divides large searches into chunks
e mascot.dat:

SplitNumberOiQueries 1000
SplitDataFileSize 10000000
Consequences:
«Search size is “unlimited” (except by disk space)
«No protein summary section in result file
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32 bit platforms have a maximum process size of 2 GB on Windows or 3Gb on Linux. To
get around this limit, Mascot divides large searches into smaller chunks, so as to avoid
having everything in memory at the same time. The parameters to control this are
SplitNumberOfQueries and SplitDataFileSize in the Options section of mascot.dat

One consequence of splitting a search is that there is no protein summary section in the
result file. This is not a problem, because no-one wants a protein summary report for a large
MS/MS search. However, some old client software gets confused by the missing section.
The work around is to increase the values so that large searches never split. Maybe setting
SplitNumberOfQueries to 1 million spectra and SplitDataFileSize to 10 billion bytes.

This is OK, but remember to reset these values as soon as you are able to. Otherwise, you
might find you run out of memory or address space for your large searches



Reporting large searches

Protein Family Summary
« Paged report to conserve memory
 Detailed information is shown ‘on demand’
«index files are created and cached to speed
loading in future

+ Proteins grouped into families by means of shared
peptide matches

« Hierarchical clustering within each protein family

. _ e MATRIX
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In early versions of Mascot, trying to display result reports for very large searches would
often lead to problems with timeouts and running out of memory. To address this, the
Protein Family Summary loads most of the information ‘on demand’. This requires some
index files to be created on the server, and these index files are cached, so that the report
loads much faster on the second and subsequent occasions. Proteins are grouped into
families by means of shared peptide matches and, within each family, hierarchical clustering
is used to illustrate which proteins are closely related and which are more distant.
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If there are 300 or more spectra, the Protein Family Summary is the default. This is the
appearance of a typical family report immediately after loading. The body of the report
consists of three tabs, one for protein families, one for Report Builder, and one for
unassigned matches. The report is paged, with a default page size of 10 families. If you
wish, you can choose to display a larger number of families on a single page.

Proteins are grouped into families using a novel hierarchical clustering algorithm. If the
family contains a single member, the accession string, protein score and description are
listed. If the family contains multiple members, the accessions, scores and descriptions are
aligned with a dendrogram, which illustrates the degree of similarity between members.

The scores for the proteins in family 2 vary from 1337 down to 73. In the earlier Peptide
Summary or Select Summary reports, these would have been at opposite ends of the report.
It would have been difficult to recognise that these proteins belonged together, even though
they have shared peptide matches and are all cytochrome P450.
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If you are interested in family 2, then you click to expand it to show the details.
Immediately under the dendrogram is a list of the proteins. The table of peptide matches is
similar to that found in the other result reports. Duplicate matches to the same sequence are
collapsed into a single row. The columns headed 1, 2, 3, etc. represent the proteins and
contain a black square if the peptide is found in the protein. Some matches are shared, but
each protein has some unique peptide matches, otherwise it would be dropped as a sub-set.

In this screen shot and the ones that follow, we’ve set an expect cut-off of 0.05 to simplify
the picture by removing low scoring matches

10
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Moving down to family 3, the scale on the dendrogram is ions score, and HSP7C_MOUSE
and HS71L_MOUSE join at a score of approximately 30. This represents the score of the
significant matches that would have to be discarded in order to make one protein a sub-set
of the other. These two proteins are much more similar to one other than to

GRP78 MOUSE, which has non-shared peptide matches with a total score of approximately
145. Note that, where there are multiple matches to the same peptide sequence, (ignoring
charge state and modification state), it is the highest score for each sequence that is used.

Immediately under the dendrogram is a list of the proteins. In this example, because
SwissProt has low redundancy, each family member is a single protein. In other cases, a
family member will represent multiple same-set proteins. One of the proteins is chosen as
the anchor protein, to be listed first, and the other same-set proteins are collapsed under a
same-set heading. There is nothing special about the protein picked for the anchor position.
You may have a preference for one according to taxonomy or description, but all proteins in
a same-set group are indistinguishable on the basis of the peptide match evidence.

The table of peptide matches is similar to that found in the other result reports. Duplicate
matches to the same sequence are collapsed into a single row. Click on the triangle to
expand.

The black squares to the right show which peptides are found in which protein. To see the
peptides that distinguish HSP7C_MOUSE and HS71L. MOUSE, clear the checkbox for
GRP78 MOUSE and choose Redisplay.

11
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It can now be seen that HS71L._ MOUSE would be a sub-set of HSP7C_MOUSE if it was
not for one match, K. ATAGDTHLGGEDFDNR.L. It is the significant score for this match
that separates the two proteins in the dendrogram by a distance of 32 (score of 55 -
homology threshold score of 23).

You can "cut" the dendrogram using the slider control.
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If we cut the dendrogram at a score of 50, HS71L_MOUSE will be dropped because it is
now a sub-set protein. If you compare the matches to HSP7C_MOUSE with those to
GRP78 MOUSE, it is clear that these are very different proteins. They are part of the same
family because of two shared matches, but many highly significant matches would have to
be discarded for either protein to become a sub-set of the other. In summary, we can quickly
deduce from the Family Summary that there is abundant evidence that both

GRP78 MOUSE and HSP7C_MOUSE were present in the sample. There is little evidence
for HS71L_MOUSE. It is more likely that the HSP7C_MOUSE contained a SNP or two
relative to the database sequence.

