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Mixture Mode:
New 1n Mascot 1.9

All peptide mass fingerprint searches now test for
the possibility that the sample is a mixture of
proteins.

Mascot will automatically detect and report
statistically significant protein mixtures of up to
Six components

ASMS 2003 ki

One of the new features in Mascot 1.9 was a mixture mode for peptide mass
fingerprints. Although it is always preferable to use MS/MS when dealing with a
complex mixture or looking for a minor component, many Mascot users had
requested us to improve the handling of a simple mixture in a peptide mass
fingerprint search.

The way this has been implemented is transparent to the user. Mascot
automatically looks for mixtures of up to six components and will report any that
are statistically significant.
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Concise Protein Summary Report
Switch to full Protein Summary Feport
To create a bookmark for this report, nght click: this linde: Concise Summary Report (/data/20030602F TncObTE. dat)
Fe-Search All Search Unmatched |
1. Mixture Total score: 251 Peptides matched: 18
Components (only one family menber shown for each component):
BE53193 Mass: 43000 Total score: 144 Peptides matched: 11
hedgehog homolog vhh-1 - rat
CAASTL?S Mass: 46883 Total score: 35 Peptides matched: 7
H3HEALZ NID: - Homo sSapiens
2. B53193 HMass: 45000 Total score: 144 Peptides matched: 11
hedgehog homolog vhh-1 - rat |

|&] Done

[ [ internet

In this example, which shows a concise protein summary report, we have an
example of a simple mixture. Two proteins of similar size - possibly co-eluting on a
gel. If we want to see more detail, just click the link for the full protein summary

report
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15. QBMIV7 14025 s Sonic hedgehog (Fraopeent) .- Suncus wurinus (House shrew) (Musk shrew) . ;I
16. Q9XSI6 16008 74  Sonic hedgehog (Fragment) .- Bos taurus (Bovine) .

17. Q8QGH4 11518 6l Sonic hedgehog (Fragmwent) .- Scyliorhinus canicula (Spotted dogfish) (Spotted catsh:
18. 089000 113391 5 Dihydropyrimidine dehydrogenase (EC 1.3.1.2) .- Rattus norvegicus (Rat).

19. QIW&C1 15856 57 Sonic hedgehog protein (Fragment) .- Eleutherodactylus cogui (Puerto Rican coguil .
20. Q9YGV7 16760 54 Sonic hedgehog (Fragment) .- hwbystoma mexicanuw (Axolotl) .

Results List

1. Mixture 1 Score: Z54
Components: 1. B53153 hedgehog homolog vhh-1 - rat -

2. CLALS7170 HSHEAZ NID: - Homo sapiens
Observed Mr{expt) Mr{calc) Delta Start End Miss Comp Peptide
708,38 0737 707,38 -0.00 Jez - ae7 o 1 AFALPFR
710.37 709.36 T09.36 0.0o 1538 - 184 ) 1 YGHLLR
Tiz.42 711,41 Tii.41 -0.00 295 - 300 a 1 VRPGOR
759.36 758.35 758.36 -0.00 218 - 224 o 1 DLSPGDR
G05.46 S04.47 S04.47 -0.00 40 - 456 ) 1 LTFLAYTE
977.49 976.48 976,48 0.0o 146 - 154 ) 1 AVDITTSDR
1003 .52 100Z.51 100z .52 -0.00 124 - 132 o 2 MVVHIDHAK
100G, 41 1005.40 1005, 40 0.00 88 - a7 ) 1 DEEMTZALR
1z227.87 1226.68 1226.68 0.00 150 - 180 Qo 2 QLVELDINGLE
1287.79 1286.78 1286.78 o.o0o 3868 - 380 o 1 LAHALLAALAPAR
1445.69 1444.68 1444.68 0.o0o ER 84 o 2 QLEQENAELESR
1464.66 1463.67 1463.67 -0.00 291 - 303 Qo z DILENTLTESELR
1502.79 1501.78 1501.73 0.0o 234 - 245 ) 1 LLYZDFLTFLDR
1622.87 1621.86 1621.87 -0.00 206 - 220 o 2 LNIEVDAAPPVDLTR
1776.585 1775.54 1775.54 0.00 165 - 172 ) 1 LAVEAGFDWVYYESK
1351.99 1850.98 1850.93 -0.00 275 - 290 Qo 2 TWNTLEIELQAQHSLER
2465.03 2468.02 2468.03 -0.00 125 - 145 o 1 VTEGUDEDGHHSEESLHYEGR
2475.17 2474.16 2474.16 -0.00 85 - 105 o 2 IQEASHSQVLTMTFDYQSHFR
Ho match to: 330.55, 1126.57
2. B53193 Mass: 45000 Score: 144
hedgehoy howolog vhh-1 - cat
Ohserved Mr{expt) Mr{calc) Delta Start End Miss Peptide
708.38 07,37 707,38 -0.00 362 - 367 o AFAPFR
710,37 709.36 709.36 0.00 158 - 164 o TGMLAR
| 71242 71441 71441 —n_nn 205 - ann n_ WRPGOR | _ILI
L] 3
2] Done || |4 mternet

Isn't that pretty? Matches to individual protein are colour coded.

