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V Unrestrictive approaches that search MS/MS spectra for all
known and possibly even unknown types of PTMs at once

V Database search tools pose significant challenges In its speed

and sensitivity for analyses using ahuge database such as
metaproteomics.

Vv Spectral Networks

-Inferring modifications and mutations via spectral alignment
between MS2 spectraWITHOUT any reference to a database.

A spectral pair Is a pair of spectra from
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Within a spectral pair, the difference in parent masses
corresponds to a modification offset or mutation offset.

V The key problem in Spectral Networks Is assessing the statistical

AlignGF - Which spectral pairs are significant?

significance of pairwise spectral alignments (spectral pair).

V AlignGF (generating function for spectral alignment) provides a
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AGenerating score histogram

All possible alignments (the sets of matched peaks) can be generated from the spectrum A

rigorous solution to the problem of computing statistical significance

of spectral alignments.
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- AlignGF generates empirical distribution of
scores for all possible alignments in a spectrum.

- A possible alignment is defined as the set of
peaks that can be matched by spectral alignment,
and its score Is the sum of the peak intensities.

- To calculate the probability of the

. ] = 2| 2| The overall probabilities of all possible alignments for scores . . .
AAllgnGF Overview ‘ IR N o alignment, matching a peak in a
o ieonr  oyron N R spectrum is regarded as an
Soect S Score distribution for S1 . . ol obes oo oK R B : d d B I ith
pectrum €5 G . e B 2 o w002 00021287 iInaepen ent Bernoulll event wit
enerating score distribution 2 T i o 1 2 3 1 5 s seone _ _
o e4 66 for a” pOSSib'G alignments % @is the pr;!;bility of randomly mar::hfngapeak. p r O b a b I I I t y d -
"”g' e, &7 ey from Spectrum S1 = _ _
2 e e, €y €19 I O p-value -The generating function enumerates all such
= €44 : : : :
| ‘ ‘ ‘ | - subsets and their scores via dynamic programming.
97 226 323 424 537 652 781 miz Acal(:UIatlng p _Value y p g g
: : : : : : : wlii Score . P Y T |
e v - Given score T, AlignGF computes the overall T Brevious > -value calculation ;
’ P R TR R L EE W TR ()1l [ [e—— . . . - - i
Spectral Alignment > Accepted only if both p-value1 and 2 are smaller than C prObablllty of allgnments with at least score T ! i
: : f, +f, +f +f, +f, o+, +5 = Score T2 .. The overall probabiltes for scores ! !
v v v V A ﬂ i ‘ e 0,557 6=0.05 i i
Soectim S Stare distribution for S2 z | i
peciiim f7 Generating score distribution = i |
f, fs f, fiq for all possible alignments > 0085 0045 004 0.002 0.002 12510 i !
= f, f from Spectrum S2 % o 1 2 3 4 5 6 Soore i i
é f, f, o f., i — a p-value2 I o_ooz+o_002+1_25*10-4=.o.oo4125> i i
h | ‘ ‘ ‘ {13 Given score 4 AlignGF p-value ! i
the area under the histogram i i
97 226 323 424 267 682 811 miz with scores equal or larger than the score i |
T2 Score : |
Performance Application: analysis of 7 Shewanella species data

The correctness of spectral pairs was evaluated using MS-
eM HIi s tfromg spectral pairs GF+ annotations at FDR 1%.
True spectral pairs
- Two peptide identifications are identical
- One peptide Is a modified/mutated form of the other.
(MASTER i M+16ASTER), (MASTER-MASKER)
- One peptide Is a prefix/suffix of the other
(MASTER T ASTER)
False spectral pairs for the other cases
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Discovering the most common modifications in the dataset

The set of detected spectral pairs defines a
Spectral Network
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Propagation of peptide identifications
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Performance comparison
Spectral pairing sensitivity
and precision comparison
between AlignGF and old

Pvalue procedures.

Previous method

Sensitivity : the percent of
correct pairs recovered
Precision : the percent of
total pairs that are correct
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LTQ-Orbitrap data: High -res MS/High-res MS2
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Spectral network analysis was conducted for 408,871 MS2 spectra obtained on LTQ from seven Shewanella species: baltica OS185, baltica 0S223,
denitrificans OS217, frigidimarina NCIMB 400, sp. strain ANA-3, putrefaciens 200, putrefaciens W3-18-1

ADelta mass histograms in spectral pairs

Intra-species delta mass histogram
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AConstructed spectral networks

- 21,091 annotated networks, consisting of 140,861 spectra (95,411 identified /
45,450 unidentified)
- 8,387 non-annotated networks, consisting of 22,106 spectra

Number of networks as the number of member spectra in each network
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- Annotated network: containing at least
one spectrum identified by MS-GF+

- Completely annotated network: all
spectra in the network were identified
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-Three different spectral pairs
as whether the member
spectra were identified or not.
119,042 spectra were
identified by MS-GF+

- Different pattern between
Intra -species and inter -
species ones . The majority
of intra-species mass
differences were common
modifications such as
oxidation and pyro-glu,
while mass differences
corresponding to AA
mutations are also abundant
for inter-species ones.

- Partially annotated networks
suggest additional, novel
identifications by propagation

- Non-annotated networks
suggest the presence of many
novel peptides supported by at
least two different overlapping
peptide variants.

AMulti -species spectral network
with species -specific mutations
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