13
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The family report also includes a text search facility, which is particularly important for a
paged report. You can search by accession or description sub-string, or by query, mass or
sequence. Here, for example, we searched for a peptide sequence. The display jumps to the
first instance of the sequence, expands, and highlights (in green) the target peptides.
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broteina (348) | [ Report Builder | [ unassigned (30207) |
Protein hits (476 proteins)
¥ Columns: Standard (12 out of 16) I
P Filters: (none)
Export as CSV
1 1 | cRap spITRY1_BOVIN| 1606 | 28266 48 48 7 7 286 | spITRY1_BOVIN|
2 1 | SwissProt | #£2::CP2CT_MOUSE 1337 | 61419 76 76 13 13 2.00 | Cytochrome P450 2C29 OS=Mus musculus GN=Cyp2c29 PE=1 "
Fi 2 | SwisaProt | «f2::CP254_MOUSE 552 | sos87 7 27 L] L 0.88 | Cytochrome P430 2C54 DSaMus musculus GNeCyp2es4 PEsZ !
2 3 | SwissProt | #2::CY250_MOUSE 459 61128 7 2y 10 10 1.20 | Cytochrome P40 2C350 OS=Mus musculus CNeCyp2cS0 PE=] *
2 4 | SwisaProt | f2::CP2F2_MOUSE 484 | 59267 n b 12 12 2.11 | Cytochrome P4S0 2F2 OS=Mus musculus GN=Cyp2f2 PE=2 SV
2 5 | SwissProt | f2::CP237_MOUSE 19| 60590 2 n L] L] 0.89 | Cytochrome P450 2C37 OSsMus musculus GNeCyp2cd7 PEed ©
F 6 | SwivsProt | f2:0CP20_MOUSE 351 60856 13 13 L] 4 0.37 | Cytochrome P430 2C39 OS=Mus musculus GN=Cypacds PE=2 ©
Fd 7 | SwissProt | £f2::CP238_MOUSE 150| 61356 9 L] 4 4 0.37 | Cytochrome P450 2C38 OS=Mus musculus GN=Cyplcd8 PE=Z ¢
3 1 | Swissprot | £2::GRE78_moOUSE 1308 | m1404 s 55 n 21| 2.47 | 78 kDa ghucose-reguiated protein OS5 Mus musculus GlisHspat
1 2 | SwisaProt | £2::HSPTC_MOUSE 32| 8007 n n ] ] 0.63 | Heat shock cognate T1 kDA protein OS=Mus Mudculul GN=Hip
4 1 | SwissProt | #2::CVBS_MOUSE 1217 16817 42 42 s s 3.08 | Cytochrome bS OSeMus musculus GNeCybSa PE=] SVa2
-] 1 | SwisaProt POLAL_MOUSE 1123 e4d%4 N 53 16 16 2.%4 | Protein disulfide-isomerase OS=Mus musculus GN=P4hb PE=1*
& 1 | SwiseProt | #£2::CP1A2_MOUSE 1054 | 63034 » m 10 10 1.31 | Cytochrome P450 1A2 OS=Mus musculus GN=Cypla2 PE=] SV
1 1 | SwissProt | «2: ENPL_MOUSE 1010 | 103744 (3] L] 19 19 1.3 | Endoplasmin 05=Mus musculus GN=HipPOb]l PE=] SV=2
g8 1 | Swissbrot | #f2::ROMT_MOUSE 1005 | 3843535 a5 a8 12 12 4.07 | Retinol dehydrogenass 7 OS=Mus musculus GN=REhT PE=2 SV
] 2 | SwinsProt | 2::H1TBE_MOUSE 57| 38049 2 FE] 7 7 1.37 | 17-beta-hydroxystercld dehydrogenase type & OSaMus muscub
2 1 | SwisaProt | f2::MGET1_MOUSE 86 18595 25 25 3 3 2.57 | Microsomal glutathions S-transferase 1 O5=Mus musculus GN=
19 1 | SwissProt | £2::RLTA_MOUSE 70 25860 . 2 L] ] 1.91 | 605 ribosomal protein L7a O5S=Mus musculus GN=Rpl7a PE=2 *
1 1 | SwissProt | #2::RLAD_MOUSE 73| as 24 24 7 7| 1.47| 608 acidic ribosomal protein PO OS=Mus musculus Ghi=Rplpd B
i 1 | Swisabrot | £2:.CP2AC_MOUSE 763 | 61325 3 » 14 14 2.25 | Cytochrome P450 2412 05=Mus musculus GN=Cyplall PE=1
2 2 | SwissProt | «f2::CP2AS_MOUSE 59| 1608 5 5 2 2 0.17 | Cytochrome P450 245 OS=Mus musculus GHeCyplas PEw2 SV
1 1 | SwissProt | #2::ACSL1_MOUSE 740 88078 » 1 18 18 1.90 u’lﬂ'mlﬂ'lmw"c“ m“ 1 OS=Mus musculus CH=Acs
12 2 | SwinaProt | «f2::ACSLS_MOUSE 207 | 84629 15 15 6 6 0.41 | Long-chain-fatty-acid--Cod Bgase 5 OS=Mus musculus GH=Acs
14 1 | SwissProt | #£2::RL13_MOUSE 748 | 28083 n n 7 7 2.90 | 605 ribosomal protein L13 OS=Mus musculus GNsRpl13 PE=2 ¢
13 1 | SwissProt | #f2::PDIAS_MOUSE 692 B4504 “0 -0 13 s 2.06 | Protein disulfide-isomerase A3 OS=Mus musculus GN=PdEa) PE
18 1 | SwissProt | #2::CPIAR_MOUSE 686 65154 n »n 19 1w 1.2% | Cytochrome P4S0 3411 OS=Mus musculus GNeCyplall PEal
iz 1 | SwinsProt | £2::U0817_MOUSE 677| &7040 EL M 9 9 0.91 | UDP-glacuronosyltransferase 2817 OS=Mus musculus GHsUgt?
2 2 | SwissProt | f2::U011_MOUSE 420 | 65361 19 19 T 7 0.850 | UDP-glucuronosyitransferase 1-1 OSaMus musculus GN=Ugtla
A2 3 | SwissProt | 2 UD16_MOUSE 245 65516 14 14 L] L] 0.67 t muscuhes GN=Ugtla
1 ] 1 | SwissProt | 2::ESTIA_MOUSE 668 | 67490 FL ) 28 5 5 0.4) | Carboxylesterase JA OS=Mus muscubus GN=Cesda PE=1 SV=2

p "
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The Report Builder tab is useful when you need a table of proteins suitable for publication.
Lets assume we want to drop the ‘one hit wonders’ and only report proteins that have
significant matches to at least 2 different peptide sequences