Mascot is scoring the match for the complete set of experimental mass values to the
in silico digest products of the putative protein mixture. It isn't a subtractive
approach, where we compare the experimental mass values to one protein, remove
the matched values, and then compare the remainder with the next protein. It
would be very difficult to provide a true probability-based score for the subtractive
approach. Also, it is less accurate because, in large data sets, there are likely to be
mass values that could match to more than one of the proteins in the mixture.
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1. Hixture Total score: 2487 Peptides matched: 32 _I
Components (only one femily mewber shown for each component]:
gi]13563944 Mass: 51208 Total score: 184 Peptides matched: 19
keratin 16, type I, cyvtoskeletal - human
gi| 15559584 Mass: 599351 Total score: 102 Peptides matched: 14

Similar to keratin 64 [Homo sapiens)

2. Mixture Total score: 286 Peptides matched: 32
Components [only one family mewber shown for each component):
gi]1363944 HMass: 51206 Total score: 1064 Peptides matched: 15
keratin 16, type I, cytoskeletal - human
gi|1346349 Mass: 60030 Total score: 101 Peptides matched: 14

Eeratin, type II cytoskeletal 6F (Cytokeratin 6F) (CE 6F) (K6F keratin)

3. Mixture Total score: 193 Peptides matched: 26
Components (only one family mewber shown for each component):
gi] 15559584 Mass: 59981 Total score: 102 Peptides matched: 14
Similar to keratin 64 [Homo sapiens]
gili5431310 HMass: 51559 Total score: 100 Peptides matched: 13

keratin 14; cytokeratin 14 [Howo sapiens]

4. Mixture Total score: 197 Peptides matched: Zg&
Components (only one family member shown for each component):
gi]l1346343 HMass: 60030 Total score: 101 Peptides matched: 14
Eeratin, type II cytoskeletal 6F (Cytokeratin 6F) (CE 6F) (K&F keratin)
Fi]15431310 Mass: 51589 Total score: 100 Peptides matched: 13

keratin 14; cytokeratin 14 [Howo sapiens]

5. gi]1363944 Mass: 51206 Total score: 184 Peptides matched: 19
keratin 16, type I, cytoskeletal - human
gil24430192 Mass: 51236 Total score: 184 Peptides matched: 13
keratin 16; keratin, type I cytoskeletal 16; cytokeratin 16 [Homo sapiens]
gi| 186685 HMass: 50665 Total score: 100 Peptides matched: 14
keratin type 16
I oqil 29739476 Mass: 18911 Total score: 51 Peptides matched: & | _lj
4 r
5] [ [ internet

Even though we try to present the results as simply and clearly as possible, there
are times when things get complicated. In this example, we have a mixture of
keratins. Trouble is, there are many homologous keratins in the database. This
means that there are several possible combinations of high scoring proteins. Hit 1 is
a mix of keratin 16 and keratin 6A while hit 2 is a mixture of the same keratin 16
combined with keratin 6F. Hits 3 and 4 are lower scoring, but still statistically
significant improvements over the score for a single component at hit 5. To
minimise the complexity, we only show a single family member for each component
of a mixture. Otherwise, we would have a much larger number of permutations.

The good new is that this example is pretty much a worst case. Most results are
_much_ simpler
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Probability Based Mowse Score =l
Score 15 -10*Log(P), where P is the probability that the observed match 15 a random event A m IXt ure wi I I on Iy b e

Protein scores greater than 58 are sigrificant (p<0.05)

reported if it is
statistically
significant

Number of Hits

Otherwise, the hit list
would be swamped

with possible
Concise Protein Summary Report m iXtU res

Probability Based Mowse Score

Switch to full Protein Summary Report

To create a bookmark for this report, right click this link: Concise Summary Report (A H 90k

Fe-Search All I Search Unmatched |

1. Mixture Total score: 143 Peptides matched: 21
Components [only one family mewber shown for each component):
534340 HMass: 65740 Total score: 79 Peptides matched: 11
NPL4 protein - yeast (Saccharomyces cerevisiae)
S67669 Mass: 5915939 Total score: 76 Peptides matched: 12
transitional endoplasmic reticuluwm ATPase [validated] - yeast (Saccharomyces cerevisiae)
2. 234340 HMass: 65740 Total score: 79 Peptides matched: 11
NPL4 protein - yeast (Saccharomyces cerevisiae) ﬂ
[&] bore [ [ internet

As | mentioned earlier, a mixture will only be reported if it is statistically
significant. What does this mean?