- > C s-wla.'merms,cwcg..rnum-_-mhs_rpl'ule:.wmm&;ugsﬁm‘jn_.,

y=0_sigt D.05percolate=11y kg =

eroteing (44n) || Report Buitder || unassioned aonan |

e
L

Protein hits (476 proteins)
P Columns: Standard (12 out of 16)
Filters: (none)

i | FPITRYI_BOVIN|
2 Cytarheame RAED 3030 OE=Mus mussulis GHoCyn2e30 PE=1
i Cytochrome P450 2054 OSaMus musculus GNeCyp2eS4 PEs2
2 Cytochrome P450 2050 O5=Hus musculus GN=Cypacs PE=1 !
Z Cytochrome P450 2F2 OSsMus musculus GNeCyp2f2 PE=d SVi
2 Cytochrome P450 2037 OS=Mus musculus GNeCyp2c)? Pinl *
2 13 P4S0 2C muscihas P2c9 PE=2 ¢
2 L] Cytochrome P450 2038 05 =Hus musculus GN=Cyplcd8 PE=2
i Mathe/hle ( =5 1 53 o repuiaied proteln S5=tus musiules 57
b | b 'y 2| Teed? Ei n 8 0.61 | Haat shock cognate T1 kDa protéin OSeMus mutculus GheHep.
4 1 | SwissProt 17| a7 LH EH s 2.08 | Cytochrome bS OS=Mus musculus GN=CybSa PE=1 SVe2
5 1 | SwissProt 1123 64804 E] 53 16 2.54 | Protein disulfide-isomerase OS=Mus muscubss GN=P4hb PE=1 ¢
& 1 | Swisebrot 1054 | 63034 i » 10 10 1.1 | Cytochrome P450 142 OS=Mus musculus GN=Cyplal PE=1 SV
2 1 | SwissProt 1018 | 103744 63 LE] 4] 1w 1.53 | Endoplasmin 0S=Mus musculus GN=Hips0bl PE=1 Sv=2
8 1 | SwissProt 1005 | 38455 a5 45 12 12 4,07 | Retinol dehydrogenase T OS=Mus musculus GNaRdh? PFE=2 SV
] 2 | SwissProt 97| 389w EE] el 7 7 L7 P YP® 6 O5=Mus muscub
9 1 | Swissbrot 083 | 18568 25 28 3 3| 2.87 | Miesosomal glutathisne S-transferase 1 O5=Mus museulus =
10 1 | SwissProt 70| 25860 28 2 . 8|  1.91 | 605 ribosomal protein L7a OS=Hus musculus GN=Rpl7a PE=2 ¢
u 1 | Swisserot 83| ns 24 24 7 7| 1.47 | 605 acidic Aibosomal protein PO O5=Mus musculus GN=Rpipd P
i) 1 | SwissProt 76| 61325 s tH] i 14| 2.25 | Cytochrome P450 2A12 05 =Mus musculus GH=Cyp2al2 PE=1
u 2 | Swhsprot 59| s1696 s H H 2| 0.17 | Cytochrome P450 245 OS=Mus musculus GHsCypZas PE=2 SV
1 1 | SwissProt 749 seo7e 1] ] 18 18|  1.90 | Long-chain-fatty-acid--Coa ligase 1 OS=Mus musculus GH=Acs
1 2 | SwissProt 207 s4829 15 15 @ 6|  0.41 | Long-chain-fatty-acid--Cod ligase 5 OS=Mus muscubus GN=Acs
14 1 | SwissProt 748 | 28083 n n ? 7| 290 60s ribosomal protein L13 OS=Mus musculus CH=Rpl13 PE=2 ¢
i3 1 | SwissProt 692 | 4504 40 40 18 15 2.06 | Protein disulfide A3 05=Mus. culuy PE
16 1 | SwissProt 686 65154 b H EH 10 10| 1.25 | Cytochrome P450 3AL1 OS=Mus musculus GH=Cyplall PExl
17 1 | SwissProt 677 | 67040 34 34 9 9] o 2817 05 =M by GH=Ugt2 ™
+ 3
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We open up the filters section and add a suitable filter.
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1.05;_prefertaxononmy=0_sigthreshold=0.0

| Seqisig) | emPAL | Description I

7| 2.86 ] spiTRY1_Bovin

13| 2,00 | Cytochrome P450 2029 OS=Hus musculus GHN=Cyp2cl® PE=1 SV
8|  0.88 | Cytochrome PASO 254 OS=Hus misculus GN=Cyp2eSs PE=2 SV
10| 1.20 | Cytochrome P450 2050 OS=Mus musculus GN=Cyp2cs0 PE=1 SV
12| 2,11 | Cvtochrome P450 2F2 OS=Mus musculus GN=Cyp2!2 PE=2 SVs1

0,89 | Cytochrome P450 2C37 OSuMus musculus GHeCyp2ed? PE=2 SV

4| 0.7 | Cytochrome P450 2C39 OS5 =Hus musculus GH=Cyplchd PE=2 SV
L] 0.7 | Cytochrome P450 2038 OSsMus musculus GN=Cyp2els PE=2 SV

21| 247 | 78 kDa glucose-reguisted protein O5=Mus musculus Gi=Hipa$ P

0,63 | Heat shock cognate 71 kDa protein 05 sMus musculus GNsHIpad

s 3,08 | Cytochrome b3 OS=Mus musculus GNeCyb3a PEl Svel

161 2.54 | protein dsutfide-isomerase OS=Mus musculus GN=P4hb PE=1 SV
10| 1,31 | Cytochrome P450 142 OS=Hus musculus GHeCyplaZ PE=l Svei
19| 1.5 | Endoplasmin OS=Mus musculus GH=Hsps0bl FE=] V=2

12 4,07 | Ratingd dehydrogenase 7 OS=Mus mutcubus GN=RAINT PE=2 SVe!
7 1.37 | 17-bata-hydronystercid dehydrogenase type & OS=Mus musculus
3| 257 | Microsomal glutathione S-transferase 1 05=Mus musculus GNaMg
®| 1.91 605 ribosomal protein L7a OS=Mus musculus GNsRpITa PERZ SV
7| 1.47| 608 acidic ribosomal protein PO O5=Hus muscubus GN=Rplpd PE=

14 1.25 | Cytochrome P450 2412 05 =Mus musculus GH=Cyplall PE=1 SV
2| 0.17 | Cytochrome P450 2A5 OS=Mus musculus GH=Cyp2a’s PE=2 SVal

18| 1.90 | Long-chain-fatty-acid--Cod ligase 1 OS=Mus musculus GH=Acsil
[ 041 | Long-chain-fatty-acid--Cod ligase 5 OSsMus musculus GNeAcslS
7| 250|608 ribosomal protein L13 OS=Mus musculus GH=Rpll) PE=2 SV

15 2,06 | Protein disuffide-omerase A) O5=Mus musculus G=Pdial PE=]

10 1.2% | Cytochrome P4S0 3A11 OS=Mus musculus GHi=Cyplall PE=1 SV
L] 0.91 | UDP-gluturonosyitransferase 2817 OS=Mus musculus GNeUEZbL
r 0.80 | UDP-glucuroncsyltransferase 1-1 OSaMus musculus GNaUgtlal §
6| 0.67 | UDP-glucuroncsyRransferase 1-6 OS=Mus musculus GN=Ug1as6 ¢
5|  0.43 | Carbouylesterase 1A OS=Mus musculus GNsCesda PEs1 SV=2 =

Protsins (445) || Report suider || eze7) |
Protein hits {229 proteins)
}‘_ TTTTNTOrTOT
FFilters: “Num. of significant sequences™
| Export a3 TEVT
2L I0 M e—____ml____JL___'
1 1 | cRAP #1::5p I TRY1_BOVIN| 1606 | 28266 a8 48
2 1 | SwissProt | #2::cP20T_MousE | 1207 1419 76 7
2 2 | SwissProt | £2::CP254_MOUSE ss2| sos87 7 27
H 3 | SwissProt | £2::CY250_MOUSE 489 [ 61128 27 27
2 4 | swissprot | #2::CP2F2_MOUSE as4| seze7 2 2
H 5 | swissprot | 2::cp237_pMouse 39| saseo 2 2
2 & | SwissProt | £2::CP219_MOUSE 251 | 60856 12 1
F 7 | Swissbrot | of2::CP238_MOUSE 150 | 61356 L] L]
1 1 | SwissProt | £2::GRPTE_MOUSE | 1308| #1404 55 s
a 2 | SwissProt | #'2: :HSPTC_MOUSE 2| TewI7 1 1
4 1 | SwisaProt | «f2::CVBS_MOUSE T wes? -2 LH
s 1 | SwissProt | #£2::PDIAY_MOUSE 1123 | ea604 53 53
8 1 | SwissProt | £2::cP1A2_MOUSE | 1054 | e3004 ] an
z 1 | SwissProt | #£2::ENPL_MOUSE 1018 | 102744 63 6
8 1 | SwissProt | £2::RDH7_MOUSE 1005 | 38455 a5 a5
8 2 | SwissProt | £2::HITBE_MOUSE 597 | 38949 E3 ] n
2 1 | Swissprot | #2::MGST1_MOUSE 8s1| 18595 tH] 25
b 1] 1 | SwisaProt | «2::RLTA_MOUSE e 33800 m Pl
A 1 | SwissProt | £2::RLAD_MOUSE 76 »aus 24 24
12 1 | SwissProt | #f2::CPZAC_MOUSE 763| 61225 L] 5
12 2 | SwissProt | £2::CP2A5_MOUSE 59| s1e9s ] s
1 1 | SwissProt | f2::ACSLI_MOUSE 749 | 8ea7s 1 ]
1 2 | SwissProt | #2::AC5LS_MOUSE 207| 4629 15 15
14 1 | SwissProt | #£2::RL12_HOUSE 748| 20083 n n
] 1 | SwissProt | o2::PDIAI_MOUSE 92| 4504 © %0
18 1 | SwissProt | £2::CPIAB_MOUSE 686 | 65154 2 2
1z 1 | SwissProt | #2::UDB17_MOUSE 677| e7040 M 1
iz 2 | SwhisProt | #2::UD11_MOUSE 429 65361 1 19
z 3 | SwissProt | #f2::UD16_MOUSE 245 | 65316 14 14
18 1 | SwissProt | £2::ESTIA_MOUSE 668 | 67490 m» 2.
MASCOT : Very Large Searches

MATRIX
SCIENCE

©2007-2014 Matrix Science

Only proteins with significant matches to at least 2 sequences remain. The filtering is very

flexible, with lots of useful terms.
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€ - O [ 5424319062/ masco
erotsing (345) || Report suider | ooer |

Protein hits (228 proteins)

¥ Columns: Standard (12 out of 16)

Filters: (HOT(Database bs cRAF) AND “Hum. of significant sequences™ >= 7)

%2Fdaa%2FFO81139dat_ignoreionsscorebelow:

05 prefertaxonomy=(_sig

.2l e {0 ) eS| ISMACREIS) L SapUoneS TOMLINE] LAMEAT | INACTIeS
2 1 1237 s1419 Te T 13 1 2.00 | Cytochroma PASO 2C20 OS=Mus musculus CN=Cyp2eld PE=1 SV
F 2 552| 60887 a7 27 [3 8|  0.88 | Cytochrome P450 2054 D5 =Mus musculus GN=Cyp2cS4 PE=2 SV=
2 3 4n9 | 61128 27 » 10 10|  1.20 | Cytochrome P430 2C50 OS=Mus musculus GH=Cyp2cS0 PE=1 Svs
2 4 484 | 39267 :+ 12 12 12| 2.11 | Cytochrome P430 2F2 OS=Mus musculus GN=Cypaf2 PE=2 Sva1
2 s 130| sosea 22 2 [ al 080l evtochrome 5450 3037 DS aMus musculus GN=CynIEIT PE=D SVa
2 & 51| 60856 13 3 4 4 0.37 | Cytochrome P450 2C39 O5aMus musculus GNeCyplcds PEx2 SVs
2 7 150 | 61356 L) L 4 4| 037 | Cytochrome P4SD 2C38 OS=Mus musculus GH=Cyp2cds PE=l SV=
a 1 1308 | 81404 55 55 n n 2.47 | 78 kDa glucose-regulated protein 05=Mus musculus GN=Hsipa$ PE
2 2 62| 78937 n n 3 8| 0.6 | Meat shock cognate 71 kDa protein OS=Mus musculus GN=Hspal §
4 1 7] 18817 42 42 s s 3.08 | Cytochroms b% O5=Mus musculus GH=Cyb%a PE=] SVs=2
3 1 1123 | e4894 3 3 16 16| 2.54 | Protein disulfide-isomerase OS=Mus musculus G=Pahb PE=1 SV=
& ] 1omal aanag 1 s 1w 1ol 131 oprecuame pags 183 8=t mussulue GHaCp1a PE=1 SVa1
1 1 1018 | 103744 (5] 63 19 19| 153 | Endoplasmin OS=Mus musculus GN=HspR0bl PE=] SVal
] 1 1005 | 38455 45 45 (+] 12| 4.07 | Retinol dehydrogenase 7 O5=Mus musculus G =RdhT PE=2 SV=1
8 2 597 | 38949 2 n 7 7| 1.37 | 17-beta-hydronystercid dehydrogenase type ¢ OS=Mus musculus C
] 1 863 | 18593 25 25 3 3| 2.57 | Microsomal glutathione S-transferase 1 0S=Mus musculus Ghi=Mgr
ig 1 70| 3s860 ] 2 [ 8|  1.91| 605 ribosomal protein L7a OS=Mus musculus GN=RpITa PE=2 SV
u 1 763| 3rns 24 24 7 7| 147 | 605 acidic ribosomal protein PO 05=Mus musculus GNwRplpd PE= 1
12 ] of: 63| e1323 3 T3 14 14| 225 | Cytochrome P450 2A1Z OF=Mus musculus GH=Cyplall PE=1 Sv=
n 2 | SwiseProt | #2::CP2A5_MOUSE 50| 61696 5 5 2 2| 0.7 | Cytochrome P4S0 245 OS=Mus musculus GN=Cyp2as PE=2 Sval
n 1 21:ACSL1_MOUSE 749 | ssoTR m 1] 1 18] 1.90 | Long-chain-fatty-acid-~Cod ligase 1 OS=Hus musculus Gh=Acsll P
i1 2 £2::ACSLS_MOUSE W7 | sae29 15 15 L3 6| 0.41 | Long-chain-fatty-acid--CoA ligase 5 O5=Mus musculus GN=ACsIS P
14 1 | SwissProt | #2::RL1I_MOUSE 748 | 28083 n n 7 7 2.00 | 605 ribesomal protein L13 0SsMus musculus CHeRpll) PE=2 SVe
15 1 | SwissProt | #2::POIA)_MOUSE 692 | 64504 0 40 15 15|  2.06 | Protein disulfide-isomerase A) OS=Mus musculus GH=Pdiad PE=1
16 1 | SwissProt | £2::CPJAB_MOUSE | 686 65154 2 2 10 10| 125 | Cytochrome P450 JA11 O5=Mus musculus GNeCyplall PEsl SVe
i 1 | SwissProt | #2::UDBIT_MOUSE | 677 | 67040 34 34 L3 9| 091 | vOP-glucuronosylransierase 7817 OS=Mus musculus GH=UgEIbL7
12 2 | SwissProt | #£2::U011_MOUSE 40| 65361 19 19 7 7 0.80 | UDP-ghecuronosylitransferase 1-1 OS=Mus musculus GsUgtial PE
1z 3 | Swissrot | #£2::UD16_MOUSE 245| essie 14 14 6 a| 0.7 |uoe 1-6 musculus gt1a6 PE
i 1 | SwissProt | £2::ESTIA_MOUSE | 68| 67450 £ . s 5| 043 | Carbonylesterase 14 OS=Mus muscules GN=Cesda PE=1 SVa2
1 50 | ssse8 H 34 1 11 1.59 | 805 ribosomal protein L4 OS=Mus musculus GN=RpH PE= ] Sva) =
’

MASCOT : Very Large Searches ©2007-2014 Matrix Science g%‘}glf\{llg]‘ﬂ

Another thing that you could easily do would be to exclude proteins from the contaminants
database



) IPRG200R Swwsbret Mo X

L e 54.243,190.62/mascot/ogi/master_results_2 pl?file Fdata : 1 5 =
Potsins (4481 | [ Report Buitder || a0e7 | 1mal
Protein hits (228 proteins)
w Columns: Standard (12 out of 16) f
Amangement: | <custom> * [Lead ] [ Make detach [
Loabded
oy : [Proteln hits ) . |
Mamber Hum of onigue sequences |
Duatabase Hum ol signiicant unigue sequences
Accesion Sequence cover
gosei o —
Mass
Num of matches

Num of significant matches
Num, of sequences

Num of significant saquences h
emPAl
Description

B Filters: (NOT(Database ks cRAP) AND "Num. of significant sequences”™ >= 2)