If you think about it, you can always increase the number of matches by throwing
in additional proteins. In this example, we have a mixture of two proteins that
match 21 experimental mass values out of 32. Imagine we have another protein in
the database that could match 1 or 2 more of the unmatched values. Chances are,
the score would go down, because getting 23 or 24 matches from 3 proteins is
statistically less interesting than getting 21 matches from 2 proteins. But what
about a third protein that adds 3 or 4 or 5 more matches? At some point, the score
will start increasing. Should we report this as a possible mixture?

Probably not, because in a database of (say) 1 million proteins, there are 10"18
combinations of 3 proteins. So, it is essential to limit the results to mixtures that are
statistically significant. Otherwise, the hit list becomes swamped with meaningless
combinations that have marginally higher scores.
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Prohability Based Mowse Score =l

Score 15 -10%Log(P), where P is the probability that the observed match iz a random event.
Protem scores greater than 73 are significant (p<0.05).
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Probability Based Mowse Score

Concise Protein Summary Report

Switch to full Protein Summary Report

To create a bookmark for this report, nght click this linle: Concise Summary Report (4 T 90k)

Fie-Search All Search Unmatched |

1. 534340 Mass: 65740 Total score: 79 Peptides matched: 11
NPL4 protein - yeast (Saccharomyces cerevisiae)

2. 267669 Mass: 91939 Total score: 78 Peptides matched: 12
transitional endoplaswic reticulum ATPase [walidated] - yeast (Saccharomyces cerevisias)
3. 05T417 Mass: 62594 Total score: 53 Peptides matched: 39

4T22192p.- Drosophila melanogaster (Fruit fly).

2] Done || |4 mternet

To demonstrate this, we take the previous search, which used a taxonomy filter of
fungi, and repeat it against the complete MSDB database.

Even though the matches are identical, we no longer report a mixture because the
significance threshold is higher for a search of the complete database, so the
mixture is no longer significant
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Probability Based Mowse Score Al
Seore iz -10%Log(P), where P ic the probability that the observed match is a random event
Protem scores greater than 52 are significant (p<0.05)

] N Search Parameters
£
& Type of search : Peptide Mass Fingerprint |
I Enzyme : Trypsin
§ Mass values : Monoisotopic
Protein Mass ¢ Unrestricted
Peptide Mass Tolerance : = 0.2 Da
Peptide Charge State 1 Mr
o Max Missed Cleavages i1
50 75 100 Humber of gueries : 88
Probability Based Mowse Score
Concise Protein Summary Report
Switch to full Protein Summary Report
To create a bookmark for this report, nght click this linke: Concise Summary Report { /data/20030602/F TneOe Y dat)
Fie-Search All Search Unmatched |
1. Mixture Total score: 214 Peptides matched: 32
Components (only one family menber shown for each component):
Az 4709 Mass: 44341 Total score: 86 Peptides matched: 14
ketol-acid reductoisomerase (EC 1.1.1.86) ILVS - yeast (Saccharomyces cerevisiae)
1CHMP Mas=s: 33003 Total score: 71 Peptides matched: 10
cytochrome-c peroxidase (EC 1.11.1.5) mutant (V191G) (with 1,Z-dimethylimadazole] — yeast (Saccharomyces cerevisiae)
DSEYN Mass: 25758 Total score: 64 Peptides matched: 9
superoxide dismutase (EC 1.15.1.1) (Mn) precursor [validated] - yeast (Saccharowyces cerevisiae)
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[&] bore [ [ internet

What about more complex mixtures? Well, although Mascot is looking for the
possibility of up to a 6 component mixture, we haven't yet seen any real examples of

mixtures with more than 3 components.