Export as C5Y

1:CP2CT_MOUSE
CP2%4_MOUSE
CY250_MOUSE
::CP2F2_MOUSE
KCP2IT_MOUSE
CP230_MOUSE
CP2I_MOUSE
GRPTH_MOUSE
LHSPIC MOUSE L

Cytochrome P450 2029 OS=Mus musculus GN=Cyplc2® PE=1 SV=
Cytochrome P450 2C54 05 =HMus musculus GN=Cyplcs4 PE=2 Sv=
Cytochrome P450 2C50 05S=Mus musculus GN=Cyp2es0 PE=1 SV
Cytochromae P4S0 2F2 0S=Mus musculus GNeCyp2f2 PE=] SV=]
Cytochrome P450 2037 OS=Mus musculus GN=Cyp2c)7 PE=2 SV=
Cytochrome P450 3039 OS =Mus musculus GH=Cyp2cd9 PE=2 SV=
Cytochrome P450 2038 OS=Mus musculus GN=Cyp2cd8 PE=2 SV=
78 kDa ghucose-regulated protein O5=Mus musculus GHsHIpas PE
.6 _319_5_;9_\:_(5_53@.._;_!3‘?_5' kDa protein O3 =Mus masculus Gli=Hsoad ¢ H

MASCOT : Very Large Searches ©2007-2014 Matrix Science g’%?gﬁlé%

The columns section of Report Manager allows you to choose which columns to include
and, if required, change their order



. M _FOO1467_dat_rf_repor
B e £ Vew Jrest Fomat Took Dats Wrdow el
DEHSRY YRAT o QI @I o -0, aw cw - B EEAE L-5-A-
| u| Fiters
A B c 1] E F G H I Kl K

25 ProfermeAll ertries

2% Show Pino

7
_@Nm of significard sequences >= 2

=

Family Member Database Accrssion Mum.of  Num.of  Num. of emPAl Description
matches  significant sequences si

E 1] malches

i 1 PRG_2012 POEQS 2140 450472 148 {11} 53 Enclase 2 0S=Saccharomyces o
2 2 PRG_2012 POOSM 1059 45844 T &% - Enclase 1 (S=Saccharomyces cens
B[2 1 PRG_2012 POOSE9 1933 54909 133 L 5 Pynavate kinase 1 OS=Saccharomyd
M3 1 iPRG_2012 P401S0 1613 6EEEE 105 BB BB [

¥ 3 2 PRG 2012 Plsd 1550 BT 103 L] 64 4 Heat shock protwin SSB1 0S=Saccl
% 4 1 PRG_2012  PIDS92 1591 69599 17 57 52 2 501 Heat shock protein SSA2 05=Saccl
¥ 2 PRG_2012 PI0BS1 1161 68786 65 a 48 b Heat shock protesn S5A1 05=Saccl
B4 3 iPRG_2012 PIBATd 2313 74479 B 8 7 6 78 kDa glucose-regulated protein
Bs 1 PRG_2012 POOE30 1453 22 T3 51 1 % Alcohol dehydrogenase 1 OS=Saccl
405 2 PRG_2012  POT248 101 40743 W 5 7 3 Alcohal dehydrogenase 3, mitocho
e 1 PRG_2012  PODSED 1382 4768 102 5 54 I3 Phosphoglycerate kinase OS=Sacc
£rirg 1 PRG_X12 POO353 1361 3583 78 54 3 ¥ Glyceraldehyde-3.phosphate dehyde
alr 2 PREMZ  POOBSE 1242 30N 6 “® = n Glycersidehyde- 3 phosphate dehy,
“7 3 PRG_012 POOB0 505 3802 B 20 " 12 (Glyceraldehyde-3 phosphate dehyds
457 4 PRG_2012 POMOE 4 ®Aa 4 2 4 2

46 8 1 PRG_2012 POGIES 1260 61688 M 4 Fl *

79 1 PRG_2012 PO0S50 1031 7EA2 & 44 2 =

4810 1 PRG_2012 POT281 1015 15881 51 ] 16 13

49 10 2 PRG_2012 POTZE0 1014 15507 5 ] 6 13

samn 1 conlaminanis POOTE1 92 28078 37 Fl 7 6

5112 1 PRG_ 2012 PIEM TB4 93 & B 3 3

213 1 PRG_2012  PIBS21 7T 116727 &2 n a 0 Elongation factor 3A O'S=Saccharo
53 14 1 PRG_2012 PO5319 TS5 7@ B -] 10 9 B0S acidic ribosomal protwin P2-
54015 1 PRG_2012 Q08 7M1 15048 B 3 7 "

55 16 1 PRG_2012 POCOVE 718 WW 2 2 15 12

%15 2 PRG_2012  COE754 684 W11 & » 15 12

M 4k N\_dm_m:mmeaﬂ_m_ﬁT |4]

O b G Apuspess S WOOHAN >-L-A-SE=E0F.
L]

MASCOT : Very Large Searches ©2007-2014 Matrx Science gggﬁg{E

Once the list is filtered and the columns arranged as required, there is a button to export the
table as CSV, which can be pasted into Excel and formatted to create a suitable figure for
dropping into a publication



Large search results in 2.2 and earlier

| Never Peptide |_\ I Important |_\ ” Simplifies I

Select Smummary Report \ \ ‘
|_FormetAs | | Select v (protein hits) ¥ \
Sigmficance threshold p< |0.05 Max number of hts | AUTO
Standard sconng O MudPIT sconng & Ions score cut-off 0.5 Show sub-sets []
Show pop-ups O Suppress pop-ups @ Sort unassigned Decreasing Score % | Require bold red [&
A

Reduces memory Simplifies |

http://.../master_results.pl?file=../data/20060202/F000123.dat
&REPTYPE=select &REPORT=AUTO &_showpopups=FALSE

& _ignoreionsscorebelow=0.5& requireboldred=1

: e MATRIX
MASCOT : Very Large Searches ©2007-2014 Matrix Science SCIENCE

If you are still using Mascot 2.2 or if you have some application software that requires the
results in the earlier format, and you are encountering problems with timeouts and running
out of memory, here are some tips:

*Ensure you are using the Select report. If you are using a third party client that has
specified Peptide summary or Protein summary, add this to the URL before opening the file:
&REPTYPE=select

*Don’t specify a huge number of hits ‘just in case’. Choose AUTO to display all protein hits
that contain at least one significant peptide match: &REPORT=AUTO

*Get rid of the yellow pop-ups: & showpopups=FALSE

*Setting require bold red and an expect value cut-off will minimise the number of hits:
& ignoreionsscorebelow=0.5& requireboldred=1

Note that the ions score cut-off is as score threshold when the value is 1 or greater. When
the value is between 0 and 1, it is an expect threshold, which is often much more useful. |
often set this to 0.5 to get rid of all the junk matches.
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olt Intermet Exphoves . =
[ QB » O - ) F G St R @ - w - BEO S || Powermarts 3 A 54
master_results.pl - |
peptide | Peptide Summary
archive Archive Report
onose Concise Protein Summary
B protein Full Protein Summary
seloct Select Summary (hits)
d | Select ¥ d)
report sl Rapart all significant hite
N Report N hits
Set value to 1 to report Peptide Summary hits that match
_showsubsets ShowSubSets 1 3 subset of peptides. Default is 0.
Set value to 1 to re Paptide Summary hits anly if
Fequinsboldrad RequireBoldfed 1 g i b o g ol b
o PR - Y Py P PR Set value to 1 to report all hits from an error tolerant
- il 50, the garbage. Default is 0.
bability to use for the signi threshold, Range is
Sattatahod ShThoston) p 0.1to 16-18. Default is 0.0%.
scoredown |Sort unassigned matches by descending score, (default)
= Sartl queryup Sort unassigned matches by ascending query number
mntdown Sort unassigned matches by descending intensity
N Any ions scores below this value are set to 0. Floatng
- pok number, default 0.0,
e Show top 10 peptide matches fro each query in Javasenipt
_showpopups pop-up, (default)
false Pt pOp-Ups.
Set to 1 to force reports to fetch Fasta tithes from
~alwaysgettitle 1 whan they are not induded in the result file,
Default is 0.
Number of quenes at which score calculation
foudpR Hudok ad Switches £ Jargs search mode. Defauk 1000 o
] T Rltocairtnanet
MASCOT : Very Large Searches ©2007-2014 Matrix Science | SLCLILEIBJI(%(E

If you can’t remember these URL parameters, just click on the help link

22



Reporting large search results

| 22?2 ] —\
\

Select Smmmary Report
{drotein hits) %

Select Summary Help
Significance threshold p< |0.05 Mazx number of hits ALTO
Standard scormg O MudPIT sconng @ Ions score cut-off |05 Show sub-sets []

Show pop-ups O Suppress pop-ups @ Sort unassigned | Decressing Score ¥ Require bold red

MASCOT : Very Large Searches ©2007-2014 Matrix Science

MATRIX
SCIENCE

What do we mean by Standard scoring and MudPIT scoring?

23



Protein Scores for MS/MS Searches

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
342. 2::IPI00023283 Mass: 3832803 Score: 181 Matches: 51(0) Sequences: 48(0)
Tax_Id=9606 Gene Symbol=TTN Isoform I of Titin
Query Observe d Mriexpt) Mr{calc) ppm MHiss Score Expect Rank Unigue Peptide
28 158.7341 T17.48537 717.4537 -0.09 o 7 4.2 L1 u R.LFAIVR.G
209 394.2371 T86.4596 TBE.4599 -0.46 O 8 13 3 u E.LTIADVR. A
334 411.20M B20.4000 820.3954 5.61 o 3 15 4 u E.TD YE.C
357 413.2642 824.5139 B824.5135 0.48 1 12 1.1 5 L E.R R.E
715 450.7365 899.4584 899.4588 -0.38 o 10 2.9 2 U K. IVDVSSDR.C
740 4351.7601 01.5217 901.5233 -1.72 o 3 74 3 u R.VTLVDVTR.N
840 459.2484 916.4821 916.4767 5.98 (] ] 9 2 v E.GVEFNVPR.L
844 455.7299 917.4482 917.4454 -0.24 o 4 s é u E.ELEETAAR. M
1029 473.27%7 944.5368 944,511 3.97 1 3 7 3 u R.EPPSFIKK. I
1058 475.7505 949.4864 949.4869 -0.47 o 4 a2 5 U R.SSVSLSVGK.P
1066 4T76.2790 950.343) 950. 5425 0.94 o 1 23 4 u R.PLTOLOVR.E
MASCOT : Very Large Searches © 20072014 Matrix Science MATRIX

SCIENCE

With standard peptide summary scoring, the protein score is essentially the sum of
the ions scores of all the peptides assigned to the protein. Where there are duplicate
matches to the same peptide, the highest scoring match is used. A correction is
applied based on the number of candidate peptides that were tested. This correction
is very small unless it is a very large protein, like here, or a no-enzyme search

Despite this correction, as this example shows, when we have many low scoring
matches assigned to the same protein, we can still get a high protein score, even
though none of the individual peptide matches are significant



Protein Inference

5000 4

I=
(o3
o

5
4500 4

4000 l
3500 4
3000 4
2000 4
+ Huge MudPIT data set 15001
+ Search Swiss-Prot using drosophila 1000 650
0 1

taxonomy filter (5268 entries) 500 4

« 75,000 matches with 1% FDR o 46 2 0 0
« ij.e. 750 false matches 2 3 & §
a
MASCOT : Very Large Searches ©2007-2014 Matrix Science g&‘?’éﬁg{]ﬁ

A protein with matches to just a single peptide sequence is commonly referred to as
a “one-hit wonder” and is often treated as suspect. This is actually a slight over-
simplification. In a search with a large number of spectra and a small database, even
though the peptide false discovery rate is low, a protein can pick up multiple false
matches by chance. This is easily calculated using a Poisson Distribution, where m
is the average number of false matches per protein. In this example, m is 750/5268,
and we would expect 650 database entries to be one-hit wonders. However, 46
entries will pick up two false matches and 2 entries will pick up three, which could
mean we report 48 false proteins.