This shows an example of a real 3 component mixture. As you can see, the mass
tolerance is nothing special, and we are only matching a total of 32 values out of 88,

yet we have an excellent score for the mixture
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1. Mixture 1 Score: 214 _I
Components: 1. A24709 ketol-acid reductoisomerase (EC 1.1.1.86) ILVS - yeast [Saccharomyces cerevisiae)
Z. 1CHP cytochrome-c peroxidase (EC 1.11.1.5) mutant ([W191G) (with 1,Z-dimethylimadazole) - yeast (Saccharomyces
3. D3BEYN superoxide diswutase (EC 1.15.1.1) (Mn) precursor [validated] - yeast (Saccharowmyces cersvisias)
Ohserved Mriexpt) Mri{calc) Delta Start End Miss Comp Peptide
T21.43 V21.43 721.44 -0.01 241 - 246 o 2 TLIIVE
754,43 754,43 TEd. 47 -0.04 28 - 34 o 3 WVTLFDLK
T56.35 7E5.35 7E5.39 -0.04 Z85 - z3al Qo 2 TLEEQGL
797.35 797.35 797,45 -0.08 71 - 76 a 1 LLDYFE
§19.259 818.29 819.39 -0.10 377 - 382 o 1 NMEIWE
§52.57 852.57 85z.50 0.o7 88 - 94 Qo 2 FLEFIHK
590.47 890.47 890.52 -0.05 pR= 26 Qo 2 VYNALILLE
916.48 916.48 S916.53 -0.05 5 - 13 1 3 TALANLTEE
i0z20.51 1020.51 1020.53 -0.0z 278 - 254 Qo 2 DAPSFFITE
1054.85 1054.85 1054.57 0.08 83 — 7e 1 1 EKLLDYFE
1057.55 1057.55 1057. 60 -0.05 90 - 98 o 3 MIATQONTE
1115.67 1115.67 1115.62 0.05 368 - 3ve 1 1 LEEELDTIR
i1z3.81 11z3.81 11z5.61 0.00 z14 - zzz x) 3 ALTWIMVVIITE
1141.55 1141.55 1141.58 -0.03 116 — 128 o 1 LATEDGWVPGE
1148.65 1148.65 1148.61 0.04 127 - 136 o 1 NLFTVEDAIK
1leg.62 1168.62 1165. 606 -0.04 28 - iog ) 1 DHMGLMNVIIGVE
1185.63 1155.63 1155.69 -0.08 83 - a3 1 3 KMIAIQONIK
1294.67 1294.867 1294.71 -0.04 164 - 178 o 2 EVVALMGAHALGE
1304.71 1304.71 1304.71 0.00 127 - 137 1 1 NLFTVEDLIKER
1354.85 1354.85 1354.62 0.03 355 - 365 ) 1 SLEFNSQPDYR
1431.85 1431.85 1431.79 0.06 151 - 164 o 3 LAGVQGSGUAFIVE
1528.580 15z8.80 1525.77 0.03 16 - i7a ) 1 TLYFSHGFSFVEK
1576.583 1576.83 157&.380 0.03 13z - 145 x) 3 AIDEQFGSLDELIE
1609.85 1609.85 1609.77 0.08 212 - 226 o 1 GINSSYAVINDVTGE
1636.81 1636.81 1636.75 0.06 73 - a7 o 2 EFNDPENAGLONGEE
1751.587 1751.87 1751.91 -0.04 333 - 347 ) 1 NALKFWFODLYESTE
1957.89 1957.89 1357.592 -0.03 zz24 - z40 a 2 SGYMMLPTDYSLIQDFE
2098.21 2098.21 2098.17 0.04 178 - 197 1 1 DLTHVEFPEDLDVILVAPK
2z43.17 2z43.17 2z43.10 0.o7 77 - a7 ) 1 NDTFALIGTEIQGTGOGLNLE
2z55.21 2z55.21 2255.10 0.11 27 - 45 1 2 LREDDEVINYIGVGPVLVE
2480.27 2480.27 2480.20 0.07 35 - 55 o 3 WDFGALEPYISGQINELHYTE
2779.51 2779.51 2779.35 0.18 25 - izo Qo 2 EFPWISSGDLFSLGGVTAVQENOGRE
Wo match to: 469.72, 801.45, S05.37, 832.41, 534.39, 541.49, S44.37, 863.41, B69.65, 903.57, 912.56, 939.52, O55.53, 974.55,
4 | 3
[&] bore [ [ internet

The limitation we're up against is that the components need to be reasonably well
balanced. In this case, the matches are distributed 14 - 10 - 9.

The statistics of the process make it difficult or impossible to pick up a minor
component, and the situation gets worse as the number of components increases.

At the end of the day, the only way to handle a complex mixture and detect minor
components is with MS/MS. However, we hope you agree that mixture mode is a
useful addition to the Mascot peptide mass fingerprint search