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

25



Protein Scores for MS/MS Searches

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

1249, 2::1PID0023283 Masa: 3832803 Score: O Matches: 51(0) Sequences: 48(0)
Tax_Id=9606 Gene_Symbol=TTN Isoform 2 of Titin
Query Observed Mr{expt) Mr{calc) ppm Miss Score Expect Rank Unigue Peptide

a8 359.7341 T17.4537 T17.4537 =0.09 o 4,2 5 o R.LFAIVR.G
209 392N T86.4596 M86.4599 ~0.46 o 8 13 3 L]
334 411.20M 820.4000 820.3954 5.61 o 3 15 4 U
413.2642 B824.5139 824.5135 0.48 1 1 1.1 5 L
J15 450.7365 B899.4584 899.4588 =-0.38 o 10 1.9 F 4 u SDR
740 451.7681 201.5217 901.5233 -1.72 o 3 24 3 u R.VT VTR.N
459.2484 916.4821 916.4767 5.98 o 2 29 2 u K.GVEFNVPR.L
459.7299 917.4452 917.4454 -0.24 o 4 15 [ o K.ELEETAAR. N
473.2757 944.5368 944.5301 3.97 1 3 21 3 u R.EPPSFIKK.I
949.4864 949.4869 -0.47 0 4 2 5 v R.SIVILIVGK. P
476.2790 950.5433 950.542% 0.9%4 o 1 23 4 u R.PLTOLQVE.E
MASCOT : Very Large Searches ©2007-2014 Matrx Science MATRIX

SCIENCE

To avoid this problem, we use MudPIT protein scoring, in which the score for each
peptide match is not its absolute score, but the amount that it is above the threshold.
Therefore, matches with a score below the threshold do not contribute to the score.
The MudPIT protein score is the sum of the score excess over threshold for each of
the matching peptides plus one times the average threshold. For each peptide, the
"threshold" is the homology threshold if it exists, otherwise it is the identity
threshold.

So, even though a large protein like titin may pick up several random matches, with
MudPIT scoring, the protein score is zero, so you don’t see it listed in the report
unless you specify a huge number of protein hits, as was done here to capture this
screen shot.

By default, MudPIT protein scoring is used when the ratio between the number of
queries and the number of database entries, (after any taxonomy filter), exceeds
0.001. This default switching point can be moved by changing the value of
MudpitSwitch in mascot.dat. You can also switch between the two scoring methods
by using the format controls at the top of the report.
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Search result export
LA e nn
M MASCOT Search Results
Protein famil ies 1-10 (out of 48)
X o e
MASCOT Very Large Searches £ 2007-2014 Matrix Science gg;}él[&]é%

At some stage, it is likely that you will want to export the search results to another
application or a relational database. If you want to write your own code, we provide
a free library called Mascot Parser that provides a clean, object oriented
programming interface to the result file. The supported languages are C++, Java,
and Perl.

Mascot also includes a flexible export utility.

If you want the XML format, you probably know that this is what you want. If
you’ve no idea what XML is, chances are you don’t want it.

Choose CSV if you want to export to Excel - I’ll show an example in a moment.
Choose pepXML if you want to export to Protein Prophet from ISB.

mzldentML and mzTab are the standard formats from PSI for search result
interchange. Mascot provides a very full implementation of mzldentML and this is
the one to choose if you are writing new application software that will use Mascot
results

DTASelect is the tab separated format used by David Tabb’s DTASelect program

The Mascot DAT file is the raw result file. If you need the result file for some
reason, and don’t have FTP or SCP access to your Mascot server, this is a
convenient way to get the file.

MGF peak list is useful when you have the search result but can’t find the peak list.
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Search result export
MATRIX
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If you arrive here from one of the older reports, to begin with, you may need to

select the required output format. Different formats have different options further

down the page
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Search result export
MATRIX
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To export to Excel, simply select CSV as the format, and click on the Export Search
Results button at the bottom of the page. In recent versions of Mascot, the report is
prepared and then a download button is displayed. In older versions, the download
would start immediately. One the download is finished, you can open it into Excel:



Search result export

Ef Microsoft Excel - F9B1123(1 |.cav
E)ple £ Pew wet Fomst Jook Data Window Hep Adshe PO

D@ SRY sB T -

Rrsliiipav -0. 1%
Al 1+« B 7Yy ESEEIX, LS EE _-5-A-.

A ] B c 0 E F G
Signficanc 0,05

Max. numi 0
Use MudP o
lons score 0
Include same-set protens
Include sul

Inciude unassigned
Require bo o
Protain hit:

1 A3M00  chaperomir 1195 BI016 Ell

1
1
1
1
1
1
1
1

ARLENLBesNsSLbA s HBYRE

M4 e MY esviFeR1123(1]

Ready

12
13
15
16
21
24
-3
»

H ]

17 1822 832 3498
4227433 BA34T2
4307328 859451
4512499 900 4853
456, 7606 911 6467
480 7447 9504T4B
505 7855 1189 557
603772 120552

P iR

v b O aptwes- S\ WOOCHAR >-L-A-=ETERF.

BRI R R R R R R

7
B43 5065
859 4537
200 528
a11 5803
959 5036
1189 601
1206.5%

prot_hit_niprot_scc prot_desc prot_score prof_mass prot_malcl pep_query pep_exp_rpep_exp_rpep_exp_2pep calc_ipep_delta pep)
1n a4 [

0033
00345
0037
0047
0037
00288
00447
0 0868

"t
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Much easier and safer than “screen scraping’

b
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For those of you into XML, here is a sample XML file. The schema is available
from our web site or your local Mascot installation.

Please read the help for details.
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XML is ideal for transferring the results to a relational database. Even Microsoft Access can
open the XML file directly into database tables
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There is a very detailed help page for all of this.
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Which describes how the export script can be called from the command line or a
shell prompt, as part of an automated pipeline.

I won’t go into any detail here, but this means that it is possible to set up a script
that will, for example, automatically convert all of your Mascot results to XML
files.

Figuring out the command line arguments from the help can be tricky so, in Mascot
2.3, we added a function to display the command line corresponding to the selected
options
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By the way, don’t delete the original result files after exporting them or your won’t
be able to view the standard Mascot reports in a browser.
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